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Abstract: Heavy metals can easily enter the human body through food, interfering with normal physiological functions and

posing a risk to human health. Gut microbiota can adsorb heavy metals to the cell surface or inside the cell through extracellular

complexation, extracellular precipitation and intracellular accumulation, altering the structure, toxicity or bioavailability of

these heavy metals. This paper elaborates the interaction between several important heavy metal elements and microorganisms,

and reveals the strategies employed by these microorganisms to develop resistance to heavy metals, providing a theoretical basis

for the utilization of gut microbiota in alleviating heavy metal poisoning.

Key words: gut microbiome; cadmium (Cd); mercury (Hg); arsenic (As)

N AR A AR S DR R ZH Y 100
i 0 BCSEIE AT B THLAR i AR 3 A 5%
YA A, n—SEXELLTH AL B, IR ™, i
ATAE TP A2 BRI S Je AR R AT H 4
JEAE AR A2, NIRRT AR AR 2 A
ARG A AR [ SRR BN B SR
JEIEER . — Tk BRI EGBE S i YA
NI FHANRIEH B BIRE, 16 F AR Bk
Yyl b4 SEANTITE R N AR R 8w
301 240 0 1Al 2 Y P G, 8 T Sk S R < i 9 4G
FRIREE " EARR, AMTITFIRRE A Y T 4

s EEA: 2023-11-26

JE AR . ASCHIE T UM A E SR LR SHUE
Yy 2 T AR AR T, LR AR 7R X S8 A Moo G 4t
PESRENS, & oA Bl Gl A M 2 i o 4 I rh g de it
U o

1 BEREHESE(CI)

WR—FARESE, WIAET ARFNLEY
o B VRN T A OB AR A A R AR
HLLCd™ iU AE L3 1 SRR B AR,
ML S PIREEROR, STHR AR, hTHRS
Hidk RIEFEILAEE G SR THE, RN & T s

EEWH: B HAABERS (82273757), ) &4 BRI 4 (2023B1515020106)



602 I N PN

20234F 55 414

FHHITIRE. FanT THoek b Aer Qi B il He
i 250, R R AR ST R R S M2k
HHEEAT PR BN, IO, FRIA RN EE R R
D3 [R5 AE 8 , FEAPR I AR A 85 A s M, BRI S H
BRAAEAEE o BT A AA{g B 1% i 35 A 45 0 B B
i o IILGE RN S AU 3, L 2 U (T2 g S
B U SRz R TR R
SEEYIEYmEIR.

K ZEmw R By 1k A4 8 A e A= 55,
Qe g, IS T E ORI AR} i AT —Fh Y R B 5
B AHUR T LU TR gamia © Tk HER ) &4 R
AKGE G Y R IERK A s RS A A F A
NI ARG R RE A BB YT L AN A A
TG RN, HX ST W EAFTETE 2R ol hnZ
BITIEREIER, BV &R T e S LAY 4 )8 3
I AR T TR 4 A

W RN JT, AR I I8 . Drobne %5 1
HRARIE T = 50 G B s b T W S A
B3, AT T % e £ 00 DOl 240 B A % 110 Z2 A M
. [FIFE, Fazeli 55" & B4R 1 B4R FH /N U I8
AR PR RS U R I, o a0 TR A
FEZE AT I8 (Bacillus cereus) FIHERTE ( Enterococcus
spp. ), TEERHEE 37 mg/kg I, 40 JCEEAF G 5 A,
KT 1 ( Escherichia coli) 15 5 1A i ( Klebsiella
spp.) XPEREAHBINE, XATRR R BTN 48 5
TR RE AN o Ak, 5L SR SPE S0/ NRAH L,
GF /N FRUML I AT 25 B A 5 1 i B3 0, 3% n] e
M T 1B AR W) B R T e i b i AR R
E O R IE A AR R , il P T BEAE LR i A
Yy, XS A Y T T ER A E R . APt
AR i e b T I AR LR Y SR, IR
AT E T AT A ) S v AR R IR NS rh
B o PR RS T ARG E T i s i A

AL,
2 pEREESR(Hg)

HRIE—TP AR ER R AR LT TR . Bl —
TEF R MRS 48 . HIESA He MHg", He' (1
TS T He' o HA B T MRA AR S il R
TEM . SRS TR BT, REMGUMIIEE 2 i % 5 B 12 i 28
AN ERISI R HIRATIE A W90 Rl ERE S WINE LV
WFTER I, A LR AREE R T ICHLAR , i BRI X A
AR B E AR IR EZIEA T, 1956 4R H A

IR N2 AR 2 ) — R G PR . SRR RESS RN
HARER B /IR = i > B> 1 >0 > i, it ™
ERUEINOSUN LT PN = - S RO NN
AR A FHTEE R TS e AR IR Ok Tk AR,
ANGAHE Tl L7 Tl AN FNIEAR, AR A AR
WABE . EIoRTS e R RO I AR AT TRk Y Tl R
JK PR £ SRR DL R Ak, LA 5 TR 2 TS
JAEYIE S RURRL, 5 BRI, 2R T G A Te Ak i
S RECAR) R ECHAN K A A ok 1 B AR

WFFERN, R oR B R 2 i i i i 2 R PR A
FREEND, H /N RS IR 2 ZE AL AR R 1 i
S, AERTE R, A PR LR A ) A DR 2R 1
AR R OR 25 T REAL I8 A0 ol — BRI RE M 1 G HL
SR T AR, R ) — TR Y 2 R B, W T
2 i 1) hge A F merB -5 F RER F) A= W R FHEE A 2 o
AR JC B R 1 X RIIEA 5y —Fp 5 L B
AR B ZE N B i S AR R, 3 TR Bk (e il
HhoE I R A S T R . X B 2P OISR
I ) P B R 5 B TE R A T R A LA

3 FEEESH(As)

fifE AR AR W ER, JB T2EeE . miEE
PESHAL M B FIE R B VARG, —BOkUL, =
(ASID) BAE T A (AsV), JCHLE (iAs) B RZ
B T AU (0As)™ . JOAILAH PR X 57 3 [l 25 1 AR
SR TS e 48 L) T A, AR AR TR R SRR
SEA BRI SEUEMERME Y R S R
FERAGIA , 7T 375 e B JOR g 0 ) Lo 28 4 R A 3
M P EE g R, T Ay B Bom e, WATis
SEUEHE I, JCHLAR AT 5 S TS K kg s e A A
fifrgg P21 B AR R AR NGRSk G AR B S B R 3
LR G AR A AT gk o

B2 T AR A 7, an g B L BREDH] L TR
BRI SRR RN ) B G Yext A 3R B
B K G, OB BRI BB R, 7 P rh
7 (endemic arseniasis) J&=—# 1 T I Ak 7K |
B B SRR A BT AT R A A P bk
o2t o IR I BRI AR 258 | R ik
RPH CEBOL R R A AL BRI R BRI AR
SE— R Z RGN Z A E 4 B R Y
5 PR R B RS S AP ZEAY ERATOK TR B AR
PR Y b AR SE T, 2022 4R 9 A BIR
ERG oX 2135 /N T R N o 5 A M3 S S



5614

SREAL . il GRS e AR ELA 603

HTHERET B B AR, 12 AR Je A b i X B
122 AMJOK B b REg DX B A X B A Rk B4
STHBRARE . 45 B A e i ] e T [ A 2R R 1Y
FEORIE Y,

KA TR Sl A B AT A ROK,
h 2 A TR B [ G 2 5 11 = BRI BT ifgE 3k
B = B ROK 5.0 AP B2 TR 722 | SAAR 4 i f Jik
57 R0 5 e 98 A5 DRV, 1 388 o 56 2520, i i ok
KA Je s il 22 B rh e K R R AN 1255 “IR51" 35
AR RIS RS SR S W s AP R I
Tk 2 - 25 AB TR RREL T 245340 7T R A7 AE 25 R E
FHES B, iR S — A 4 A HAS R I ROk
BRI E R EE 7k, DA S i O™ X AR
i35 38

A E s T 2 ROK A B 18 b rh 2
e B TCAILA AT 7E A= PR N B e AR s 2 A 28 1A Bl
i, X — PP A DAL, — A 2 TE A 2R
PR . A O 3 N T e e SERIK
A, O ERSRE N AR W LRI i 1) R 28
A Wy R A Y iAsY I8 5 I AR iAs
Mim B AR ANIREE , SO T AL A 0 H A A
Stk , XHmIEAT A B AR SE N B A
T, X A - A - R R e - AR R D)
AETRRERIT T RGNS, KRR T b F 28
e BE I TCAILAR, B3] A% i R o i 4 U7 o, R
AR TARBER A DL, X — 1L b st bRy %
T AEWEACER, B R SRR 0L (dn
Trichodermaasperellum) W] $& & W% ik & 7 = i 4 1
IG5, Seon S A i W vl R R 45 i 27
AOPE R 2 A AR, il it 0 ml R S A Bh i B8 7
1% P RS A (1) DB TR 2R . BIPRS00/
R0 T A 00 8 2 R T T A =X, el AR
g AR R R, — AR L AR
18 4 i——Bacteroides vulgatus ATCC 8482 X iAs" Fl
AsY BB S, ilE— 25 & AR L S s b
BB UR, HF58 A5 LA CSTBL/6 /NRUNBRL, JFJR T
THALTE AT . DA R TRV G0, 458K
e (1) HYOKREEAR, SYReE T, 5HEEE
S HER X (R H HER R IRIY 4 45); (2)
TH TR A ] AR/ U IR SE L LA B N B E R (3)
PEHEHALTE P FEm I SMHE, JE DK S iAs" AL AR
T H AL (DMAY FIMMAY) 5 £ FH AL A 25,
WIHFLS YR N ANEE ™A= 1Y JCBE AT EH S0 (AsB),

PRI A 3k i 2 4 M 3 T R R T b O e i T
WF9E % B T8 T RE R A B BV P 5 R A A | BB
IR 38 BeY) BUEAES, DU ik &
B ROK A 2 B B A R AR UM 2 Tl P
F1R) L IR I R AR S I B TR T AR 2 DROK A 1 1A
PRLRCAT 50 N 5% 22 3 P L S 1R D5 TR 7™ A T (BB T
Bifidobacterium; FLUFFH , Lactobacillus) T JEARIMNE A
S8, R IE NI EATR TR iAs™ S AL A
FEASRRIRE ST, DA i) g — 20 X X 88 45 A T A T R A
AR T AR fi A T . 2 S 2 B T
AR A R TR, TSN DOE A T Al R 5 + 36
TRIASAE " I PN SE50:, RS N A B B TR ATE T 15
AR RERE RT3 R/ N BRI Al N e i ) A
NIy G 7 — 20 K A DDA T TR A i 2 B 4
PEIELEE BT S BRI S R AN TE T ROK 2 P RL
LAY SEERAT ST, A il 7 28 3 T AR B (il 2 PR AR
1) S0 1 BRBARIE , X T IOK ) E R X AR
fRREA E 2 L

4 NEESRZE

Ji7m 3 TR A 0 AT DA TR A S < i X AL 4
FIA IR B (BAEOCRIFTE AL TP BB, )5,
WFFEN 5 RDRE B AR W R A S | R S5
TR R AR, S RN A~ AR = | 3 B T 25
PR B A vl R A H R R . AR ZE R
EREB TSR PRI Z — , TRARIT i e ) 5 &
EBIAHTAER, X452 AT H A0S S5
BIRANTEI 2GR BEEA AT MR PP, i e X T
GRAVUER B, 512625 Tl JRyr g
SR ERAEENE L.

Hft: AR PBELRTRITREAFE IR
Y FoZo 8 BV R A, 3 E T B

SE k-

[1JDEANE C.Your gut on steroids[J].Nat Chem Biol, 2022, 18(3):
238.

[2]JFASSARELLA M, BLAAK E E, PENDERS J, et al.Gut
microbiome stability and resilience:Elucidating the response
to perturbations in order to modulate gut health[J].Gut, 2021,
70(3): 595-605.

[3]SINGH N, SINGH V, RAI S N, et al.Deciphering the gut
microbiome in neurodegenerative diseases and metagenomic
approaches for characterization of gut microbes[J].Biomed
Pharmacother, 2022, 156: 113958.



604 I N PN

20234F 55 414

[4] VINELLI V, BISCOTTI P, MARTINI D, et al.Effects of dietary
fibers on short-chain fatty acids and gut microbiota composition
in healthy adults: A systematic review[J].Nutrients, 2022,
14(13): 2559.

[S]SINGH J P, VAIDYA B P, GOODEY N M, et al.Soil microbial
response to metal contamination in a vegetated and urban
brownfield[J].J Environ Manage, 2019, 244: 313-319.

[6]KAKADE A, SHARMA M, SALAMA E S, et al. Heavy metals
(HMs) pollution in the aquatic environment: Role of probiotics
and gut microbiota in HMs remediation[J].Environ Res, 2023,
223: 115186.

[71SATARUG S.Cadmium sources and toxicity[J].Toxics, 2019,
7(2): 25.

[8]GENCHI G, SINICROPI M S, LAURIA G, et al.The effects
of cadmium toxicity[J].Int J Environ Res Public Health, 2020,
17(11): 3782.

[9INORDBERG M, NORDBERG G F.Metallothionein and
cadmium toxicology-historical review and commentary[J].
Biomolecules, 2022, 12(3): 360.

[T0]JKIM J J, KIM Y S, KUMAR V.Heavy metal toxicity: An
update of chelating therapeutic strategies[J].J Trace Elem Med
Biol, 2019, 54: 226-231.

[ITJLEAL J F, GUERREIRO B, AMADO P S, et al.On the
development of selective chelators for cadmium: Synthesis,
structure and chelating properties of 3-((5-(trifluoromethyl)-1,
3, 4-thiadiazol-2-yl)amino)benzo[d]isothiazole 1, 1-dioxide,
a novel thiadiazolyl saccharinate[J].Molecules, 2021, 26(6):
1501.

[12]DROBNE D, RUPNIK M, LAPANIJE A, et al.Isopod gut
microflora parameters as endpoints in toxicity studies[J].
Chem, 2002, 21(3): 604-609.

[13]FAZELI M, HASSANZADEH P, ALAEI S.Cadmium chloride
exhibits a profound toxic effect on bacterial microflora of the
mice gastrointestinal tract[J].Toxicol, 2011, 30(2): 152-159.

[I4]JHASAN M S, ISLAM M Z, LIZA R 1, et al.Novel probiotic
lactic acid bacteria with in vitro bioremediation potential of
toxic lead and cadmium[J].Curr Microbiol, 2022, 79(12): 387.

[15]ZHANG B B, LIU Y M, HU A L, et al.HgS and Zuotai differ
from HgCl, and methyl mercury in intestinal Hg absorption,
transporter expression and gut microbiome in mice[J].Toxicol
Appl Pharmacol, 2019, 379: 114615.

[16]ZHAO Y, ZHOU C, GUO X, et al.Exposed to mercury-in-
duced oxidative stress, changes of intestinal microflora, and
association between them in mice[J].Biol Trace Elem Res,
2021, 199(5): 1900-1907.

[17]RODRIGUEZ-VISO P, DOMENE A, VELEZ D, et al.Lactic
acid bacteria strains reduce in vitro mercury toxicity on the
intestinal mucosa[J].Food Chem Toxicol, 2023, 173: 113631.

[18]LIU Y, JI J, ZHANG W, et al.Selenium modulated gut flora

and promoted decomposition of methylmercury in methyl-
mercury-poisoned rats[J].Ecotoxicol Environ Saf, 2019, 185:
109720.

[T9JROTHENBERG S E, KORRICK S A, LIU J, et al.Maternal
methylmercury exposure through rice ingestion and child
neurodevelopment in the first three years: A prospective
cohort study in rural China[J].Environ Health, 2021, 20(1):
50.

[20]WANG J, ZHANG G, LIN Z, et al.Determination of arsenicals
in mouse tissues after simulated exposure to arsenic from
rice for sixteen weeks and the effects on histopathological
features[J].Ecotoxicol Environ Saf, 2020, 200: 110742.

[21]NURCHI V M, DJORDJEVIC A B, CRISPONI G, et al.Ar-
senic toxicity: Molecular targets and therapeutic agents[J].
Biomolecules, 2020, 10(2): 235.

[22]PALMA-LARA I, MARTINEZ-CASTILLO M,
QUINTANA-PEREZ J C, et al.Arsenic exposure: A public
health problem leading to several cancers[J].Regul Toxicol
Pharmacol, 2020, 110: 104539.

[23]VAZQUEZ CERVANTES G I, GONZALEZ ESQUIVEL
D F, RAMIREZ ORTEGA D, et al.Mechanisms associated
with cognitive and behavioral impairment induced by arsenic
exposure[J].Cells, 2023, 12(21): 2537.

[24] F—&, FAME, XUHIE T 10 438 b HEm i 2 00 Scik -
AT 0], FPE RO IRBIRA LR , 2020, 35(1): 66-67, 69.

251K AL, ki F A B T IR —— TR
Hb 7 99 Bl T6 U 107 50 1 UK [EB/OL L https: //www.gov.cn/
xinwen/2022-09/16/content_5710329.htm, 2022-09-16.

[26]ZHU Y G, WILLIAMS P N, MEHARG A A.Exposure to
inorganic arsenic from rice: A global health issue?[J] .Environ
Pollut, 2008, 154: 169-171.

[271ZHU Y G, YOSHINAGA M, ZHAO F J, et al.Earth abides
arsenic biotrans formations[J].Annu Rev Earth Planet Sci,
2014, 42: 443-467.

[28] GOSSAI A, ZENS M S, PUNSHON T, et al.Rice consump-
tion and squamous cell carcinoma of the skin in a united states
population[J].Environ Health Perspect, 2017, 125: 097005.

[29]LI X, WANG X, PARK S K.Associations between rice
consumption, arsenic metabolism, and insulin resistance in
adults without diabetes[J].Int J Hyg Environ Health, 2021,
237:113834.

[30]MAWIA A M, HUI S, ZHOU L, et al.Inorganic arsenic
toxicity and alleviation strategies in rice[J].J Hazard Mater,
2021, 408: 124751.

[31]TANG X, ZOU L, SU S, et al.Long-term manure application
changes bacterial communities in rice rhizosphere and arsenic
speciation in rice grains[J].Environ Sci Technol, 2021, 55:
1555-1565.

[32]RAHMAN M A, HASEGAWA H, RAHMAN M M, et al.Ac-



5614

SREAL . il GRS e AR ELA 605

cumulation of arsenic in tissues of rice plant (Oryza sativa L.)
and its distribution in fractions of rice grain[J].Chemosphere,
2007, 69: 942-948.

[33]MENON M, DONG W R, CHEN X M, et al.Improved
rice cooking approach to maximise arsenic removal while
preserving nutrient elements[J].Sci Total Environ, 2021, 755:
143341.

BAIXVBH , #E, BT, S T PR b SO 2 Tt
PEA R FE T B9 STHR T2 20 A (9], 580 T 42 e 412
2019, 34: 68-73.

[35]TESAMI H, JEONG B R, RAHEB A.Arsenic (As) resistant
bacteria with multiple plant growth-promoting traits: Potential
to alleviate as toxicity and accumulation in rice[J].Microbiol
Res, 2023, 272: 127391.

[36]KEPEL B, BODHI W, FATIMAWAL 1, et al.Isolation and
identification of arsenic-resistant bacteria for possible
application in arsenic bioremediation[J].Pak J Biol Sci, 2020,
23(1): 63-67.

[371KABIRAJ A, BISWAS R, HALDER U, et al.Bacterial arsenic
metabolism and its role in arsenic bioremediation[J].Curr
Microbiol, 2022, 79(5): 131.

[38]MIN D, CHENG L, LIU D F, et al.Single strain-triggered
biogeochemical cycle of arsenic[J].Environ Sci Technol, 2022,
56(22): 16410-16418.

[39]RATURI G, CHAUDHARY A, RANA V, et al.Microbial
remediation and plant-microbe interaction under arsenic
pollution[J].Sci Total Environ, 2023, 864: 160972.

[40]ZHANG W, MIAO A J, WANG N X, et al.Arsenic bioac-
cumulation and biotransformation in aquatic organisms[J].
Environ Int, 2022, 163: 107221.

[411DARMA A, YANG J, BLOEM E, et al.Arsenic biotransforma-

tion and mobilization: The role of bacterial strains and other
environmental variables[J].Environ Sci Pollut Res Int, 2022,
29(2): 1763-1787.

[42]LIANG Y, HONG Y, MAI Z, et al.Internal and external
microbial community of the thitarodes moth, the host of
ophiocordyceps sinensis[J].Microorganisms, 2019, 7(11): 517.

[43]GRIGGS J L, CHI L, HANLEY N M, et al.Bioaccessibility
of arsenic from contaminated soils and alteration of the gut
microbiome in an in vitro gastrointestinal model[J].Environ
Pollut, 2022, 309: 119753.

[44]L1 J, MANDA G, ROSEN B P.Expression of arsenic
resistance genes in the obligate anaerobe Bacteroides vulgatus
ATCC 8482, a gut microbiome bacterium[J].Anaerobe, 2016,
39: 117-123.

[45TWANG J, HU W, YANG H, et al.Arsenic concentrations,
diversity and co-occurrence patterns of bacterial and fungal
communities in the feces of mice under sub-chronic arsenic
exposure through food[J].Environ Int, 2020, 138: 105600.

[46]CHEN L, LI C, ZHONG X, et al.The gut microbiome
promotes arsenic metabolism and alleviates the metabolic
disorder for their mammal host under arsenic exposure[J].
Environ Int, 2023, 171: 107660.

[47]LIU X, WANG J, DENG H, et al.In situ analysis of variations
of arsenicals, microbiome and transcriptome profiles along
murine intestinal tract[J].J] Hazard Mater, 2022, 427: 127899.

[48]LUO Y, WANG J, WANG C, et al.The fecal arsenic excretion,
tissue arsenic accumulation, and metabolomics analysis in
sub-chronic arsenic-exposed mice after in situ arsenic-induced
fecal microbiota transplantation[J].Sci Total Environ, 2023,
854: 158583.

Rl 7= AR

KB MR EE SRR, T ARTREH mIRE L

R R, AT G 6 (7 RERREFR) o0

HARA R E W T B - R F ORI UEF AT REE LR AT ER RN &EE, LEH XFEFEN
BR %5 AT — RS (R R I am), FH mAFIRIXERXNATANAABERREH L

HE W

AT 2 35 5P



