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Tolerance mechanism of macrofungi to cadmium: a review
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Abstract Cadmium (Cd) is one of the most toxic heavy metals and is currently the primary soil pollutant in
China. Cd can accumulate in soil and organisms, harming ecosystems and threatening human health throughout
the food chain. The remediation of Cd pollution in soil has become an urgent problem that needs to be solved.
This review summarizes the current status of soil Cd pollution and the enrichment of Cd by macrofungi. The
focus of this review was to summarize the mechanisms of Cd tolerance in macrofungi at the physiological,
biochemical, and transcriptional levels, which mainly include the combination of extracellular ligands to reduce
Cd activity and the combination of cell wall components to jointly reduce the absorption of Cd by fungal cells, the
response of the intracellular antioxidant system to reduce the oxidative damage caused by Cd stress, and the
formation of Cd-chelate and compartmentalization to isolate Cd to reduce its toxicity. Upregulation of cell wall
modification, antioxidant synthesis, transmembrane transport proteins, and metal-binding-related genes may
be important pathways for the accumulation and tolerance of Cd in macrofungi. This is important for providing
a reference for the systematic elucidation of Cd tolerance mechanisms in macrofungi. These organisms have
an extremely high accumulation ability and tolerance for Cd and have applications in the remediation of soil Cd
pollution. However, there are species and strain specificities in the Cd tolerance mechanism of macrofungi, and
a single mechanism cannot explain their tolerance to Cd. To apply fungal remediation to Cd-contaminated soil,
it is necessary to strengthen the combined application of physiological and biochemical experiments and multi-
omics technology in the future to systematically clarify the commonality and characteristics of the enrichment
process and tolerance mechanism of macrofungi to Cd, strengthen the screening, domestication, and artificial
cultivation of macrofungi with the ability to enrich Cd for the rich selection of repair materials, and explore the
follow-up utilization of waste to realize the recycling of resources.
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Table 1 Macrofungi with higher Cd accumulation

- . FEARNCAE & BERY ERSEE .
La#ﬁfme Chinﬂzs%%ame Cd content in f_|1’uiting body Biocqn.centration Growth R;ffjexncﬁzs
(w/mg kg™, DW) coefficient (BCF) background
Amanita pantherina EEEch= 11.70 - A4 7 Wild [36]
Boletus griseus B I B 40.60 - 42 7 Wild [36]
Russula delica BV SARI 47.20 - By A7 Wild [36]
Termitomyces microcarpus ANELYES 135.0 - B4 7 Wild [36]
Agaricus campestris L. Y 7t 7 5 0.97 £ 0.58 12.30 542 7 Wild [37]
Amanita rubescens Pers. i 35 R T 0.90 £ 0.43 2710 A= Wild [37]
Tricholoma equestre (L.) P. Kumm. S 0.61 £ 0.30 19.00 BFAER Wild [37]
égﬁgﬁg%ﬁ’aﬁcms"oms (F.H. Moller & Jul. - g e 52.90 £ 20.10 1399.00 BFEH Wild 137]
Agaricus sylvicola (Vittad.) Peck PR 5 7 12.2+3.41 701.00 LR Wild [37]
Rozites caperatus (Pers.: Fr.) P. Karsten 4 it 2 % - 24.20 (fif %, Fresh weight, FW) - A4 7 Wild [38]
Russula vesca Fr. B3N 11.60 (FW) By A7 Wild [38]
Agaricus arvensis Schff.: Fr. e 7 325.00 - A 7 Wild [39]
Cortinarius caperatus (Pers.) Fr. 4 5 L2 T 58.60 - A4 7 Wild [39]
Laccaria amethystina (Huds.) Cooke EY 104.00 - A A Wild [39]
Macrolepiota procera (Scop.) Singer T KA 7 47.30 - A7 Wild [39]
Boletus edulis Bull. FERA 28.40 B4 A1 Wild [39]
Amanita muscaria (L.) Lam. IR RS B 27.10/22.00 + 11.00 - HpA A Wild [39-40]
Thelephora penicillata G N 1.17 £0.37 - FpAE R Wild [41]
Boletus griseus Forst. VR 8.69-24.19 24.10-386.00 A 7 Wild [42]
Agaricus blazei Murrill U 176 5 /A 5.51 32.40 1% Cultivated [43]
Stropharia rugosoannulata KR i 45 215+ 0.68 4.29 F& Cultivated [44]
Lentinus edodes i 1.64-75.92 7.04-13.67 Fhs Cultivated [45]

GEMD HICd, BUEF LTIk Cd &0 7 81.25 £ 0.27,
15.34 + 0.89. 44.62 + 1.91. 44.62 + 1.91f1152.78 + 7.84
mg/kg, BCF7} %1 /418.38. 13.46. 15.55. 16.43/119.41, HCd
BN E R >R > E AP, ££0.5. 5. 10 mg/kg Cdiia
TNORIR S 4T E P Cd Y &, 73002215 £ 0.68. 5.66 + 1.13
#18.10 £ 0.51 mg/kg, BCF43Jil h4.29. 1.13710.91 “*. ph4t,
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1A 5 R R, IR ANAB s K TR B ) 4 S (R 2 AL A H A
e R LI E B S ATz —.

3 REHEEMCi5IALH]

KA E R — B, SCis Y B A —E @Rk, &2
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B, AR BT HEPS X BRCdmE (& B A 2 B Cd = 1 L 431
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Rtk R W Ca®™ 5Cdifas #e,
3.3 CdEEEBESA1ER
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E1 KEEEXCARIMZHH RIESE SCHK[61, 63-6611E20 4 H)) . OMIMNTIAE E: T2 I REY (EPS) LS FREANRET LIS -
B i 2 Cdik D R @A RELE & A M 2GR B I3 (—OH) | EZHE (—NH) fif: (—C—0—C) %1 5Cd4&: @Cdil it
YR 1 18 TR AR N S A A @AM HETE s HE N AN 0 C B 43 I E i 43 R 08 B 1 A R b HE . @ AN N B A R “IX S AER 7 : Cd
BENANMLE TR S SR E R (MTs) A H Ik (GSH) S E &4 &, JHFE RN E A ©A RS (HRMAEME R WP EH: 7515
FRCATFFHE T/ MK EROS, ERF4Hi HFEAS. HMT: B8R IZEHEA: ZRT: #52HA; CTR: M4 i2EH: ABCB1: ATP4 & & (ABC) #iz
& MRP: 2 2jiif % A; CE: BT 12 ATPHE; ILT: #4422 4l ABC: ATP4S & M4t IZE M; ROS: iK% POD: A YEg; CAT: il & ik A
APX: BRI ER i AL WG : SOD: A AL : TRX: BisULE A HSP: #UATEE A ASA: HidhMER.

Fig. 1 Tolerance mechanism of macrofungi to Cd (modified according to references[61] and[63-66] ). O Extracellular ligand fixation:
Mainly EPS and low molecular weight organic acids, can combine with free Cdin soil to reduce its absorption; @ Cell wall binding: It contains a
variety of active groups (—OH, —NH and —C—O—C) that can bind with Cd; 3 Cd enters the protoplast through membrane transporters (HMT,
ZRT, CTR, ABCBH1, etc.); @ Efflux: The part of Cd entering the cell can be discharged from the cell through metal transporters (MRP, CE, ILT and
ABC); ® Intracellular chelation and compartmentalization of vacuolar: After Cd enters the cell, it may combine with MTs, GSH and other chelators
and transport to the vacuole for storage; © Protective role of antioxidant system (enzyme and non enzyme system): Responsible for clearing a
large amount of ROS induced by Cd toxicity and maintaining intracellular homeostasis. HMT: Heavy metal transporter; ZRT: Zinc transporter; CTR:
Copper transporter; ABCB1: ABC-type xenobiotic transporter; MRP: Multidrug resistance protein; CE: Cation transport ATPase; ILT: Iron transport
multicopper; ABC: ATP binding cassette transporter; ROS: Active oxygen; POD: Peroxidase; CAT: Catalase; APX: Ascorbate peroxidase; SOD:

Superoxide dismutase; TRX: Thioredoxin; HSP: Heat shock protein; ASA: Ascorbic acid.
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(Hebeloma mesophaeum) 44 Cdfigi /7 F i, I A
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i oy S AR 0 I AL AU (CAT) | Bk ik
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SOD. CATHIPODE Mt m T X 1, 3R B IX L il = 5 25 b 4
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CATHIPOD J% [ Cd iy it 94 15 56 T & J PR A, 3 B A4k ilg mT
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