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Advancesin molecular mechanisms of ar senic hyperaccumulation
of Pterisvittata L.
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Abstract: Arsenic is a toxic metalloid. Arsenic pollution in soils affects food safety and threatens human health. Pteris
vittata L. has enormous application value in phytoremediation of arsenic-contaminated soil for its high arsenic
hyperaccumulation ability. Understanding the arsenic hyperaccumulation molecular mechanism of P. vittata is the core
theoretical basis of phytoremediation technology. This review introduces the omics study on arsenic hyperaccumulation
mechanisms, as well as important molecular component that is involved in arsenic hyperaccumulation of P. vittata. Further

research directions and trends are also discussed.
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Fig. 1 Schematic diagram of arsenic hyperaccumulation process and molecular componentsin P. vittata.

&: 010-64807509

. cjb@im.ac.cn

403




404

ISSN 1000-3061 CN 11-1998/Q A T. #2244k  Chin JBiotech

REFERENCES

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

Martinez VD, Vucic EA, Becker-Santos DD, et al.

Arsenic exposure and the induction of human cancers.

JToxi col, 2011, 2011: 431287.

Ji DL, Meng FS, Xue H, et al. Situation and prospect
of soil arsenic pollution and its remediation
techniques at home and abroad. J Environ Eng
Technol, 2016, 6(1): 90-99 (in Chinese).

QAN, PR, BEN, SE. IR Ah S g e
HABZBORPUR S R, 358 TRFOR =4, 20186,
6(1): 90-99.

Duan ZB, Hu FQ, An JP, et a. Progress on soil
arsenic contamination and its phytoremediation
technology. Mod Agr Sci Technol, 2016(14):
190-193 (in Chinese).

Bk, W, ZEF, A s g A
B ARV k. AR BB, 2016(14):
190-193.

Zhao FJ, Dunham SJ, Mcgrath SP. Arsenic
hyperaccumulation by different fern species. New
Phytol, 2002, 156(1): 27-31.

Ma LQ, Komart KM, Tu C, et a. A fern that
hyperaccumulates arsenic: a hardy, versatile,
fast-growing plant helps to remove arsenic from
contaminated soils. Nature, 2001, 409(6820): 579.
Chen TB, Li HX, Lei M, et a. Accumulation of N, P
and K in Pteris vittata L. during phytoremediation: a

five-year field study. Acta Scien Circum, 2010, 30(2):

402-408 (in Chinese).

PRIFDE, 4505, S, 5. Y8 F b ik
TN HIEFR TSN AS: 5 AEH A E L. R
BiRle#24 47, 2010, 30(2): 402-408.

Xie JQ, Lei M, Chen TB, et a. Phytoremediation of
soil co-contaminated with arsenic, lead, zinc and
copper using Pteris vittata L.: a field study. Acta
Scien Circum, 2010, 30(1): 165-171 (in Chinese).
ST, M, PRIFDE, 5. Beia Xy s gy L
As. Pb. Zn. Cu B AL LBRACKR. R0,
2010, 30(1): 165-171.

Lei M, Wan XM, Guo GH, et a. Phytoextraction of
arsenic-contaminated soil with Pteris vittata in Henan
province, China comprehensive evaluation of
remediation efficiency correcting for atmospheric
depositions. Environ Sci Pollut Res Int, 2018, 25(1):

http://journals.im.ac.cn/cjbcn

(9]

(1]

(11

[12]

[13]

(14]

[15]

[16]

[17]

(18]

[19]

[20]

124-131.

Gumaelius L, Lahner B, Salt DE, et al. Arsenic
hyperaccumulation in gametophytes of Pteris vittata.
A new model system for anaysis of arsenic
hyperaccumulation. Plant Physiol, 2004, 136(2):
3198-3208.

Khare PB, Kaur S. Intraspecific polyploidy in Pteris
vittata Linn. Cytologia, 1983, 48(1): 21-25.

Yan HL, Gao YW, Wu LL, et a. Potential use of the
Pteris vittata arsenic hyperaccumulation-regulation
network for phytoremediation. J Hazard Mater, 2019,
368: 386-396.

Shen HL, He ZY, Yan HL, et a. The fronds tonoplast
guantitative  proteomic  analysis in  arsenic
hyperaccumulator Pteris vittata L. J Proteomics,
2014, 105: 46-57.

Hasan MK, Cheng Y, Kanwar MK, et al. Responses
of plant proteins to heavy metal stress—A review.
Front Plant Sci, 2017, 8: 1492.

Wolf DH. The ubiquitin-proteasome-system in
protein quality control and the disposal of protein
waste. Faseb J, 2010, 24: 1601-1614.
Pawlik-Skowronska B, Pirszel J, Kalinowska R, et al.
Arsenic availability, toxicity and direct role of GSH
and phytochelatins in As detoxification in the green
alga Sichococcus bacillaris. Aquat Toxicol, 2005,
70(3): 201-212.

Shri M, Kumar S, Chakrabarty D, et al. Effect of
arsenic on growth, oxidative stress, and antioxidant
system in rice seedlings. Ecotoxicol Environ Saf,
2009, 72(4): 1102-1110.

Cao XD, Ma LQ, Tu C. Antioxidative responses to
arsenic in the arsenic-hyperaccumulator Chinese
brake fern (Pteris vittata L.). Environ Pollut, 2004,
128(3): 317-325.

Singh N, Ma LQ, Srivastava M, et a. Metabolic
adaptations to arsenic-induced oxidative stress in
Pteris vittata L. and Pteris ensiformis L. Plant Sci,
2006, 170(2): 274-282.

Sakai Y, Watanabe T, Wasaki J, et a. Influence of
arsenic stress on synthesis and localization of
low-molecular-weight thiols in Pteris vittata. Environ
Pollut, 2010, 158(12): 3663-3669.

Zhao FJ, Wang JR, Barker JHA, et a. The role of

phytochelatins in arsenic tolerance in the



KH FMRMERREEENS FIRMRHRE

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

hyperaccumulator Pteris vittata. New Phytol, 2003,
159(2): 403-410.

Xie QE, Yan XL, Liao XY, et al. The arsenic
hyperaccumulator fern Pteris vittata L. Environ Sci
Technol, 2009, 43(22): 8488-8495.

Duan GL, Wang LH, Chen Y, et a. Recent
developments in understanding the mechanisms of
arsenic hyperaccumulation in plants. Acta Scien
Circum, 2007, 27(5): 714—720 (in Chinese).

Bk, ERIZL, BRE, % YRS EmMyLTH T
(EcHTIE . BTl =24, 2007, 27(5): 714-720.
Shen HL, He ZY, Ma M. Advance of the mechanisms
of arsenic hyperaccumulation in Pteris vittata L. and
applications for arsenic remediation. J Plant Physiol,
2014, 50(5): 591-598 (in Chinese).

HIZT ¥, (T4fRff, JR2E. Wohan B ffi i & AE AL S 3L
TERR {5 YA 52 rp i L. R AR B4R 4, 2014,
50(5): 591-598.

Chen YS, Ja MR, Cao Y, et a. Advances in
molecular mechanisms of arsenic hyperaccumulation
in Pteris vittata. J Agro-Environ Sci, 2018, 37(7):
1402-1408 (in Chinese).

MRaeil, B8R, dBk, S5, BRI EAR R LAY > T
PLA T T R R . Al BRI 72 4k, 2018, 37(7):
1402-1408.

Wang X, Ma LQ, Rathinasabapathi B, et a. Uptake
and translocation of arsenite and arsenate by Pteris
vittata L.: effects of silicon, boron and mercury.
Environ Exp Bot, 2010, 68(2): 222—-229.

Su YH, Mcgrath SP, Zhu YG, et al. Highly efficient
xylem transport of arsenite in the arsenic
hyperaccumulator Pteris vittata. New Phytol, 2010,
180(2): 434-441.

Zhao FJ, Ma JF, Meharg AA, et a. Arsenic uptake
and metabolism in plants. New Phytol, 2009, 181(4):
777794,

Poynton CY, Huang JW, Blaylock MJ, et al.
Mechanisms of arsenic hyperaccumulation in Pteris
species: root As influx and translocation. Planta,
2004, 219(6): 1080-1088.

Chen TB, Yan XL, Liao XY, et a. Subcellular
distribution and compartmentalization of arsenic in
Pteris vittata L. Chin Sci Bull, 2005, 50(24):
2843-2849.

Mandal BK, Suzuki KT. Arsenic round the world: a

&: 010-64807509

(31]

[32]

[33]

[34]

[39]

(36]

(37]

(38]

[39]

[40]

[41]

review. Talanta, 2002, 58(1): 201-235.

Xin W, Ma LQ, Rathinasabapathi B, et a.
Mechanisms of efficient arsenite uptake by arsenic
hyperaccumulator Pteris vittata. Environ Sci Technal,
2011, 45(22): 9719-9725.

Zhang WH, Cai Y, Tu C, et al. Arsenic speciation and
distribution in an arsenic hyperaccumulating plant.
Sci Total Environ, 2002, 300(1/3): 167-177.
Pickering 1J, Gumaelius L, Harris HH, et al.
Localizing the biochemical transformations of
arsenate in a hyperaccumulating fern. Environ Sci
Technol, 2006, 40(16): 5010-5014.

Webb SM, Gaillard JF, MaLQ, et al. XAS speciation
of arsenic in a hyper-accumulating fern. Environ Sci
Technol, 2003, 37(4): 754-760.

Garbinski LD, Rosen BP, Chen J. Pathways of
arsenic uptake and efflux. Environ Int, 2019, 126:
585-597.

Wang JR, Zhao FJ, Meharg AA, et a. Mechanisms of
arsenic hyperaccumulation in Pteris vittata. Uptake
kinetics, interactions with phosphate, and arsenic
speciation. Plant Physiol, 2002, 130(3): 1552-1561.
Tu S, Ma LQ. Interactive effects of pH, arsenic and
phosphorus on uptake of As and P and growth of the
arsenic hyperaccumulator Pteris vittata L. under
hydroponic conditions. Environ Exp Bot, 2003, 50(3):
243-251.

Shin H, Shin HS, Dewbre GR, et a. Phosphate
transport in Arabidopsis. Phtl;1 and Phtl;4 play a
major role in phosphate acquisition from both
low-and high-phosphate environments. Plant J, 2004,
39(4): 629-642.

Wang PT, Zhang WW, Mao CZ, et a. The role of
OsPT8 in arsenate uptake and varietal difference in
arsenate tolerance in rice. J Exp Bot, 2016, 67(21):
6051-6059.

Ditusa SF, Fontenot EB, Wallace RW, et a. A
member of the Phosphate transporter 1 (Phtl) family
from the arsenic-hyperaccumulating fern Pteris
vittata is a high-affinity arsenate transporter. New
Phytol, 2016, 209(2): 762—772.

Cao Y, Feng HY, Sun D, et a. Heterologous
expression of Pteris vittata phosphate transporter
PvPht1;3 enhances arsenic translocation to and
accumulation in tobacco shoots. Environ Sci Technol,

. cjb@im.ac.cn

405




406

ISSN 1000-3061 CN 11-1998/Q A T. #2244k  Chin JBiotech

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

(50]

(51]

(52]

2019, 53(18): 10636—10644.

Bhattacharjee H, Mukhopadhyay R, Thiyagargjan S,
et a. Aquaglyceroporins. ancient channels for
metalloids. JBiol, 2008, 7(9): 33.

He ZY, Yan HL, Chen YS, et a. An aguaporin
PvTIP4;1 from Pteris vittata may mediate arsenite
uptake. New Phytol, 2016, 209(2): 746—761.

Duan GL, Zhu YG, Tong YP, et a. Characterization
of arsenate reductase in the extract of roots and
fronds of Chinese brake fern,
hyperaccumulator. Plant Physiol,
461-469.

Lei M, Wan XM, Huang ZC, et a. First evidence on
different transportation modes of arsenic and
phosphorus in arsenic hyperaccumulator
vittata. Environ Pollut, 2012, 161: 1-7.
Messens J, Silver S. Arsenate reduction: thiol cascade
chemistry with convergent evolution. J Mol Biol,
2006, 362(1): 1-17.

Mukhopadhyay R, Rosen BP. Saccharomyces
cerevisiae ACR2 gene encodes an arsenate reductase.
FEMS Microbiol Lett, 1998, 168(1): 127-136.
Dhankher OP, Rosen BP, McKinney EC, et al.
Hyperaccumulation of arsenic in the shoots of
Arabidopsis silenced for arsenate reductase (ACR?2).
Proc Natl Acad Sci USA, 2006, 103(14): 5413-5418.
Duan GL, Zhou Y, Tong YP, et a. A CDC25
homologue from rice functions as an arsenate
reductase. New Phytol, 2007, 174(2): 311-321.

Ellis DR, Gumaelius L, Indriolo E, et a. A novel
arsenate reductase from the arsenic
hyperaccumulating fern Pteris vittata. Plant Physiol,
2006, 141(4): 1544-1554.

LiuWJ, Schat H, Bliek M, et al. Knocking out ACR2
does not affect arsenic redox status in Arabidopsis
thaliana: implications for as detoxification and
accumulation in plants. PLoS One. 2012, 7(8):
e42408.

Chao DY, Chen Y, Chen JG, et a. Genome-wide
association mapping identifies a new arsenate
reductase enzyme critical for limiting arsenic
accumulation in plants. PLoS Biol, 2014, 12(12):
€1002009.

an arsenic
2005, 138(1):

Pteris

http://journals.im.ac.cn/cjbcn

(53]

(54]

[55]

[56]

[57]

(58]

[59]

[60]

(61]

[62]

Shi SL, Wang T, Chen Z, et a. OsHAC1; 1 and
OsHACL; 2 function as arsenate reductases and
regulate arsenic accumulation. Plant Physiol, 2016,
172(3): 1708-1719.

XuJM, Shi SL, Wang L, et al. OsHAC4 is critical for
arsenate tolerance and regulates arsenic accumulation
in rice. New Phytol, 2017, 215(3): 1090-1101.
Rathinasabapathi B, Wu S, Sundaram S, et 4.
Arsenic resistance in Pteris vittata L.: identification
of a cytosolic triosephosphate isomerase based on
cDNA expression cloning in Escherichia coli. Plant
Mol Biol, 2006, 62(6): 845-857.

Ca C, Lanman NA, Withers KA, et al. Three genes
define a bacterial-like arsenic tolerance mechanismin
the arsenic hyperaccumulating fern Pteris vittata.
Curr Bial, 2019, 29(10): 1625-1633.€3.

Yang XX, Chen H, Dai XJ, et a. Evidence of
vacuolar compartmentalization of arsenic in the
hyperaccumulator Pteris vittata. Chin Sci Bull, 20009,
54(22): 4229-4233.

Lombi E, Zhao FJ, Fuhrmann M, et a. Arsenic
distribution and speciation in the fronds of the
hyperaccumulator Pteris vittata. New Phytol, 2002,
156(2): 195-203.

Indriolo E, Na G, Ellis D, et a. A vacuolar arsenite
transporter necessary for arsenic tolerance in the
arsenic hyperaccumulating fern Pteris vittata is
missing in flowering plants. Plant Cell, 2010, 22(6):
2045-2057.

Chen YS, Xu WZ, Shen HL, et a. Engineering
arsenic tolerance and hyperaccumulation in plants for
phytoremediation by a PVACR3 transgenic approach.
Environ Sci Technol, 2013, 47(16): 9355-9362.

Chen YS, Hua CY, Jia MR, et al. Heterologous
expression of Pteris vittata arsenite antiporter
PVACR3;1 reduces arsenic accumulation in plant
shoots. Environ Sci  Technol, 2017, 51(18):
10387-10395.

Sundaram S, Rathinasabapathi B, Ma LQ, et a. An
arsenate-activated glutaredoxin from the arsenic
hyperaccumulator fern Pteris vittata L. regulates
intracellular arsenite. J Biol Chem, 2008, 283(10):
6095-6101.

(AXTgm  MEETT)



