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Determinating zinc accumulation, sub-cellular distribution and
chemical forms of Thalia dealbata Fraser
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Abstract In this study, 6 zinc concentrations were used in Thalia dealbata Fraser aquaculture to determine the enrichment, and root
sub-cellular fraction distribution and chemical forms of zinc of 7. dealbata. The zinc concentrations were 0 (CK), 0.075 mmol-L™",
0.250 mmol-L™", 0.500 mmol-L™, 1.000 mmol-L™" and 2.000 mmol-L™". The results showed the zinc was not effectively transportable
to the above-ground part of 7. dealbata and was mainly accumulated in roots. 7. dealbata was not a hyper-accumulator as all the
transfer coefficients were less than 1 under different zinc concentrations. On that basis, differential centrifugation technique and
sequential chemical extraction method were used to study sub-cellular distribution and chemical forms of zinc in roots of 7. dealbata.
The results showed that under low znic concentrations (CK, 0.075 mmol-L™" and 0.250 mmol-Lfl), zinc was mainly bounded to cell
walls, cell nucli and chloroplasts. Ethanol extractable zinc was in a dominant extractable state and accounted for over 50%, followed
by NaCl extractable zinc in T. dealbata roots. With increasing zinc concentrations (0.500 mmol-L™", 1.000 mmol-L™" and 2.000
mmol-L™"), cytosol became the main zinc distribution site in 7. dealbata roots, followed by cell walls. Zinc in cytosol respectively
accounted for 31.15%, 45.12% and 56.44%. The proportion of ethanol extractable zinc dropped while NaCl and water extractable
zinc increased with increasing zinc concentration, accounting for over 30% of extracted zinc. Ethanol, NaCl and water extractable
zinc were the three main zinc chemical forms.
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Table 1 Relationship between the extractant and Zn chemical forms in the Zn chemical speciation

Zn
Order Extractable solution Symbol Dominant forms of extracted Zn
1 80% F-E
80% ethanol Inorganic salt and amino acid salt which mainly are composed of zinc nitrate and zinc chloride

2 W [Zn(H,PO4),]

Deionized water Water-solubility organic acid znic and Zn(H,PO4),
3 I molL 171 F-NaCl . _ o ,

1 mol-L™" Nacl Pectin zinc and zinc combined with or adsorbed to protein

4 2% F-A s (ZnHPO4) [Zn3(PO),]

2% acetic acid Zinc phosphate which is difficult to dissolve in water, including ZnHPO, and Zn3(PO),
s 0.6 mol~Lfl S~ ‘

0.6 mol-L" HC1 Zinc oxalate

x2 AR Zn KELBTHHEZARAP ZIn 22

Table 2 Zn contents in tissues of Thalia dealbata Fraser under different zinc concentrations

7n Zn Zinc content [mg-kg™ (DW)]
Zine concent}rlation Transfer coefficient
(mmol-L™) Leaf Stem Root Overground part
0(CK) 9.734+0.38a 9.96+0.26a 20.47£1.17a 19.70+0.64a 0.96
0.075(T1) 17.01£1.27b 22.62+0.86b 82.90+3.19b 39.62+2.13b 0.48
0.250(T2) 14.60+1.23b 31.02+4.61c 125.06+3.04c 45.62+5.84bc 0.36
0.500(T3) 14.85+3.01b 31.77+£3.25¢ 180.15+9.33d 46.62+6.26¢ 0.26
1.000(T4) 15.56+2.75b 52.31£5.27d 203.95+5.94¢ 67.87+8.02d 0.33
2.000(T5) 17.28+2.37b 41.584+3.59%¢ 250.73+8.49f 58.86+£5.96¢ 0.23
P<0.05 Different small letters in the same column mean significant difference at P<0.05. =
/ Transfer coefficient=zinc content in the overground part / zinc content in the root.
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Fig. 1 Subcellular distribution of Zn in the root of Thalia dealbata Fraser under different Zn concentrations
Fl1: ; F2: ; F3: ; F4: ; F5: F1: cell wall; F2: cell nucleus; F3: chloroplast; F4: mitochondria; F5:
soluble fraction.
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Fig. 2 Chemical forms of Zn in the root of Thalia dealbata Fraser under different Zn concentrations
F-E: Zn; F-W: Zn; F-NaCl: NaCl Zn; F-A: Zn; F-HCI: HC1 Zn; F-R: Zn F-E: Ethanol
extractable zinc; F-W: Aqueous extractable zinc; F-NaCl: NaCl extractable zinc; F-A: Acetic acid extractable zinc; F-HCI: HCI extractable zinc; F-R:
zinc residua.

i [17-18]
3 itie ’
Baker ~ Whiting!"*!
ey 51 Zn T caerulescens
; (2) 30% Zn 1)
; 3 ( / )
1 ’ Zn (Potentilla grifithii Hook.) Zn
, Zn , (40%~55%) (17%~27%),
1 , Zn Zn
( ), Zn
/n ,Zn
[15]

, Zn

, , , /n
5 5 5 Z/n

[16]
, Zn )
’ Zn ( )
, , , , Zn
. 85%~90% . 50%

>

[5]

[20]



1118 2013 21
, /n Miu L H, Chen Y C, Shi F, et al. Preliminary study on the in-
vasion risk of Thalia dealbata as an alien species in wet-
’ lands[J]. Wetland Science, 2010, 8(4): 395-400
[9] , s . [J1.
> , 2007, 35(26): 8161
, , Shi X L, Zhu X N, Zhou S M. Cultivation experiment of fa-
cility container of Thalia dealbata[J]. Journal of Anhui Agri-
’ cultural Sciences, 2007, 35(26): 8161
Zn ’ [10] Ghnaya T, Slama I, Messedi D, et al. Cd-induced growth re-
Zn > Zn duction in the halophyte Sesuvium portulacastrum is signifi-
7n s cantly improved by NaCl[J]. Journal of Plant Research, 2007,
7n i 120(2): 309-316
[11] Weigel H J, Jager H J. Subcellular distribution and chemical
Zn Zn form of cadmium in bean plants[J]. Plant Physiol, 1980, 65(3):
5 480-482
. ‘ [12] Gabbrielli R, Panddfini T, Vergnano O, et al. Comparison of
%%Ifﬁk two serpentine species with different nickel tolerance strate-
[1] Broadley M R, White P J, Hammond J P, et al. Zinc in gies[J]. Plant and Soil, 122(2): 271-277
plants[J]. New Phytologist, 2007, 173(4): 677-702 [13] ; ; .o
2] ’ , o [71. , 1991, 2(3): 244-248
1. : , 2011, 40(3): XulJ L, Bao Z P, Yang J R, et al. Chemical form of Pb, Cd and
286.289 Cu in crop[J]. Chinese Journal of Applied Ecology, 1991, 2(3):
Cai HY, Zeng L F, Fang M Z, et al. Distribution features and 244-248
assessment of heavy metal in Tajiaozhou wetland of Minjiang (14] Baker A J M, Whiting S N. In search of the Holy Grail—A
estuary[J]. Journal of Fujian Agriculture and Forestry Univer- further step in understanding metal hyperaccumulation?[J].
sity: Natural Science Edition, 2011, 40(3): 286289 New Phytologist, 2002, 155(1): 1-4
[3] Chaney R L, Malik M, Li Y M, et al. Phytoremediation of soil [15] Brune A, Urbach W, Dietz K J. Compartmentation and trans-
metals[J]. Current Opinion in Biotechnology, 1997, 8(3): port of zinc in barley primary leaves as basic mechanisms
279_284 involved in zinc tolerance[J]. Plant, Cell & Environment,
[4] Baker A J M, Brooks R R, Pease A J, et al. Studies on copper 1994, 17(2): 153-162
and cobalt tolerance in three closely related taxa within the (16] Allen D L, Jarrell W M. Proton and copper adsorption to
genus Silence L. (Caryophyllaceae) from Zaire[J]. Plant and maize and soybean root cell walls[J]. Plants Physiol, 1989,
Soil, 1983, 73(3): 377-385 89(3): 823-832
[5] Salt D E, Prince R C, Baker A J M. Zinc ligands in the metal [17] Baker A J M, Brooks R R. Terrestrial higher plants which ac-
hyperaccumulator Thlaspi caerulescens as determined using cumulate metallic elements—A review of their distribution,
X-ray absorption spectroscopy[J]. Environ Sci Technol, 1999, ecology and phytochemistry[J]. Biorecovery, 1989, 1: 81-126
33(5): 713-717 [18] Rauser W E. Structure and function of metal chelators pro-
[6] , i ) 1. duced by plants[J]. Cell Biochemistry and Biophysics, 1999,
,2007(9): 94-95 31(1): 19-48
Zhu X N, Shi X L, Zhou S M. Production and cultivation [19] [D].
technique of Thalia dealbata Fraser[J]. Communication of » 2005
Agriculture Science and Technology, 2007(9): 94-95 Du S J. The investigation of zinc absorption and accumulation
[7] ) [7]. in Potentilla grifithii Hook.[D]. Guangzhou: Zhongshan Uni-
, 1998, 25(S1): 121-124 versity, 2005
Wang J. Research of introduction and breeding on garden [20] (Sedum alfredii Hance)
plants[J]. Journal of Jiangsu Forestry Science & Technology, [D]. , 2002
1998, 25(S1): 121-124 Long X X. Mechanisms of zinc tolerance and hyperaccumula-
[8] , R R tion by Sedum alfredii Hance[D]. Hangzhou: Zhejiang Uni-

[I1. ,2010, 8(4): 395-400

versity, 2002



