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Subcellular distribution of arsenic in Sargassum horneri and the role of the cell wall in arsenic biosorption
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Abstract: In order to reveal the mechanism of arsenic (As) biosorption of the cell wall of Sargassum horneri, we used S. horneri seedlings
to determine the variations of As distribution in cell subfraction under different As stress concentrations (50, 100, 150, 200 wmol - L™, and
250 pmol - L™"). Experiments on the kinetics of the cell wall biosorption, As sorption effect of the polysaccharides extracted from the cell
wall, and FTIR analysis were also carried out. The results showed that 50% of As was distributed in the cell wall fraction which was

significantly higher than in other cell subfractions under a low level of As stress (50 wmol +L"). However, with increasing As stress (=150
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pmol + L), As was dominantly distributed in the soluble fraction instead of the cell wall, in which less deposition was observed (36.4%—

37.3%). Although there was no notable increase in the As content of the cell wall fraction when As stress concentration was above 100

pwmol « L', the As content of the cell wall fraction tended to increase with increasing As stress overall. Results from the kinetic analysis

showed that both the esterification and the methylation of the cell wall decreased the equilibrium capacity of As sorption, which declined by

68.5% and 42.9%, respectively. Moreover, FTIR analysis revealed that functional groups such as hydroxyl, amino, carboxyl, and sulphate

on the polysaccharide of the cell wall potentially provided binding sites for As. Sorption experiment in vitro showed that the rate of As

sorption gradually increased with the increasing concentration of polysaccharides extracted. Our findings suggest that the cell wall of S.

horneri has an important biosorption capacity of As, in which the functional groups on polysaccharides play key roles, and the cell wall can

adsorb more As with increasing of polysaccharide content.

Keywords: cell subfraction; cell wall chemical modification; sorption kinetics; polysaccharide; FTIR; Sargassum horneri
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Figure 3 Effects of chemical modification on As biosorption by the cell wall of S. horneri
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Table 1 Kinetic parameters of As biosorption in different test groups

S i — 2% 5 F1 258 Pseudo—first order kinetics model i 2 8 125 Pseudo—second order kinetics model
Test group ki/min™! q./(mg-g™") r ko/(mg-g™" +min™") q./(mg-g™") r
Xif B2 Control group 0.007 6 19.64 0.9957 0.000 26 26.23 0.9950
LML 2H Methylized group 0.009 0 11.78 0.974 7 0.000 60 14.98 0.988 2
L4 Esterified group 0.0113 6.78 0.969 2 0.001 52 8.27 0.989 2
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Figure 4 Effects of cell wall polysaccharide concentration on As

sorption in vitro
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after As sorption

f) C—H 4R 3h"", 7E1 638 cm™ 1 1 421 em™ AL fY
W WAL UEe S5 X6 B COO™ B A Yo R Ak 248 i 8 G R A 48
PR, 1034 em™ R RS C—O izl IF
ARAIN 380 cm™ Ab 1 Hy B P 2 HERRAE I, 1 254
em ™ AR ARG 5 620 em A Y 55 G X6 R 22 R R L
S=0 ()i 45 P sl 1 25 {h R o1, 816 em™ &b A K
WX 1 C—0—S BN X R AR AR PR 201>, 1 3% W 41
REZ BT ] B O A IR T B R

i 00 L BE 22 W As WS S 40 W A e 2
B (F2), MPEERBE KT S em™ MG 53 Hr &
B, A 50% 9 W SO A7 AE A 7%, o —OH . —NH, fif
iR S . COO TR EEXTFR I 45 4k 1 . COO X Fip fif
A5 R 2 0 1) = I O 10 S L 1T S==0 i 45 i 2y 1 )
A B 5007 15 R B . —OH . — NH, i1 45 7% 2 U6 {55
KN 19 em™, S=0 45 4k 5 W i B 1t e /Ny 5
em™, X FEH—O0H ,—NH,.CO0 .S=0 F fe A i g =
57T As Wt 2.

3 g

3.1 AsTESHE PR A S

218 L D < e A R BB R A A i
A DX M BT PN 2 5 e A A5y = T 200 R RE A A 240
JY6L I AR %) T I, ST R 4 e P B B T O R A
VA 441 B 7 1 ) B A 4 DR T 2 A B P, 4
JuRE HAT 454 B A R R ) O A = S S 3
Uz AR SR i A R A R R e R A A O R
PRS00 A5 2 W A i 0 R EL A E A As W
FIE o ] 78 200 L 45 2L 53 WL 7 As Bl A P8 TR FE T
5 b T EA, A B E A T A A Y As Y
TR B (P<0.05) , {A F AR AL AE e — o 25

R2 ZIEEBEEREXT A LIPS E (cm™)
Table 2 Function groups of polysaccharide and the corresponding

infrared sorption frequencies(cm™)

s ‘HEEH] XPREZL AslhiEdl (WAL
Number Function group Control ~ As treated  Offset

1 —OH . —NH.fil4f#k3s) 3438 3457 19
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