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Cadmium tolerance mechanism of Conyza canadensis based on cell wall adsorption and fixation characteristics
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Abstract: We examined the distribution and damage incurred by the tissues of Conyza canadensis due to Cd stress using scanning electron
microscopy (SEM ). The adsorption and fixation characteristics of Cd in the root and leaf cell wall were studied by chemical modification,
adsorption kinetics, and Fourier transform infrared spectroscopy (FTIR). The results of SEM showed that under Cd stress, the structure of
root and leaf tissues was irregularly arranged, and crystals blocked the vessels. The cortical tissue of C. canadensis was an important site for
the adsorption and fixation of Cd. The adsorption kinetics test showed that the cumulative adsorptive capacity of the root cell walls for Cd
was reduced by 49.1%, 38.5%, and 26.1% after esterification, aminomethylation, and pectinase modification, respectively. That of the leaf
cell walls was also reduced, by 39.47%, 20.14%, and 30.23%, respectively. Carboxyl and amino groups in the root cell wall contributed
greatly to Cd adsorption, while carboxyl and pectin in the leaf cell wall played a significant role. The functional group information of Cd ad-
sorption sites on the root and leaf cell wall was characterized by FTIR, and the results showed that hydroxyl, carboxyl, and amino groups

were the main binding sites. During this process, pectin provided the hydroxyl functional groups for the binding of Cd, cellulose and hemi-
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cellulose provided the carboxyl functional groups, and cell wall proteins provided the amino functional groups and other binding sites. It

can be concluded that hydroxyl, carboxyl, and amino groups are the main binding sites of Cd, which results in the cell wall showing a higher

adsorption and fixation ability for Cd, and is an important mechanism of Cd tolerance in C. canadensis.
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Figure 1 SEM analysis of leaf tissue of Conyza canadensis under

different treatments
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Figure 2 SEM analysis of root tissue of Conyza canadensis under

different treatments
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Figure 3 The FTIR spectra of the root and leaf cell wall of Conyza canadensis before and after chemical modification
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Table 1 Analysis of FTIR spectra of the root cell wall of Conyza canadensis before and after chemical modification
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Table 2 Analysis of FTIR spectra of the leaf cell wall of Conyza canadensis before and after chemical modification
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Figure 4 Effects of chemical modification on Cd adsorption in the root and leaf cell wall(CK) of Conyza canadensis
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Figure 5 The FTIR spectra of the root and leaf cell wall(CK) of Conyza canadensis before and after Cd adsorption
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Table 3 Analysis of FTIR spectra of the root cell wall(CK) of Conyza canadensis before and after Cd adsorption

W Bt Cd AR 4 R W% Bt C.d J AR 200 ff R
s HREM Before adsorption of Cd in root cell wall After adsorption of Cd in root cell wall
Number Function group i3 i3 WEAF AR AL, P ¥ it
Wavenumber/cm™ Wavenumber/cm™  Peak value change/%  Offset/cm™
1 P2/ F-OH/-NH 3415 3413 — -2
2 FHl #:-CH, 2925 2923 8.42 -2
3 fif A C=0 1720 1722 43.32 2
4 Pk 1 47 -C=0 1637 1639 24.72 2
5 e 1L # -CONH 1618 1618 30.68 0
6 FRRRER C=0 X R M4 4% 5 1560 1566 -2.33 6
7 T LBl C-H s A i C-0 1421 1421 7.01 0
8 F2 E-COOH s Btk 7 -C-N 1385 1385 2.23 0
9 TR R C-0-S BRI C-0 sz +h C-0-P 1225 1227 24.73 2
10 LRI LE ) C-C 8L C-0 1151 1151 7.49 0
11 Bz c-Cac-0 1113 1113 8.68 0
12 LY F e -C-H 2 2 -C-C .-C-0 1049 1051 14.37 2
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Table 4 Analysis of FTIR spectra of the leaf cell wall(CK) of Conyza canadensis before and after Cd adsorption
WEZ BT C I 40 W B Cdl Ji -2t
B B RE Before adsorption of Cd in leaf cell wall After adsorption of Cd in leaf cell wall
Number Function group WeEL 23 WEAE R fk f#% it
Wavenumber/cm™ Wavenumber/cm™  Peak value change/%  Offset/cm™
1 F& 3L/ E-OH/-NH 3415 3419 — 4
2 H JE-CH; 2925 2925 186.35 0
3 Fig 3t C=0 1730 1730 141.36 0
4 [k 1 7 -C=0 1639 1637 37.07 -2
5 [k T+ -CONH 1618 1622 36.11 4
6 R ER C=0 AR IR 50 1565 1560 176.39 -5
7 T U5 C—H SR R C-0 1419 1419 236.39 0
8 JREE-COOH B Mtk MM H7 -C-N 1385 1385 186.81 0
9 TR C-0-S s 5t C-0 sl @ iz C-0-P 1225 1227 165.62 2
10 ZHEIGE ) C-C B C-0 1151 1151 180.76 0
11 g c-CE C-0 1113 1113 195.61 0
12 LY F R -C-H Bl 2k -C-C.-C-0 1051 1049 250.01 -2
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Figure 6 The FTIR spectra of the root and leaf cell wall of Conyza canadensis under different Cd treatments
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Table 5 Analysis of FTIR spectra of the root cell wall of Conyza canadensts under different Cd treatments
CK 50 pmol - L™ 100 pwmol - L™
ks A WeRK WK WAL s W WefHAEAL s
Number Function group Wavenumber/ Wavenumber/  Peak value Offset/  Wavenumber/  Peak value  Offset/
cm’! em’! change/% em” cm’! change/% cm”!
1 F2 I/ F-OH/-NH 3415 3417 0 2 3425 0 10
2 il #£-CH, 2925 2925 95.22 0 2927 84.56 2
3 fis 3 =0 1720 1722 41.08 2 1720 37.00 0
4 e 145 -C=0 1637 1637 12.31 0 1637 11.56 0
5 JiEiE 11 7 ~CONH 1618 1606 2.16 -12
6 IR ER C=0 AN FRA4E 4R 3h 1560 1556 34.56 -4 1556 46.50 -4
7 fite &b C—H Bli E U C-0 1421 1421 32.51 0 1421 32.13 0
8 F2 H-COOH sk 47 -C-N 1385 1385 21.28 0 1385 27.82 0
9 iR C-0-S B L C-0 1225 1226 9.83 1 1225 5.30 0
iR C-0-p
10 ZHAZER) C-CE C-0 1151 1151 12.35 0 1151 9.98 0
11 B C-CH C-0 1113 1113 17.60 0 1113 7.73 0
12 214 E Mt -C-H & i 5 -C-C .-C-0 1049 1049 23.02 0 1049 5.04 0
F6 WRERE CdLIET/NCEM BRI SN IE SRS 7
Table 6 Analysis of FTIR spectra of the leaf cell wall of Conyza canadensis under different Cd treatments
CK 50 wmol - L™ 100 pmol - L™
75 HiE 2 Wk WAL A Wk WAL AR
Number Function group Wavenumber/ Wavenumber/ Peak value Offset/  Wavenumber/ Peak value Offset/
em’” cm”! change/% em” cm’! change/% cm”!
1 F23/9 F-OH/-NH 3415 3417 — 2 3417 —
2 I %£-CH;, 2925 2925 193.90 2925 307.45
3 fifiJk C=0 1730 1730 11033 1730 161.22
4 ik 1 4 -C=0 1639 1637 29.39 -2 1635 27.85 -4
5 P 1+ -CONH 1618 1618 31.73 0
6 FR IR ER C=0 AN FR A 45 4R 5h 1565 1560 128.39 -5 1566 174.29 1
7 fitk B C—H sl f &R C-0 1419 1421 158.21 2 1421 227.36 2
8 FRH-COOH sl I H#7 -C-N 1385 1385 114.17 1385 170.32 0
9 2R C-0-S B A C-0 1225 1225 98.30 1227 118.99 2
R C-0-P
10 ZHEA LR C-C 5 C-0 1151 1151 126.39 1151 145.99 0
11 B C-C L C-0 1113 1113 126.83 1113 152.98
12 LFYEZBEE-C-H & i s -C-C .-C-0 1051 1053 152.74 2 1049 189.36 -2
3 it Zeat SEM LR 5 &3, Cd e & /N K AR R A
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