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Effects of cadmium stress on pectin components and pectin methylesterase of cell wall polysaccharide in

Sedum plumbizincicola

BI Liyan, LI Yuan, LI Bo, LI Mingrui, WANG Jixiu, QIN Li"

(College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China)

Abstract : Pot experiments were carried out to study the effects of different cadmium (Cd) concentrations (0, 25, 50, 75, 100, 200 mg-kg™)
on pectin content, pectin methylesterase enzyme (PME) activily, pectin galacturonic acid content, and Cd accumulation in the cell wall of
Sedum plumbizincicola and explore the response mechanism of cell wall pectin to cadmium stress. The results showed that with the increase
in Cd concentration, the contents of chelated pectin and alkaline pectin in the shoot and root cell walls of S. plumbizincicola reached a
maximum at a concentration of 100 mg - kg™ Cd, with the content of chelated pectin in shoots overtopping that in the roots. However,
alkaline pectin content in the shoots was lower than that in the roots. The PME activity and galacturonic acid content of the shoot cell wall
were the highest in the treatment of 25 mg* kg™ Cd, which were significantly increased by 40.4% and 39.2%, respectively, compared with
the control. The PME activity of root cell walls was inhibited under Cd stress. The shoot and root Cd contents reached their maximum values
in the treatment of 75 mg * kg™ Cd, which were 58.4 times and 70.1 times higher than that of the control, respectively. There was a

significant positive correlation between chelated pectin content, alkaline pectin content, and Cd content. Furthermore, there was a
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significant negative correlation between the content of pectin galacturonic acid and chelated pectin in the root cell wall, with a correlation

coefficient of —0.880(<0.05). The pectin content was found to change by regulating the pectin galacturonic acid content in the cell wall of

S. plumbizincicola to enhance Cd absorption and accumulation.

Keywords : Sedum plumbizincicola; cadmium; cell wall; pectin; pectin methylesterase enzyme; galacturonic acid
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Table 1 Physical and chemical properties of the test soil

L)t Organic A Tota ¥ Tota Tota 0% Available P/ % vailable A Alkali—hydrolysable
A BB Organic  42% Total N/ 42ff Total P/ 424 Total K/ A5 &L Available P/ 38T Available K/ G & Alkali-hydrolysabl Cd/

H
b matter/(g-kg")  (g-kg™) (g-kg™) (g-kg™) (mg-kg™) (mg-kg™) N/(mg-kg™") (mg-kg™")
5.8 12.68 0.5 1.2 4.1 27.6 211.9 56.61 0.91
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Figure 1 Effects of different concentrations of Cd on the content

of chelated pectin in the cell wall of S. plumbizincicola
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Figure 2 Effects of different concentrations of Cd on alkaline

pectin content in the cell wall of S. plumbizincicola
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Figure 3 Changes in cell wall PME activity of S. plumbizincicola

under different concentrations of Cd stress

:‘:m lor O 1 F#FShoot [ #3B Root
Tup 7 a .
al
ﬂﬂa%HtE 27 {‘ & _} ®
oo E a ab|
ég.g 10 b
ol 3 L be
.
=2 ¢ ¢ .
71'5 4+
2
s 27
=
S0
0 25 50 75 100 200

Cd ¥ Cd concentration/(mg-kg™)

4 RECARELRBTHT SRENFIERRESE
Figure 4 Contents of galacturonic acid in S. plumbizincicola

under different Cd concentrations
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Figure 5 Cd content in S. plumbizincicola under different

Cd concentrations

P28 2 AT, PR S R b A W e B Cd Ak B
VA T 1 0 5 S B S b ke B R REAE
50,75 mg - kg Cd Ab B b 35 A 4 543 ) 3 T
4.9% .22.5% , Cd Ab BEHR 5 4y 100,200 mg - kg™ I 4 |-
T o B AR T 6.9% .58.9% ., Cd kb ¥ FE Hy
75 mg - kg B b B AR Pk B R R, VR R 200
mg - kg™ B [ 2 Fe/IME, HLAE Cd AL PRV B R 25,75
200 mg - kg™ B 5 %5 Bl 2 ] £7 £ B 2 25 5 (P<0.05) .
PR 5 R M A= W Bt Cd A 38 A 184 i 3 i
fiK, 5 X BEAH He L 20 51 8 35 BRI T 52.9% . 49.6% .
43.8% .63.6%.78.5%(P<0.05) . H1M AT WL, Fr i e BF
() Cd AT DR SE AR S AR AR S, Hh s v B 1Y Cd X
HARA—EMMHIER.

H R 3 AR, PR 5 K s A RATE Cd b Bk
450.75.100 mg - kg™ B, 43 A 6 BRI 2.1.1.4.3.0
o TFE Cd Ab B BE A 25,200 mg - kg™ B 55 %) HE A
FEREAIR T 23.0% .58.1% , = BHAE i Cd Mk B Ab B
PR SR Cd AT BRI & 4L BE ) . PR st KLz
FBE Cd A TR FE Ay 100,200 mg - kg™ B, 43 51 kg %ot
HEAY 2.3 1.2 4%, 76 Cd AL BRVE & 4 25,50, 75 mg - kg™
AF 5 X6k BEAH EE 20 0 BRI T 54.5% . 4.5% . 18.2% , 1
1 R B2 Cd AL PR RE A 4 P A S5 R DR o) b |- R %%
iz Cd WA ST, PR B Cd AL BR80T Cd f) L F 3
FEIZE . TR0 5 KA U2 R BBRTE Cd Ab PR 2
25 mg- kg Bif 55 X0 BEAH LR FEARAY , oAy Cd vk B2 AL 31
55X BEAH R RN
2.5 XM

2 4 T] S0, PR 5 KA KR Cd 7% 5 5 40 i e 2
A AT i R B IR A G, AH I R B 51 0.903

£2 FACIRELETHT SREDME (o-Hk)

Table 2 Biomass of S. plumbizincicola under different Cd concentrations(g-plant™)

RN Parts 0 mg-kg™ 25 mg- kg™ 50 mg kg™ 75 mg-kg™! 100 mg- kg™ 200 mg- kg™
Hh 13 5.33+0.22bc 4.69+0.14d 5.59+0.1b 6.53x0.21a 4.96+0.15¢d 2.19+0.26e
LS 1.21+0.22a 0.57+0.07be 0.61+0.05bc 0.68+0.03b 0.44+0.06¢d 0.26+0.04d
VTR I R A B2 5.6 (P0.05)
Note : Different lowercase letters in the same row indicate significant differences among treatments (P<0.05).
R3 AE CAREAETHY =X Cd EREFE
Table 3 Cd accumulation characteristics of S. plumbizincicola under different Cd concentrations
i H Item 0 mg-kg™ 25 mg-kg 50 mg kg 75 mg-kg™ 100 mg- kg™ 200 mg- kg™
HIRRE 74 57 159 101 220 31
Ham 25N 2.2 1.0 2.1 1.8 5.0 2.7
AREEE R 9.7 8.5 18.9 17.5 56.2 224
— 640 — http://www.aed.org.cn
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Table 4 Correlation analysis of Cd content, PME activity, chelated pectin content, alkaline pectin content and

galacturonic acid content of Sedum plumbizincicola

. | BEECIEE RECIER oo, EASREAR  WMEREER CRSLBRERE R
N " Cd content in Cd content in u. K Chelated pectin Alkaline pectin Galacturonic acid
[tem Part PME activity
shoot root content content content
Pk Cd 7% 4 b3 1 0.733 -0.244 0.903* 0.919% -0.565
MR 1 -0.280 0.881°%* 0.758 -0.643
PME i % b b 1 -0.312 -0.371 0.734
R 1 -0.639 -0.428 0.683
BESRE SR R 1 0.909+% -0.741
RS 1 0.952% -0.880%
LR e G W i 1 -0.529
HRHR 1 -0.793
EFUMERR e b B 1
AR 1

T B P<0.05 , 44 i 2 7K P<0.01,

Note: * indicates significant correlation at P<0.05 level, ** indicates highly significant correlation at P<0.01 level.

F10.881(P<0.05) , F147 5t R M _E 38 Cd 7% 12 -5 241 Jif B
B S i e A B 5 IE A O (7=0.919, P<0.01) ; 4fl
JfOBE PR SR i S A SRR T B2 AR B IR
A2, A 5% 22 5043 1R 0.909 (P<0.05) Fi1 0.952 (P<
0.01) , & A 76 4 i BE X Cd i BRI R, SR 5
H AR SR Cd i BB R, 5 AR
20 it R B 2 SR S 5 T R SR e 2 U T IR
5 A 6 (7=-0.880, P<0.05) , £ i &5 54
AL O R B30, A0 A R R FUBE R R A
BEAI

3 e

240 2 ) 7 5 Je Mol B EH R 2 5 AR
R A B AL A, 25 R 08 T G T A A i 5
FEPO, A ) 3 o B0 A L RE R A% ol Al o i B
TR R AR X R B TS A, O AN
BETE Cd B3t A — Pl o 4 RE i) 2 Wl 4 2 U HOZ
PREAE [ E Cd J5 T A A4 E AR R R i A2
A]RE e A T 4 T AL A SRR SRBAE Sy A
JRBE A 3= SR 22—, H AR SR A X G
A — R RLE] . Cd ria T Ay Al e R R SRR
ORI N B X SR AR R . Konno SIS
K, ST B I 22 AR HLRE AR SE 5 T 43%
) Cuo FEARRLIPIETE R I, I Y 25 B (1 45 20 Jif e
TR A 2 D, AR T L S B T A S RE T, ek
55 HR HL < T O 5 Yu SEPIO BT R SR
8 25 BRAT K AE AR 2B Cd I BE S T FE T 50% . 1R

http://'www.aed.org.cn

SERSIRIE Y R R, XoF T i 200 i B A SR S il A Ak
A2 B AR 20 b AP 0 SRR, SRR R AR
X G 15 B BB ) RAIR T 40.5% 7 40 Jifg Bk LR 20 53
G AR R R T R SR, A SR
JBE o5 SRR o3 B 2 BR3P AEAWESE R Bl Cd
UM TEL VA J3E PR 1A, 00 i B A SR R R
SRR 2)  FE T Cd By SR AR i (&
5), HA0 M RERS G AR B v T R R R
WITERE Y% Cd By R R rp B S R IR A A
.

0 210 R SR e 4 P i B A A = R 6 A 2 [ 2R
2 Z A % PR (Homogalacuraonic acid, HG) 5 B 25
A FUMHEE R [ (Rhomnogalacturonan I ,RG 1 ) FIZR
i R 1 (Rhomnogalacturonan I ,RG Il s
o [ 2R U 1R R R SRR LB R 2 A AR
ZHp R, T LS 2R E S BB G, (HIE=FR
HEAEA IR HG 24 SRR 22 B 1 70% , 76 40 HURE SR A
G EERA R R EAENY b, IR
PR PR FEAE T AR A i ) Ak B T8 P sl A Ak
5 PTG 108 SR 4 0 30) 240 R B v, T B e 2 40 20
B PN Y R R R A TS TR R R 1 25 IR A, 7 A di
BRI L 5 A RE T 709%0~90% (1) P S - 25 A0
TEAWFFE AR S Cd Wi T PS5 R AN BE SR e
FLBHRE R T 38 0, A4 Cd & St B 2 3, 3 2 R
“hy £ L SR e 2 FLBH I R 72 PME (4R T & 2B TRk
FL, 7 2 B R AL Cd™ 855 . AR R,
20 B R SR v 4 G A B 1 R4y W HG L, HG AT
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AV TR IR B A - 5 40 4 - 26 3 1

21 40% M B RS BAEIRR B AL T L HG
TSGR WA RE SR Rl LB R O 1Y
75 AR e [0 2 L BE X Cd SRR A —FI LT

AT B, A ) A B 4 R AR R A AR Y
PR AL B A G (IR TR Ak 1Y SR e & A 3 2 i 25 1 R
B, AT DR N 22 4 R A5 G A, T R e H
AR B 55 20 i R SR FH T i 3 A R T A A 5 DD R
R IEM YA KRR, PME S 42 fd H R A 2R
b B SR A () SR UM T IR 1 i, AP SR I Y s
RREE PR B AR A I S HE RS 4G
BLsi™ AR, 7E Cd JHE T PME 36 MEREAR, 2R
JE BN, PR s RN Cd (1 BRI, X2 N
PME A D3 2o 5% ) SR e R A0 0 At L R 45 5 4
Je& B - H At T 22 i 1 Rl R AT ke e 1 Cd Y B
Szerement SV 5Y A B, Cd paB {8 N AR oo SR HH
FH P T 3 e RIS 1 AR e Y AL R R
Ty Cd BRI, FPZEFECIE 5T K BE PME 1 1
235 W) 0 B R SR 1 B i, SRS RN, PME 35
SRR AT Cd 1 BRI . ABFR A, A
[ CA e T, A s oK 40 i e TR e 2 2L bH 1 1R
PRI REAR 25 S IR B i A SR i
Bifi C.dl Ab PV 5 F% 338 Mo T 358 Mm% 240 o SR e HH
PG PR WA . (HAEARMR S CA 3 R s R
S i RE S B A IR 1 B SR R R 4 R SR
U IR & W RN, LA R Cd WA T R
TR B AR S R B i KRN T 750 A R SR 7 4 T 2
L RE v B T S W RN > FURE T IR 7 i A8 A — B8,

25 BT IR AR SR AN M BE SR X Cd Y SRR
U e s SN N s I R e S TR T I
1M PME D368 328 5% o SR e & A= H B Ak S b, S 30 3L
BT TR 285 A 28 7 A R Wi B R, S R e 4 &
4 A BT PR L 2 4 B E I 0 24 i SR
JREXF Cd> AR R o

4 #ig

CO P 50 R Ml R AR S 4 i B 2 5 A A Jie
P SR e % ik DA Bt S SR e FH TR T e R L
T PR et RIS e > FLBHIE R % fe S Pl Cd MR B2
() T 5 SE TS S oD, MR e F T T 2 5 0T BR R
LU 2 T REAI

(2)Ffi%5 Cd AbFRYR B2 f 34 0, AR 5t RAK N Cd
SRS D 7E 75 mg- kg Cd ¥ FE I R
RF e, Hb B3 cd BEUR & THU R R
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(3) P10 5 R AN M BE 2 5 BRI S R Cd 5 i
2 ARG, Bl R B SR B Cd
PR TEASE , PR S AR B 5 SR i 5 R
A FUMHIRE IR & 8 1 1 3 UG
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