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Adsorption ability of cell wall (CW) components in roots of Tea Plant ( Camellia

sinensis L.) to Pb and FTIR spectra of their functional groups
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Abstract: Tea is one of the most important economic crops in China and the relevant research suggests that every year, Pb
content in tea products has shown an increasing trend. Pb is also one of the most important indicators of quality and safety
monitoring. Recent, research mostly focused on the resistance of plants to heavy metals was limited to short growing herbs.
Reports on the study of woody plants are very rare. On the basis of these conditions tea tree was selected as research work.
The objective of the present study is to find out the molecular mechanism of Pb stress resistance in roots CW of tea plants.
Tea trees grown in the clean tea garden were selected for our experimental design. Tea roots were collected and washed with
deionized water. Then extraction of crude CW and subsequent fractionation of CW components were carried out. Adsorption
kinetics was carried out to determine the adsorption ability of different CW components to Pb stress. A total of 5 mg of CW
materials or its corresponding residues was placed into a 2-ml column equipped with a filter at the bottom.The solution
consisted of 15 pmol/L Pb(NO,), in 0.01 mol/L NaNO, at pH 5.0.The solution was sipped by a peristaltic pump set a
speed of 8 ml per 10 min after running through a 2-ml column holding the CW samples. The adsorption solutions were
collected at 10-min intervals and Pb in the adsorption solutions was measured by Atomic Absorption Spectroscopy ( AAS).

At last the Fourier Transform infrared spectroscopy ( FTIR) spectra of different CW components before and after Pbh*
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adsorption was carried out to study the difference in functional groups those can interact with Pb between different CW
components.The results of this study shown that the vast majority of Pb (68.42% ) adsorbed in the cellulose and lignin,
followed by pectin (20% ) and hemicellulose2 ( HC2) (5.26% ).While, the contribution of HC1 was negligible. These
results indicated that in the CW of roots cellulose and lignin has a greater ability to accumulate Pb as compared to pectin,
HC1 and HC2. But the adsorption capacity of pectin was also very considerable. According to the FTIR spectra of CW-
pectin-HC1-HC2 (CW-3) before and after Pb** adsorption it was found that although the cellulose and lignin contain a mass
of —OH and —COOH, when they adsorbed Pb, their characteristic peaks’ positions had no obvious changes. However, the
positions of characteristic peaks’ of C—C in cellulose polysaccharide and N—N in protein amino changed significantly, but
these didn't appear at the complete CW. In summary, it was found that when CW adsorbed Pb all these functional groups in
cellulose and lignin had hardly interacted with Pb. However, it was different in pectin, HC1 and HC2. For instance in
pectin, when CW adsorbed Pb, —OH and —COOH characteristic peaks’ positions changed significantly. It can be
indicated that Pb was fixed through interactions with functional groups like —OH and —COOH in pectin. The same

approach had yielded the main functional groups in HC1 and HC2 was —COOH and —OH respectively.

Key Words: lead toxicity; cell wall components; FTIR; functional groups; tea tree
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Table 1 Semi_quantitative analysis of FTIR spectra of different CW components in tea tree roots (CW: cell wall,CW-1; CW-pectin, CW-2; CW-
pectin-hemicellulose 1( HC1), CW-3.; CW-pectin-HC1-HC2)

2 M BEAS R 4 53
s b CW CW components CW.3
e H e CW-1 CW-2 b
Number Function group - A/ Asgry
P/ em™! AA R B2 AR
Wavenumber 224 A/ Ay A/ Asgry
1 FH/ B —OH/—NH 3385 1.89 1.39 1.23 1.08
2 HJE —CH, 2924 1 1 1 1
3 fig 3 C =0 1738 0.79 0.84 0.67 0.71
4 Wz 1 % C—N 1651 1.46 0.79 1.04 0.99
5 Wk 2 #F N—N 1512 1.08 1.02 1.04 1.02
6 RIEREL C =0 AXI R i 5= ) 1427 1.12 0.98 1.05 1.05
7 N EANE R 8- SE R 7 BN 1258 1.18 1.1 1.05 0.98
8 ZHiHE C—C 1057 2.85 1.7 1.59 1.33
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4 56 7

% ¢ & Absorbance
f<+)

1 1 1 1 1 1 1

4000 3500 3000 2500 2000 1500 1000 500
%% Wavenumber/cm™!

B5 MMBERREEFALER1E(CV-2) P LER(a)F

(b) BILL S E
Fig.5 The FTIR spectra of CW-pectin —hemicellulose 1 ( HC1)
(CW-2) before (a) and after (b) Pb?*" adsorption

4000 3500 3000 2500 2000 1500 1000 500
P Wavenumber/cm™!

B4 HEXRR(CW-1)Pb> EH () /5 (b) HLSMLIEE
Fig.4 The FTIR spectra of CW-pectin (CW-1) before (a) and
after (b) Pb?* adsorption

Absorbanceng

4000 3500 3000 2500 2000 1500 1000 500
% Wavenumber/cm™!

6 UAREERREAFLFUEE 1 F12 K (CW-3)Pb> RbIERT (2)

Ja(b) LS E
Fig.6 The FTIR spectra of CW-pectin —HC1-HC2 (CW -3)

before (a) and after (b) Pb** adsorption

25 LRI FEW R Ph A R R SRR P AR T R D BE I 32 B R R HCL R A T B S RE AT 32 %
JERAE  HC2 A I REM] T 223 5 . AP A R AR B R A R B REMTA £ 4 R 2Bk ) C—C LI

http ; //www.ecologica.cn



1748 JAE = 35 %

KEARERET N—N, (HESER CW WK Ph fyad B i, A1 i B ARk, 2 78 24 i  HC1 Al
HC2 £BRJ5 i TR I RR L Al 15 5% B4 09 26 11 00 P 19 U B N4 2 M BE P Y C—C RN R FE AP 2
H) Pb 45450 5

K2 FWIRMAEEREIAS (CW . UNIAE ; CW- L. 40IRE IR IR ; CW-2 AEMRE LR IR L AR 4 % 1 S (HCL) CW-3. JURE LRI 4 4 %
112 %) IR B P> RIS L0 S0 RAE (W75 %L T 18] 2—&] 5)
Table 2 FTIR spectra of different CW components in tea tree roots (CW: cell wall, CW-1. cell wall-pectin, CW-2. CW-pectin-hemicellulose 1
(HC1), CW-3: CW-pectin—HC1-HC2 before and after Ph*>* adsorption)

YR CW  PbACE CW  XfHR CW-1 Pb ZbJE CW-1 XHAR CW-2 Pb 4LFE CW-2  XFHR CW-3  Pb 4bJH CW-3

e i Ck-CW Pb-CW Ck-CW-1 Pb-CW-1 Ck-CW-2 Ph-CW-2 Ck-CW-3  Pb-CW-3

Number  Function group Whlem™ WEE ™ Efem™ MWEEem™  Efon™ fWHEem™ Eem™ R em™!
Wavenumber ~ Offset Wavenumber ~ Offset Wavenumber ~ Offset Wavenumber Offset
1 I/ H—O0H/—NH 3385 3408 23 3385 3395 10 3366 3377 11 3389 3393 4
2 HI3—CH, 2926 2924 -2 2924 2922 -2 2922 2928 6 2924 2926 -2
3 F3Cc=0 1738 1738 0 1738 1734 -4 - - - - —
4 i 17 C—N 1647 1647 0 1653 1647 -6 1653 1649 -4 1653 1647 2
5 T 2 4 N—N 1512 1512 0 1510 1510 0 1508 1510 2 1510 1420 10
6 R C=0 AxIFlaifRsl 1427 1418 -9 1427 1420 -7 1422 1420 -2 1427 1375 2
7 WRBRER R AL IR R 1258 1260 2 1260 1261 1 1265 1269 4 1260 1261 2
8 ZhkE c—C 1057 1057 2 1057 1057 0 1057 1049 -8 1057 1057 19
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CW-2 ,Ph-CW-3 43I /i Ph AL HEAY CW CW-1, CW-2,CW-3
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Y 70%—90% , 3t AN BT BRI/ R SAAER LA R REE A, UGS SRS SRR 41 i BE
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Mo BREBMEHEZRSD AR WER) T — & B EH], Hrh HC2 M BTHRE K 5.26% , HC1 B STk AT DL 22
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FRILAFAE | 33K (0 L4340 1) 01207 B 4 PRSI B T 8, s P e 7 26 A S A ) 7 L I T P TR At
BAE CW-3 50 (P4 R ARJRZE T AR W Ph Ay 72 i 25 4 R 2 86E 1 (1) C—C LASCEE A R
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SRR Ph 45507 5, 7E CW WM Ph i Ferh , P R P B S 09 R L SR ESIIREN 5 Pb A2 BAE I
AW AT AR R XS Ph 1y R BHE A2 B 7 A4 B AL W VR T . T N B A Ok R
YR E AR ZBHEN S TREY , BA ZALM LR EBR R, BA W48 2 1ae 7.
IWHENIAE 52 CW HEF4EZR XS Ph W BIHE T2 LAY BRI S = SR, 3 40 3 Fh 244 50 #4776 5 Pb R 4E
W1 a2 BAE T RERA], Horh SR HEAE BT REA] 2 A AL R AL HCL iR/ IR DR A = B2 R 0
HC2 AR BT RE M T2 AL, DR R RIS M a] 2 DL Ry A= Al BE ) 84 p 2 — S AR Z
SR e Rk EEEE EOLEV B AZMEIEE T . HILAR S R 32 B [ A 2 U I R
( Homogalacturonan ( HGA) ) , A= ZLHHIE IR M 1 ( Rhamnogalacturonan 1 (RG 1)) 1 EL 2% 24 UM R 58 bl
II ( Rhamnogalacturonan I (RG I ) ) , Hr 4@ — M1 =4 & & 58 7 19 25372 HGA . WF5T R BIAEARH s
R HGA A~ ) pl FR 3 I) 25 1 I 5 B 3 T8, IR SRy ZR e b4 2 AT S35, 05 68 T 2 s 40 J B )
Ak o &R R T SRR MG RES A> Cu™ > Pb> Zn® = Ca™ Bi# Cu™ = Pb™> Cd™ = Zn™>
Ca™ " A LG B Ph> (ZEAHE N ESR T Ca™  FTLL Ca® AT LIAE A PH> B> [RIAF P> ] LA B 2 HL
RPN, 5 R I M IR SE MR 3 . DRI R P4 R0 T B 2 — BT RO A SR M RE & &
HRIREIR LR 100 AT — 5 ) B R R i B LA — A IR R RE . 5341, Marcus 45 & B, LR
T HCA B MAATERE TS TR 4 R TP e 5 NI AT REE 35 11 2F 43 1Y) Pb &5 A 05, Bl 5
W L BRP LT 4E R LSS G0 AR5 T AR R ER , NI AT LAZE & — & 1Y Ph, BRUL, #E7E CW o Pb>
BRI B A B A WS E T SR DL SRR qE R G TR AR R A RED 5 &R B
RANERMZ A o FE R R, R T 4 8 B & (VR 5 5 & T 55K ( Cucurbita maxima) MR F
rplel SR AR TR R — B2 2 ET® | IF H Kasia 25 &% PLAPL 37 (Arabidopsis thaliana ) H 5 58X}
Ph* fEF

25 L RTIR 54 R 2R AKE YA ] | 20 AR 20 B 2 DL 2T 24 3% R0 K BT 3R 70 W B A i B AR TR A A
HYUCERNE  BIEH M Re A EZAREERR A, 4R 2 BdER]—EWHHEN , A5 oime i £ 2853
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