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Mechanism of Manganese Binding to Leaf Cell Wall of Phytolacca americana L.

XU Xiang-hua"*?, LIU Cui-ying', LI Ping' ,LANG Man',ZHAO Xiao-yan' , YANG Jian-jun’", GONG Min'

(1. Jiangsu Key Laboratory of Agricultural Meteorology, Nanjing University of Information Science and Technology, Nanjing 210044,
China; 2. State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008 ,China; 3. College of Environmental and Resource Sciences, Zhejiang University, Hangzhou 310058, China)

Abstract: Phytolacca americana L. (P. americana) is a manganese (Mn) hyperaccumulator and cell wall plays an important role in
the accumulation and detoxicity of Mn. We studied the impact of pH and Mn initial concentration on the binding of Mn by the leaf cell
wall of P. americana, and explored the binding mechanisms by Fourier Transform Infrared Spectroscopy ( FTIR) and synchrotron-based
X-ray Absorption Fine Structure (XAFS) Spectroscopy. The results show that the optimum pH of Mn bingding for the leaf cell wall is
between 5 and 6. The adsorption behavior of leaf cell wall can be described by Langmuir equation ( R*> =0.9785) and the maximum
adsorption of Mn on the leaf cell wall is 62. 50 pwmol-g~'. Hydronyl and carbonyl groups are involved in the binding of Mn on the leaf
cell wall. The Mn absorbed on the leaf cell wall is bonded by 6. 3 oxygen around, and the bond length of Mn—O is 0. 216 nm, which
indicates the binding mechasnism of Mn to cell wall was inner-sphere complexation.
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remin~' R ELD S ming, B0 R BOH E RO IR
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Fig. 1 Effect of pH on the binding of Mn by leaf

cell wall of P. americana
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R MAT AR P A e B8 ) 14 T T 2 e P g o SV R
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Fig. 2 Effect of Mn concentration on the binding of

Mn by leaf cell wall of P. americana

Langmuir 1 Freundlich #5575 3 301 -5 41 ffd BE X7 Mn [
MR L R LS SRR L LS SR T,
Langmuir 77 F£F1 Freundlich 77 F£ 3] e 5 4 #4815 4
JfLRE W B Mn (9 3 B, e e RAEC(RY) 410
0.9785.0.9256(P <0.01) , H:f | Langmuir J5 248
EROREY. H Langmuir 7 FEPLE 45 A5 20 it i
X} Mn 45 KB &R 62. 50 wmol - ™'

*®1 EFHREMARZRIENEETESYY

Table 1  Isotherm parameters of Mn adsorption on leaf cell wall of P. americana

Langmuir 77 &

Freundlich 75 %

| b

2
/L= pmol = R

¢,/ wmol-g”~

Ky n

/g 17! (dimensionless)

62.50 0.003 8 0.978 5

0.5820 0. 666 6

1) el iR R BT i, b A Ky S F- A A

2.3 ZNBREENZR Mn RS A4 R R AE
[ 2T 4h 6% (FTIR) J&—F I T &9
Ty e R P B4R 20 B S5 40 e BT B R 7E e
il A0 77 78 S W T 485 40 72 Ak T T EL A e et
I} 240 i R IR 45 107 S B 20 P DL P 3, 3 3 X Ee
I 201 e R I 6 17 i R 20 A0 3% % BRI 1 AR
1k, Z2 W B Min J5 40 0 (0 254 oK o B el s . {HU:
YEELSE A Mn J5, — S0 E BRI A B AR & T
B AR AL . 43023 418 em ™' A IR LA UG 1) AE AT B%
Bl ISR FE AR 1647 em ™11 373 em ™' Ak AWK
WA R FEE 58, 3 418 em " Ab i iR IR AT 0 2 0 R FH 4
PRl (—OH) , FEok A i RELS M P SR . AR
FLAGER" 1647 em ™ RN HLEE R A B
[ H# i —C =0 R Mgr iR shigE ™™ . 1373 em ™' b2
21 f R SR i v B 3 (—C =0) ", e nl L, 4
JrE R R S S R R TEE
YEM.

3418 . 1373

W e

ff \ [l s

N Y

1 1 1 1 1
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e Hem™!
3 EFHFGEM R Mn B1/E8 FTIR
Fig. 3 FTIR spectrum of P. americana leaf
cell wall before and after Mn adsorption

[ 4R 0T XAFS # AR 045 XANES 1 EXAFS #
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55 fE 4 09 XANES 3% 0] WL, Mn (1) XANES % &9
FWENE SN EFE—-EMXR, AR AR Mn
PRy B 7 B AN [ Bt A7 285 16 185 o G 32 068 %) 437 8 1) v
AETT I WAS , PO B Mn ( ~ 6550 V) b M &1y
Mn( ~6 540 eV) [ E WA T 5 = (1) BE f vty T )7 7
Biti it 40 A BE b Mo B9 g7 B 5 MnSO, Al
Mn(CH,COO0), #J Mn #4—3, MK T MnO, ) Mn
(S e F , I AR RE LS A0 Mn 2 LA +2 1A
FETE. 20 RH] Artemis B0 6T 240 B RE 0 B Mn ()
EXAFS % & (g ) gEA T BS54 205 —
BEAJZ LS RSB0 W3 2) , 45 5 3% IH 41 it B 1 Jf
FEIN S — B J2 B 2R Mn—O 8, 7F Mn( 11) i
TR 6.3 M T 5 ZEAL, Mn—O0 P38
7 0.216 nm.

Mn( 11}

Mn{CH;CO0);

VA — kil JE

6520 6540 6560 6580 6600 6620
Xk fgdit/eV

4 EF B AR Mn i K-k X 574
MR W iFE 14 254497 ( XANES))
Fig. 4 Normalized Mn K-edge XANES spectra

of P. americana leaf cell wall
3 iTig

21 0 R o) o 4 i T B 32 AR 22 TR (52 0, pH
HRAEME S BRI FBEREZ —. A5
B pH BE N, 41 EE T Mo (9 0% BB 0, AE pH
5 ~6 B, 2R BE X Mn (1) W% B & 38 e KAE. A 5T
< B pH B fi 5% ey 1Rz R 710 2 1T 1% W 667 05, L fg s

R el g R A 3 | N N 1 S
MINTEQA2 71 313 T # W Mn B9fL22IE 3, 45
S 7E pH 2 ~7 JEIE N, ARSI Mn 19TE
298% L BT (M), Wik, Aszd pH
XTI 2 4 35 M) 2 S %o 24 R T 2 B
REMIRIRZI. X pH /NT 4.5 B, IS 2 IR MR,
20 e B TR RE AT A 22 W WAL s HL0 7 (5 40
FELAFAC A7 I 75 Mn 256 WP e ER HT 5
Mn®* 5 5+ 20 [0 2 T VR 57 5 - S50 200 BE X6 Min
0 B et /N P R BRI B pHL 1 3% i 4
K, H, 0 B/ 40 i ¥ 2 1B 58 HAT Y I B A7 A
BRI Ok B JE 5 Mn &5 A HLA 38, [5) s B
pH {HL 438 D20 i B 2 T 1) 7 M B AT o
M2 M BE XS Mn Y BB 34 0, 72 pH 5 ~ 6 I, 411
BEXT Mn AU BF iRk i KL {H2S pH (KT 6 1,
—OHRYHE Z 2 BT H RE 145G Mn, PR I 240 i BE XoF
Mn W B AR, A OC pH 520 AR WAL R 42 ) 251
f I B B BF 5% B AR £ 3B, 40 Witek-Krowiak
SRS S B B T R R4 1 % B R 7E pHL 3
~5 YL N BE pH 88 R TMIHGIN, 75 pH 5 W W B e 3k
B 5 WIBRAZ R 10 W B e KB & AEAE pH O 5
~6 JEEN. ARUFFREERS FiRg ]2

Langmuir Al Freundlich %53 77 72 J& W B ¢ %
{18 A5 T W RS T R A A L PIL . Langmuir
D7 R BT B HOU BT 3R A s IR B 5 A R
A BRI W BRI R T W R AR A AT 1 O ELK
BEA R R ORI A 0 B T e A A 2 aE
THRLI ] 1Y B2 3 B 6 JE B A= W) . Freundlich
TR — DAL 5 A X e W & A= e TR
IR R e i b AT LR T A R R EAR R Y
R BT LL B 2253 T AR ARG, 4T i
X Mn®* AU AT SR AT Langmuir F Freundlich &
BRI, 2 Langmuir 5 B2 LA IBCR (R =
0.978 5)f.F Freundlich 772 (R> =0.9256) , % ]
ST 75 ol - 200 L 3R T 140955 T I 7 SR R S
A Y. Langmuir W FF2ERT7 R2 16 7] LLE X —ATE
NPT H R, , R, =1/(1 +be,). R, FmK
I 1) X6 WA B 5 140 S5 0 3, AT H R R AR A5 A ) 4

*2 EFHMMARES Mo # K i1 EXAFS BIGER(H—AZ)
Table 2 Fitting results of Mn K-edge EXAFS spectra of P. americana leaf cell wall

AT [ERAs 4 i (o % B /nm a?l E, shift®) RY

2 il BE -Mn Mn—O 6.3 0.216 0. 006 3 -4.377 0. 005

1) Debye-Waller H¥~, /R 73 T PRSI AL LIPS HL; 2) ShadRerh Mo WHGHRER WS ; 3) UG ERZER T, Fm MG R 2E R/
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I3 S A TSR E REBIAE X 48 R M R A
FEVEY . FTIR 43072 0 52 ) 5 i RE AT g — Fif
HUF B, TP R R -20 AfEE Y FTIR 35 (&1 3)
ALKk B, WA M RE S A O B R AR & AR
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