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Effect of Various Biodegradable Chelating Agents on Growth of Plants under Lead

stress

Sangman Lee'(School of Applied Biosciences, Kyungpook National University, Daegu, 702-701, Korea)

Phytoextraction is a method of phytoremediation using plants to remediate metal-contaminated soils.
Recently, various chelating agents were used in this method to increase the bioavailability of metals in
soils. Even though phytoextraction is an economic and environment-friendly method, this cannot be applied
in highly metal-contaminated areas because plants will not normally grow in such condifions. This research
focuses on identifying chelating agents which are biodegradable and applicable to highly metal-contaminated
areas. Lead (Pb) as a target metal and cysteine (Cys), histidine (His), citrate, malate, oxalate, succinate, and
ethylenediamine (EDA) as biodegradable chelating agents were selected. Ethylenediamine tetraacetic acid
(EDTA) was used as a companative standard. Plants were grown on agar media containing varous chelating
agents with Pb to analyze the effect on root growth. Cys strongly increased the inhibitory effect of Pb on
root growth of plants, while, His did not affect on it significantly. The inhibitory effect of oxalate is weak,
and malate, cifrate, and succinate did not show significant effects. Both EDTA and EDA diminished the
inhibitory effect of Pb on root growth. The effect of EDA is correlated with decreased Pb uptake into the
plants. In cenclusion, as biodegradable chelating agents, EDA is a good candidate for highly

Pb-confaminated area.
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(Rauser, 1990; Cobbett, 2000). 4E37743H= phytoex-
traction, phytostabilization, phytovolatilization, rhizofil-
tration 59 A2 WP o2 F-FHTh Phytoextraction
& Bl SAske w50] 489 g A AR Y=
=019} 429 dolut 719 FZ o] HH ol AN o
7 Azske Wyolck
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EY] EAlsks |#(Pb)e] $EF 2055 mg/kgolA 960
mg/kgl R Folit] 433815} (Blaylock, 2000). Q&%
Ao Aol EAshs F4:8] 90% oS AAske &
& B3IcKHorne, 2000). ©l59 3¢, H4& 2w o
T Fad 299 A90] 5% F o)delphytoremediation
o} A2 20009% $20 millionelA 2005 %0l $150
million 2% F7431 v} (Glass, 1999).

$E B diae] $a4oRA AN oR A
i HAAM Y FEE 50 mg/kgolatels] o714 A
g 289 53 w2 Wl 10 mg/kgolst oAt B
of EAlehs wel ¥ BE7F 300-500 mg/kge A=
Atele st e ske Zlolth W E¥lM PbS,
PbSO;, Pb;0s, PbCOs, PbSIO; & <13 HEIZ EAlskA Rt
25 2 FrEe 53T Felvk TASL EDTA 22 4
#olES Ay & A 71de delA A govt
B AolES) complexE B4 AHE AE UE FF
ok B3 It Wu et al,, 1999). EDTA phytoextraction
A et a4 FF A5 AHEE chelate249 &
ol led vlsix 3ol A Bzt 2 PoupA]
ohol NEL: FALHTAE opId) webd FHZde 2
Al AR 2 dojubs A ARI Lejo|Eof tigh
A7} ghito] dojuta §lor] T tisEAel Zew A&
Halol EgoR Rl #x1g0] AL §71F (IMWOA,
low molecular weight organic acid)¥ EDDS(ethylene-
diamine disuccinic acid) ©]t} (Tandy et al., 2006).
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ol 713 tl(Arabidopsis thaliana cv. Columbia)?] oP3¥
(wild-type) A& 1t F52] Murashige & Skoog F, 2%
(w/v) sucrose (pH 5.8)% E3dH= 100 x 100 x 15 mm
square plates®] A i 7U7t wjFsIGlom W
2708 23T ol|lA 18213 g 2T wiAolE T 55
2] & (PbCly) =} o] A#e]E (Cys, His, malic acid, citric
acid, succinic acid, oxalic acid, EDTA, EDA)E Z &3}
o] 2] sigior vlokg vkl F 2189 ¥ Zolg AE
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Hjokg vl AES 2eeE 5 AHS I olF 70°C
oM A& B} Glg b7k delx xR
AxE AES JIFE TE F HNOs (65%) 9 HO»
(30%) 5 X9 B9& Y 120°C o)A 8 A)7h ksl
HES BaAzich 285 v AES 140°CeA AxE
AN F g Aarggo g oA AT Wl o HA4
& inductively coupled plasma atomic emission spect-
rometry (ICP-AES; Thermo Jarrell Ash, Franklin, MA)
& olgat At

Az o @

F&ol2e 8 Ak I8 Abh dA) whgAdo) Aok
upebr] opuiAtk FellA] AIAEHQ) (Cys) ¥ SIAED (His)
FEHol&T AR Aol st AAEHRE A5
2% A5 o AdEE sk I (4, metal-
lothioneins) & EHER|E (¢, phytochelatin)®] F
B 7 AEeE2A 7=k, T2, ok 53 chelation 3=
o] B3 sk 2t} (Stillman et al., 1992). WbHel] 3] AE]
2 YA chelationol #ojslo] di% 2ol T8 G
32 311} (Kerkeb and Kramer, 2003). weha] o} F o}y
wAre] Ago] gg Fdhet] o] ojRA 4Rs niAXE
A5 ottt (Fig. 1). 3|AEIUF AIAHRIY X ¥&
£ 200 pME A o= o] wxelM e A%
o] A9 Ygkg A ¢kr] wjiEolr oleldt % oeR
Aelahd A8 ke dagon oAt AEe A%
o] el £ shola AAIEEE 200 uM d2EY AHls
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Fig. 1. Effects of cysteine and histidine on growth of
Arabidopsis roots under lead stress. Arabidopsis seeds
were germinated and grown for 7 days on an agar
medium containing various concentrations of PbCly
(control, open circle} with either 200 pM cysteine
(closed square) or 200 pM histidine (closed triangle).
Afterward, root lengths were measured. Values are
means * SE of 30 seedlings.
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ojo] HTME &S FA AUAT 200 pM A|LHME A
2l Zgele 2Ee] Aol bt Helgh izl vlsia
AAstA A Btk ol2dr Aok AlAE Qe Qs A
& QOE W 37t wol Hol 2189 Aol o A=Y
ki 4% 4 Stk

Citrate, malate, oxalate, 2181l succinate 7% #¥#3}
Hele] {71k FE AE#H A e #A3Ade) $o] sh=
bl o) olgo] ofg] F&3 chelationd #7] wjEolt}
(Mench et al., 1988). o1& B4 citratet 71=%, 17,
ofdel thgt M@l HeiE sk glom, malatew o}l
el A& zha Qloh mebs] ARare] frlide] del
AE HE Frse YA ofudt 93 T4 doti
%t (Fig. 2). Malate®= 22} 557t 200 uM Ho% 48
o] el EOE S A %o EE 100 uM
T A7 2304 E B Al v 4] vl
3t Aoz Yelyith (Fig. 2 (a). ol@ld 27404 & A7
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Citratet 2] %7} 200 uM 4 v oF7ke] 2154074 <A
& HojAuk & A Qe Ao® sy EE 100 uM
o] mlAle AEe AFes Une d¥] gle 2o B
A1t} (Fig. 2C). Succinatet® A2} %7} 200 uMollA] 2)&
o 3% AAE oFskA BAAT 100 uM Hol AE A7l
U Al Gl A0E £3E BelA] gt (Fig. 2D). o
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XA 100 uM & Z71eA A8 42E Alske] Hl
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Fig. 2. Effects of citrate, malate, oxalate, and succinate on growth of Arabidopsis roots under lead stress. Arabidopsis seeds
were germinated and grown for 7 days on an agar medium containing various combinations of both PbCl, and chelating
agents, A, malate; B, oxalate; C, citrate and D, succinate. Afterward, root lengths were measured. Values are means +

SE of 30 seedlings.
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Fig. 3. Effects of EDTA and EDA on growth of Arabidopsis roots under lead stress. Arabidopsis seeds were germinated
and grown for 7 days on an agar medium containing various concentrations of PbCl, with either 500 pM EDTA (A)
or 500 pM EDA (B). Afterward, root lengths were measured. Values are means = SE of 30 seedlings.
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Fig. 4. Effects of EDA on lead concentrations in Arabi-
dopsis seedlings. Arabidopsis seeds were germinated and
grown for 7 days on an agar medium containing 500 pM
PbCly with 500 pM EDA. Afterward, lead concentrations
were measured by ICP-AES. Values are means + SE of
3 replicates,
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