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712 AF7} o|A|of AP FH L 9l AlA ol

webA, & dFddMe 54 F34 984U Cdt
¢} Pb+E M2 o2 AE A g b9 AEdqH
ol F drht F4 - H2E 4 Qlod, AR} FF&
EAE F4siEA LA s =0k pH Wbt o= A
=), A3 FF4 BHY B ARFH] AEAF
Aedstd S Aok AshA d%E 79 dubt Aol
£ veeR], 22 oBd FF& BAe] AEA
¥4l wel At phytochelatin®] A YA
A o]2) ofAdel wis] EA3te] AEE o] 43 =} W
FA9 FF4 24U0E agA oz AAd)E=Y o4&
F& FHAFI7] 9% 72 A2E AlFsiaa s3]

— 269 —



270 Z2e - gy - 7ES

A=t

Mz ® UHY
1LYEAE

ol E3} ula) (Persicaria thunbergii)s} 4] o]
(Rumex crispus)Z 943 =t nxl= (98} A Q)
oz Wi A AY Eofell Hoagland £ 228 %
oF 257 4§ - ARAA AHgsR.
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5. A} &R 294 ¢] phytochelatin 4

Al Bz g2ol] F+242-9[20 mM Tris-HCI (pH 8.0), 10
mM B-mercaptoethanol] & &3¥3le] FA3E F
100,000 x g2 4°CellA] 1587 A4l Eelatd i, A5qS
£a]3led Bradford Y (Bradford 1976)c.2 whiizl&
Zekgl X, size exclusion chromatography ¥H[Sepha-
dex G-100, 2.5 X 50 ¢m, 10 mM Tris-HCI (pH 8.0), 84
mlh, 4°Cle2 £3& 3% F 2549} 280nmeX ¥
PJxE 23 o2 phytochelatin®] YA FE =
Hohely w2, 2 28] 34 A= B §
5 2L Spectronic GENESYS 5 (Milton Roy,

Table 1 The conc. of Cd2* and Pb2+ in the leaf of P.
thunbergii and R. crispus cultured with Cd?*
and Pb?* for 5 days (mean+STD, unit: ng/g in

biomass)
Leaf of Leaf of
P. thunbergii R. crispus
Cgz+ Pb2+ Ccdz+ Pb2+
Control ND ND ND ND

Cd**5mM 0.82+0.065 ND 1.4910.045 ND
10mM 2.79+0.139 ND 2.90+0.082 - ND
Pb%* 5 mM ND 2.8740.093 ND 1.83+0.046

10 mM ND 8.08+0.151 ND 2.73+0.135

ND means “not detected heavy metal”.

U.S.A)E AHg-slgdch

Zzn 9 nE
1. A EA) 5o Cdaz+ o Pb2+ g}

amtel s} 4] gole} el Cd2tel Ph2rE ¥4
A3} Table 13} 7k}

F A EA e 2R Cd2tse} Pb2te) ko] mpE
Aol wA AEIUed, o] A 3= F
& AT A RESael T34 $5Fel
Eoj= J3F A7 (Muramoto & Oki 1983), Eldoea nut-
tallii3] 3} walo)A] Cud} Zno] F5-uko] x2jd F

49 Fxo v AFA} (Werff & Ernst

1979) 2 AlZAe FIFE5E FEHE Ad A9, A
YA 9 o] Frhd wEk AEAY 7 7)3E=
ko] Z7}8t= A FA I (Park et al. 1995a, b;
Kang & Kim 1996)9} 9 x]8}gich. =3}, ghe] A =vj o}
Aol =R CdE AT FH o] ATl
Fa5] o) A HEA: 972 7H(Di Toppi et
al. 1998)9} = UX|3led A BA A FFLe] FFS I
9 AN o B FFE] F4 - vEEE ¥
4 4. artee] AS 9 74 3 Pbire] &%
o] Caztel uld) 5¢ 10 mMo\ A =% < 3.54) 715 &
A AEE Wb, 2ol E Cd** 5 mMolA] of
1.49 pg/g, 10mMol| A 2} 2.90 pg/g 28] 3 Pb2+ 5 mMel|
A o 1.83uglg, 10mMellA of 273 uglg= HEH £
2% 559 AHHeEd 5] vd £Fo%d
(Fig. 1).
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= 5mM A7 A% o 154, 10mM A2l ME
oF 294} 71 A AEHAEH, ol g Fele ZE
o] 2718 YeilE M2 gE Fa&e] 22 AES
FRAAY 22 M2 g2 AEF $Y8 o7
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Fig. 1. The patterns of the mean values of the conc. of
Cd2+ and Pb2+ in the leaf of P. thunbergii and R.
crispus cultured with Cd?+ and Pb?+ for 5 days. A,
control; B, Cd?+ 5 mM; C, Cd?+ 10 mM; D, Pb%*+ 5
mM; E, Pb2+ 10 mM.

F 3% F5Fvets AZAE YoM olE] 5AE
HAAF7] $8t 48] 24 Z, metal-binding protein
of 28 FT& o)) AFAE-(Bartolf et al. 1980;
Robinson & Jackson 1986; Steffens 1990) @ FF-<4 o]
2o] ABAE WA L3 = 2484 BF§AE ¥
A15}= membrane bound compartment®] é‘}/‘é keS|
(Mullins et al. 1985) S0 AEZd| @&} o7l 3l
smtelel aelAolol Cd2rel FEFL ulsd
ogont Pherel 3eo] e Aoz Amdsh
g, slelel A Cdzvell Wls) Ph2te) wEaFel ¥

23 AL AEA ) Pb*, Cu2t ¥ Zn?t §& A

=2 ALse W F3&S FLFo| Cut<Ph<
gnie) ez FE ol&rkE et Foledl 33
ZqNE Mz g8 F4Ee Jebdd:s 472
(Kang & Kim 1996) 53 7-2 o4& vehi g

2. A EAR W F Cd2+ g Pb2+e] RFF

of di R M 2

an}E) 9} 4 A o) wjoksle Cd2te} Pb*HE 7 5
7 10mM= Mg AP 7} AENas WA ¢
3 FFENE YT 2Tl EFNRE SR8
F3&0 gL BA 3 22 Table 29 23

el uls wele]E wjokshd Cd* 5mME A2
3 AL ok 77.1%, 10mME Mg A$ < 90.2% 1
21 Pb2+t 5mME X3 A$ oF 81.1%, 10mME X
28 A o 85.7%, A o) & wF3e Cd** 5mM
2 Ag A$ oF 83.9% 10mME A=d A5 <

Table 2. The remaining conc. of Cd?* and Pb?* in the soil
of culturéd pot and control after treatment of
heavy metals for 5 days (mean=+STD, unit: ug/g

in dry weight)
Analysed heavy metal cdz+ P+
The treatment of pot
Cd?+ 5mM 3.36+0.085 ND
Control 10 mM 5.24+0.124 ND
Pb2+ 5 mM ND 6.17£0.178 °
10 mM ND 11.21+0.235

Ca*t 5mM 2.5910.227 ND

P. thunbergii 10mM 4.73+0.316 ND

cultured pot  Pph2+ 5mM ND 5.01+£0.349
10 mM ND 9.61+0.544
Cd?+ 5mM 2.82+0.341 ND
R. crispus 10 mM 4.91+0.378 ND
cultured pot  Pp2+ 5mM ND 5.47+0.412
10 mM ND 10.094+0.743
ND means “not detected heavy metal”.
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Fig. 2. The remaining rate (%) of Cd?* and Pb?* in soil
after being cultured with P. thunbergii and R.
crispus as compared with that of control (100%). A,

. Cd2+ 5 mM; B, Cd?+ 10 mM; C, Pb2+ 5 mM; D,
Pb2+ 10 mM.

93.7% 28)3 Pb*r 5 mM& A3 A-§ o 88.6%, 10
mM& A A4S oF 90.0% A2 AEAE Wt F
2oF o) 24 AFFE HEY & A Fig. 2).
Froje)g} AelAe] mF Cd2+el Ph2+e] 3= B}
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Utk AHALE skt ol HH A ANAM 3
L AAEe A8 AEF A o AW F34%
= Wl W3t A7t APHARL ez A EH 7}
AFe) A WA 4= $FA phytoremediationel]
98 &7} ¢l monitoringd & 4 & Aoz Azd
o}

3.AZARE W F 2P 20l 2FE (PH)

avte] e} AejAe] sk A% wikd (pH 6.5)]
Cd2t¢} Pb2+8] 58 59 10mME A sl A EA)]
8 wF AT} Tl dzTol 547 A= F 7
AT =9 pHE &A3 A3} Fig 33 2ok £
Aol 5947 FF45E Helsh anfe] 9 Ae]A o)
€ Wik A 2ok pHE 1uleE]sl Ae]AolE
v FslA] -2 dx2Fr pH7L Welzioh

olgjgt A= AEA7L B 49 FFE o]0 x
23 A AEAY pejzyy ol Ok 4704
I B WY 34 o)) Ao nN FIE o2
o] ZHf o] (free ion) el A epd £ 9l A A
4= (activity coefficient)® ZFAA|A AZ B WelA
Fg4% o2 =4 R4& FAaAFH FAlel pHE
Y= d7 243} (Thurman 1981)9} A]Eo] waja
B 2349 2E 7)ol &g F53] sl8) #714e
Ex)8che 7 F 7} (Waisel & Agami 1991)8} QX3
Aoz AT EoFe] pHI opzl AL AEA 2R
285 §714ke] A3kl oJdt Zolel A7giel. A
A debd ZAE A BAE AR g1 2IFE5TE
A2g dz2F =49 pHE AL vy pH 659
A9 #AH %<l pH 642 A F o, A& A8 E
wekgt AP Fer= pHYE 3733 Reles & &
UAH. B o], L FEoA Cd2* X Frl:= Pb2t
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Fig. 8. The variation of pH in the soil after incubation
with P. thunbergii and R. crispus.

Aol A 2332 A=A poiE n=Ee] AT
oA pHe| Wizigfo] A eSS & ¢ A =
& 2ejgole W =ug ol W =94
oA pHE| W3}e] Feo] IA el & & 4+ UM
ol#|¥t A= muleldlM FF49] FEFo] Pb2te
735 Cd*rxxe} o 35 7k A FEFd A
Pb2+ x2]9) pH7} Cd2+ Xe]F B} o ¥ 243
A& vlas] B o AEA o @ FIgo| $FH
8 ehd AFS 3} (synergistic effect) 2 A2t}

4. 115}2]2} A2 A o] 2] phytochelatin

AEZ AdAdA FF457 2 $H G EA
=EEAY o2 EAE 35T AS oY 5L A
HA717] Y8 AHolA metal-binding proteinz} 7
ARE-E Tt FFE BAY oA E F3A
Aozx FFE o] SAzE-E FHIA A} oY
T AHPEL T2 v)PE2] A$ metallothionein
(MT)o|2} 33, A]22] 7 phytochelatin (Pc)o]2} &
v}, =3}, ©]23t phytochelating®] 7|8 FzdE 7]e}l
o} il w peptideol] ¥]3) cystein(-SH)o] thek
3] gl o] & cysteinel] 23} disulfide bond &
Y4kl Fa4 olesh Agse F2UU FHE 7
A3 QoA 2808 254nmellA o 2 FF=E el
Wit} (Cadterline & Baenett 1982; Tukendorf et al. 1984;
Rauser & Glover 1984a; Rauser 1984b; Grill et al.
1985a, 1991; Robinson & Jackson 1986; Steffens 1990).
2 AgdME zulelel Ll e] AeA] Cd2tel
Pb2te] 93 §-=== o]#|3 phytochelatin®] A <)
A& #4317 98 Cd* et Pb2t FXel7 4 10mM
A Foll A wjeFst A BN ue] JoeNE lYdg F
£33} size exclusion chromatography ¥ o2 2z
& ¥IT F 7 $Y9 F=o O R P ¥x
€ A% 23 Fig. 4 ¥ Fig. 59} 29+

A7e ¥8 3 340 42Y 2R moe
Cd?+2) 7% 3%, Pb2t9) 7% 4324 LAY 5 UA
3, & Aoy Cd2+el ZA$ 13, Pb2+el A% 23N
AT 4 e, oA DY AERNAM dd FF
43} A¢s}7] 918 phytochelatine (Y~-Glu-Cys)n-
Gly, (\-Glu-Cys)n ¥ (Y-Glu-Cys)n-Glu 53} 3to] o
2 7MA 2 A= 972 (Gupta & Goldsbrough
1991; Meuwly et al. 1995; Maitani et al. 1996)$} §-A}3}
Aot

2 Alged A3 3ole]el A eldM = Cd2tel
& 77 of 3579} 15F 1El3 Pbrtel osiME
oF 4% 73} 2579 phytochelatine] $EH6]3 Ho



noj2|et 22jMolol 28 Cd2} Pb*o| 4 273

18 254nm Control | 05
....... 280nm .
15 Heavy matals 104 E
[ ]
=
12t =
g {03 §
~ - [&]
P 0.9 °

o R

Q 028
£
15
7]
T

18 r 7 05

——254nm ; Cd2* 10mM

1.5 | 41 04
E
12t 5
[=) 1032
e .
o 09 | g
Q {028
06 &
S

03 | 1 01

0.0 TRV 1S fr TS ATETTTTTITI I, il

1 &0
Fraction Number
” 0.5
Pb? t0mM

04 __
E
B 03 38
(@] .
e 2
@ 02 8
&
o]
01 &

Fraction Number

Fig. 4. Size exclusion chromatography of the tissue ex-
tract from leaf of P. thunbergii. The column (¢2,5
x50 cm) was operated at 4°C and eluted with 10
mM Tris-HCI(pH 8.0) at a flow of 84 mV/h.
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Fig. 5. Size exclusion chromatography of the tissue ex-
tract from leaf of R. crispus. The column (¢2,5 X
50 cm) was operated at 4°C and eluted with 10
mM Tris-HCI1 (pH 8.0) at a flow of 84 ml/h.

2] AtiAel Z71okAl 2 Kangt Kim (1997)9] 2]
2yl Adels e Agdc) o]2]§ phytochelatin
o] BAEE of 1,500~16,000da w2 HAHNS] 2
3 A=, £4WHES phytochelatin® v} F-x}afo)
2t AFEAE ez It} (Tukendorf et al. 1984;
Steffens 1990).
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Fig. 6. Molecular mass (da) estimation of phytochelatins
induced Cd?*+ and Pb2+ in P. thunbergii. Analyti-
cal gel filtration using Sephadex G-100 superfine
was operated at 4°C and eluted with 10 mM Tris-
HCI (pH 8.0) at a flow rate of 18 ml/h.
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Fig. 7. Molecular mass (da) estimation of phytochelatins
induced Cd%* and Pb2* in R. crispus. Analytical
gel filtration using Sephadex G-100 superfine
was operated at 4°C and eluted with 10 mM Tris-
HCI(pH 8.0) at a flow rate of 18 ml/h.

& &233%7] 93] BSA (66,000 da), cytochrome C
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& 73} Fig. 6 ¥ Fig. 73 2ok,

7z AlgAls oA Cd2+el Ph2tol] odjA f=3
phytochelatin®] F-A}& ZAs A3}, mfe]e 74
Cdztel] 9Ja)A= oF 4,300~ 8,600 da, Pbh2+o] 2Jejrl
oF 3,200~9,700 da, Ag]A )8 AL Cd2+oME ¢
4,300 da, Pb2+el] 9Js|lA= <} 3,200~7,500da A =2
2A =5 ojgjdt A AF 7HA] 7 AEA el
A $%=% % phytochelatin®] FA}ao] W3t A7 S
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5. 4% AR5l e o84

219 ¢ dFF 7} (Kang & Kim 1996)8} 2 Al§
o] AlgAgel ute] & JRAD FHFe A= Pbi,
Cu?+, Zn2+ 18]31 Fe?+2] ¥-&efo] Z7z} < 0.66~
2.09 mg, ¢ 2.33~5.34mg, ¢ 5.20~16.21mg L&)
oF 9.50~29.41mg 7IFE F5 - AAYL 4 = A
£ AANARA, ABE o83t EF W9 FF&
A) A 8l= phytoremediationo 22} o] & 715A&
A ¢ vtz 4o
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The Study on Absorption of Cd?2* and Pb?* by Persicaria thunbergii
and Rumex crispus, and Their Phytochelatin

Kyung Hong Kang, In Sung Kim! and Jeung Suk Koo?

(School bf life science, Jeonju Univ., 'Dept. of biology, Graduate school, Jeonju Univ.,
2Dept. of biology, Graduate school, Kyungpook National Univ.)

Abstract - When Persicaria thunbergii and Rumex crispus were treated with Cd(NOs)2 and
Pb(NO3)s of 5 or 10 mM for 5 days, the amount of bicaccumulation of Pb?* in the leaf of P.
thunbergii was 2.87~8.08 ug/g and that of Cd?*+ was 0.82~2.79 ug/g. In the case of P. thunbergii,
the concentration of Pb2* in the leaf was higher than that of Cd?*. On the other hand, in R.
crispus, the concentration of Cd2+ and Pb%t were similar as follows ; 1.49 pg/g in Cd2+ 5 mM, 2.90
ng/g in Cd2*+ 10 mM, 1.83 pg/g in Pb2+ 5 mM and 2.73 ug/g in Pb?+ 10 mM. The remaining rate of
heavy metals and the variation of pH in the cultured soil decreased as compared with control (100
% and pH 6.48) after 5 days as follows; to 77.1% and pH 6.39 in Cd?* 5 mM, 90.2% and pH 5.79 in
Cd2*+ 10 mM, 81.1% and pH 6.00 in Pb2* 5 mM, and 85.7% and pH 5.80 in Pb?" 10 mM. The result
of size exclusion chromatography, several phytochelatins were seperated from the extract of the
leaf of both plants treated with heavy metals. The molecular mass of these phytochelatins were
estimated as follows; in the case of P. thunbergii, about 4,300~ 8,600 da by Cd?* and about
3,200~9,700 da by Pb2+, and in R. crispus, about 4,300 da by Cd2* and about 3,200~ 7,500 da by
Pb2+. In addition, Agss of these phytochelatins were higher than Aggo. [Phytochelatin, Persicaria
thunbergii, Rumex crispus]



