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To find a more efficient phytoremediation, the accumulation mechanism of elucidating heavy
metals of a hyperaccumulator is important. We measured the behavior and glutathione quanti-
ty of the heavy metal accumulation level in calli using Brassica juncea, which is a hyperaccumula-
tor of Pb and Cd. Brassica juncea from a seed was used to grow callus, which was for three
months. Then, for two weeks, we conducted long-term exposure to a culture in heavy-metal
component culture media (Cr, Cu, Zn, Cd, Pb, Co, Ni). Furthermore, we used a liquid culture
medium ; for Pb, we conducted a short-term exposure for five days. As for Cd and Pb, the
absorbed dose was high, and the Cd, in particular, showed the absorbed dose to be high at a low
concentration (10~ 100 uM), compared with other heavy-metal classes. There were many things
that necrotized, in other heavy metals, the fastness was not found to influence the heavy metal. In
the short-term exposure of Pb, the absorption level increased during the early phase. However, 96
hours later, according to the cell cycle, that absorption appeared to be promoted. In addition, in
GSH, while a large difference was not recognized, a high concentration level was much contained it.
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YTDE T BT, ERBICREEE S LRI
phytoextraction & 5",

phytoextraction {2V S BRI, EHEAMEY OB+
BErLBEREE, EB2H LIBICERTAIILENTE
% Z &5, hyperaccumulator GBHERHY) &IFIEHT
WY IO &) BWE, BUER 400 AR IR TE
D, ZORLAERT7I7FHTHAL. FIZIE, NiOHE
EREY L L CTE LRSI T D Thiaspi japonicum” =2
7Zn & Cd ORBHEFEHY T B Thiaspi caerulescens’ 1%, \»
LT 77 FHT N FXF BT, <ML Tw
H. Fh, 439 H T ) (Brassica juncea) 1%, Pb,
Cd DBERMAY L LTHRPTHEIA TS, B
Fahidy s, ERIEZ M LIIC ST I RRT A, |
BT, FRBL2EOEEF L — MUWEORIN R &
XD E L L - ESRE A FEA A S N B2, Bk
e, i EETOFEROBIC ML, B S5 D
brlEZONL, IhHOEREIL, glutathione (GSH,
y-1-glutamyl-L-cysteinyl-glycine) X phytocheratin ® & 9 7
SHALEW W EE L ZHEZR 2L TWEI LRI AL
Tw"", FHZGSH I, A ML ARTELT, 13L&
ACOBM TR, Cd XMoo ESE O KL
2T BEAMER R S S Tn T,

e L EEBOERBHOMUIRAL N TS, L
L, Pb 24T 2HWi3, 5 ML LormbshTnin?,
2T, FEDHE, Cd, Phb KR E LTHS LT
% Brassica juncea % AV, BEEBEFEEBRHO P& L
T, WYWORDAMBEOET D TH DAV 2,
Pb ZHuLE L 72 EEROWMAIN TOX%E) & GSH DY
Rzl 7.

92 % B
2:1 MHEREUHE

t 43T h T ) (Brassica juncea) D1, AT
KRER OARRENINE I VREL-SDEH 1 A
A, 70 M77 A ME#IZIE, MS (murashige and skoog)
BT OMBE AR, ESBERY, MERSEHEL
7o EHEGRIRIIER D EE VW, RE ORIV S
e B OB RIS FROCAHTH (DRSS o b
OEFHWE., BRI, ~ A 7uv o — 7o RER
(MWS-2 BERGHOF) %, E&RBOMEICIE, BEF¥ts
i (HLBMERTR 2-6100) RUOHERS 7T X< (ICP)
SRR E (BEEAENE 1CPS-7500) AWz, 72,
GSH O EmZid, AP LER (BE R ERT 3
UV mini 1240) % Hv 7z,
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2:2 HIZADOFHFHE

M2 MS ERE L IMS SRR DA IZ sucrose 10 g,
I-naphthaleneacetic acid (NAA) 0.1 mg, 6-benzyladenine
(BA) 1 mg, 24-dichlorophenoxy acetic acid (2,4-D) 1 mg,
casamino acid 100 mg Z 1 X pH 5.6 {ZF % L 1000 ml {2
TR ICERHBHELZLDOI D AN ARFHFELL. &
MU ANVAG I PH TSR EEZ TR S HIM
R 7.

2:3 ELEODEE

WX #2472 H VA%, Cr, Ni, Cu, Zn, Co %M
FREET 1, 10, 50, 100, 500, 1000 uM, Cd, Pb I
WTiE, RIBEMTOATIREBEMAT S0, HIC
2500, 5000, 10000 uM (274 % & 9 %48 % MS ERERK 5
EEBITIHML o AsE L (IR DI sucrose 10 g
ZMA, pH52IZ@E L 1000 ml IZER.) 1T, 2BEMH
BEgE L7z, iR, AV AGEREIER, 300 mg ORE
B0, w40y o—T5RAT 70 BRI
B oml, @AEILAKESmI ZMAHMHAL, 145C 5 min —
180C 10 min — 100T 10 min P&H T A 7ud = —7
GRL. <A 7 ay -7 5%, RTUEESHRIC X
9, Cr, Cu, Zn, Ni, Pb %, BIZICP FTHEBIZLD,
Co, Cd Z#llzE L 7.

F72, PbilowTid, HHHTOREBLHRL72DIC
1, 10, 100, 1000 uM @ Pb iEEIXIZH T, 120 kK H
FC, 4RHILICESBREZMEL . WERE D,
24C 16 B OMGEHICRE LA LR RHNTEEL
7o, EEZ, TXTn=3Tiro7-.

2:4 GSHODEE

Cd, Pb DREBHED GSH DEEXT-o72. 2HMESE
RHEBEOINAEEER, BEEHTHEESE, IMO
tris-HCl[ tris (hydroxymethyl)aminomethane] buffer (pH
8.5) 1 ml & 300 uM @ 2-nitrobenzoic acid 100 pl ZHZ,
MRS FERSE (b v o B SK-100) % v CHUis e L7z,
ZD%, @R (12000g, 15min, 4C) 2L
BAZEILL (2REDEL), GSH ZHit L7, fhilia
Flid, WERE 412 nm (26 HE 7258000 #1808 66 B B
HCTHREBRAERL, E82&To772". EBidn=3
Tiro7-.

2:5 FOMT IR POREZERE

T & D3Nk, BESTHETHNELCEMI YA
7T OFREZREME, &1 mm EICHBTR, BEE
(4% Cellulase Onozuka R-10, 1% Macerozyme R-10, 0.1%
4-morpholine-ethanesulfonic acid, 0.1% CaCl,, 0.5M b-
mannitol, pH5.6) 1217 FEL, CPWIEH (KH.PO,
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Table 1 Variation of quantity of accumulation by a difference of heavy metal on callus of brassica juncea

. Lo . .o , -1
Medium metal Concentration in callus of brassica juncea/\g g

concentration (M) cd Pb Cr Zn Cu Ni Co
I 552+ 1.3 196.7 + 10.7 ND 140.4 + 4.9 936.9 % 39.0 ND ND

10 943.9 = 11.9 395.8 = 8.8 ND 1585 = 1.7 363.6 = 10.9 ND ND

50 3675.0 = 41.1 4126+ 10.3 ND 11029 = 9.1 472.2 £ 11.3 ND ND

100 9624.6 = 99.5 663.3 = 11.9 ND 1180.0 £21.6  8115=175 219098 ND

500 39877.2 £ 131.1 750.0 £ 14.4 65.2 2.6 22454 £ 22.2 1437.0 £ 21.3 1246.8 £ 66.8 ND

1000 64146.2 = 159.4 905.4 + 8.4 1029+1.7  3651.7+386 27000352 3195.9%41.7 ND

2500 864935+ 107.9 160362 % 185.0 — - — - —

5000 86758.8 = 179.6  62158.3 = 148.1 — — — - —

10000 97936.9 = 150.6  103465.3 = 148.9 — — — — —

mean £ S.D., ND: lower than detection limit (0.1 ug/g)

. 10007 BUREREEHICBWTEOESBEETL X & A
o BRAERBOLALE -7z, Lo L, WTHRHAZELTIE
3 7504 Pb @ 5000 uM ML EDX T, Cr, Cu, Ni, Co i, 500uM
S P EOMERIZBVT, HRMEORESZY) L), B
E ™ T ahl, AECHPENFRLAZ. CAIZoVTE, 1
§ 250 TR R EERD Sk o, TOHRENS, AL
S AD LD BAEGIHIKBIZBVTE Cd, Pb OWIEEN %
0 LTV I EEDLNE.
24 48 72 96 120
Hours

3-2 Pb DiEHIERINE
Flg '1 Time-dependent action of Pb on callus of bras- Fig. 113, Pb % 120 B H F TOWIEZ 2L T
sica juncea .
| lij, A 5uM, O 100 uM, x1000 uM. Error bar 5. EORERICENTY, REMMHR S FERO L)
are shown of standard division. RIFIREOMINEZRLTWD., T/, 20k M0,
ff%h"fé?bﬂ:ﬁfécioﬂi DNHELLDIR>TWD, ZD&
FHITBNIZ BT 5 P MR fl, AEMEIE, HiZfrbhT
97.2 mg, KNO; 100 mg, CaCl,'2H,O 1480 mg, MgSO.- WBHEDTIE AL a‘%fz &mﬁammﬁéﬁﬁﬁ W E Bk R
7H,0 246 mg, KI 0.16 mg, CuSO;-5H,O 0.025 mg, 13%  »ob ), REHKZIE, #WE L CHEETISHRLMNIZIN
p-mannnitol % 1000 ml, pH 5.6 IZFA%) & H W Tk L, AATEL OH, BEREBSEREOITENT, Vo AR
TuhFSA ez BEELT7a T A M, Ml L, MIRATO P EHELEEIEC LI IR TR S
Ba 1x 10" L, sl (1/2REOMS B BUNRDARRDL LT A 7 UDBEZHN5.
W45, 1% sucrose, 5uM +7 % L VBE8E, 1uM 7 1 & F

¥, 0.5M p-mannitol, pHb5.6) IZ#HRE 0, 5, 10, 25, 3:3 Cd, PbD GSHEDER

50, 100, 125, 250, 500 uM 2% B X HEML, 2, 5, Fig. 21, Cd, Pb O # % 2 MM %D A )L A GSH
10 HHICHIB OB fbx e Lz, Mg, b—<IiEk DEFEELTWA, Control LI L THELAE (p<
g Hv, =3 TiTo 7. 0.05) &, BOSN L7200, Cd, Pb LI, &

B —EiEE £ TIX, GSH O®EA Control (2<% W]
3 BMARRUZH Mhol, Zhi, s —wEBEL LTI, GSH Q4G
31 ERERBOEBVICLIEREOE(L BLLEID, GSHASEE SR, SERMIIEBYLTHWDE L E
Table 112, 2 BMFOEEBREOEVIILZ2EERE 2515,
HEZRT. Cd, PbiZBWTid, b oiEiErikigns
THoTh, WD HSNEEIZ Cd 2B T, 50, 100 3-4 JOMTTZXPOEBRBOEL
UM & Vo 7B T L, MOEE O+ T 2 I Fig. 313, 70 F 77 2 F MO E/LEZRL TV 3
LT, ColBVTEHTRTCOBEXIZBOTHRET  PbigE 125 uM DL ETHEIMIEENTTE Y, 250 uM L
BRa FiloTw/z, 2 AMERHEOERRICEL T, & LT, WL 2o/ I, HETOESEIE, M
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Fig. 2 Variation of GSH concentration by Pb or Cd on callus of brassica juncea

Error bar are shown of standard division.

Cell number ( X 10%)

Fig. 3 Variation of protplast cell number by Pb expo-
sition

M control, 4 5 uM, W 10 uM, 4 25 uM, @ 50 uM, []
100 uM, & 125 uM, ¥ 250 uM, <> 500 uM.  Error bar
are shown of standard division.

WHoOTKRTI A M@y, MRENIZAS. LarLl, Mg
BE\ZBWT, PbR Hgld, BAZMEND Z EW0h o
TWa" S DHIMED LR WO b 7S5 R MIBWT
X, Ph OBl L DAFTIFIHESNTVWDEIELZRLT
Wb,

4. ¥ & o

Cd oM coMmELIE, GSH S, W 2b %
) phytocheratin (PCs) ZIEHLL, Cd-PCs HEKRE TR
THIEWIDHEBRANEZOND Z 9o TW
2 L2aLPbix, TERFSA M THLHIBRERAZMIE
ENBZ L, EFNERSEIHBYIL, TRTF R
NS OBETT Pb R FIDTEANEALE TN B 2 EHE

ZoN5., RO LI AN AL L 7-MlasicBnT
3, Pb OEBERMEEHIZBT 2R, GSH @ kA4
72 EHED SN L0 D P OBEIRED I AV
AL EF T RIEDEEZLNS.
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