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Plants tolerate Cd by sequestering them through
synt hesi zi ng phytochelatins with the general structure
(r -Au-cys)n-gly where n= 2-11 (Gill et al. 1987,
1989) depending upon the species from which these
peptides are isolated. Recent bi ochem cal evidence
suggests that these peptides are synthesized via post-
translationally activated, netal-dependent enzynatic
pat hways from the precursor glutathione (Gill et al.
1987, 1989). However, nost of these studies are
confined to terrestrial species and only a few studies
have been nade on hi gher aquatic plants (Fujita 1985;
Fujita & Kawani shi 1986; Gupta et al. 1995).

Recently H.  verticillata and other aquatic higher
pl ants have been reported to be hyperaccunul ators of Cd
and have denonstrated the ability to renove nmany toxic
metals, including Cd, from wastewater (Rai et al.
1995a). It is hypothesized that cadm um hyper-
accumul ating ability of the nacrophyte is associated
with induction of the nmetal chelating peptides, the
phytochelatins (PCs), to copeup with high cellular Cd
levels. In view of this, it was considered worthwhile
to exam ne the induction of phytochelatins and changes
in levels of glutathione and related nmetabolites in H
verticillata under Cd stress.

MATERI ALS AND METHCDS

Plants of H verticillata, collected froman unpoll uted
wat er body, were grown in |arge hydroponic tubs for six
nonths in tap water. New shoots (ca 25-30 cmlong) of
acclimtized plants were separated from nother plant
and cultured in 5% m neral nedium (Tatsuyanma et al.
1977) under laboratory conditions (115 g nmol m’s’l
light intensity by day fluorescent |lanps for 14 hr per
d at 25+ 2°C). The addition of salts of Cu and Zn to
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the nutrient mediumwere onmtted due to the possibility
of induction of PCs by these netal ions. After one
week, the plants were washed with dei oni zed water and
2.5 and 10.0 uM Cd were supplied for 24, 72 and 168 hr.

For cysteine estimation, plant material (500 ng FW was
extracted in 5% chilled perchloric acid (HJO),
centrifuged at 10,000 x g for 20 min. Cysteine content
was neasured in the supernatant using acid-ninhydrin
reagent (Gaitonde 1967) at 560 nmin a Spectronic 1201
MIton Roy Spectrophotoneter.

Aci d-soluble thiol (AS -SH and total glutathione were
nmeasured in plant tissue (500 ng FW frozen in liquid
nitrogen and stored at -80°C until assayed. For -SH,

ti ssue was honogeni zed in 6.67% 5-sul fosalicylic acid
and kept in ice for 10 nmin. The mixture was centrifuged
at 13,000 x g at 4°C for 10 min. The supernatant was
diluted 10 to 20 times With buf f er (final

concentration: 120 mM Na phosphate (pH, 7.5), 5 nM
EDTA, 0.6 mM 5,5-dithiobis (2-nitrobenzoic acid) and
absorbance was neasured at 412 nm (E | man 1959).

For total glutathione (GSH & GSSG, frozen tissue was
honogeni zed i n Na- phosphate EDTA buffer (pH, 7.5) and
25% met aphosphoric acid (HPQ) which was used as a
protein precipitant and centrifuged at 17,000 g for 20
mn  Determination of GSH and GSSG was perforned
fluoronetrically using o-phthaldial dehyde (OPT) as the
fl uorogenic agent by the method of Hissin & HIf (1976)
and fluorescence intensity was recorded at 420 nm after
excitation at 350 nm on a fl uorescence
spectrophotonmeter (Hitachi model no. 650-60).

HPLC assay for PCs was perforned follow ng the nethod
of Gill et al. (1991). Plant tissue (500 ng FW frozen
in liquid N,was honpgenized with 0.5 nL 1IN NaOH
containing 1 ng/m NaBH, (freshly prepared solution).
After centrifugation at 11,000 x g at 4°C for 15 mn
the supernatant was acidified by adding 3.6 N HO in
the ratio of 5:1 and left on ice for 15 mn.
Precipitated protein was renoved by centrifugation and
20pl aliquot of the supernatant was used for HPLC

anal ysis. Phyt ochel ati n pepti des were separated on a
reverse phase colum (p Bondapack RP 4um C-18) with a
gr adi ent of O 20% acetonitrile in 0.1%

trifluoroaceticacid (TFA) at a flow rate of 0.5 m/min
by using HPLC (Applied Biosystens, nodel no.783A).
Detection of the PCs were perfornmed at 220 nm Peaks
were quantified considering peak areas of standard PC
sanmpl es run under sinilar conditions and -SH contents
in the eluents were neasured as descri bed.

Experiments were run in triplicate and repeated twi ce.
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Student's t-test was performed to determne the |evel
of significance (Schefler 1969).

RESULTS AND DI SCUSSI ON

Cystei ne cont ent increased in response to Cd
concentration and treatment durations. The maxi mum
i ncrease was noticed at the 10 uM concentration after
72 hr. Simlarly, the initial level of acid-soluble
thiols enhanced considerably (ca 285% at 10 uM Cd
after 72 hr. After 168 hr of treatnment duration, this
enhancenment was al nbst constant. On the other hand, Cd
treatment resulted in the reduction of glutathione
| evel s. The decline in glutathione |level was nore
pronounced at 10 pM Cd (ca 52% reduction) than 2.5 uM
Cd (ca 32% reduction) after 72 hr of exposure period.
This level continued even after 168 hr (Table 1).

The effect of BSO on accunul ation of AS-SH and GSH
decline in response to Cd were evaluated (Fig. 1). Both
AS-SH and GSH content declined inside the cell at both
concentrations. Cyclohexinmde treatnment for 24 hr to
the Cd treated plants resulted in decreased | evels of
acid soluble thiols, however, no change was observed at
the 4- hr exposure period (Fig. 2).

Table 1. Cysteine, AS -SH and glutathione levels in H
verticillata as a function of Cd concentration and
treatment durations.

Cd conc. (uM 24 hr 72 hr 168 hr
Cysteine (n nmol/g FW

0.0 49.02+1.42 49.52+1.33 50.55+1.38
2.5 70.50+2.05P 93.18+2.43C 105.70%+3.67€
10.0 116.10+3.89P 134.50%+4.13€ 129.09+4.05€
AS-SH (g mol / g FW)
0.0 0.90+0.03 1.05+0.04 1.04+0.04
2.5 1.86+0.09°€ 2.01+0.12P 2.421+0.11€
10.0 2.44+0.09€ 2.84+0.10€ 2.80+0.12€
Glutathione (u mol / g FW)

0.0 0.5510.02 0.56+0.02 0.56%0.03
2.5 0.37+0.02P 0.38+0.0182 0.38+0.0122
10.0 0.28+0.01€ 0.26+0.01°€ 0.24+0.01€

Mean value £S.E. (n=3); a= P<0.025, b= P<0. 01, c=P< 0. 005
(t-test, one tailed).
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Figure 1. Effect of BSO (500 pM on depletion of GSH
(a) and accumulation of AS-SH (b) wunder-24 hr Cd
treatment in H  verticillata. Bars indicate S E
(n=3); *=P < 0.025, **=P<0.005.(t-test, one tailed).
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Figure 2. Effect of cycloheximde (2.5 pg/m) on
accunul ati on of AS-SH under 4 and 24- hr Cd treatnent
in H. verticillata. Bars indicate S E (n=3);
*=P<0. 025, (t-test, one tailed).
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Figure 3. HPLC profiles of PCs in crude extracts of H.
verticillata exposed to 2.5 (b, peak No. 2 & 3 are PC,
& PC) and 10.0 pM Cd (c, peak NO. 2 & 3 are PC &
PC) Cd for 72 hr in conparison to control (a, peak
No.” 1 & 2 are PC & PC).

Various Cd concentrations resulted in the induction of
phytochelatins at both concentrations that exhibited
positive thiol reactions. Some of the peaks were
identified as PC,and PC, while others were designated
as unidentified thiols (Fig. 3). The anmount of PC, and
PC.,were nore at 2.5 yMthan at 10 uM Cd. However, PC,
predom nated over PC, at this concentration. Control
plants grown w thout Cd al so showed |esser anpunt of
t hese peptides.

Potential of H verticillata for bioanelioration of
wast ewat er containing the toxic nmetals Cr, Cd, M, ,
Pb, Fe and Cu has been denonstrated (Chandra et al.
1993; CQupta & Chandra 1994; Rai et al.1995 a,b). These
st udi es have shown hi gh accurul ati on and tol erance of

the macrophyte to elevated netal concentrati ons.
However, the nechani sm responsible for such a high
met al accumul ation and tol erance potential renains
unexpl ored. W recently have denonstrated that H.
verticillata has a cellular mechani sm for Pb
det oxi fication (Qupta et al. 1995). The results

presented in this report show that intracellular Cd

509



content has affected the cellular |evels of cysteine,
gl utathione, acid-soluble thiols and induced synthesis
of nmetal -binding peptides.

The increase in cysteine |level under Cd stress may be
due to enhanced | evels of ATP sul furylase and adenosi ne
5' - phosphosul fate sulfotransferase as reported in naize
(Nussbaum et al. 1988). The extent of decline in GSH
less in absence and nore in the presence of BSO
reflects the involvenment of GSH in PC synthesis. That
PCs are synthesized using glutathione as a precursor is
further evidenced by nmore depletion of AS- SH

accurmulation in the presence of BSO than in its
absence in Cd-treated H verticillata. BSO is an
establ i shed i nhibitor of GSH biosynthesis (Earnshaw &
Johnson 1985). CQur findings are in agreement wth

earlier observations (Scheller et al. 1987, Gupta et
al . 1995).

Treat nent of cycl ohexi m de showed no change in AS-SH
levels up to 4 hr, however, it is reduced after 24 hr
at higher Cd concentrations, suggesting PC synthesis is
not dependent on early de novo cytoplasmc protein
synt hesi s. Furt her, results showed a constitutive
nature of phytochelatin synthase required for PC
synthesis (Gill et al. 1989), as evidenced by the
presence of PCs in lesser anounts in normal control
plants. Barring nore content of PCat 2.5 uMcd, like
ot her plants in this case PC, also predomni nated over
PC, (Tukendorf & Rauser 1990; CGupta et al 1995).

It seens that H. verticillata has a cellular
detoxi fication nmechanismfor Cd, via synthesizing PCs
utilizing glutathione as substrate.
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