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Abstract Cadmium has been shown to prevent Vicia faba
growth by inhibiting cell mitosis. In this study we inves-
tigated the role of Alginate-derived Oligosaccharides
(ADO) in alleviating Vicia faba root tip cells damaged by 6
and 8 mg L™! CdCl,. Micronucleus assay and chromo-
somal aberration assay were used to determine mitotic
index, micronucleus frequency and chromosomal aberra-
tion frequency. The results showed that micronucleus fre-
quency of Vicia faba root tip cells was inhibited under all
the ADO concentrations. Especially, the inhibition ratio of
0.125% ADO highly reached 66.11 and 67.17% in 6 and
8 mg L' CdCl,, respectively. Furthermore, the mitotic
index increased (p < 0.05) and chromosomal aberration
frequency decreased (p < 0.05) under all the ADO con-
centrations. This indicated that ADO had a significant
alleviation effect on Vicia faba root tip cells damaged by
cadmium.
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Cadmium (Cd) is one of the most toxic trace pollutants for
environment (Pinto et al. 2004). Cadmium can enter soil—
plant ecology system due to the unreasonably discharge of
industrial waste water, the excessive use of phosphate
fertilizer and atmospheric sedimentation. Previous study
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showed that Cd could inhibit and prevent plant growth
(Sandalio et al. 2001) by severely damaging cell structure
and functions (Schiitzendiibel and Polle 2002) and inter-
fering with the mitosis process of plant root tip cells
(He et al. 2008). It is important to develop practical tech-
niques for alleviating the Cd stress. Exogenous application
of plant growth regulators (Meng et al. 2009) and Zn
(Choudhary et al. 1995) were used to alleviate Cd stress.
Some species and genotypes with high Cd tolerance were
developed or selected (Wu and Zhang 2004; Hassan et al.
2005; Cheng et al. 2008).

Alginate-derived oligosaccharides (M-blocks, G-blocks,
ADO) are a kind of marine oligosaccharides, which are
generated by alginate lyases degradation from alginate. As a
resistance elicitor of plant, ADO have been resembled
endogenous oligosaccharides and play an important role in
agriculture due to their special physiological activities
(Akimoto et al. 1999). Many researchers have identified that
ADO could promote the growth of barley (Tomoda et al.
1994; Natsume et al. 1994), enhance the capacity of plant
resistance for chilling, and facilitate seed germination
and root elongation or promote plant produce antitoxin
(Yonemoto et al. 1993; Natsume et al. 1994; Hu et al. 2004).
However, the function of ADO in alleviating Vicia faba root
tip cells damaged by Cd®" has not been evaluated. There-
fore, the purpose of this study is to investigate the alleviation
effect of different ADO concentrations on the mitotic index,
the micronucleus permillage, and chromosomal aberration
of Vicia faba root tip cells damaged by Cd*".

Materials and Methods

The Vicia faba seeds were surface sterilized with 0.5% (v/v)
sodium hypochlorite and soaked in the CdCl, solutions of
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different Cd*>* concentrations 0,2,4,6,8 and 10 mg L_l)
for 24 h, and then incubated at 23°C. On the 7th day after
sowing, root length was determined.

Another batch of seeds were soaked for 24 h in ADO
solutions of different concentrations (1%, 0.5%, 0.25%,
0.125%, 0.0625%, 0.03125%, 0). After sufficient imbib-
itions, seeds were transferred in trays and cultured at 23°C.
Water was changed once every 12 h. Until their length was
about 1 cm, roots treated with a given ADO solution were
divided into two groups. The roots of Group one were
cultured in distilled water for 6 h; the roots of Group two
were cultured in 6 and 8 mg L™' CdCl, solution for 6 h.
After that, the roots were washed in distilled water and
recultured for 24 h.

The root tips were excised about 1 cm from recultured
seeds during cell division crest-time. Then the root tips
were soaked in Carnoy’s fixation fluid (anhydrous ethanol:
glacial acetic acid = 3:1, V/V) for 24 h, and kept in 70%
ethanol in refrigerator at 4°C.

The root tips were first soaked in distilled water for
5 min; then decollemented in 1 M HCI for 13 min at 60°C;
after HCl treatment, soaked them in distilled water for
1 min; finally stained with Feulgen.

The micronucleus frequency, cell mitotic index and
chromosomal aberration frequency were examined and
counted microscopically on squashes. Ten root tips were
used in each treatment. SPSS was used for analysis of
variance (SPSS 11.0 version).

Results and Discussion

To determine of the effect of Cd>™ on root length, we have
checked several different Cd>" concentrations 0,2,4,6,8
and 10 mg L™"). The treatment with 2 mg L™' Cd*"
resulted in the longest seedling root with a value even
longer than the control (Fig. 1). The 4 mg L' cd*t
treatment showed an insignificant difference with the
control in term of root length. All other levels of Cd*"
treatment were significantly shorter in comparison with
the control. The lower Cd** concentration (2 mg L™")
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Fig. 1 Effect of Cd** on root length of Vicia faba
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significantly stimulated the growth of roots. However, the
higher Cd*" concentrations inhibited the growth of roots.

Micronucleus frequency of Vicia faba root tip cells
induced by different ADO concentrations were apparently
lower than that of the control (p < 0.01) (Table 1). The
production of micronucleus was inhibited significantly by
ADO, and inhibition ratio reached above 70% for all the
ADO concentrations. Alginate-derived oligosaccharides
(ADO) had a turnover dose—effect on inhibiting micronu-
cleus frequency at 0.0625% ADQ. The inhibition ratio of
micronucleus frequency relatively increased when ADO
concentration varied from 1 to 0.0625%, but relatively
decreased after the turning point. Thus the micronucleus
frequency of 0.0625% ADO treatment was the lowest
(1.12 £ 1.03%0, p < 0.01) and a maximum of inhibition
ratio of 82.61% could be obtained correspondingly. This
seemed that the highly concentrated solution caused the
cell osmotic pressure to decrease, so that the ability of cell
absorbing ADO decreased. And consequently the highly
concentrated ADO had higher micronucleus frequency than
that of the low concentrated ADO. When treatment was
below 0.0625% ADO, micronucleus frequency increased.
It seemed that ADO concentration was too low, which has
less effect on Vicia faba root tip cells.

The mitotic indexes of Vicia faba root tip cells treated
with different ADO concentrations were higher than that of
the control (Table 1). The mitotic indexes of Vicia faba
root tip cells increased when ADO concentration varied
from 1 to 0.0625%. The mitotic indexes of 0.0625% ADO
treatment was the highest, which was 6.12 £ 2.04%. When
treatment was below 0.0625% ADOQO, the mitotic indexes
began to decrease. This seemed that suitable ADO con-
centration prolonged cell division time and shortened
interphase in cell division, so that division cycle shortened.

The chromosomal aberration frequency of Vicia faba
root tip cells treated by different ADO concentrations was
remarkably lower than that of the control (p < 0.05)
(Table 1). The chromosomal aberration frequency gradu-
ally decreased with ADO concentration varying from 1 to
0.0625%. The 0.0625% ADO treatment had the lowest
chromosomal aberration frequency. Alginate-derived
oligosaccharides (ADO) apparently restrained the chro-
mosomal aberration of Vicia faba root tip cells.

Micronucleus frequency of Vicia faba root tip cells
induced by 6 and 8 mg L™' Cd*" highly reached 26.14 +
2.61 and 28.36 + 1.35%o, respectively (Table 2). A phe-
nomenon has been found that the root length treated by 6
and 8 mg L™' Cd*" shortened in compare to that of the
control (Fig. 1). It seemed that 6 and 8 mg L™’ Cd*"
caused some cells chromosomal aberration and some cells
mitosis were damaged and failed to enter the next cell
cycle. So, the elongation of Vicia faba root was suppressed.
Similar results have also been documented for mustard and
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Table 1 Effect of different

. .. ADO (%) Micronucleus Inhibition Mitotic index Chromosome
ADO concentrations on Vicia f o (% 4 S (% b ion i
ba root tip cells requency ratio (%) x££ S (%) aberration frequency
fa T £ S (%) L+ S (%)
Ck 6.44 + 2.14 - 2.89 + 1.54 11.51 £ 3.86
1 1.71 £ 1.09%* 73.45 4.05 £ 1.37 6.14 £ 1.89%
0.5 1.39 £ 1.12%* 78.42 4.30 £ 2.03 5.17 £ 2.51*
0.25 1.31 £ 1.23%* 79.66 4.59 £+ 2.19 4.78 £ 1.54%
0.125 1.22 + 1.17** 81.06 5.28 + 1.43* 3.59 £ 2.27*
) 0.0625 1.12 + 1.03%* 82.61 6.12 4+ 2.04* 3.33 + 2.18*
Compared with the control 0.03125 119 & 1.25% 81.52 5.87 £ 2.11% 3.94 + 1.85*
* p < 0.05; ** p <0.01
Tabl!e f Efffg OO f th; ia fab ADO CdCl, Micronucleus Inhibition Mitotic index Chromosome
apptltcta 101}1 ¢ tog 'ltcliaC{LiICla (%) (mg L™Y frequenc ratio (%) X+ S (%) aberration frequency
root tip cells treated wi > % £ S (%o) x££ S (%)
0 6 26.14 + 2.61 - 7.28 + 0.64 14.1 + 2.05
1 6 16.42 £ 2.88%* 37.18 6.30 £ 1.42 11.3 £ 1.81
0.5 6 13.29 £ 4.19%* 50.27 7.87 £ 1.55% 10.7 £ 2.14
0.25 6 13.00 £ 3.27** 49.16 9.6 + 2.74* 9.1 £1.35
0.125 6 8.86 &+ 3.15%* 66.11 10.56 £ 2.00* 7.7 £ 1.16%*
0.0625 6 10.57 £ 2.82%* 59.56 8.24 £+ 1.65%* 6.7 + 2.34%
0.03125 6 14.29 + 2.21** 45.33 7.73 + 1.86 8.0 £ 1.96
0 8 28.36 £ 1.35 7.51 £2.02 15.35 £ 1.38
1 8 17.21 £ 2.42%%* 39.32 7.65 £ 1.13 12.01 £ 1.47
0.5 8 13.65 £ 3.25%* 51.87 8.02 + 1.37 11.26 £ 1.76
0.25 8 13.23 £ 1.17** 53.35 9.4 + 1.87* 9.8 +2.14
0.125 8 9.31 £ 2.26** 67.17 9.89 + 2.03* 85 £2.11*
Compared with only CdCl, 0.0625 8 9.06 + 2.53%*  68.05 9.02 + 0.94% 73 + 1.96*
treatment without ADO )
0.03125 8 13.76 £ 1.89%* 51.48 8.37 £ 1.52 9.26 + 1.30

*p <0.05; ** p <0.01

maize by supply of cadmium (Singh and Tewari 2003;
Kumar et al. 2008). The application of the ADO decreased
significantly (p < 0.01) the micronucleus frequency of
Vicia faba root tip cells both 6 and 8 mg L™" Cd*". The
inhibition ratio of 0.125% ADO highly reached 66.11 and
67.17% in 6 and 8 mg L' Cd*™, respectively. So, 0.125%
ADO may inhibit the production of the micronucleus of
Vicia faba root tip cells damaged by Cd**, which may
highly alleviate genetic damage of interior cells.

The application of ADO, except for 1% ADO in
6 mg L™' Cd**, had increased the mitotic indexes of Vicia
faba root tip cells (Table 2). Especially, there was a sig-
nificant increase of the 0.25, 0.125 and 0.0625% ADO
treatments with the control for the mitotic indexes. This
showed that ADO alleviated Cd*" damage by increasing
the mitotic indexes.

The chromosomal aberration frequency all decreased
with the application of ADO (Table 2). The chromosomal
aberration frequency treated with application of 0.125% and
0.0625% ADO were significantly lower than that of only
Cd>™ treatment (p < 0.05) both 6 and 8 mg L' Cd*™.

Alginate-derived oligosaccharides (ADO) effectively
inhibited the production of the micronucleus and chromo-
somal aberration and enhanced the mitotic indexes of Vicia
faba root cells. The results showed that ADO had a sig-
nificant alleviation effect on the Vicia faba tip cells dam-
aged by Cd*" and showed a potential use in the
bioremediation of the heavy metal damage.
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