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Abstract

In vitro response of six tomato genotypes to different copper concentrations was
studied. Cu was toxic to tomato explants at a relatively high concentration (100 uM),
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which reduced callus growth and shoot regeneration. Peto-86 followed by UC- 97 3
were more tolerant to copper than the other genotypes. Cu (100 uM) induced the
synthesis of cight new proteins (70.86 - 14.78 kD) in Peto-86 and six in Western
Improve (46.43 - 14.78 kD) and UC-97-3 (77.69 - 14.78 kD). Cu-stress reduced the
expression of some enzymatic bands of alcohol dehydrogenase and esterase,
meanwhile, one peroxidase band at the locus Prx-1 was newly expressed under
Cu-treatment.

Additional key words: alcohol dehydrogenase, esterase. Lycopersicon esculentum, peroxidase, tissue
culture.

Introduction

The recent increased awareness of cnvironmental pollution by toxic heavy metals
initiated extensive studies on the genetical control and evolution of plant species
tolerant to these stresses. Plant cell and tissue culture techniques can provide an
alternative method for genetic studies, screening and selecting plants which are
tolerant to mineral stress. The environment and nutrient conditions can be controlled,
uniformly and precisely. The relatively undifferentiated nature of cultured cells
reduces the complications of differences in morphology and stages of development
(Stavarek and Rains 1984).

Heavy metals such as Cu, Fe, Co, Mn and Zn are required by biological systems as
components of proteins and enzymes. In excess, these micronutrients are toxic and

plants have developed both a strategy of avoiding uptake of these metal ions and an

ability to synthesize proteins and peptides that can tightly bind and sequester these

metals. Treatment of plants with copper induced the synthesis of new sets of
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polypeptides with low molecular mass (Lolkema et al. 1984, Steffens 1990, Tamds
ef al. 1997). These metal-inducible proteins were described by Grill ef al. (1987) and
Gekeler ef af. (1989) as phytochelatins. The metal inducibility of these proteins was
demonstrated in tomato (Scheller et af 1987, Steffens 1990), Darura innoxia
(Jackson ef al. 19853), Agrostis gigantea (Rauser and Curvetto 1983, Rauser 1984)
and in barley (Tamas et al. 1997). These studies suggested that metal-binding
proteins/peptides (phytochelatins) are involved in the mechanism of heavy metal
tolerance.

in this investigation in vitro response of six tomato genotypes to copper stress was
studied. The changes in protein and isozyme patterns were analyzed using
polyacrylamide gel electrophoresis in order to provide an additional information on
the molecular and genetic basis of copper tolerance in tomato.

Materials and methods

Plants and cultivatien: Six tomato (Lvcopersicon esculentum Mill.} genotypes Roma
VF, UC-97-3, Media-A, Western Improve, Person Improve and Peto-86 were grown
in vifro on 1/4 Murashige and Skoog (1962; MS) medium free of growth regulators.

Cotyledon and hypocotyl explants from 10-d-old seedlings were cultured in
100 cm® flasks containing 10.0 cm® of MS-medium supplemented with 2.0 mg dm™
benzylaminopurine, 2.0 mg dm” indole-3-acetic acid and 0.8 % agar. The cultures
were incubated under 16-h photoperiod of irradiance 376.8 pmol m? s and
temperature of 25 °C.

Copper was supplied as CuSO..5 H;O (Rauser and Curvetio 1983). The
cotyledons and hypocotyl segments from each genotype were cultured on media
containing 25, 50 and 100 yM Cu. Explants cultured on MS medium supplemented
with normal concentration of Cu (0.1 puM) served as the control treatment. The
experiment was designated in five replicates, in which 60 explants were cultured in
cach treatment. After 4 weeks of incubation, the percentage of explant produced
shoots, number of shoots per explant, and callus fresh and dry masses were
determined. The relative tolerance index was determined according to Reddy and
Vaidyanath (1986).

Electrophoresis: Control and treated calli of tolerant (Peto-86), moderate (UC-97-3)
and sensilive (Western Improve) genotypes were used to study the changes in protein
and isozyme patterns under Cu-stress. Soluble proteins were extracted by crushing
1.0 g of calli in 1.0 em’ extraction buffer at pH 7.8 (0.1 M Tris-HCI pH 7.5, 2 mM
EDTA, 2 % glutathione). The mixture was centrifuged for 10 min at 13 530 g. For
peroxidase, esterase and alcohol dehydrogenase analysis, samples were
electrophorasing on 7.5 % acrylamide gels under non-denaturing conditions. The
activities of the cnzymes were determined according to Vallejos (1983). Protein
analysis and electrophoresis was carried out according to the method of Laemmli
(1970) with 12 % acrylamide and 1 % sodium dodecyl sulphate (m/v) under
denaturing conditions. The gels were stained with Commassie Brillant Blue R. Then,
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gels were destained by repeated immersion in a mixture of methanol/acetic
acid/water (1:1:8, by volume). Data were obtained by scanning densitometer GS 300
(Hoeffer Scientific Instruments, USA} of protein profiles. The molecular mass of the
individual protein bands were determined by comparison with protein markers which
consisted of 77, 67, 48.1, 30, 20 and 14.4 kD, using GS 365 electrophoresis data
system program version 3.0/ (Microsoft Windows (@ version).

Results and discussion

With increasing copper concentration, the percentage of explant produced shoots,
number of shoots per explant and callus fresh and dry masses were reduced in all six

Table 1. Effect of different concentrations (0.1, 25, 50, and 108 pM) of Cu on the percentage of
explants produced shoots, number of shoots per explant, fresh and dry masses for the six tomato
genotypes. Means & 8E, 7= 3.

Genotypes Cu Explants produced Number of shoots  Fresh mass Dry mass
[pM]  shoots [%] lexplant™] [g] Img]
Roma VF 0.1 96.66 + 3.34 11.60+2.44 4.86 £ 0.27 337.7£20.70
250 69.96 = 8.16 4.40+0.58 345+£038 260.0 £ 16.77
50.0 52.66 £ 6.18 2.93£0.20 3.13£0.21 160.7 £ 12.36
100.0 22.79 = 6.34 1.81 £0.25 2.19+0.08 98.3 £ 14.24
Uuc-97-3 0.1 76.68 + .07 7.35+ 1.57 4,30+023 2893+ 22.05
25.0 70.00 + 6.23 4,28+ 0.71 3.46 £0.09 248.3+21.67
50.0 40.66 £ 6.25 2.59 4 0.55 2.80 +0.35 193.3 £23.83
160.0 23.99+6.23 1.72+0.22 2.32+0.33 133.3+£18.48
Media-A 0.1 63.32+9.72 8.80+1.02 447 £038 306.7+ 4.96
25.0 53.34 £ 6.25 6.13 £ 1.51 4,16 = 0.42 236.7+ 12.02
50.0 31.05+6.46 2.62+£0.36 2.71+0.44 181.7+£19.22
100.0 10.67 £0.02 0.53+0.12 1.86 £0.15 1060+ 971
Person 0.1 86.64 £ 3.34 0.17 £0.46 3.69%0.39 263.3£19.30
Improve 25.0 73.34 £ 9.48 4,16 £ 0.57 320033 2233+ 6.67
50.0 47.33£9.25 2.36+0.30 2.40+0.24 153.3x12.02
100.0 2399+ 6.23 1.11 £ 0.18 1.83£0.27 128.3 £ 14.81
Western 0.1 100.00 = 0.00 9.17£0.21 4.56 = 0.06 306.7+ 2.90
Improve 25.0 70.00:£6.23 3.97+043 3.68 +0.80 1533+ 11.55
50.0 50.00 £ 6.66 1.85£0.44 1.90£0.41 110.0 £ 16.67
100.0 8.99+ 326 028 £0.09 1.27£0.20 533+ 8.82
Peto-86 0.1 96.66 + 3.34 990+ 0.52 3.17£0.26 340.0 & 15.27
230 93.32 +4.09 6.57 £0.62 4.54 021 310.0 £ 16.46
50.0 80.66 £6.23 498 £0.42 338+ 0.58 270.0 = 10.00
100.0 50.66 x 8.50 2.45+0.33 275022 2043+ 17.29
LSD 0.05 17.36 2.02 0.82 45.39
0.01 23.06 2.69 1.09 60.22
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tomato genotypes (Table 1). The differences between the various concentrations of
copper were highly significant. Doncheva er al. (1996) found that even minimal
concentrations of copper above the wvalues necessary for plant growth and
development may be toxic. Barker (1972) found that callus fresh mass of cauliflower,
lettuce, potato and carrot was lowered with the increase of Cu ions in the culture
medium.

Peto-86 followed by UC-97-3 were more tolerant to Cu-stress than the other
cultivars Meanwhile, Western Tmnrmm was lege tolerant than the aother cnltivare
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(Fig. 1). The genotypic differences in tolerance to copper were highly significant for
all characters studied. Genotypic differences in the tolerance to Cu-stress were also
found by Manyowa (1989) in both wheat and rye genotypes.

0 “ 2 &0 100
Cu (M)

Fig. 1. Callus cuitures of tomato genotypes Peto-86 (4), UC-97-3 {B) and Western linprove (C) after
four weeks of growth at 0 (control), 25, 50, and 100 pM copper.

Since copper toxicity does occur in cultured tissues, it can be concluded that
copper toxicity is not exclusively a whole-plant phenomenon, but appears to be a
rather cellular phenomenon which can be studied in tissue culture. Wu and
Antonovics (1978) concluded that tolerance to copper is determined genetically and
is acting at the cellular level.

Densitometer scans of protein profiles revealed that Cu-stress induced the
synthesis of new sets of proteins, as compared to the control treatment (Table 2). The
cultures of Peto-86 revealed 8 types of newly induced proteins (70.86 - 14.78 kD).
However, six types of protein were newly expressed in Western Improve (46.43 -
14.78 kD) and UC-97-3 (77.69 - 14.78 kD) under Cu-stress.

The results revealed that most of the newly synthesized proteins were of low
molecular masses and differ from one genotype to another. Similar observations have
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been reported by Steffens ef al. (1986) and Scheller er af. (1987) in tomato, and
Reese and Wagner (1987) in cultured tobacco cells.

Table 2, Molecular mass (MM) of induced {I) and reduced (R) protcins in callus cultures of three
tomato cultivars grown under 130 pM Cu as compared to the control treatment. Data were obtained
by computer program analysis (Heeffer) from densitometer scans of protein profile.

No. MM Western  Peto-86  UC-97-3 No, MM Western Peto-86 UC-97-3
ikD] Improve [kDY] Improve

1 78.15 R i3 3114 R

2 77.69 [ 14 30.24 I

3 70.86 i 15 28.77 I

4 58.99 R 16 26.61 R

3 49.44 R 17 26.54 1

6 48.43 i 18 2578 I

7 46.43 [ 16 24.19 I

8 42.83 R 20 21.10 1

9 44.62 [ [ 21 20013 1 I
10 41.27 [ 22 16.48 1
11 40.75 24 23 14.78 1 [ I
12 38.18 [
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Fig. 2. Polyacrylamide gel electrophoresis ol soluble protein fractions from control () and

Cu-treated (100 puM; 4 weeks; 7) calli of tomato genolypes Western Improve {f). Peto-86 (J1), and
uC-97-3 ({Ih.
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It is interesting to note that the protein band at molecular mass of 14.78 kD was
commonly induced in the three genotypes. Furthermore, the two bands 44.62 and
20.13 kD were induced in both copper-sensitive (Western Improve) and moderate
(UC-97-3) genotypes. Since these proteins were newly synthesized under Cu-stress,
it appears to have a role in the mechanism of copper tolerance which allow to make
biochemical and structural adjustments that enable the plant to cope with stress
conditions (Sachs and Ho 1986, Scheller er af. 1987, Gekeler ez al. 1989, Tamas
et al. 1997). Tomsett and Thurman (1988) demonstrated that the metal-resistant
gene(s) is directing the synthesis of metal-binding proteins/peptides in plants.

On the other hand, Cu-stress induced a reduction of different protein sets (Table 2
and Fig. 2). Two types of reduced proteins were observed in Western Improve (40.75
and 26.61 kD) and UC-97-3 (58.99 and 31.14 kD). However, three types of proteins
(78.15, 49.44 and 42.83 kD) were reduced under Cu-stress in Peto-86 (Table 2).

Generally, the analysis of protein pattern in tomato revealed that Cu-treatment
caused changes in gene expression which resulted in changes in protein synthesis.
Similar alterations in protein synthesis have also been repoerted in tomato by Steffens
et al. (1986) and Scheller et al. (1987).

In alcohol dehydrogenase (Adh) zymogram (Fig. 34), two isozyme loci (Adh-1
and Adh-2) were detected in the three genotypes. No quantitative differences in
patterns of Adh were observed between the tested genotypes as well as between
control and treated calli. This indicated that the tested genotypes possessed similar
alleles (allozymes) for alcohol dehydrogenase and these alleles were not affected
quantitatively by Cu-freatment. Meanwhile, calli treated with 100 pM Cu exhibited
less intensive bands than its controls at the second locus of Adh (Adh-2). These
results indicated that the activity of Adh-2 alleles was decreased under Cu-stress.

Four loci (Est-1, Est-2, Est-3 and Est-4) were detected in the esterase zymogram of
the genotypes Peto-86, UC-97-3 and Western Improve (Fig. 35). In both control and
Cu-treated calli, the three genotypes exhibited similar banding patterns of esterase at
the loci Est-2, Est-3 and Est-4. This indicated that these genotypes possessed similar
alleles for esterase at these loci. Meanwhile, the two bands 1 and 3 in the Est-1 locus
were suppressed under Cu-stress in the genotypes Peto-86 and Western improve.
However, UC-97-3 possessed similar banding pattern of Est-1 in both control and
treated calli.

The results revealed that Cu treatment reduced the expression of some enzymatic
bands of alcohol dehydrogenase and esterase. Similar observations were, also,
reported by Walker and Webl (1981) and Stobart ef al. (1985).

In peroxidase (Prx) zymogram, four loci (Prx-1, Prx-2, Prx-3 and Prx-4) were
abserved in Peto-86, UC-97-3 and Western Improve (Fig. 4). In both contrel and
Cu-treated, the three genotypes exhibited similar banding patterns of peroxidase at
the three loci Prx-2, Prx-3 and Prx-4. This indicated that similar allozymes at these
loci were expressed under control and Cu-treatment in the tested genotypes.
Meanwhile, allozymes of Prx-1 locus were newly expressed under Cu-stress in the
three genotypes (Figs. 4). These results may lead to the suggestion that the genetic

560



ALTERATIONS OF PROTEIN PATTERNS UNDER COPPER STRESS

BEERSE 2
Bow R B
m‘%t@#®$®w%*&l BB EEEORTRAE

EEESGE
i

i woa s

BE@EEe e B

2

BRma koA s
P

GE G oo

SR BH R D E R

v EwimEbPresspetcvcrsBIRERERIRREAABRGY

apsad

0 0Hrt 0 Ao
b ong b ooni-is
0 0e0 0 0hlde|£
#
o oegp 0 b -1g
0 0l 0 Bhle|s
PR NI £
w [ L
L w Ll L W]
| Imbe |y
i 0B~ 15
% | i J
d ]
0 0 (NE-1%
o 2
o
= B MR |g
o i i J I
o) 1
W i )
2 2 g

Fig. 3. Alcohol dehydrogenase (4) and esterase (B) isozyme patterns in callus cultures of three

tomato genotypes (Peto-86, Western Immprove, and UC-97

100 uM Cu (7} for 4 weeks.

3) grown in the presence of 0.1 (C) and
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programme in tomato was altered by copper treatment to induce the production of
these enzymatic bands for specific metabolic pathways involved in copper tolerance.
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Cu tolerance are difficult to make. It is likely that proteins are involved at same level
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of the tolerance mechanism unless one invokes a hypothesis in which RNA or DNA
itself is the basis of tolerance. Identification of polypeptides involved in Cu tolerance
would open up avenues for molecular analysis to identify the genes responsible for
the synthesis of metal-binding proteins/peptides in plant. The most direct method will
be to determine the amino acid sequence of presumed plant metal-binding
proteins/peptides and to synthesize an oligonucleotide predicted from that sequence
which can be used as a probe to search for native DNA sequences by hybridization
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complex because they have y-carboxamide bonds in their structure which clearly
indicate that they can not be gene encoded (Robinson er al. 1988). The elucidation of
the regulation of phytochelatin synthesis must be rely on characterization of the
enzymes involved and the genes which encoded them. The identification of the genes
encoding both metal-binding proteins and enzymes involved in phytochelatin
synthesis is an obvious first step towards the elucidation of the molecular mechanism
of heavy metal tolerance in plants.

The present investigation revealed that Cu-stress caused changes in gene
expression which resulted in changes in protein and isozyme synthesis. In addition,
the mechanism(s) of copper tolerance in tomato may have its genetic basis at the
cellular level, as well as at the whole plant level, This would open the possibility of
breeding Cu-tolerant tomato at the cellular level.
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