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Abstract

Callus tissue from a NaCl-tolerant cell line was transferred
to aerated culture tubes containing 150 mM NaCl.
Following a 2-hour preincubation, the tubes containing 150
mM NaCl were left untreated to serve as controls or
amended with NaCl to a final concentration of 250 mM,
250 mM NaNO3 , 250 mM KCl, or 500 mM sucrose. The
callus tissue was harvested at 30 min, 1 hr, 2 hr, 4 hr, and
8 hr intervals and analyzed for superoxide dismutase
(SOD), peroxidase, catalase, ascorbate reductase (AP) and
glutathione reductase (GR) activity. Treatment with NaCl
resulted in significant increases in peroxidase, catalase, AP,
and GR activities within 1 hour and SOD activity within 4
hours. NaNO3 treatment failed to produce a significant
peroxidase response, and KCl treatment failed to produce
a significant GR response. The sucrose and KCl treatments
resulted in significant increases in peroxidase activity; the
sucrose and NaNO3 treatments produced significant
increases in GR activity; and the sucrose, NaNO3, and KCl
treatments caused significant increases in SOD activity.
However, in each of these cases, the increases occurred
significantly later in time than the increases observed with
the NaCl treatment. The catalase response to the KCl
treatment also occurred much later than the response to
NaCl. These data suggests that the total antioxidant enzyme
response observed during NaCl stress in cotton callus tissue
is somewhat specific to the combined effects of the Na+ and
Cl- ions.

Introduction

A number of antioxidants protect plant tissues against the
cytotoxic species of activated oxygen, and plants with high
levels of antioxidants, either constitutive or induced, are
reported to be more resistant to damage by activated oxygen
species generated during different environmental stress
conditions (Dhindsa and Matowe, 1981; Harper and
Harvey, 1978; Wise and Naylor, 1987; Monk and Davies,
1989; Spychalla and Desborough, 1990; Mandamanchi and
Alscher, 1991; Poole and Rennenberg, 1994).  NaCl stress
invokes an antioxidant response in cotton plants and callus
tissue (Gossett et al., 1994 a, 1994b), and in previous

studies involving a comparison of antioxidant activities in
a control and a salt-tolerant cell line from the same cultivar
(Coker 312), the activities of SOD, catalase, peroxidase,
AP, and GR were significantly higher in the salt-tolerant
cell line (Gossett et al., 1996).

The mechanism which imparts salt tolerance to non-
halophytic plants has eluded definition. The  plant response
to salt stress most likely involves a cascade of events, and
results from the aforementioned studies suggest that some
of these events evoke the antioxidant defense system.
Additional studies (Gossett et al., 1998) have shown that
treatment with NaCl, superoxide, and abscisic acid all
result in a rapid increase in antioxidant enzyme activity and
suggests that these molecules may be involved in the signal
pathway associated with the upregulation of the of the
antioxidant defense system.  As for the involvement of
NaCl in the signal transduction pathway, it is not known
whether the upregulation of antioxidant enzyme activity
was due a specific effect of the Na+ ions, the Cl- ions, a
combination of both the Na+ and Cl- ions, or a change in
the osmoticum. This experiment was designed to help
provide additional information about the role of specific ion
effects on the upregulation of the antioxidant system.

Methods and Materials

Callus tissue for the cotton cultivar Coker 312 was
generated according to the method of Trolinder and Goodin
(1987). A salt-tolerant Coker 312 cell line was developed
according to the method outlined by Gossett et al. (1996).
At the beginning of each experiment, approximately 4 g of
callus tissue from the NaCl-tolerant cell line was
transferred to each of either a series of culture tubes
containing media amended with 150 mM NaCl .  Each
culture tube was then connected to an aerator and allowed
to preincubate for 2 hours. Following preincubation, the
tubes containing 150 mM NaCl were left untreated to serve
as controls or amended with NaCl to a final concentration
of 250 mM, 250 mM NaNO3 to serve as an alternate source
of Na+ ions, 250 mM KCl  to serve as an alternate source of
Cl- ions, or 500 mM sucrose to serve as an osmotic stress.
The callus tissue was harvested at 30 min., 1 hr, 2 hr, 4 hr,
and 8 hr intervals and stored at -70oC for subsequent
antioxidant analyses. 

Samples were prepared for enzyme analyses according to
the method of Anderson et al. (1992) as modified by
Gossett et al. (1994b). Total SOD was determined by the
method described by Forman and Fridovich (1973).
Peroxidase activity was assayed according to the method of
Nickel and Cunningham (1969). Catalase activity was
measured by the method of Beers and Sizer (1952). GR
activity was determined by the method described by
Schaedle and Bassham (1977). AP activity was assayed by
the method described by Anderson et al. (1992). Data
points are based on a mean of a minimum of three
replicates.  All data was subjected to one-way analysis of
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variance, and significance was determined at the 95%
confidence level.

Results and Discussion

SOD activity is shown is Table 1. The NaCl, NaNO3 , KCl,
and sucrose treatments all resulted in significant increases
in SOD activity above the control level; however, the
increase in activity was observed within 4 hours after
treatment with NaCl, while the increases with NaNO3, KCl,
and sucrose were not observed until 8 hours after treatment.
The activity of the enzymes associated with the breakdown
of the hydrogen peroxide generated by SOD activity are
shown in Tables 2 and 3. Peroxidase activity (Table 2)
increased significantly after 1 hour following treatment
with NaCl. Sucrose and KCl treatments also resulted in
significant increases in peroxidase activity, but these
increases were not observed until 2 hours after treatment.
Treatment with NaNO3 failed to initiate a significant
increase in peroxidase activity. NaCl, NaNO3, and sucrose
all resulted in significant increases in catalase (Table 3)
activity within one hour after treatment, while the KCl
treatment did not produce a significant increase in catalase
activity until after 8 hours. Results for the antioxidant
enzymes associated with the ascorbate-glutathione cycle are
presented in Tables 4 and 5. All four treatments resulted in
significant increases in AP activity within 1 hour (Table 4).
NaCl induced a significant increase in GR (Table 5)
activity within 1 hour after treatment, while the sucrose and
NaNO3 treatments resulted in increases in GR activity after
2 hours. No significant change in GR activity was observed
with the KCl treatment.

The results from these experiments suggests that the total
antioxidant enzyme response observed during NaCl stress
in cotton callus tissue is somewhat specific to the combined
effects of the Na+ and Cl- ions. If the increases in
antioxidant activity observed during NaCl stress were due
to the Na+ ion, then the NaNO3 treatment should have
produced increases similar to those with the NaCl
treatment. However, the NaNO3 treatment did not induce
an increase in peroxidase activity, and the increases in the
SOD and GR activities observed with the NaNO3 treatment
occurred significantly later than the increases observed with
the NaCl treatment. If the increases in antioxidant activity
observed during NaCl stress were due to the Cl- ion, then
the KCl treatment should have produced increases similar
to those with the NaCl treatment, but the KCl treatment
failed to produce an increase in peroxidase activity. In
addition, the increases in the SOD, peroxidase, and catalase
activities observed with the KCl treatment were observed
significantly later than the increases that occurred with the
NaCl treatment. If the increases in antioxidant activity
observed during NaCl stress were merely due to osmotic
stress, then the sucrose treatment should have produced
increases similar to those with the NaCl treatment. While
the sucrose treatment did induce significant increases in all
five of the antioxidant enzymes, the SOD, peroxidase, and

GR responses occurred later than the increases observed
with the NaCl treatment. It should be noted, however, that
the sucrose treatment induced increases in the catalase and
AP activities similar to those observed with the NaCl
treatment. Hence, it may be catalase and AP activities are
induced in response to changes in the osmotic
concentration rather than the specific effects of the Na+ and
Cl- ions.
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Table 1. Superoxide dismutase activity (units/g fresh weight ±SE) in salt-
tolerant callus tissue  treated for 0, 0.5, 1, 2, 4, and 8 hrs with 150 mM NaCl
(controls), 250 mM NaCl, 250 mM NaNO3 , 250 mM KCl, and 500 mM
sucrose

Time
Treatment 0 0.5 h 1 hr 2 hr 4 hr 8 hr
Control  28±4   20±4  20±6 33±4   41±6  20±2
NaCl  28±4   22±2  21±5 42±7 103±6  57±5
NaNO3  28±4   22±5  21±2 35±4  29 ±9  64±5
KCl  28±4   21±5  25±5 45±7   42±7  53±5
Sucrose  28±4   15±4  21±5 38±5   35±4  61±4

Table 2. Peroxidase activity (units/g fresh weight ±SE) in salt-tolerant callus
tissue  treated for 0, 0.5, 1, 2, 4, and 8 hrs with 150 mM NaCl (controls), 250
mM NaCl, 250 mM NaNO3 , 250 mM KCl, and 500 mM sucrose

Time
Treatment 0 0.5 h 1 hr 2 hr 4 hr 8 hr
Control 119±42 164±45 129±25 131±45 179±39 144±10
NaCl 119±42 164±31 358±38 348±54 197±28 165±40
NaNO3 119±42 288±83 197±46 207±51 281±67 132±40
KCl 119±42   30±20 273±73 346±39 325±30 303±41
Sucrose 119±42 171±35 173±13 443±53 191±40 268±64

Table 3. Catalase activity (units/g fresh weight ±SE) in salt-tolerant callus
tissue  treated for 0, 0.5, 1, 2, 4, and 8 hrs with 150 mM NaCl (controls), 250
mM NaCl, 250 mM NaNO3 , 250 mM KCl, and 500 mM sucrose

Time
Treatment 0 0.5 h 1 hr 2 hr 4 hr 8 hr
Control 15±2 13±1 18±1 14±1 16±1 13±1
NaCl 15±2 14±1 38±3 16±1 15±2 18±1
NaNO3 15±2 12±1 26±1 16±1 18±2 10±1
KCl 15±2 12±1 18±2 14±1 14±1 33±1
Sucrose 15±2 13±1 28±2 24±2 26±1 30±1

Table 4. Ascorbate Peroxidase activity (units/g fresh weight ±SE) in salt-
tolerant callus tissue  treated for 0, 0.5, 1, 2, 4, and 8 hrs with 150 mM NaCl
(controls), 250 mM NaCl, 250 mM NaNO3 , 250 mM KCl, and 500 mM
sucrose

Time
Treatment 0 0.5 h 1 hr 2 hr 4 hr 8 hr
Control 217±8 223±31 187±29   272±41 200±33 139±20
NaCl 217±8 703±17 558±43   263±43 190±39 305±23
NaNO3 217±8 968±85 824±30   754±22 1524±69 904±20
KCl 217±8 505±47 589±33 1640±5

0
803±43 966±61

Sucrose 217±8 487±65 607±49   716±52 869±66 993±54

Table 5. Glutathione reductase activity (units/g fresh weight ±SE) in salt-
tolerant callus tissue  treated for 0, 0.5, 1, 2, 4, and 8 hrs with 150 mM NaCl
(controls), 250 mM NaCl, 250 mM NaNO3 , 250 mM KCl, and 500 mM
sucrose

Time
Treatment 0 0.5 h 1 hr 2 hr 4 hr 8 hr
Control 31±2 41±4 57±5 66±5 59±6   69±4
NaCl 31±2 58±6 321±24 235±8 362±17 103±1
NaNO3 31±2 41±1 45±3 184±13 47±4   63±5
KCl 31±2 31±9 18±3 37±6 60±2   85±8
Sucrose 31±2 33±3 52±3 151±4 42±4   87±2


