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Antisense and RNAi expression for a chloroplastic superoxide
dismutase gene in transgenic plants
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Abstract. The cDNA of tomato chloroplastic Cu/Zn-superoxide dismutase was used to construct transgenic tobacco
(Nicotiana plumbaginifolia). It was found that the gene expression of Cu/Zn-superoxide dismutase can constitutively
be reduced in the transgenic tobacco plants because of double-stranded (dSRNA) expressed in the form of intron-
spliced hairpin structures and antisense suppression. Furthermore, the endogenous chloroplastic Cu/Zn-superoxide
dismutase gene in tobacco was established as a target for silencing due to the operation of hpRNA and antisense RNA
constructs. However, under salt and PEG-induced stress, the cytosolic Cu/Zn-superoxide dismutase activity in trans-
formed plants obviously increased. At the same time, the PEG pretreatment was able to promote tolerance of the
transgenic plants to the salt stress. These results indicated that the use of hpRNA and anti-sense was able to success-
fully knockout the transcript encoding a chloroplast superoxidase dismutase. The null transformed plants grown under
stress produced or retained other superoxide dismutase to compensate for the loss of the chloroplast. Consequently,
hpRNA constructs would be helpful in discovering and validating the endogenous chloroplastic Cu/Zn-superoxide
dismutase gene, and to prove the cytosolic alternative pathway of plant antioxidation associated with the function of
Cu/Zn-superoxide dismutase gene under an unfavorable environment. Meanwhile, the experiment will provide an

important technique for the antisensing strategies operating in tobacco.
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Introduction

Double-stranded RNA (dsRNA)-mediated interference
with expression of specific genes has been observed in a
number of organisms including nematodes (Fire et al.,
1998), Drosophila (Kennerdel and Carthew, 1998) and plants
(Chuang and Meyerowitz, 2000). Such self-complementary
hairpin RNA (hpRNA, the expression form of dsRNA in
plants) can elicit a high degree and frequency of posttran-
scriptional gene silencing (PTGS) of endogenous genes
(Chuang and Meyerowitz, 2000; Wesley et al., 2001) and
has great potential as a tool for gene discovery and vali-
dation (Wesley et al., 2001).

In natural conditions plants are often exposed to vari-
ous environmental stresses that can decrease production.
Like other biotic, abiotic, and xenobiotic stresses, salt and
drought stresses produce many degenerative reactions me-
diated by toxic reactive oxygen species (ROS) such as su-
peroxide (O,), hydrogen peroxide (H,0,), singlet oxygen,
and hydroxyl radical, produced when the H,O, reacts with
reduced metal irons such as Fe. These ROS are cytotoxic
and can seriously disrupt normal metabolism by way of oxi-
dative damage to lipids (Wise and Naylor, 1987), nucleic
acids (Imlay and Linn, 1988), and proteins (Davis, 1987),
resulting in mutation, protein destruction, and peroxidation
of membrane lipids respectively, which in turn may lead to
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diseases and degenerative processes (carcinogenesis and
immunodeficiency, for example). There is circumstantial
evidence that high levels of SOD activity in plants result
in tolerance of a variety of environmental and chemical chal-
lenges and that overexpression of SOD acts as a safeguard
against both drought (Mckersie et al., 1996; Bowler et al.,
1992) and salinity (Zhu, 2002; Hasegawa et al., 2000). On
the other hand, although transgenic tobacco plants could
express high levels of petunia chloroplastic Cu/Zn-SOD
(Tepperman and Dunsmuir, 1990), no detectable increase
in the protection of photosynthetic activity was detected
in these plants after their exposure to MV, nor was there
any reduction in symptom development after ozone fumi-
gation (Pitcher et al., 1991).

Although many previous reports have affirmed the pro-
tective capabilities of SOD as an antioxidant enzyme and
its role in cross tolerance for many stresses, much remains
to be clarified, especially the role of SOD isozymes in dif-
ferent cell compartments and in the cross-tolerance
mechanism. In this study, we made use of the cDNA of
tomato (Lycopersicon esculentum cv E.C.) chloroplastic
Cu/Zn-SOD to construct transgenic tobacco (Nicotiana
plumbaginifolia). The result showed that this can consti-
tutively reduce chloroplastic Cu/Zn-SOD gene expression
in tobacco through hpRNA and antisense suppression. To
the best of our knowledge, this is first report that demon-
strates the expression of the Cu/Zn-SOD gene in the chlo-
roplast of transgenic tobacco to be repressed, while it is
increased in the cytosol for protection against salinity
(NaCl) and polyethylene glycol-induced (PEG) stress. Can
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the constructs of hpRNA and antisense take effect in
tobacco, and are the effects between them similar? What
are the changes of the phenotype, and what changes will
Cu/Zn-SOD activity and the other isozymes of the
transgenic plant undergo in comparison with the wild type?
What characters have the transformed tobacco in resis-
tance to salt stress? The objective in the present research
is to evaluate the possible correlation of the transgenic
plant phenotype with Cu/Zn-SOD activity in the presence
or absence of the salt stress. This would provide evidence
to further explain that endogenous chloroplastic Cu/Zn-
superoxide dismutase gene and the increase in the Cu/Zn-
superoxide dismutase activity in the cytosol in response
to salt stress. It also provides an important technique for
the antisensing strategies operating in tobacco.

Materials and Methods

Construction of the Transformation Vector

The vector T, an honored gift from Dr. Rafeal (Israel)
containing the cDNA encoding tomato (Lycopersicon
esculentum cv E.C.) chloroplastic Cu/Zn-SOD (Perl-Treves
et al., 1988), was cut with Ecol36I1 and Clal, and the frag-
ment between them was cloned into Clal and Smal sites
of SODINTRON. (It was named cpSOD.) The cDNA en-
coding tomato chloroplastic Cu/Zn-SOD was cloned into
the EcoRI and Xhol sites of the vector pGEM-7Zf (+)
(which was modified by inserting an intron) and was called
SODINTRON. The fragment between Xbal and Ecol3611
of cpSOD was transferred into the Xbal and Sacl sites of
the plant expression vector pGA492GI-Bar (+). (The trans-
formation vector harboring Cu/Zn-SOD sense and
antisense was obtained.), It was placed upstream of the
constitutive cauliflower mosaic virus 35S (CaMV35S) pro-
moter and downstream of the nos termination sequence,
in place of the nprIl gene to allow for selection by kana-
mycin resistance and was then mobilized into
Agrobacterium tumefaciens EHA105 by triparental mating.
The fragment between Smal and Apal of SODINTRON,
which harbored Cu/Zn-SOD cDNA, was inserted into the
Sacl and Smal sites of pGA492GI-Bar(+) and the transfor-
mation vector containing Cu/Zn-SOD antisense was
acquired.

Plant Transformation

The leaf pieces of Nicotiana plumbaginifolia cv (a dip-
loid wild species) were transformed as described by
Horsch et al. (1985) and regenerated on a Murashige-
Skoog medium solidified with 0.8% agar and containing 3%
Suc, 100 ug/mL kanamycin, 500 pg/mL carbenicillin, 2 ug/
mL Kinetin, and 1 pg/mL TAA. After about one month’s
culture, the shoots were regenerated and further rooted
on solidified MS root generating medium containing 100
ug/mL kanamycin. The regenerated shoots, which escaped
contamination and had a normal phenotype, were trans-
ferred to a growth chamber at 25°C, a 12 h light cycle, and
45-55% RH for further observation, evaluation, and
analysis. For nontransformed controls, leaf pieces were in-

Botanical Bulletin of Academia Sinica, Vol. 46, 2005

oculated with an Agrobacterium-free medium but were oth-
erwise carried through identical steps of regeneration and
propagation with the exception that they were not exposed
to kanamycin.

PCR Screening and Southern Blot Hybridization

Prior to being transferred to the growth chamber, the
putatively transgenic plants were screened for the pres-
ence of the npt I transgene using PCR. Genomic DNA was
extracted by Saghai-Maroof et al. (1984). The primers used
were 5-AGCTGTGCTCGACGTTGTCAG-3" and 5°-
GGTGGGCGAAGAACTCCAGCA-3". The expression of
CaMV 35S and Cu/Zn SOD was characterized by using RT-
PCR on total RNA prepared from leaf tissues and total RNA
was prepared using Trizol (Invitrogen). The primers used
were 5'-GCTCCTACAAATGCCATCA-3" and 5°-
GGCTCCTGTAGACATACATCCG-3".

To verify the presence of tomato Cu/Zn-SOD cDNA in
the transgenic plants, Southern blot hybridization was
used. Genomic purified DNA from the transgenic and con-
trol plants, which was treated with the restriction enzymes
HindIll and EcoRI, was blotted on nitrocellulose membrane
(AMRESCO) and hybridized with tomato Cu/Zn-SOD
cDNA as a probe labeled with bio-11-dUTP, using a ran-
dom primer DNA labeling kit (TaKaRa).

Plant Growth and Stress Treatments

Only the PCR-positive plants were transferred to the
greenhouse for further study. Regenerated plants were
grown to maturity and then self-pollinated; the resulting
seeds were germinated on kanamycin-containing medium
to both determine the segregation ratios and select the
plants for experimentation. The seeds of the selected
transgenic progeny and the wild type were grown in solid
MS hormone-free media with or without kanamycin (for
transgenic and control, respectively). One month and two
months after germination, the height and dry weight of the
transformed and nontransformed plants were measured.

We selected one transgenic line of each vector for
growth analysis and stress-tolerance testing. Eight- to ten-
weeks-old transgenic plants, uniform in the number of
leaves, were stressed. For the evaluation of salt (NaCl) and
PEG-induced stress, three replications from each type of
plant (transgenic and control) were used. The transgenic
plants that were cultured in Hoagland’s solution, were di-
vided into three classes: the first one was treated with
Hoagland’s solution containing 100 mM NaCl, and the con-
centration of NaCl was increased 50 mM every day with
the result that the final concentration after five days was
300 mM; the second one was pretreated with Hoagland’s
solution containing 2% PEG for 24 h and then transferred
to NaCl stress under the above mentioned conditions; the
third one was used as the control.

Enzyme Assays

All assays were carried out spectophotometerically us-
ing a Shimadzu, multipurpose recording spectrophotom-
eter (MPS2000). Leaf samples (0.3 g FW) were frozen in
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liquid nitrogen and ground to powder in precooled
mortars. The powder was homogenized with extraction
buffer (3 ml) consisting of 1| mM EDTA and 1 mM ascor-
bate in 50 mM potassium phosphate buffer (K-P) pH 7.8.
The slurry was transferred to the centrifuge tube and cen-
trifuged for 20 min (at 20,000 g, 4°C). One part of the su-
pernatant was used directly for ascorbate peroxidase
(APX) assays. The other part (1 ml) was transferred to the
dialysis membrane (Wako, Japan) to be dialyzed at 4°C for
24 h (dialysis buffer, 10 mM K-P, pH 7.8) and used for a
total SOD activity and isoforms assay. Isoforms of SOD
were resolved by nondenaturing 15% PAGE and stained
for activity basically as described by Donahue et al. (1997).
The APX activity in the extract was determined spectro-
photometrically by measuring the oxidation of ascorbate
at 290 nm (Gossett et al., 1994). Leaf organelles were puri-
fied by differential and Percoll density-gradient
centrifugation, in accordance with the published protocols
(Inaki et al., 1998). The activity of SOD was measured ev-
ery day starting from zero time (measurement taken imme-
diately before the stress was imposed) and continuing for
5 days. The activities of APX were measured every other
day.

Statistical Analysis

All the data points were based on a mean of three or
ten replications, and the data were analyzed by Students’
t-test at 95% confidence limits.

Results

The Identification of Transgenic Tobacco

A transgene consisting of the cDNA encoding chloro-
plastic Cu/Zn-SOD by different orientations under the con-
trol of the CaMV 35S promoter was constructed (Figure
1). For simplicity, the transgenic plants from two vectors
containing SOD antisense or double-strands RNA were
called antiSOD and dsSOD, respectively. Tobacco plants
(Nicotiana plumbaginifolia) were used as hosts for the
infection of Agrobacterium transformation. Twenty-one
and thirty-two independent transformed lines for anti-SOD
and dsSOD, respectively, were thereby produced. The ge-
nomic DNA were isolated from wild-type plants and
transgenic lines and analyzed by PCR using synthetic prim-
ers specific for nptll. The expected 750 bp fragment was
amplified from the DNA of transgenic lines tested, but not
from those of wild-type plants (Figure 2A). From the re-
sult of RT-PCR, the expected 650 bp fragment was ampli-

-

Figure 2. PCR analysis for the detection of the nptll,
CaMV35S and Cu/Zn SOD genes in Nicotiana plumbaginifolia
putative transgenic plants. A, PCR amplification using specific
primers for the nptll gene from genome DNA. Lanes: 1 DNA
size marker, 2 negative control (untransformed plant), 3 posi-
tive control (plasmid DNA), 4-5 putative transgenic plants; B,
RT-PCR amplification using specific primers for CaMV35S and
Cu/Zn SOD gene. Lanes: 1-3 putative transgenic plants, 4-5 nega-
tive control (untransformed plant), 6 DNA size marker.
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Figure 1. Diagrammatic representation (not to scale) of Cu/Zn
SOD silencing constructs used to transform tobacco. A, The
SOD-dsRNA construct contains SOD fragment in antisense and
sense orientation separated by intron; B, The SOD-antisense
construct comprises simply the respective antisense fragment.
Both constructs are under control of the CaMV 35S promoter
(p35S) and pAnos.
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fied from the transformant, but not from the nontransformed
control (Figure 2B). We selected the transgenic plants and
confirmed by Southern-blot analysis that each possessed
one full insertion of the T-DNA in the chromosomes (data
not shown). On the other hand, the number of apparent
insertion loci for each transgenic line was determined by
kanamycin selection. The tobacco plants sampled were
progeny resulting from the self-fertilization of a primary
transformant which underwent a significant decline in SOD
levels.

The growth of most plants from the two transformed
populations did not differ significantly if they were not
subjected to stress (Table 1). However, several transformed
plants were observed to have delayed flowering, and no
seed was found in their fruits. To study the effect of Cu/
ZnSOD on salt tolerance, we grew transgenic and control
plants under salt stress. Whole plants of the wild type and
transgenic lines were exposed to salt stress by treatment
with NaCl under normal light intensity. The salt concen-
tration increased gradually with time, so that growth be-
came increasingly inhibited. Phenotypically, the plants
subjected to salinity stress for 48 h (both antiSOD and
dsSOD plants) became wilted and yellow (after approxi-
mately 4 days’ recovery from salinity stress), which con-
trasted with the effects of salt stress in combination with
PEG-pretreatment. Nevertheless, the nontransformed
plants remained verdant under NaCl stress.

SOD Enzyme Levels in Transgenic Plants

One transformed line of every vector was selected for
further detailed evaluation and equal numbers (three) of
one transgenic plant type and its nontransformed control
were used. Typically, leaf No. 5, the most recent fully ex-
panded one, was sampled. The total SOD activities and
SOD activities in different cell compartments were verified
in leaf extracts from the two transformant lines and the
nontransformed control before exposure to salt stress. A
comparison of the leaf extracts from the two transgenic
lines and the control indicated that the transgenic plants
enjoyed diversity in total SOD activities, which declined
by 23% in antiSOD plants compared with the wild type;
otherwise, the activities decreased 35.2% in dsSOD plants
(Figure 3). In chloroplast, the inhibition of SOD activity
was observed in antiSOD plants, but no similar result was
detected in mitochondria or cytocol. In dsSOD plants, the
SOD activities in three cell compartments decreased dra-
matically (Figure 4). All these results were consistent with
the total SOD activities.
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SOD activity in transformant lines was compared with
that of the nontransformed controls using activity gel
analysis. Five SOD isoforms in the nontransgenic control
plant were separated in extracts of leaves by
nondenaturing PAGE (Figure 5). These isoforms were iden-
tified as Mn (no inhibition by KCN or H,0,), Fe-1 and Fe-
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Figure 3. SOD activities in leaves from dsSOD, antiSOD
transgenic and control tobacco plants during NaCl stress with
PEG pretreatment (A) and single NaCl stress (B). Zero time is
measurement from sample taken immediately before transfer-
ring the plants to saline solution. Vertical bars represent the SE
of the mean for triplicate determination.

Table 1. Comparison of the growth phenotypes of the two transformed plants and the wild type in the absence of stresses.

Plants One month One month Two month Two month
Height (cm) Dry weight (mg) Height (cm) Dry weight (mg)
Wild type 2.8+0.24a 11.5£2.01a 6.8+0.21a 55.1+4.41a
antiSOD 2.5+0.37a 11.0+1.63a 5.8+0.65b 46.9+6.28b
dsSOD 2.7+0.39a 11.8+£2.66a 7.4+0.70c 62.5£9.12¢

The data are the mean + SD of ten replicates from each transgenic line.
Values in each column followed by different letters are significantly different at P<0.05.
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Figure 4. SOD activities in chloroplast, cytosol and mitochon-
drial in leaves of the control and transformant tobacco. Vertical
bars represent the SE of the mean for triplicate determination.

2 (no inhibition by KCN but inhibited by H,0,), and CuZn-
1, and CuZn-2 (inhibited by both KCN and H,0,). Densi-
tometric analysis of the activity of gels showed that the
Mn, Fe-1, Fe-2, CuZn-1 and CuZn-2 isoforms in
nontransformed plants accounted for approximately 24%,
8%, 10%, 27%, and 28%, respectively, of the total SOD
activity. The number and intensity of the SOD bands var-
ied quite dramatically among the transformants. The chlo-
roplastic form of Cu/Zn-SOD (CuZn-2) was not found in
antiSOD or dsSOD transformed plants, and the Mn, Fe-1,
Fe-2 and CuZn-1 isoforms accounted for 26%, 12%, 21%
and 41%, respectively, of the total SOD activity in the
former, and 21%, 10%, 24% and 43% in the latter.

To study the effect of PEG-induced stress and salt stress
on the induction of Cu/Zn-SOD, we imposed NaCl stress
on Cu/Zn-SOD transgenic tobacco and control plants. On
the whole, the total SOD activity in all plants increased
with the increase of the concentration of NaCl. When NaCl
stress continued for 48 h, the antiSOD plants with PEG pre-
treatment showed a total SOD activity increase, in con-
trast with the control, but the value was still lower than
that of the wide type. A similar increase was found in

MnSOD ——

FeSOD :’
Cu/ZnSODcyt — |

Cu/ZnSODechi — ”

Figure 5. Samples (15 ug) of total protein from leaf extracts
of Cu/Zn SOD transgenic tobacco plants. Untransformed tobacco
plants were electrophoresed in nondenaturing polyacrylamide
SOD activity gels. The result show the condition of isozyme
patterns in the absence of stresses. Samples lanes correspond
to untransformed control (lanel), antiSOD (lane 2) and dsSOD
(lane 3).
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antiSOD plants under NaCl stress for 72 h. The responses
of total SOD activities in dsSOD plants were similar to
those in antiSOD plants. The total SOD activity in dsSOD
plants began to increase after 72 h NaCl-stress and showed
a lower value than that of the wide type. In the wild type,
the total SOD activity increased markedly after 24 h PEG
treatment, and then decreased continuously in the salt
stress. PEG was also able to increase SOD activity and even
make it surge higher (Figure 3). The results of a gel analy-
sis of SOD activity, showed Cu/ZnSOD bands notice-
ably enhanced, after a 3-day salt stress 1n dsSOD plants
(Figure 6).

Activity of Antioxidant Enzymes During Oxida-
tive Stress

To further characterize the putative role of oxidative
stress in salt stress, the activities of APX were measured
in extracts of leaf tissues. As ROS scavengers, these en-
zymes manifested various activities with different levels
of ROS to maintain the redox balance in cells. Immediately
before the start of the stress, dsSOD transgenic plant
showed lower SOD activity compared with the
untransformed plants, while the activities APX were almost
the same. After 3 days’ of salt stress, the activity of SOD
was higher in the dsSOD plants than in the unstressed
ones. The APX activity was increased to the same level
as that of the control. The antiSOD transgenic plants
showed a parallel condition (Figure 7).

Discussion

We constructed chimeric genes by fusing the coding
region from a cDNA encoding tomato chloroplastic Cu/
ZnSOD to CaMV35S through different orientations. When
this construction was expressed in transgenic plants, it
changed the Cu/ZnSOD activity in them. This study
showed that dsSRNA-mediated genetic interference could
operate in Nicotiana plumbaginifolia to efficiently induce
sequence-specific inhibition of the gene function.

wZnSOD,

Figure 6. Samples (15 ug) of total protein from leaf extracts
from Cu/Zn SOD transgenic tobacco plants. Untransformed to-
bacco plants were electrophoresed in nondenaturing polyacry-
lamide SOD activity gels. The result show the condition of
isozyme patterns in the presence of stresses. Samples lanes cor-
respond to dsSOD for 5 days’ salt stress (lane 1, 2), dsSOD for
3 days’ salt stress (lane 3, 4), antiSOD for 3 days’ salt stress
(lane 5, 6), and untransformed control for 3 days’ salt stress
(lane 7).
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Figure 7. APX activities in leaves of the control and
transformant tobacco grown for 5 days in the solution from 100
mM to 300 mM NaCl. Vertical bars represent SE for three
samples. antiSOD-1 and antiSOD-2 showed the antiSOD
transgenic plants in NaCl stress with PEG pretreatment or in
single NaCl stress, respectively. dsSOD-1, dsSOD-2, wild type-
1, and wild type-2 correspond similarly.

Agrobacterium-mediated transformation provides a con-
venient and efficient method for introducing dsRNA-ex-
pressing constructs into the plant genome. Double-strands
and antisense constructs of Cu/ZnSOD had the ability to
induce genetic interference in the background, but no dif-
ference in the ability of each to induce it appeared in our
results. Waterhouse (1998) suggested that low levels of
dsRNA might be produced from transgenes designed to
produce only antisense, via the readthrough transcription
from transgenes arranged as an inverted repeat, or tran-
scription from transgenes with a 3” end adjacent to an en-
dogenous promoter. Alternatively, it seems possible that
celluar RNA-dependant RNA polymerase could be in-
volved in the conversion of single stranded RNA into
dsRNA in a cell-specific manner (Schiebel et al., 1998). In
addition, a recent report on the isolation of an RNaseD ho-
molog from C. elegans mutants resistant to RNAi sug-
gested that RNAi works by enzymatic RNA degradation
(Ketting et al., 1999). Determination of silencing in the dif-
ference degree could be achieved by inducible expression
of dsRNA constructs on the biochemical level.

The shoot buds from transformed explants were quickly
induced, and they were green and thick. They were sub-
cultured every two weeks. After about fifty days some of
the shoot buds of dsSOD and antiSOD transformant be-
came grayish white and grew much more slowly. 23.8% and
8.0% of the shoot buds or calli turned brown and necrotic
from dsSOD and antiSOD transformants, respectively. SOD
activity was measured in the extracts of these tissues, and
a very low activity was found (data not shown). Our re-
sults indicated that Cu/Zn SOD was suppressed in
transgenic tobacco chloroplasts, because the transgenic
plants showed a 20% decrease of SOD activity in leaf ex-
tracts and a 50% reduction in isolated chloroplastics. Fur-
ther confirmation came with the staining of the isozyme
pattern being observed in SOD activity. From the result
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of activity gel analysis, the Cu/Zn SOD in chloroplast dis-
appeared in transgenic plants. To study the effect of PEG-
induced stress and salt stress on the induction of
antioxidant enzymes, we imposed NaCl stress on Cu/
ZnSOD transgenic tobacco and control plants and found
that osmotic stress could probably influence antiRNA-me-
diated genetics interference and induce the Cu/Zn SOD
expression. Yu and Rengel (1999) demonstrated that salt
treatment increased the activity of Cu/Zn SOD on a soluble
protein basis, without affecting the activities of the other
SOD forms, and the increase in the total SOD activity un-
der salt stress was due to the increase in Cu/Zn SOD
activity. However, it is not clear thatwhat kind of signal
expression of the Cu/Zn SOD gene responds to. As seen
from the experiments, the Cu/ZnSOD , bands appeared to
be the most responsive to osmotic stress, implying that
the chloroplastic might be the chief site of oxyradical
formation. So it can be used to help us understand both
how each stress may affect different subcellular compart-
ments and the possible mechanism of SOD gene induction
and direct oxygen radical involvement in these signaling
responses. This is not to argue against the possibility that
SOD overproduced in other cellular compartments can like-
wise be effective in preventing salinity injury. As other
researchers have concluded (Mckersie et al., 1996), not
only does SOD activity need to be enhanced to protect
against oxidative stress, the performance of one or more
other antioxidant enzymes that scavenge the product of
SOD, such as APX or catalase or both, needs also to be
enhanced.

Many workers (Tanaka et al., 1999; Yu and Rengel, 1999)
have found a positive correlation between salt stress and
the abundance of SOD in plants. Major ROS-scavenging
mechanisms in plants include superoxide dismutase (SOD),
ascorbate peroxidase (APX), and catalase (CAT) (Bowler
et al., 1992; Willekens et al., 1997). The balance between
SOD and APX or CAT activation in cells is crucial for de-
termining the steady-state level of superoxide radicals and
hydrogen peroxide (Bowler et al., 1991). This balance, to-
gether with the sequestering of metal ions, is thought to
be important in preventing the formation of the highly toxic
hydroxyl radical via the metal-dependent Haber-Weiss or
the Fenton reactions. Unfortunately, our knowledge of the
processes involved is not yet sufficient to explain this
observation. Our results demonstrated that the activity of
APX in transformed plants differed to a certain extent from
that of untransformed plants in the absence of stresses.

In conclusion, our work showed that the use of the Cu/
Zn-SOD cDNA to construct transgenic tobacco by hpRNA
and antisense suppression could constitutively reduce this
gene expression in chloroplast. We discussed the response
of Cu/ZnSOD to salt stess in transgenic and control plants.
It indicated that an antioxidative alternative pathway, at
least, associated Cu/Zn-SOD activity existed in the cyto-
sol of the transgenic plant, the chloroplastic Cu/Zn-SOD
gene expression of which was suppressed under an unfa-
vorable environment for acclimation. Further study should
help clarify the overall importance of the phenomenon of
oxidative stress in plants. In addition, our results can be
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used as a basis for elucidating the important role that com-
partment-specific regulation plays in resistance of the cell
to stress.
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