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Impatiens flanaganiae in response to light intensity
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Impatiens flanagamae Hemsl. is a plant species which preferentially grows in shady conditions at an average light
intensity of 30-55 microeinsteins m? sec’ in its natural environment and exhibits strong apical deminance. Previous
studies have shown that lateral branching in these plants can be induced by exposing them te a higher light intensity (280
microeinsteins m sec) under controlled laboratory conditions for up to seven weeks. Prolonged exposure to these light
conditions lead to abnormal morphological and biochemical changes probably as a result of photo-oxidative stress.
Antioxidative enzymes such as, superoxide dismutase (SOD), peroxidase (POD) and catalase (CAT), are known to be
invalved in protecting plants against oxidative stress. Changes in iscenzyme patterns of SOD, POD and CAT from leaves
of Impatiens flanaganiae in response to different light intensities (30 and 300 microeinsteins m sec™) were investigated
over a period of nine weeks. Electrophoretic analysis indicated that the SOD and POD from crude exiracts of /.
flanaganiae leaves were composed of 5 and 10 distinct bands respectively, whereas catalase (CAT) appeared as a
single band with low mobility. Four of the SOD's showed sensitivity to cyanide, suggesting they were copper-zinc
containing. The fifth SOD band was found to be resistant to both cyanide and hydrogen peroxide and was identified as a
manganese containing SOD. The SOD, POD and CAT isoenzymes were found to respond differentially to changes in
light intensity. Activities of all SOD's and CAT increased under high light intensity whilst the increase in activities of some
isopercxidases was less pronounced. These resuits suggest a light dependent induction of SOD and CAT in leaves of /.
flanaganiae probably in an attempt to protect the plants from the harmfull effect of superoxide (O,) and hydrogen
peroxide (H,O,) radicals which are considered to be generated at higher levels under photo-oxidative stress. The
induced isoperoxidases are considered to be indirectly involved in the regulation of plant growth.
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Changes in activities of superoxide dismutase, peroxidase and catalase from leaves of

dismutase (SOD).
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Introduction

The responses of green plants to a wide variety of unfavourable
conditions (e.g. drought, temperature stress, herbicides, UV irra-
diation, intense light, etc.) have been studied in the past but it
still remains an area of intense research (Bowler et al. 1992).
Most of the injuries observed in plants exposed to stressful con-
ditions are associated with oxidative damage at the cellular level
due the overproduction of toxic oxygen species such as, superox-
ide radical (O,°), hydrogen peroxide (H,0,) and hydroxyl radi-
cals (OH) (Allen 1993).

Superoxide radicals are commonly produced in plants when
electrons are misdirected and donated to oxygen (e.g. in chloro-
plast or mitochondrial electron transport chains), then are further
converted into hydrogen peroxide by SOD. The accumulation of
these Haber-Weiss reaction substrates under prolonged oxidative
conditions could result in the production of extremely toxic
hydroxyl radicals that are thought to be responsible for serious
damage in cellular components. This can frequently lead to irrep-
arable metabolic changes and cell death unless scavenging sys-
tems are operating. (Elstner 1982; Monk er al. 1989; Miyake et
al. 1991; Scandalios 1993; Prasad 1997). Therefore, an impor-
tant emphasis in the literature has been placed upon not only
those mechanisms by which radicals are generated, but also on
those by which radicals are removed or scavenged. The balance
between the two processes is that they either protect cells from,
or result in oxidative damage.

Photoproduction of various reactive oxygen species (ROS) is
considered inevitable in photosynthetic organisms (Miyake ef al.
1991). Therefore light, an important environmental factor, might
in excess result in increased levels of ROS (Mishra er al. 1995).

In shade plants the photosynthetic capacity is saturated at
low-light intensity and is directly related to the high susceptibil-
ity of these plants to photo-inhibition and photo-oxidative dam-
age. Photo-inhibition itself leads to changes in the levels of
pigments such as carotenoids and chlorophyll and the subsequent
production of highly ROS (Young & Britton 1990). Under nor-
mal conditions plants are well adapted for minimizing oxidative
damage using numerous defence mechanisms both non-enzy-
matic and enzymatic (Tsang et af. 1991). It is well known that
the combined action of non-enzymatic antioxidants such as
ascorbate, glutathione and alpha-tocopherol as well as enzymatic
antioxidants, such as, SOD, POD and CAT play a key role in
controlling deleterious cellular reactions to a minimum.

The capacity of the antioxidative defence system in plants is
often increased under stress which may alleviate the injurious
effect of ROS generated in excess under environmentally
adverse conditions (Bowler ef af 1989; Weckx & Clidsters
1996). However, if the response is not sufficient, radical produc-
tion will exceed scavenging and ultimately lead to the disruption
of metabolism and destruction of cellular components (Foyer et
al. 1994; Orr & Sohal 1994).

The antioxidative enzymes SOD, POD and CAT found in all
aerobic organisms examined, convert the potentially dangerous
oxygen radicals; 02 and H,O, to water and molecular oxygen,
thus averting cellular damage (Scandalios 1993; Mishra er af.
1993; Foyer et al. 1994). Three distinct types of superoxide dis-
mutase (SODs) based on their metal co-factor namely Cu/
Zn-SOD, Mn-SOD and Fe-SOD, have been found in plants and
are characterised with different sub-cellular localisation and in
vitro sensitivity to KCN and H.O. (Bowler er «f/. 1989). Cu/
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Zn-SODs, sensitive to both inhibitors and Mn-SOD which is
resistant to both inhibitors have been reported in most plant spe-
cies studied (Del Rio et al. 1985; Bowler ef al. 1989; Gidrol ef al.
1994) while H,O, sensitive Fe-SOD has been found in only a
few plant species (Salin & Bridges 1982; Sevilla er al. 1987).

Hydrogen peroxide, is a bioproduct of SOD, which is scav-
enged by CAT and POD. CAT that is mostly localised in peroxi-
somes is considered to have a low affinity for H,0,. Ascorbate
peroxidase (APOD), a Class I peroxidase found in the chloro-
plasts and cytosol, is mostly reported to be involved in detoxifi-
cation of H,O, produced in plant cells in response to various
stresses (Cakmak er al. 1995). However, it is still unclear
whether Class I POD is the only one responsible for stress related
H,O, consumption in plant cells. The ‘classical’ plant peroxi-
dases (Class III) which differ in structure from APOD are also
involved in the oxidation of a wide range of organic and inor-
ganic substrates which act as hydrogen donors in vitro in the
presence of H,0, in plants. The role of different peroxidases with
respect to plant growth, development and stress tolerance has
been extensively studied but still remains unclear (Lagrimini et
al. 1997; Cella & Carbonera 1997). There are reports on the
changes in activities of antioxidative enzymes in response to
high light stress (Schoner & Krause 1990; Cakmak & Marschner
1992). However, the results vary according to plant materials and
treatment conditions employed. At present, there is still little
information and understanding of the underlying molecular
mechanisms for the mobilisation of defences in plants.

QOur preliminary studies on optimizing the conditions for prop-
agation of /. flanaganiae showed that initially exposing them to
high light intensities for a short period of time could be benefi-
cial for purposes of vegetative propagation. However, continu-
ous propagation of these shade loving plants under these
conditions led to some abnormal changes such as enhanced
senescence, curling, necrosis, chlorosis and reduction of leaf
expansion especially in newly developed leaves (Lall et al.
1997). Initiation of oxidative stress by high light intensities was
considered to be the possible reason for the observed changes in
I flanaganiae. However, there have been no reports of changes
in enzymes that are involved in the detoxification of active oxy-
gen species that may arise in response to variation of the light
regime in /. flanaganiae.

The purpose of this study was to investigate the iso-enzyme
patterns of SOD, POD and CAT and their differential responses
to light intensity in leaves of /. flanaganiae.

Materials and Methods

Plant propagation

Tubers of [ flanaganiae were collected from the Port St. Johns area
of the Eastern Cape and were initially propagated in pots for two
weeks as described by Lall et al. (1997).

The plants were randomised into two groups of 30 each, trans-
ferred to a growth room at 22-25°C with a relative humidity of 65%
and exposed to a 16-hour photoperiod at different light intensities,
over a period of nine weeks. Metal halide lamps were used as a light
source. Plants from variant I were on average exposed to a high light
intensity of about 300 microeinsteins m? sec”! while plants of vari-
ant [I were grown under shade cloth with a light intensity of 30
microeinsteins m? sec’!. That is equivalent to the intensity found
mid-canopy under forest conditions.

Preparation of enzyme extracts

Randomly selected leaves of [ flanaganiae of each variant were col-
lected weekly and used for the preparation of enzyme extracts.
Leaves were homogenised with 0.1 M phosphate buffer pH 7.8, con-
taining 0.1 mM EDTA at a w:v ratio of 1:2 in mortar-pestle dish.
Homogenates were filtered through 4 layers of muslin cloth and cen-
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trifuged at 12.000 g for 20 min. The entire procedure was performed
at 4°C. The supernatants containing soluble proteins were then col-
lected and stored at -80°C in | ml Eppendorf tubes. These small alig-
uots were used only once for electrophoretic analysis to avoid the
effect of freezing and thawing of the samples that can negatively
affect enzyme stabilily. Preliminary tests showed that extracts stored
under these conditions retain their activity well.

The analysis tor protein estimation was carried out according to
Bradford (1976) using Bovine Serum Alhumin as a standard.

Electrophoresis

Polyacrylamide gel electrophoresis of the enzyme extract for isoen-
zymes separation of SOD, POD and CAT was performed on 7.3%
gel according to Davis (1964) using a Gel Hoefer SE 600 clectro-
phoresis unit. Enzyme samples loaded on the gels were equalised on
a protein basis.

The gels were run in the vertical dimension in a tank containing
Tris-glycine buffer pH 8.3, with the cathode as an upper electrode
and anode as a lower electrode. Electrophoresis was conducted at
340 volts, constant voltage at 4°C. for 3—4 hours until the tracking
dye almost reached the bottom of the gel. Control gels, without sam-
ples, were run in parallel for the detection of possible artificial SOD
activity caused by reagents,

The SOD was detected by the photochemical procedure of Beau-
champ and Fridovich (1971). Ditferent types of SOD; (Cu/Zn-SOD,
Mn-SOD and Fe-SOD) were identified according to their sensitivity
to specific inhibitors such as KCN (0.02 M) and H,0, (0.005 M).
Gels were stained for peroxidase activity according to Graham et al.
(1965). Visualization of CAT activity on the gels was done accord-
ing to Stuber et al. (1988).

Photographs of gels were taken immediately after the staining.
The isozyme activity of all three enzymes SOD, POD, and CAT,
was quantified by recording the transmittance of the gels using a
Hoefer GS 300 densitometer. The GS365W Data System was used
for acquisition, plotting and analysis of data obtained from the scan-
ning densitometer.

Results
Iscenzyme analysis in the leaf extracts of /. flanaganiae

(A) Superoxide dismutase

Electrophoresis of enzyme extracts of /. flanaganiae, revealed
that SOD activity of the crude extracts is composed of five dis-
tinct bands (Figure 1) which are numbered in order of increasing
relative mobility.

Bands 2, 3, 4 and 5 showed sensitivity to both cyanide and
H,0, and could be classified as Cu/Zn- SODs. Bands 2 and 3 were
totally inhibited by 0.02 M KCN and 0.005 M H,0, while bands
4 and 5 were less inhibited by both the inhibitors (Table 1).

Band | with relatively low mobility was resistant to both the
inhibitors indicating that this SOD probably belongs to the family
of Mn containing superoxide dismutases. No Fe containing SOD
was identified in this plant.

Four active SOD bands, 1, 2, 4 and 5 showed apparent quanti-
tative differences between the two variants which were evident
from the band area (Table 1 and Figure 1). An increase in the band
area was recorded in all SODs from plants subjected to high light
intensity. The highest band area reflecting high SOD activity was
recorded for Cu/Zn containing SOD’s (bands 2 and 4) in both var-
iants but was more pronounced for variant L.

Qualitative differences in the SOD isoenzymes pattern between
variants were also recorded. An additional band of relatively low
area (band 3) was induced in variant 1.

(B) Peroxidase
Electrophoretic analysis of enzyme extracts from leaves of [
Managaniae shows that at least 10 peroxidase enzymes are
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Table 1 Rf values and band areas of SOD isoenzymes in /. flanaganiae; variants | and I,

and in the presence of inhibitors

SOD + inhibitors band area % Inhibition
Bands Rf SOD KCN H,0, KCN H,0,
Variant 1 Variant 2

1 0.46 4278 2512 4270 4275 0 0

2 0.53 5581 2874 - - 100 100
3 0.55 2241 - - - 100 100
4 0.63 5156 2628 901 [442 83 72
5 0.65 2960 1291 857 [621 71 45

present in the tissue. Bands 1, 2 and 3 with relatively low mobil-
ity were not so distinct and appeared like a diffused zone, Bands
6 and 7 were also with low intensity. Two isozymes, (bands 8
and 9) of Rf 0.68 and 0.74 respectively accounted for most of the
peroxidase activity in the variants. The isozyme profiles of POD
present in both the wariants were similar, showing only

2 4
[}
b |
|
A B
12
[ 3
B
[ 1
1
c
*5
1
D
‘i

O @
Figure 1 Densitometric scans of SOD from leaves of I flanaga-
nige subjected to different light intensities for a period of 9 weeks
(Graph A: variant 1-300 microeinsteins m sec”'; and Graph B. var-
{ant 1I-30 microeinsteins m? sec!). Graph C. gels stained in the
presence of 0.02M KCN; Graph D. gels stained in the presence of
0.005M H,0,).

quantitative differences between the variants (Figure 2). For
example, the two peroxidase iscenzymes depicted by bands 8
and 9 showed a higher band area in variant [ (8716 and 8118)
than those same isoenzymes in variant [1 (5010 and 3818).

(C) CAT

Catalase was detected in all the variants as a single diffuse white
band on a blue background with a Rf value of 0.14. Higher CAT
activity represented by higher band area (16837) was recorded in
plants exposed to intense light (variant 1) than in plants from
variant II (9389), (Figure 3).

Discussion and conclusion
Even though light is required for photosynthesis, exposure of
plants to high light intensities leads to reduction of photosyn-
thetic capacity owing to oxidative stress. Detoxifying enzymes
have been reported as being induced by diverse stress conditions
such as drought, air pollution, fungal attack, low temperature and
high light (Marschner & Cakmak 1989; Karpinski et a/. 1993).
Similarly, exposing the plants of /. flanaganiae to higher light
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Figure 2 Densitometric scans of POD from leaves of /. flanaga-
niae subjected to different light intensities for a period of 9 weeks
(Graph A: variant I-300 microeinsteins m? sec”! and Graph B: vari-
ant 11-30 microeinsteins m sec™').
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Figure 3 Densitometric scans of CAT from leaves of /. flanaga-
niae subjected to ditferent light intensities for a peried of 9 weeks:
(Graph A variant I-300 microeinsteing m? sec”! and Graph B: vari-
ant [1-30 microeinsteins m™ sec™).

intensities than in its natural environment resulted in a pro-
nounced increase of SOD and CAT activity in the leaves. It has
been documented that stress causes impairment of electron
transport, and increased activity of enzymes of the H,0, scav-
enging system probably as a consequence of superoxide radical
generation in damaged chloroplasts (Elstner 1982).

SOD from leaves of . flanaganiae shows a multiple pattern of
five closely spaced bands. These were classified as Cu/Zn- and
Mn-SODs according to their sensitivity to cyanide and H.O,
(Bowler ¢f al. 1992). Four of the bands in leaves of / flanaga-
nige that showed cyanide sensitivity are considered to be Cu/
Zn-SODs. These SODs also exhibited a strong sensitivity to
hydrogen peroxide indicating their vulnerability to this product
of superoxide dismutation in vivo (Mavelli et al. 1983). H,0,
could be expected to accumulate at high levels if the activities of
its scavenging enzymes are negatively affected by light induced
oxidative stress. One band in /. flanaganiae could be classified as
Mn-SOD because of its resistance to H,O,. The activation of this
particular isoenzyme is thought o be important for maintaining
SOD activity during light mediated stress episodes when Cu/Zn
SODs might be inactivated due to elevated levels of H.0,
(Bowler er al. 1992).

The pronounced increase in SOD isoenzyme activity after
exposure of /. flanaganiae to high light intensity is considered to
be in response to oxidative stress induced by high light. Enzyme
activity can increase significantly either as a result of de novo
synthesis or by activation of enzymes that are already present
{Van Assche and Clijsters 1990). The increase in SOD in the
leaves of /mpatiens flanaganiae appears to be as a result of both
qualitative and quantitative changes in the isoenzyme pattern. An
induction of 05~ and H,O, scavenging enzymes by high light is
also reported for other plant species (Schoner & Krause 1990,
Fuse er @/ 1993) and could be considered an adaptational reac-
tion in response to oxidative stress. [t has been suggested that the
induction of SOD under high light intensity is not a direct
response to the light but most likely is a response to increased
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superoxide formation under stress. The higher SOD activity will
result in more O, being converted to H.O- which is neutralized
by POD and/or CAT.

The results of this study suggest light mediated induction of
CAT activity in 1. flanaganiae. Sensitivity of CAT to light was
also documented by other studies (Mishra er af 1995: Hertwig of
al. 1992). The sharp increase in CA'T activity recorded in [ flan-
aganice plants from variant [ was probably in response to the
light-induced generation of higher levels of H.O.. This response
could be important for the plants as it prevents the inactivation of
H.0, sensitive SODs. Similarly. stress-induced CAT seems to
play a mojor rele in inducing chilling tolerance in plants (Prasad
1997).

According to most studies, ascorbate peroxidase (APOD)
which is found in the chloroplasts and cytosol, is mostly reported
to be involved in detoxification of H-O. produced in plant cells
in response to various stresses (Cakmak ¢ af 1993). However,
there are also reports that relate “classical’ peroxidases investi-
gated in this study to stress tolerance in plants (Prasad 1997).
Numerous peroxidase isoenzymes. between 10 and 20, display-
ing various degrees of reactivity towards different substrates
have been reported in vascular plants. The differential expression
of distinct isoenzymes is genetically determined and is consid-
ered to be specific to a particular cellular compartment or tissue.
However, it has been difficult to assign a specific function to the
indivudual isoenzymes due to the broad substrate specificity and
the presence of many closely related isofroms (Cella & Carbon-
era 1997; Guzen 1997). This study revealed at least ten “classi-
cal’ POD isoenzymes in leaves of [ flunagamiae with only
quantitative differences between the treatments., suggesting light
mediated induction of some isoperoxidases. The role of these
peroxidases with respect to [AA metabolism, plant growth and
morphology has been studied but stll remains unclear
(Lagrimini ef a/ 1997, Cella & Carbonera 1997).

POD is known to exhibit IAA oxidase activity, its involve-
ment in [AA degradation and thus the growth regulation of plants
is considered. Our previous morphological studies of /. flanaga-
niae revealed that the length of plants kept under high light was
reduced as compared to the plants exposed to low light (Lall ¢/
al. 1997). The reduction in the top growth of [/ flanugamae
plants subjected to high light intensity could be related indirectly
to the high activity of some of the POD isoenzymes.

From the present study it can be concluded that the leaves of [

flanaganiae contain mainly Cu/Zn SOD’s and one manganese

SOD. The study indicated a light-dependent induction of the
antioxidative enzymes such as SOD and CAT in leaves of [ flan-
aganiae which is considered to be in response to photo-oxidative
stress. This conclusion can be related to the fact that the induc-
tion of a defence mechanism is often triggered by co-ordinated
mechanisms to control damage in stressed plants. The role of
some isoperoxidases in |AA metabolism and subsequently
reduced top growth in the plant grown under high light is also
considered.
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