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ACTIVITIES OF ANTIOXIDATIVE ENZYMES DURING
CHENOPODIUM RUBRUM L. ONTOGENESIS IN VITRO
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Abstract — For the short-day plant Chenopodium rubrum, a 14 h/10 h photoperiod is inductive for flowering, while con-
tinuous light (CL) is noninductive. Plants of one group were grown continuously under an inductive photoperiod, while
in the other group flowering induction was delayed by 17 days of CL in order to separate on the time scale different devel-
opmental phases in plants of the same age. Regardless of the photoperiodic conditions the plants were exposed to, seed
maturation occurred in 10 weeks. Activities of catalase (CAT), superoxide dismutase (SOD), and peroxidase (POD) were
determined in different phases of development (vegetative growth, flowering, seed development, and maturation). The
activities of antioxidative enzymes depended on both the phase of development and the photoperiod. In plants grown
continuously under an inductive photoperiod, high CAT and POD activities were detected at the time of flowering and
decreased during seed development and maturation. In plants in which flowering induction was delayed by 17 days of
CL, the activities of POD and SOD were lowest in the vegetative phase of development and attained maximum values in
the phase of seed maturation. In both groups of plants, the highest CAT activity was measured at the time of flowering.
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INTRODUCTION otic stress (Marinescu et al., 2000). Catalase
protein synthesis is linked with the photosynthetic
and photorespiratory pathways (Schmidt et al.,
2002). Since it was shown that H,0, is involved in
hormone-dependent developmental signaling pro-
cesses, cell wall growth, and control of stomatal
closure (Schroeder etal., 2001), it was supposed
that CAT regulation serves to limit H,0, accumula-
tion while allowing essential signaling functions to
occur (Luna etal., 2004). Changes in CAT activity
are linked with desiccation during seed maturation
(Bailly et al., 2004), seed germination (Bailly
et al.,, 2002; Prodanovi¢ et al., 2007), and
plant growth and development (Bailey and Mc
Hargue, 1943; Matters and Scandalios,
1986). PODs are the most investigated enzymes

CAT and POD metabolize H,O, in different since they have a role in very important physiologi-
ways, different metabolic patways of H,O, deg- cal processes such as seed germination and seedling
radation probably coresponding to differences of growth (Belani etal.,2002; Duci¢ etal.,2003/4;
plant metabolism correlated with different phases Prodanovic¢ etal., 2007); root growth (Gaspar
of development or protection against biotic or abi- etal., 1992, Kukavica etal., 2007); plant growth

Continuous production and removal of reactive
oxygen species is, besides being a phenomenon
with negative consequences (damage to cell mem-
branes and organelles), linked with a signal role in
plant developmental processes (Elstner, 1982;
Hendry and Crawford, 1994). The antioxida-
tive enzymes catalase (CAT), superoxide dismutase
(SOD), and peroxidase (POD) are engaged in the
scavenging of free radicals and activated oxygen
species (Van Loon, 1986; Bowler et al, 1992;
Khan and Panda, 2002) and thereby participate
in regulation of plant growth and development pro-
cesses or protection against pathogens or abyotic
stress.
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and development (Baiey and Mc Hargue, 1943;
Fielding andHall, 1978); and lignin biosynthe-
sis in cell walls (Bruce and West, 1989).

SODsare a group of metalloenzymes that catalyse
the disproportionation of superoxide molecules (M ¢
Cord and Fridovich, 1968), constituting the
first line of defense against reactive oxygen species
within the cell (Alcher et al, 2002). Changes of
SOD activities are associated with seed germination
(Gidrol et al, 1994), as well as with plant growth
and development (Matters and Scandalios,
1986; Lall and Nikolova, 2003).

Chenopodium rubrum L. sel. 184 is a qualitatively
short-day weedy annual with a defined critical night
length of 8 h (Tsuchiya andIshiguri, 1981). It
is sensitive to photoperiodic stimulus for flowering
as early as at the cotyledon stage (Seidlova and
Opatrna, 1978), when six appropriate photoperi-
odic cycles are sufficient for photoperiodic flower in-
duction. As an early flowering species (Cumming,
1967), the plant flowers after 15 days under suitable
photoperiodic conditions in vitro (Zivanovi¢
et al., 1995) and produces seeds after 10 weeks
(Mitrovi¢ etal, 2007). C. rubrum plants modify
their growth and development in accordance with
the photoperiod they are exposed to (Co ok, 1975;
Mitrovi¢ etal, 2007).

By exposing one group of plants to a photope-
riod inductive for flowering at the cotyledon stage
and another 17 days later, we separated (on the time
scale) vegetative growth, flowering, and seed devel-
opment and maturation in plants of the same age in
order to register changes in activities of antioxida-
tive enzymes linked with different developmental
phases.

MATERIAL AND METHODS

Plants in vitro. The experiments were carried
out with intact C. rubrum plants derived from seeds
sown in vitro. Seeds (1-year-old) were collected
from plants grown in vitro under a 16 h/8 h photo-
period at 25°C. They were surface sterilized with 4%
Na-hypochlorite for 2 min, washed with sterile dis-
tilled water, and aseptically sown on moistened filter
paper in Petri dishes. Uniform germination was

attained with suitable temperature and dark/light
cycles (24 h of darkness at 32°C, 24 h of darkness
at 10°C, and 48 h white light at 32°C). Four-day-old
seedlings were transferred to glass jars containing
100 ml of MS (Murashige and Skoog, 1962)
mineral solution supplemented with sucrose (5%)
and gelled with agar (0.7%) and exposed to two
different photoperiodic treatments: 65 days of a 14
h/10 h photoperiod, or 17 days of continuous light
followed by 43 days of 14 h/10 h. Irradiance was
about 70 pmol m s’!. Temperature in the growth
chambers was 25 + 2°C.

Plants were checked (plant height, number of
leaves, percentage of flowering, number of matured
seeds) after 17, 37, and 65 days of culturing in vitro
before freezing in liquid nitrogen prior to extrac-
tion.

Extraction of plant material. Samples (four
replicates of 0.2 g for each experimental point) of
plant material were powdered in liquid nitrogen.
The extraction buffer contained 0.05 M Tris (pH
7.4),0.25 M sucrose, and 1 mM EDTA. Frozen pow-
der was added to the extraction buffer in a 1:5 ratio.
The mixture were centrifuged for 10 min at 10000 g,
and the obtained supernatant was used for determi-
nation of CAT, SOD, and POD activity and protein
concentration.

Enzyme assays. CAT activity was determined
spectrophotometrically at 240 nm by measuring
decrease in absorbance of H,O, in 3 ml 100 mM
sodium phosphate buffer (pH 7.5) at 25°C.

SOD acvtivity was determined spectrophoto-
metrically at 550 nm in 50 mM sodium phosphate
buffer (pH 7.8) containing 1 mM EDTA and 0.02
mM sodium azide by measuring the percent of
SOD-induced inhibition of cytochrome ¢ reduc-
tion using a xanthine/xanthine oxidase system as
the source of O,".as described by McCord and
Fridovich (1968).

POD activity was determined spectrophometri-
cally with guaiacol as the substrate in a total volume
of 3 ml. The assay mixture contained 50 mM sodium
acetate buffer (pH 5.5), 92 mM guaiacol, 18 mM
H,0,, and variable amounts of enzyme at 25°C. The
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reaction was monitored at 470 nm. The reaction rate
was calculated from the coefficient of absorbance of
guaiacol: 25.5 cm?umol .

One unit of CAT and POD activity was defined
as the amount of enzyme that converts one micro-
mole of substrate to product in one minute.

Protein concentration was determined by the
method of Bradford (1976) with bovine serum
albumin as the standard.

Isoelectric focusing was performed horizontally
in the LKB 2117 Multiphor II system using 1-mm-
thick polyacrylamide gels (5% T, 3% C) containing
4% 3.5 -10.0 ampholites.

Isoenzymes of SOD were detected on the gels
by the method of Beauchamp and Fridovich
(1971).

Peroxidase was stained on the gel with 9.2 mM
guaiacol and 5 mM H,0, in sodium acetate buffer
(pH 5.5) for 10 min at 24°C.

RESULTS AND DISCUSSION

Effect of photoperiodic treatment on growth,
flowering, and seed maturation. Seventeen days af-
ter germination, there were no differences of plant
height between plants grown under two different
photoperiodic regimens (Fig. 1A). But on the 37t
and 65 day, plants grown for the first 17 days under
noninductive CL were about twice as high as plants
grown continuously under an inductive 14 h/10 h
photoperiod (Fig. 1A). This could be attributed to
timing of the transition to flowering, which took
place 17 days later in plants grown for the first 17
days under CL, since it is well known that the transi-
tion to flowering is accompanied by transient inhibi-
tion of growth (Opatrna etal, 1980; Ullmann
etal, 1980; Mitrovié 1998).

Leaf development was stimulated by 17 days of
CL compared to a 14 h/10 h photoperiod, and this
effect was maintained after plants of that group were
transferred to the same 14 h/10 h photoperiod (Fig.
2B). We showed earlier (Mitrovié et al, 2007)
that vegetative and reproductive development of C.
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Fig. 1. Effect of different photoperiodic regimens (65 d of 14
h/10 h photoperiod, or 17 d of CL followed by 48 d of 14 h/10
h photoperiod) on C. rubrum vegetative and reproductive de-
velopment in vitro: A) plant height, B) number of leaves, C)
number of matured seeds per plant; means + SE, n = 48; CL
- continuous light, d - days.

rubrum is determined by the photoperiod the seed-
lings experience during a precise short period early
in their life cycle, and that increase of day length is
accompanied by increases in plant height and the
number of leaves.

On the 17" day, 100% of plants grown under
an inductive 14 h/10 h photoperiod flowered, while
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Fig. 2. Effect of photoperiod (65 d of 14 h/10 h photoperiod,
or 17 d of CL followed by 48 d of 14 h/10 h photoperiod) on C.
rubrum growth after 17, 37, and 65 d of culturing in vitro; CL
- continuous light, d - days.

plants grown for the first 17 days under noninduc-
tive CL stayed vegetative. In those plants, flowering
was delayed by 17 noninductive cycles of CL, 100%
flowering was registered on the 37% day, and even on
the lower nodes immature seeds were barely visible
to the naked eye (Fig. 2). At the same experimental
point, the 37" day, plants grown continuously un-
der an inductive photoperiod were in the phase of
seed development, while on the 65 day both groups
of plants were in the phase of seed maturation and
black matured seeds were visible (Fig. 2). Regardless
of the 17-day difference in the start of reproductive
development, ontogenesis in both groups of plants
lasted about the same time. We showed earlier
(Mitrovic¢ et al, 2007) that regardless of the day
length C. rubrum plants are exposed to at the coty-
ledon stage of development, seed maturation occurs
in 10 weeks in vitro. In other words, the duration of
ontogenesis is not determined neither by day length
nor by the age of plants at which reproductive devel-
opment begins, suggesting the possible existence of
“autonomous control of the duration of ontogenesis”
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Fig. 3. Specific catalase activity per fresh weight (A) and per
mg of proteins (B) in C. rubrum plants after 17, 37, and 65 d of
culturing in vitro under two different photoperiodic regimens
(65 d of 14 h/10 h photoperiod, or 17 d of CL followed by 48 d
of 14 h/10 h photoperiod); CL - continuous light, d - days.
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in C. rubrum plants, which could be connected with
the existence of autonomous control of flowering in
plants with obligatory photoperiodic requirements,
as confirmed by Chailakhyan (1988).

Day length during the first 17 days after germi-
nation also affected seed maturation and the num-
ber of matured seeds per plant (Fig. 1C). About
five times more seeds were collected from plants in
which flowering induction was delayed by 17 days
of CL compared to those grown continuously under
inductive 14 h/10 h. This leads to the conclusion that
besides day length during induction and evocation
of flowering (Mitrovi¢ etal, 2007; Cook, 1975),
day length before flowering induction is also signifi-
cant for seed development and maturation.

Effect of photoperiodic treatment on anti-
oxidative enzyme activities during ontogenesis
in vitro. In plants grown continuously under an in-
ductive photoperiod, the same trend is evident in
changes of CAT (Fig. 3) and POD (Fig. 4) activities.
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Fig. 4. Specific peroxidase activity per fresh weight (A) and per
mg of proteins (B) in C. rubrum plants after 17, 37, and 65 d of
culturing in vitro under two different photoperiodic regimens
(65 d of 14 h/10 h photoperiod, or 17 d of CL followed by 48 d
of 14 h/10 h photoperiod); CL - continuous light, d — days.

High enzyme activities are registered on the 17 day,
which corresponds to full flowering in this group of
plants, followed by decline of activities on the 37t
and 65 days, during seed development and matura-
tion. SOD activity (Fig. 6A) increased on the 65" day
(seed maturation).

In plants in which flowering induction was de-
layed by 17 days of CL, the lowest activities of POD
and SOD were registered on the 17" day (vegetative
plants) (Figs. 4 and 6). Later in the course of ontogen-
esis, SOD and POD activities rose during flowering
and seed development, reaching a maximum in the
phase of seed maturation, that is with the beginning
of senescence (65 day). Our results agree with those
of Abarca etal. (2001), who showed that ROS such
as "0, are involved in induction and development of
the senescence stage and that total POD activity rises
in senescent A. thaliana tissues. Higher POD activ-
ity may be associated with reduction of H,0,, while
higher SOD activity could be linked with high O,
concentration. CAT activity in this group of plants
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Fig. 5. Isoelectrofocusing of POD izoenzymes from C. rubrum
plants after 17, 37, and 65 d of culturing in vitro under two dif-
ferent photoperiodic regimens (65 d of 14 h/10 h photoperiod,
or 17 d of CL followed by 48 d of 14 h/10 h photoperiod); CL
- continuous light, d - days.

slightly increased at the time of flowering, on the 37
day after the germination (Fig. 3B).

The greatest difference between these two groups
of plants was registered in the activities of CAT and
POD on the 17" day after germination (Figs. 3 and
4). This could be attributed both to different phases
of development and to the effect of CL. Plants grown
under an inductive photoperiod were in the flower-
ing phase, while plants grown under noninductive
CL were in the vegetative phase of development.
On the other hand, exposure to CL brings about an
increase of ROS production (Asada, 2006), and
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Fig. 6. Specific superoxide dismutase activity per fresh weight
(A) and per mg of proteins (B) in C. rubrum plants after 17,
37, and 65 d of culturing in vitro under two different photope-
riodic regimens (65 d of 14 h/10 h photoperiod, or 17 d of CL
followed by 48 d of 14 h/10 h photoperiod); CL - continuous
light, d - days.

in Phaseolus vulgaris cotyledons causes increase
in content of all nonenzymatic antioxidants and
decrease in production of antioxidative enzymes
(Prochdzkova and Wilhelmova, 2004).

On the 37" and 65" days POD (Fig. 4A) and
SOD (Fig. 6A) activities in the two groups of plants
showed no significant differences. This could be ex-
plained by the fact that plants of both groups were
exposed to the same photoperiod after the 17 day
and were in about the same phases of development.

On the gel, eight SOD isoforms are visible on the
17" and 37" days in both groups of plants, regardless
of the photoperiod plants were exposed to (Fig. 7).
On the 65% day, isoforms with pI values of 5.7 - 6.7
are missing, which could be linked with seed matu-
ration, i.e., plant senescence. The increase in SOD
activity on the 65" day in both groups of plants (Fig.
7) must be due to increase in the relative amounts of
isoforms with pI 3.6 - 5.7.
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Fig. 7. Activity of SOD on polyacrylamide gel after isoelectro-
focusing in C. rubrum plants after 17, 37, and 65 d of culturing
in vitro under two different photoperiodic regimens (65 d of 14
h/10 h photoperiod, or 17 d of CL followed by 48 d of 14 h/10
h photoperiod); CL - continuous light, d - days.

Eighteen POD isoforms are visible on the gel
(Fig. 5). Seventeen of them are visible in all samples,
but their intensities differ depending on photoperi-
od plants were exposed to. The POD isoform with a
pl value 4.6 is not on the visible 17" day in samples
of plants grown continuously under an inductive
photoperiod; it appears on the 37% day and is most
intensive on the 65" day (Fig. 5). In plants in which
flowering induction was delayed by 17 days of CL,
this isoform is visible in all samples, being most in-
tensive on the 65 day. It could be supposed that this
isoform is associated with stress induced both by ex-
posure to CL and by senescence.

The low intensities of three isoforms (pI 3.6,
3.7, and 3.8) in samples of plants exposed to 17
days of CL could be linked with low POD produc-
tion (Fig. 4) as effect of CL (Prochdzkova and
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Wilhelmova, 2004). This effect of CL is main-
tained even after plants of this group are transferred
to a 14 h/10 h photoperiod (37" day, Fig. 5). But on
the 65t day, the intensities of these bands increased.
The unchanged intensities of the given three bands
in samples of plants grown continuously under a 14
h/10 h photoperiod also argue in favor of a connec-
tion of these POD isoforms with the photoperiod
plants were exposed to. We previously showed that
the photoperiod during the life cycle of plants affects
their growth and development to the end of onto-
genesis (Mitrovi¢ etal, 2007) and even seed pro-
tein composition (unpublished data). A similar con-
nection between POD isoforms and the photoperiod
could also be presumed for other isoforms (pI 6.7,
6.8, and 6.9).

Results similar to ours were obtained on
Impatiens flanaganiae leaves, where CAT, POD, and
SOD activities depended on the phase of develop-
ment and light intensities the plants were exposed to
(Lall andNikolova,2003).

From our data, it can be concluded that flower-
ing of C. rubrum is accompanied by increase in CAT
activity; that PODs are involved in determination of
growth and development of this species in keeping
with the environment; and that the absence of some
SOD isoforms can be an indicator of its senescence.

Acknowledgments — This work was supported by a grant (No.
143043) from the Ministry of Science of the Republic of Serbia.

REFERENCES

Abarca, D., Martin, M., and B. Sabater (2001). Differential leaf
stress responses in young and senescent plants. Physiol.
Plant. 113, 409-415.

Alcher, R. G., Erturk, N., and L. S. Heath (2002). Role of superox-
ide dismutases (SODs) in controlling oxidative stress in
plants. J. Exp. Bot. 53, 1331-1341.

Asada, K. (2006). Production and scavenging of reactive oxigen
species in chloroplasts and their functions. Plant Physiol.
141, 391-396.

Bailey, L. F, and J. S. McHargue (1943). Enzyme activity in to-
mato fruits and leaves at different stages of development.
Am. ]. Bot. 30, 763-766.

Bailly, C., Bogatek-Leszczynska, R, Come, D., and F. Corbineau
(2002). Changes in activities of antioxidant enzymes and

lioxygenase during growth of sunflower seedlings from
seeds of different vigour. Seed Sci. Res. 12, 47-55.

Bailly, C., Leymarie, ]., Lehner, A., Rousseau, Come, D., and E
Corbineau (2004) Catalase activity and expression in de-
veloping sunflower seeds as related to drying. J. Exp. Bot.
55, 475-483.

Beauchamp, C. H., and I Fridovich (1971). Superoxide dis-
mutase: improved assay and an assay applicable to acryl-
amide gels. Anal. Biochem. 44, 276-287.

Bellani, L.M., Guarnier, M., and A. Scialabba (2002). Differences
in the activity and distribution of peroxidases from three
different portions of germinating Brassica oleracea seeds.
Physiol. Plant. 114, 102-108.

Bowler, C., Van Montagu, M., and D. Inzé (1992). Superoxide
dismutase and stress tolerance. Annu. Rev. Plant Physiol.
Plant Mol. Biol. 43, 83-116.

Bradford, M. M. (1976). A rapid and sensitive method for the
quantification of microgram quantities of protein uti-
lizing the principles of protein-dye binding. Ann. Rev.
Biochem. 72, 248-254.

Bruce, R. J., and C. A. West (1989). Elicitation of lignin biosin-
thesis and isoperoxidase activity by pectic fragments in
suspension culture of castor bean. Plant Physiol. 91, 889-
897.

Chailakhyan, M. Ch. (1988). Regulyatsiya Tsveteniya u Vysshikh
Rastenii [Regulation of Flowering in Higher Plants].
Nauka, Moscow [in Russ.]

Cook, R. E. (1975). The photoinductive control of seed weight in
Chenopodium rubrum L. Am. J. Bot. 62, 427-431.

Cumming, B. G. (1967). Early-flowering plants, In: Methods in
Developmental Biology, (Eds. E H. Will, N. K. Wessels,
and T. Y. Cromwell), 277-299. New York.

Ducié¢, T, Lirié-Rajlié, I, Mitrovié, A., and K. Radoti¢ (2003/4).
Expression of antioxidant systems in Chenopodium ru-
brum seed germination. Biol. Plant. 47, 527-533.

Elstner, E. F. (1982). Oxygen activation and oxygen toxicity.
Annu.Rev. Plant Physiol. 33, 73-96.

Fielding, J. L., and J. L. Hall (1978) A biochemical and cyto-
chemical study of peroxidase activity in roots of Pisum
sativum. I1. Distribution of enzymes in relation to root
development. J. Exp. Bot. 29, 983-991.

Gaspar, Th., Kevers, C., Hausman, J. F, Berthon, J., and V. Rippeti
(1992). Practical uses of peroxidase activity as predic-
tive marker of rooting performance of micropropagated
shoots. Agronomie 12, 757-765.

Gidrol, X., Lin, W. S., Degousee, N., Yip, S. F, and A. Kush (1994).
Accumulation of reactive oxygen species and oxidation of
cytokinin in germinating soybeen seeds. Eur. J. Biochem.



230 A. MITROVIC ET AL.

224,21-28.

Hendry, G. A. F., and R. M. M. Crawford (1994). Oxygen and
envirnmental stress in plants — an overview. Proc. Roy.
Soc. Edinburgh 102B, 1-10.

Khan, M. H.,, and S. K. Panda (2002). Induction of oxidative
stress in roots of Oryza sativa L. in response to salt stress.
Biol. Plant. 45, 625-627.

Kukavica, B., Mitrovi¢, A., Mojovi¢, M., and S. Veljovié-Jovanovié
(2007). Effect of indole-3-acetic acid on pea root growth,
peroxidase profiles and hydroxyl radical formation. Arch.
Biol. Sci. (Belgrade) 59 (4): 319-326.

Lall, N., and R. V. Nikolova (2003). Developmental changes of
superoxide dismutase, peroxidase, and catalase isoen-
zyme profiles in leaves of Impatiens flanaganiae Hemsl.
associated with variations in light intensity. South African
J. Bot. 68, 518-524.

Luna, C. M., Pastori, G. M., Driscoll, S., Groten, K., Bernard, S.,
and C. H. Foyer (2004). Drought controls on H,0, accu-
mulation, catalase (CAT) activity, and CAT gene expres-
sion in wheat. J. Exp. Bot. 56, 417-423.

Marinescu, G., Badea, E., Babeanu, C., and E. Glodeanu (2000).
Peroxidase system activity in leaves of cucumber plants as
marker of growth stimulant treatment. Plant Peroxidase
Newsletter 14, 78-85.

Matters,G. L. and J. G. Scandalios (1986). Effect of elevated tem-
perature on catalase and superoxide dismutase during
maize development. Differentiation 30, 190-196.

McCord, ]. M., and ]. Fridovich (1968). The reduction of cyto-
chrome ¢ by milk xanthine oxidase. J. Biol. Chem. 243,
5753-5760.

Mitrovié, A. (1998). Cvetanje kratkodnevne biljke Chenopodium
rubrum L. i dugodnevne biljke Chenopodium murale L.
u kulturi in vitro. Master's Thesis, Faculty of Biology,
University of Belgrade.

Mitrovi¢ A, Giba, Z., and L. Culafic’ (2007). The photoperiodic
control of growth and development of Chenopodium
rubrum L. plants in vitro. Arch. Biol. Sci. (Belgrade) 59,
203-208.

Murashige, T, and E Skoog (1962). A revised medium for rap-
id growth and bioassays with tobacco tissue cultures.

Physiol. Plant. 15, 473-497.

Opatrnd, J., Ullmann, ], Pavlovd, L., and J. Krekule (1980)
Changes in organ growth of Chenopodium rubrum due to
suboptimal and multiple photoperiodic cycles with and
without flowering effect. Biol. Plant. 22, 454-464.

Prochdzkovd, D., and N. Wilhelmovd (2004). Changes in anti-
oxidative protection in bean cotyledons during natural
and continuous irradiation-accelerated senescence. Biol.
Plant. 48, 33-39.

Prodanovié, O., Prodanovié, R., Bogdanovié, ], Mitrovic, A.,
Milosavié, N., and K. Radoti¢ (2007). Antioxidative
enzymes during germination of two lines of Serbian
spruce [Picea omorika (Panc.) Purkyné]. Arch. Biol. Sci.
(Belgrade) 59, 209-216.

Schmidt, M., Dehne, S., and J. Feirabend (2002). Post-transcrip-
tional mechanisms control catalase synthesis during its
light-induced turnover in rye leaves through the avail-
ability of the hemin cofactor and reversible changes of
the translation efficiency of mRNA. Plant J. 31, 601-613.

Schroeder, J. I, Allen, G. ., Hugouvieux, V., Kwak, J. M., and D.
Waner (2001). Guard cell signal transduction. Ann. Rev.
Pant Physiol. Plant. Mol. Biol. 52, 627-658.

Seidlovd, F., and J. Opatrnd (1978). Change of growth correla-
tion in the shoot meristem as the cause of dependance of
flowering. Z. Planzenphysiol. 89, 377-392.

Tsuchiya, T., and Y. Ishiguri (1981). Role of the quality of light in
the photoperiodic flowering responce in four latitudinal
ecotypes of Chenopodium rubrum L. Plant Cell Physiol.
22, 525-532.

Ullmann, J., Opatrna, J., Krekule, ]J., and L. Pavlova (1980).
Changes in the growth pattern of organs of Chenopodium
rubrum photoperiodicaly induced to flowering. Biol.
Plant. 22, 374-383.

Van Loon, L. C. (1986). The significance of changes in peroxi-
dase in diseased plants, In: Molecular and Physiological
Aspects of Plant Peroxidases (Eds. H. Greppin, C. Penel,
and T. Gaspar), 405-418. University of Geneva, Geneva.

Zivanovié, B., Culafi¢, L., and A. Filipovi¢ (1995). The effects of
hormones and saccharides on growth and flowering of
green and herbicides-treated Chenopodium rubrum L.
plants. Biol. Plant. 37, 257-264.



ANTIOXIDATIVE ENZYMES DURING ONTOGENESIS OF CHENOPODIUM RUBRUM L. 231

ITPAREILE AKTUBHOCTU AHTMMOKCUIATUBHIX EH3VIMA ¥V PA3JINYUTVM ®AZAMA
OHTOTI'EHE3E CHENOPODIUM RUBRUM L. IN VITRO

AJTEKCAHJIPA MUTPOBWR n JEJIEHA BOTJAHOBWh

Hnemumym 3a mynmuducyunaunapua ucmpaxcuearea, 11000 beoepad, Cpouja

3a xparkopHeBHY 6wbKy C. rubrum, ¢orome-
puop 14x/10x je MHAYKLMOHM 3a LiBeTame, NOK je
KOHTVMHYa/IHa CBeTJIOCT HEMHAYKIMOHA. [ajerem
npBe rpyne 6ubaka 65 JaHa Ha MHAYKIMOHOM (o-
TOIIEPUONY, @ Ipyre Tpyle Ovbaka IpBux 17 maHa
Ha KOHTMHYA/THOj CBET/IOCTH, @ [IOTOM Ha MHAYKIINO-
HOM (OTOIIepHONY, Pa3fBOjuIM CMO (ase LIBeTamba,
3aMeTama I ca3peBarma ceMeHa O1/baKa UCTe CTapo-
ctu. Mepene cy aktuBHOCTU KaTanase (CAT), cy-
nepokcup aucmyTasa (SOD) u nepokcupasa (POD).

[IpoMeHa aKTMBHOCTM aHTMOKCUIATMBHMX €H3MMa
je youeHa y 3aBucHoOCTU of dase passuha, u poro-
nepuopa. Koy npse rpymne 6mpaka, youeHe Cy HajBU-
me aktuBHocT POD 1 SOD y Bpeme 1iBeTama, 1
CHIDKaBame aKTUBHOCTY TOKOM Ca3peBamba CeMeHa.
Tpeny mpoMeHe aKTMBHOCTYM OBUX €H3MMa je pas-
JIMYUT KOJ, APYyTe Tpylle Ou/baka, Iie je MaKCUMyM
yoUeH y BpeMe caspeBama ceMeHa. Kox obe rpyme
6wpbaka Hajpuia CAT akTMBHOCT yodeHa je y BpeMe
IIBeTama.



