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ABSTRACT:

Keywords:

Cold stress is one of the main abiotic stress factors which restricts pepper
growth and development. Thus, identifying alternative strategies is critical to
reduce cold damage in peppers. This study evaluated the effect of exogenous
proline in reducing cold stress damage in pepper callus. For this purpose, cal-
lus was obtained from the hypocotyl explants of germinated seedlings under in
vitro conditions. 0,12 and 24 mM proline were applied to the callus and devel-
oped under the same photoperiodic settings at 4°C, 8°C, 16°C and 24°C. Low
temperatures increased H,O, and MDA production with the highest H,O, and
MDA amounts determined at 4°C. Proline applications decreased the content of
H,0, at low temperatures, whereby 24 mM proline caused a significant decrease
in the amount of H,0, at 4°C. The lowest MDA accumulation was determined
in the 12 mM proline application. The data indicated that the total phenolic
content of pepper callus decreased with decreasing temperatures. However, the
application of proline increased the total phenolic amounts with the increase
in its concentration. DPPH radical scavenging activity, FRAC and total protein
content decreased with decreasing the temperature to 4°C and 8°C. However,
both exogenous proline applications increased DPPH radical scavenging activ-
ity, FRAC and total protein at 4°C and 8°C. The results indicated that the meta-
bolic pathways are triggered by the application of exogenous proline.
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INTRODUCTION

Today, where hunger is an important issue, agriculture
holds a significant place for the countries of the world.
In our developing and changing world, the population
increases every year. Increasing the production of nu-
trients is thus essential in meeting the nutritional needs
of this increasing population and the amount of product
grown per unit area should be higher. On the other hand,
changing climatic and environmental conditions affect
the metabolic and physiological mechanisms in plants,
turning into stress factors which cause serious losses in
agricultural production and crop yield. To address this
problem, plants must be grown in a healthy environment
and protected against various stress factors. Developing

different strategies to increase efficiency and production
has become essential.

The pepper, which belongs to the Solanaceae family, is
a widely used and high-value vegetable worldwide due to
its colour, aroma and pungency properties (GIUFFRIDA et
al. 2013; Bogusz JUNIOR et al. 2015). The pepper, whose
production reached 36 million tons in 2020, is the sec-
ond most exported fresh vegetable (URL 1 2020). China
leads in pepper production, followed by Turkey and Mex-
ico (URrL 2 2018). In addition, peppers contain numerous
bioactive compounds used as active ingredients in the
treatment of various diseases. Therefore, in addition to
meeting increased nutritional needs, the medicinal and
aromatic properties of peppers are other factors which en-
courage intensive agricultural production.
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Frequent and severe cold stress (at non-freezing tem-
peratures), which is exacerbated by the effects of climate
change, affects the growth and development of plants,
including peppers, causing a serious reduction in agri-
cultural production, productivity and quality. While
some temperate zone plants can tolerate low tempera-
tures by activating their genetic adaptation mechanisms,
tropical and subtropical plants are adversely affected by
low temperatures. The pepper is a warm season vegeta-
ble and develops well at an ideal growth temperature of
between 20 and 28°C and is sensitive to cold as it does
not have a cold acclimation mechanism (TANG et al.
2022). At temperatures below 15°C, growth and yield
decrease (KNOTT & DEANON 1967). Cold stress causes
serious damage to the plasma membrane of the cell due
to rapidly developing dehydration (YApav 2010). The in-
crease of reactive oxygen species (ROS) in plants under
cold stress causes the destruction of organic molecules
such as DNA, proteins, lipids and carbohydrates. Low
temperatures also disrupt the functioning of the female
organ of the flower, causing a decrease in the amount
of pollen and its vitality, thus preventing reproduction
(SHAKED et al. 2004). Therefore, it is important to under-
stand the cold tolerance mechanism of the pepper and to
further develop its cold resistance.

In vitro tissue culture techniques are more advan-
tageous for elucidating the basic mechanisms, as they
enable work in small areas and under controllable op-
timum conditions. Studies to date have shown that by
supporting in vitro culture media with various natural
and synthetic plant growth regulators, the biosynthetic
activities of cells can be controlled and the accumula-
tion of various metabolites can be achieved. It has been
reported that various physical and chemical substanc-
es can also be used as elicitors to increase production
(MURTHY et al. 2015). This allows for the development
of plants and materials with higher tolerance and resis-
tance to stresses using tissue culture methods (HALDER
et al. 2019).

A promising approach to improve tolerance to dif-
ferent stressors is the exogenous application of natural
metabolites such as amino acids at appropriate concen-
trations (Gopoy et al. 2021). Studies have shown an in-
crease in the amount of endogenous proline in plants
exposed to stress (TROVATO ef al. 2008; Kog et al. 2011;
WANG et al. 2015; JiN et al. 2016; NGUYEN et al. 2020).
Proline, which is a very good osmoprotectant, is seen
as an effective signal molecule because of its heterocy-
clic ring and distinct secondary amino group (BURRITT
2012; SING et al. 2015; HOSSAIN et al. 2019). On the other
hand, it has been reported that high amounts of proline
have adverse effects on the growth and development of
plants and on the functions of proteins (ABDELHAMID et
al. 2013; ELEWA et al. 2017). Therefore, it is important to
determine the appropriate proline concentrations which
exert a positive effect on stress. This study was conduct-

ed to investigate the changes in the content of total phe-
nolic, total protein, malondialdehyde (MDA) and hydro-
gen peroxide (H,0O,) as well as DPPH radical scavenging
activity (%) and ferrous reducing antioxidant activity
(FRAC) in pepper calluses developed at 4°C, 8°C, 16°C
and 24°C after treatment with 12 and 24 mM proline.
According to a survey of the literature, there is no record
of the effect of proline application on these parameters
in pepper callus under long-term cold stress.

MATERIAL AND METHODS

Seed germination and culture conditions. Maras-187
(Capsicum annuum L.) pepper seeds obtained from
the Eastern Mediterranean Agricultural Research In-
stitute were sterilised with 70% ethanol for 3 min and
with 5.25% commercial NaClO for 15 min, and finally
rinsed three times with sterile distilled water. They were
then cultured in magenta boxes containing sterile agar
medium (ELLIALTIOGLU et al. 1998). Hormone-free Mu-
rashige and Skoog (MS) (pH 5.7) (MURASHIGE & SKOOG
1962) basic nutrient medium supplemented with 3% su-
crose and 0.7% agar was used for the germination of the
pepper seeds and the magenta boxes were incubated in
the dark in a growth chamber at 24 + 2°C for one week.

Explant source and sowing of the explants in the cal-
lus medium. The seedlings grown from the seeds ger-
minated under sterile conditions in a magenta box were
subjected to a photoperiod (24 + 2°C) of 16 hours light
and 8 hours dark in the growth chamber (Digitech GLO-
PG42). After the 4-week incubation period was com-
pleted, the seedlings were used as an explant source. The
hypocotyl regions of the seedlings were cut in a laminar
flow cabinet. Hypocotyl explants were then prepared by
cutting the hypocotyl region into approximately 15 mm
pieces. Callus was obtained by placing the hypocotyl ex-
plants horizontally in an MS nutrient medium with a pH
of 5.7 containing 0.1 mg/L kinetin and 1.0 mg/L 2.4-D,
3% sucrose and 0.7% agar (ELLIALTIOGLU et al. 1998).
The callus tissues were cultured in the growth chamber
for two weeks at a photoperiodic setting of 16 h light/8
h dark. The developed callus tissues were transferred
to magenta boxes containing the MS nutrient medium
mentioned above and developed at the same photope-
riodic setting in the growth chamber. The callus tissues
grown in the magenta boxes were transferred into MS
medium (0.1 mg/L kinetin with 1.0 mg/L 2.4-D, 3% su-
crose, 0.7% agar), containing 12 and 24 mM proline and
were cultured under the same photoperiodic settings at
4°C, 8°C, 16°C, and 24°C for two weeks. Control groups
without proline were prepared, and then developed at
4°C, 8°C, 16°C, and 24°C for two weeks.

Measurement of hydrogen peroxide (H,0,). The callus
samples were homogenised with 0.1% TCA and the ho-
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mogenate was centrifuged at 12000 g for 15 min. The su-
pernatant was reacted with a potassium phosphate buf-
fer (10 mM, pH 7.0) and 1 M KI (VELIKOVA et al. 2000).
The absorption was read at 390 nm. The amount of H O,
was calculated using a standard curve obtained with dif-
ferent concentrations of H,O,.

Measurement of malondialdehyde (MDA) content. The
reaction mixture containing 20 % trichloroacetic acid
(TCA) and 0.5% thiobarbituric acid (TBA) was added to
the supernatant obtained from the callus samples, which
were homogenised with 1% (TCA) solution and centri-
fuged. The mixture was incubated at 95°C. It was then
cooled in an ice bath and the samples were centrifuged
again. Absorbance measurements of the supernatants
were made at 532 and 600 nm (HEATH & PACKER 1968).
The amount of MDA was calculated using the extinction
coefficient 155 mM™ cm™.

Total soluble protein assay. Protein extraction from the
callus samples was performed using the procedure pro-
posed by KURKELA et al. (1988) and the supernatant was
used for the determination of the total soluble protein
content. The Bradford method was used for the deter-
mination of the total protein amounts (BRADFORD 1976)
and the bovine serum albumin (BSA) was used to set up
the standard curve.

Determination of the total phenolic compounds. The
Folin-Ciocaltaeu method was used for the determina-
tion of the total phenolic contents in the callus samples
(SINGLETON & Ross1 1965). The change in absorbance at
765 nm was measured and gallic acid was used to obtain
the standard curve.

Determination of DPPH radical scavenging activity.
The callus samples were homogenised with methanol
and the extract was incubated with 0. mM DPPH at
24°C for 30 min (Bro1s 1958). The reduction of DPPH
radicals was determined at 517 nm spectrophotometri-
cally and was calculated using the following formula: %
DPPH radical scavenging activity = [(A, - A))/A] x 100,
where A _is the absorbance of the control, and A is the

0
absorbance of the extracts.

Ferrous reducing antioxidant capacity (FRAC). The
antioxidant capacity of the callus samples was deter-
mined spectrophotometrically following the method
proposed by VijavaraxksHMI & RuckMaNI (2016). To
determine reducing power, 0.1 g of callus was extracted
with 1.5 mL of methanol. The reaction mixture, which
consisted of 250 puL of extract, 0.2 M phosphate buffer
pH 6.6 and 1% (m/v) potassium hexacyanoferrate (K3
Fe(CN),, was incubated at 50°C for 20 min. The reac-
tion was stopped by the addition of 10% (m/v) TCA and
centrifuged at 3000 g for 10 min. The supernatant upper

layer was mixed with 1.25 mL of distilled water and 250
uL of 0.1% (m/v) of ferric chloride (FeCl,) and incubated
at 24°C for 10 min. The absorbance of the reaction mix-
ture was read at 700 nm. The FRAC values of the extracts
were expressed as yg of ascorbic acid equivalent (AAE)
per gram of sample.

Statistical analysis. The data were analysed using anal-
ysis of variance (ANOVA) with the SPSS 24 software
package. The data were expressed as the means + SD of
3 replicates. Different letters indicate significant differ-
ences at P < 0.05 as determined by Tukey’s test.

RESULTS

Low temperatures caused a significant increase in the
production of H O, and ultimately led to lipid peroxi-
dation in the pepper callus. The amount of H O, and
MDA increased with decreasing temperatures with the
highest H,O, and MDA amounts observed at 4°C (P <
0.05) (Fig. 1). This was followed by the amounts of H,O,
and MDA at 8°C and 16°C, respectively. The application
of different concentrations of proline (12 and 24 mM)
reduced the levels of H O, and lipid peroxidation (P <
0.05). However, the lowest levels of production of H,O,
were observed in the callus treated with 24 mM proline.
When the combined applications with both proline con-
centrations were compared in terms of HZO2 content, it
was determined that 24 mM proline reduced the amount
of H O, more than 12 mM proline in callus exposed to
+4°C (P < 0.05) (Fig. 1). The MDA amounts in the cal-
lus treated with 12 and 24 mM proline also showed a
decrease. However, it was determined that 12 mM pro-
line applications had a more positive effect on biological
membrane protection than 24 mM proline applications
(P < 0.05). The lowest amount of lipid peroxidation was
observed at 4°C and 8°C with 12 mM proline (P < 0.05)
(Fig. 1).

The lowest total protein levels were found at 4°C and
8°C compared with 16°C and 24°C, but the differences
were not statistically significant (Fig. 2). 12 mM proline
application increased the amount of total protein at all
temperatures compared to the control groups (no pro-
line) (P < 0.05). The highest levels of protein were ob-
served at 16°C and 24°C with 12 mM proline (P < 0.05).
However, the highest total protein increase of 34% was
recorded for the 12 mM proline +8°C application com-
pared with the 8°C application alone. It was also deter-
mined that the amount of total protein increased at 4°C
and 8°C with 24 mM proline compared to the control
group (P < 0.05) (Fig. 2).

The data indicated that the total phenolic content was
reduced by decreasing temperatures in pepper callus (P
< 0.05). The level of phenolic compounds in the callus
growing under optimal conditions (24°C) was found to
be much higher than in the callus growing under cold
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Fig. 1. The effect of temperature and exogenous proline on H,O,
(A) and MDA (B) amount in pepper callus

70 4+ 0O0mM Proline ©@12 mM Proline @24 mM Proline
~ 60 - e a ab a
o b ab 5 be
@ 50 - ab | = be i be
8 40+ © c 7
°
2. 30 -
=
e 20

10 -

0

4°C 8°C 16°C 24°C

Fig. 2. The effect of temperature and exogenous proline on total
soluble protein in pepper callus

stress (P < 0.05) (Fig. 3). The total phenolic content in
the callus grown at 24°C was 22.4 + 2.8 mg g. The ex-
ogenous application of proline increased the levels of
total phenolics in pepper callus, with higher concentra-
tions of proline resulting in larger amounts of total phe-
nolics. Compared to applications at 4°C and 8°C alone,
an increase of approximately 130% and 115% in the to-
tal phenolic content was determined with 12 mM pro-
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Fig. 3. The effect of temperature and exogenous proline on total
phenolic content in pepper callus
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Fig. 4. The effect of temperature and exogenous proline on DPPH
scavenging activity (%) (A) and FRAC (B) in pepper callus.

line, respectively (P < 0.05) (Fig. 3). Compared with the
amount of total phenolic compound at 16°C alone, 12
mM proline did not cause a statistically significant in-
crease in the total phenolic content at the same tempera-
ture. However, increasing the proline concentration to
24 mM resulted in a significant increase in the total phe-
nolic level compared to 12 mM. The highest increases
in total phenolic content of 213% and 308% respectively
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were observed at 4°C and 8°C with the 24 mM proline
application, compared to the 4°C and 8°C applications
alone (P < 0.05) (Fig. 3). However, the amount of total
phenolic content decreased with the application of 24
mM proline at 24°C.

The results confirm that the DPPH (%) was much
higher in the callus growing under optimal conditions
(24°C) than in the callus growing under cold stress (4°C,
8°C and 16°C) (P < 0.05) (Fig. 4). The data from the cur-
rent study showed that the DPPH radical scavenging
activity (%) decreased with decreasing temperatures to
4°C. The lowest DPPH radical scavenging activity (%)
was found at 4°C (P < 0.05). However, both 12 mM and
24 mM proline had a significant effect on the DPPH rad-
ical scavenging activity (%) compared to the applications
without proline. The highest DPPH radical scavenging
activity (%) was determined at 24°C in the 12 mM pro-
line application (P < 0.05), while the highest DPPH radi-
cal scavenging activity (%) increase of 612% was deter-
mined at 4°C in the application with 24 mM proline (P <
0.05) (Fig. 4). Both proline applications increased DPPH
radical scavenging activity (%) at 4°C and 8°C.

The most important indicator of potential antioxi-
dant effect is the reduction capacity of a compound.
Similar to the DPPH radical scavenging activity (%),
a decrease in the amount of FRAC was detected with
decreasing temperatures. It was shown that the callus
samples at 16°C were more capable of reducing Fe**ions,
compared to the other samples exposed to cold stress
(4°C and 8°C). The reducing power in the callus samples
exposed to 24 mM proline was significantly higher than
in 12 mM proline at all temperatures (Fig. 4) (P < 0.05).
However, both proline applications increased FRAC at
4°C and 8°C compared to the application at 4°C and 8°C
alone. The highest increase in antioxidant power was
found in the 24 mM proline application, with a 234%
increase compared to the application at 4°C (Fig. 4) (P
<0.05).

DISCUSSION

Cold stress causes oxidative damage in plants by induc-
ing the peroxidation of membrane lipids, disrupting the
tertiary structures of proteins, breaking DNA chains,
inactivating enzymes and generating ROS, which cause
photoinhibition in the photosynthetic apparatus (Pos-
MYK et al. 2005; Guo et al. 2006; Mo et al. 2010). Free
radicals, which are unstable due to their unpaired elec-
trons, tend to become stable by reacting easily with other
substances. These radicals cause cell damage by remov-
ing electrons from other molecules and initiating lipid
peroxidation. One of the most important effects of cold
stress on plants is the deterioration of membrane integri-
ty, especially due to lipid peroxidation and dehydration.
The increase in the amount of MDA, which is formed as
the final product by the degradation of unsaturated fatty

acids at low temperatures, is a good indicator that the
structural integrity of the membranes in plants is im-
paired. In this study, higher H O, levels were detected
in applications exposed to cold stress alone (4°C, 8°C,
and 16°C) compared to the control group (24°C). The
production of H,O, and MDA increased with decreas-
ing temperatures to 4°C and 8°C. The results in Fig. 1
show that cold stress stimulates high H,O, production
and induces oxidative damage in pepper callus and high
MDA synthesis, thus causing membrane disruption.
These results are consistent with the findings and results
of studies conducted by researchers who observed high
amounts of MDA and H,O, in rice, Solanum lycopersi-
cum and Abelmoschus esculentus under cold stress (HAN
et al. 2017; L1vU et al. 2020; PHORNVILLAY ef al. 2020).

Plants have developed various physiological stress
responses to protect them against adverse environmen-
tal conditions. Low temperatures induced a general de-
crease in the amount of total phenolics, DPPH radical
scavenging activity (%) and FRAC (except at 16°C) in
the callus cultures. The results show that prolonged and
continuous cold stress causes H,O, and MDA accumula-
tion in pepper callus, as well as a weak antioxidant de-
fence mechanism.

Phenolic compounds tend to accumulate under stress
conditions. Phenols, with their antioxidant properties,
protect plants against abiotic stress factors by inhibit-
ing reactions caused by free radicals as hydrogen atom
donors (SAKIHAMA et al. 2002). However, in this study,
prolonged cold stress decreased the amount of total phe-
nolic compounds in the pepper callus. Similar results
were reported in studies conducted on Vitis vinifera, soy-
bean seedlings and Abelmoschus esculentus seeds where
it was determined that there was a reduction in the to-
tal phenolic content in the seedlings exposed to lower
temperatures (PosMYK et al. 2005; WEIDNER et al. 2009;
AMAROWICZ et al. 2010; KrROL et al. 2015; PHORNVILLAY
et al. 2020). On the other hand, GENZEL et al. (2021)
found that the number of bioactive compounds such as
flavonoids increased in peppers exposed to cold and salt
stress. High phenolic content was also observed in Rehm-
annia glutinosa and Japonica and Indica rice seedlings
exposed to cold stress (CHUNG et al. 2006; RAYEE et al.
2020). Short-term cold stress applications have also been
reported to increase the level of phenolic compounds and
antioxidant activity in studies on lettuce (Lactuca sativa
L.) (4°C, 1-3 days) and cabbage (10°C, 1-3 days) (OH et
al. 2009; EoM et al. 2022). In a recent study on Ocimum
basilicum L. plants exposed to cold stress, the highest
phenolic content and DPPH activity were determined
at 4°C for 12 h (REZzAIE et al. 2020). In another study,
it was reported that cold stress did not change the phe-
nolic content of pea roots (RUDIKOWSKAYA et al. 2008).
The reason for these differences may be attributed to the
type, intensity, and duration of the stress, the plant culti-
var and plant material (root, stem or leaf) (SALEH 2007).
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However, the antioxidant capacities of pepper callus ex-
posed to 8°C and 16°C were higher than at 4°C, while
the MDA and H,O, content was found to be lower than
at 4°C. The results show that the antioxidant activity at
4°C also causes high oxidative damage as it was probably
insufficient to cope with the high free radical production
in pepper callus exposed to cold stress. Additionally, to-
tal protein decreased slightly following exposure to 4°C
and 8°C. Similarly, a decline in total protein content was
observed in the study conducted on the mung bean (Vi-
gna radiata L.) exposed to cold stress (SALEH 2007). This
decrease in total protein content may result from dam-
age to the protein synthesis system or from the synthe-
sis or activation of proteolytic enzymes such as protease
(PINEDO et al. 2000). Low temperatures (0-10°C) reduce
hydrophobic bindings, which are critical for obtaining
three-dimensional conformations of proteins (ApIva
& WaIseL 1975). The results indicate that pepper callus
is susceptible to cold stress under culture conditions at
4°C.

DPPH is one of the free radicals which damage the
cell membrane and is reduced to the non-radical form
by the proton donation of antioxidants (SINGH et al.
2021). 12 and 24 mM proline induced both an increase
in the DPPH radical scavenging activity (%), antioxidant
power, and phenolic compound levels along with a sig-
nificant decreases in the amounts of H,O,and MDA in
pepper callus exposed to 4°C and 8°C. These results were
consistent with those of PosMmYK & JaNas (2007) who
reported that exogenous proline decreased lipid peroxi-
dation. The fact that proline application decreases MDA
and H,O, content indicates that proline acts as a ROS
scavenger with its antioxidant properties and stimu-
lates the antioxidant defence system. Since proline pos-
sesses antioxidant properties, it may have contributed to
increasing this tolerance by causing the conversion of
DPPHe radicals to stable DPPH-H molecules as a ROS
scavenger and a hydrogen donor. The increase in the lev-
el of phenolic compounds at 4°C and 8°C indicates that
exogenous proline effectively stimulates phenolic metab-
olites which protect cells from oxidative damage. It was
determined that the application of proline to fruit-bear-
ing branches of citrus trees exposed to low temperatures
(-3°C for three hours) caused an increase in the amounts
of chlorogenic acid, gallic acid, p-coumaric acid, feru-
lic acid and flavonoids (MOHAMMADREZAKHANI et al.
2019). Another study conducted on sugar beet exposed
to drought stress indicated that exogenous proline ap-
plication caused an increase in the total phenolic content
(ALKAHTANI et al. 2021). BURGUIERES et al. (2006) re-
ported that phenols protected cells from potential oxida-
tive damage and increased the stability of the cell mem-
brane during stress in Pisum sativum. These findings
indicate the possible major role of phenolic compounds
in the detoxification of free radicals and the preserva-
tion of membrane integrity. Phenolic compounds have

a strong antioxidant effect as radical scavengers which
donate hydrogen to free radicals. Our data indicated
that proline was effective in increasing the tolerance of
pepper callus to low temperatures. Although antioxi-
dant activity in plants is mostly associated with phenolic
compounds, antioxidant capacity is another parameter
which indicates the antioxidant activity of a compound
(SUBRAMANIAN et al. 2013). The data indicate that the
amount of FRAC is positively correlated with the total
phenolic content, and the application of proline before
cold stress contributed to the antioxidant capacity and
prevented the lipid peroxidation of the membrane. In
the current study, the increase in the level of FRAC due
to proline applications showed that proline may have
stimulated the synthesis of reducing compounds such as
flavonoids, anthocyanins, and endogenous proline.

The data from this study indicated that proline appli-
cations increased the amount of total protein. Similarly,
it was determined that the application of Pro to maize
seeds increased membrane stability and protein concen-
trations under salt stress conditions (Rapy & HEMIDA
2016). It has been pointed out that proline is a signal
molecule which increases the stability of proteins and
maintains membrane integrity with its secondary amino
group and cyclic structure (BURRITT 2012; SING et al.
2015; TROVATO et al. 2019). As a natural osmoprotectant,
it has been reported that proline facilitates protein fold-
ing, inhibits aggregation and provides high-efficiency
protein expression (IgNATOVvA & GIERASCH 2006). In
another study, it was found that the stable hydration
shell of proline was effective in protecting cell proteins
from denaturation and aggregation and maintaining
the functional activities of the proteins (FEDoTOVA &
DMITRIEVA 2016).

CONCLUSION

The exogenous proline application generally increased
the antioxidant activity and the total protein content
in pepper callus and increased the tolerance of the pep-
per callus against prolonged cold stress. However, it
was observed that pepper callus responded differently
to various exogenously applied proline concentrations.
Although these data indicate that the application of ex-
ogenous proline is an effective approach to reduce the
negative effects of stress, they also show that the effect
of proline may vary depending on the plant and stress
type, application time, method and proline concentra-
tion. Proline, as a metabolic signalling molecule, affects
plant growth and production. Therefore, a better under-
standing of the complex relationships of proline with
phytohormones and its role in the enzymes and genes
responsible for the synthesis of these hormones and os-
molytes is needed. Clarifying these and similar aspects
related to stress in the regulatory network will enable the
development of plants resistant to both extreme low and
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high temperatures and will contribute to meeting the
nutritional needs of the world’s population, which will
increase in the future.
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Zastitna uloga egzogenog prolina u kalusu paprike izloZenom dugotrajnom
hladnom stresu

Esra Kogi Belgizar KARAYIGIT

Stres hladnoce je jedan od glavnih abioti¢kih faktora koji ograni¢ava rast i razvoj paprike. Stoga je identifikacija alternativnih strate-
gija klju¢na za smanjenje Stete. Ova studija je procenila efekat egzogenog prolina na smanjenje o$tecenja izazvanog niskim temper-
aturama u kalusu paprike. U tu svrhu, kalus je dobijen iz hipokotilnih eksplantata proklijalih sadnica u in vitro uslovima. Prolin u
koncentracijama 0, 12 i 24 mM je primenjen na kalus i razvijen pod istim fotoperiodi¢nim podesavanjima na 4°C, 8°C, 16°C i 24°C.
Niske temperature su povecale proizvodnju H,0, i MDA, a najvece koli¢ine H,0, i MDA su detektovane na 4°C. Primene prolina su
smanjile sadrzaj H,0, na niskim temperaturama, posebno 24 mM prolina je izazvalo znacajno smanjenje koli¢ine H,O, na 4°C. Naj-
manja akumulacija MDA utvrdena je u primeni 12 mM prolina. Najmanja akumulacija MDA utvrdena je u primeni 12 mM prolina.
Podaci pokazuju da se ukupni fenolni sadrzaj kalusa paprike smanjuje sa padom temperature. Medutim, primena prolina povelavala
je ukupne fenole sa poveéanjem njegove koncentracije. Aktivnost uklanjanja radikala DPPH, FRAC i sadrZaj ukupnih proteina opadali
su sa padom temperature na 4°C i 8°C. Medutim, obe primene egzogenog prolina povecale su aktivnost uklanjanja radikala DPPH,
FRAC i ukupne proteine na 4°C do 8°C. Rezultati su pokazali da se primenom egzogenog prolina aktiviraju metabolicki putevi.

Kljucne redi: Capsicum annum, slobodni radikali, lipidna peroksidacija, oksidativni stres, kultura tkiva, tolerancija
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