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Cold Pretreatment-Induced Changes in Antioxidant Enzyme Activities and Relative
Water Content and Soluble Sugars in Shoots and Roots of Soybean Seedlings
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Abstract: Soybean (Glycine max) 1s a tropical crop, but 1s also grown m temperate regions in middle spring to
late sumnmer. This crop has an important role in human diet. Cold temperature damage is a common problem for
this plant in temperate regions. Physiological responses to chilling, including antioxidative enzyme activity,
Relative Water Content (RWC) and soluble sugar contents were investigated in soybean to identify
mechamsms of chilling tolerance. Plants were exposed to 15°C (cold-acclimated) or 25°C (nonacclimated) for
24 h, under 250 umol m-2s-1 Photosynthetically Active Radiations (PAR). Then all plants were exposed to 4°C
(chilling temperature) for 24h and allowed to recover at 25°C for 24 h. We analyzed the activity of Ascorbate
Peroxidase (APX), Catalase (CAT) and Guaiacol Peroxidase (GPX) and soluble sugar content and RWC in both
shoots and roots of soybean seedlings. It revealed that the activity of APX and CAT and GPX induced in
leaves and roots. Increased activity in roots 1s inportant for cold tolerance as compared to shoots. The amount
of RWC decreased in both roots and shoots, but soluble sugar content increased, especially in shoots as
compared to control plants. Chilling sensitive soybean plants can be made tolerant to cold by cold acclimation.
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INTRODUCTION

Food crops of tropical and subtropical origions such
as soybean (Glycine max), comn (zea mays 1..) and tomato
(Lycopersicon esculentum Mill) are cultivated in areas
where temperatures fall below the optimum required for
their normal growth and development. It is now known
that exposure of chilling-sensitive plants, such as maize
and tomato, to temperatures that are slightly above
chilling, reduces chilling mjury (Scebba et al., 1999,
Venema ef al, 2000). Various mechanisms have been
suggested to account for chilling injury or tolerance in
plants (Barsa, 2001). There is increasing evidence that
chilling causes elevated levels of Active Oxygen Species
(AOS), which contribute sigmficantly to chilling damage
(Wise and Naylor, 1987b). AOS such as superoxide (O7;),
hydrogen peroxide (H,0,), hydroxyl radicals (OH?) and
singlet oxygen ('), are present in plants at various levels
at 25°C as a result of normal aerobic metabolism. Plants
have evolved antioxidant systems to protect cellular
membranes and organelles from damaging effects of AOS
(Foyer et al., 1991). Antioxidant enzymes, such as
Catalase (CAT) and various peroxidases such as guailacol
Peroxidase (POX) and Ascorbate Peroxidase (APX) can
react with and neutralize, the activity of AOS (Foyer et al.,

1991; Lee and Lee, 2000;, Oidaira et af., 2000; Scandalios,
1993). Beside these enzymes, antioxidant compounds
such as ascorbate, glutation, B-carotene and ¢-tocopherol
also play important roles in the removal of toxic oxygen
compounds (Hodges et al, 1996, Wise and Naylor,
1987a). Cold acclimation increases tolerace to AOS in
plants with an increase in antioxidant enzymes (Scebba
et al, 1999). In chilling sensitive plants, the ability to
defend agamnst oxidative damage is inhibited by the
reduction expression of antioxidants such as ascorbate,
glutation and ¢-tocopherol (Wise and Naylor, 1987a) CAT
(Fadzillah et al., 1996) and SOD (Michalski and Kanjuga,
1982). Chilling tolerance improved when GSH peroxidase
and CAT levels were enhanced (Upadhayaya et al .,
1989). Thus, it 1s mmportant to determine the activity of
various antioxidants during acclimation and chilling to
assess their contribution to chilling tolerance. Sugars
appear essential in plant cold acclimation, as shown for
example by the mability of an Arabidopsis sucrose
synthase mutant to cold acclimation or the requirement for
light in low-nonfreezing temperature-induced cold
acclimation connected to sugar accumulation (Wanner
and Junttila, 1999). Precise function of sugars is not
known, but their high abundance in cold acclimated plants
suggests a role in osmoregulation and less abundant
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sugars might also have a role in cryoprotection or as
signaling molecules (Annikki and Palva, 2006). We aimed
to determine whether AOS-scavenging enzymes and
soluble sugar and relative water contents play a role in
soybean tolerance to chilling stress.

MATERIALS AND METHODS

Seeds of soybean (Glycine max) were purchased from
oilseeds center, Ardabil and were soaked in water for 6 h
at 25°C, then were germmated mn Petri dishes on two
layers of filter paper for 48 h at 25°C i an incubator.
Subsequently the soybean seedlings were transferred to
pots containing washed sand (4seedlings per pot) and
were watered with half-strength Hoagland nutrient
solution. The plants were grown at 27/25°C (day/mght)
temperature, 70% relative humidity, with a 16h/8h
day/night photoperiod under 250 pmol m™ s
photosynthetic photon flux density . seedlings at the
three-leaf stage, were placed at 15°C (cold-acclhimated) or
25°C (nonacclimated) for 24 h. The acclimated and
nonacclimated seedlings were then exposed to chilling at
4°C for 24 h and allowed to recover for 24 h at 25°C.
Harvesting was done at the same time each day to avoid
complications from diwnal fluctations in biochemical
processes. Experiments were conducted from May to Tuly
m 2007 at biochemistry lab, Department of biology,
Faculty of science, Urmia Umversity, Iran Statistical
analyses were performed using SAS software.
Measurements were mean of 3 replicats+SE.

Enzyme extraction and assay: Samples were prepared for
CAT, APX andGPX analyses by the method described by
Chang and Kao (1998). The amount of 0.5 g of frozen
leaf and root materials from all treatments were harvested
and homogenized with a mortar and pestle in 6 mL of
extraction solution [0.05 M tris-Hel buffer (pH =7. 2),
3mM MgCl,, 1 mM EDTA). Then the solution was
centrifuged for 20 min at 5000 rpm. The supernatant was
used for monitoring antioxidative enzymes mentioned
above. Catalase activity was determined by monitoring
the disappearance of H,O, at 240 nm using the method
of Chance and Maehly (1959). The reaction mixture
contained 50mM potassium phosphate buffer (pH = 7. 4),
0.1 mL, H,O, (1%) and 2 mI. enzyme extract. APX activity
was assayed by monitoring the ascorbic acid dependent
reduction of H,O, at 240 nm, as described by Asada
(1992). The reaction mixture contamed 50 mM potassium
phosphate buffer (pH=7. 4), 0. 5 mM ascorbate, 0. 2 mL.
H,0, (1%), 0. 1 mL enzyme extraction. GPX activity was
determined at 420 mm by the method of Chang and Kao
(1998). The reaction mixture contamed 50 mM potassium
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phosphate buffer (pH = 7. 4), 1 mL guaiacol (1%), 1 ml.
H,0, (1%) and 2. 5 mL enzyme extract.

Relative water content: Chilling injury on leaves and roots
was evaluated by changes in Relative Water Content
(RWC). Relative water content was calculated using the
formula has became below (Yong In Kuk ef af., 2003).
RWC= (1-dry weight of tissue/fresh weight of tissue)=100.

Soluble sugar content: Soluble sugars content was
measured using phenol sulphoric method (Fales, 1979).
The amount of 0.5 g of plant tissues (leaf or root) were
sampled and homogenized with a mortar and pestle in
5 ml distilled water and then was filtered through
Whatman NO. 1 filter paper. Two mL of filtered extract
transferred inte tube and 1 mL of phenol 5% (w v™"), 3mL
of sulphoric acid 98% were added. After 1 h the
absorbance was recorded at 485 nm using UV-visible
spectrophotometer (WPA model 32100).

RESULTS AND DISCUSSION

It has been reported that some chilling-sensitive
plants acclimate 1if they are exposed to a low temperature
slightly above the threshold of chilling temperature, in a
process analogous in some respects to the acclimation
that occurs in perenmal plants in the autumn (Rikin ef af .,
1979). Therefor chilling injury can be alleviated 1if plants
are exposed first to a low non-chilling temperature
(Rikin et al., 1979). It has been shown that acclimation of
maize seedlings to otherwise lethal chilling temperatures
by a milder cold pretreatment was accompamied by
catalase and peroxidase transcript accumulation (Prasad
et al., 1994). Other correlations between cold acclimation
and antioxidant defense have also been reported (Taqo et
al., 1998). To study the mechanmsms of chilling wryjury or
tolerance, most researchers utilize metabolic differences
between chilling-sensitive and tolerant varieties as model
systems (Pinhero et al., 1997, Saruyama and Tanida,
1995). However, this system 1s confounded by genetic
differences between semsitive and tolerant varieties.
Therefore, it is difficult to interpret the observed metabolic
differences in relation to mechamsms of chilling tolerance
when using different varieties of plants. Using a chilling-
sensitive variety that can be cold-acclimated is
advantageous for studying the mechanisms involved in
chilling tolerance because 1t eliminates the complexity of
genetic differevees. In this study, only one variety was
used to demonstrate whether chilling tolerance can be
induced in soybean plants by cold acclimation and to
examine whether an AOS-scavenging system 1s mnvolved
1n tolerance to chilling stress. It has been reported that



Res. J. Biol. Sci., 3 (1): 68-73, 2008

cold-acclimated rice plants showes higher tolerance to
chilling stress than nonacclimated plants (Yong et al.,
2003). Also, a sinilar phenomenon was demonstrated in
other cold-sensitive species, such as maize,tomato and
Arabidopsis thaliana (L.) Heynh (Venema et al., 2000).
Free radicals and other active derivatives of oxygen are
mevitable by-products of biological redox reactions.
Active oxygen species mactivate enzymes and damage
important cellular component . The increased production
of toxic oxygen derivatives is considered to be a universal
or common feature of stress conditions. Plants have
evolved a wide rage of mechamsms to contend with this
problem. The antioxidant defence system of the plant
comprises a variety of antioxidant molecules and enzymes
(Ajay et al., 2002). We have mvestigated the activity of
APX, CAT and GPX m both leaves and roots of cold-
accllimated and nonacclimated soybean plants. Ascorbate
peroxidase activity has mainly been reported from
chloroplast and cytosol (Chen and Asada, 1989). However
some recent studies have also reported its occurrence in
mitochondria as well (Gomez et al., 1999). This enzyme
involved in Asada-Halliwell pathway of hydrogen
peroxide scavenging that also involves wvarious
antioxidant enzymes (Ajay et al, 2002). Gualacol
peroxidase removes H,0, from apoplast and vacuole and
utilizes L-ascorbic acid as electron donor. In an abiotic
enviroment 1t uses phenolic compounds such as
gualacol as redox mtermediate (Chanda et al., 2000).
Catalase is another defense enzyme that is present in
peroxisoms (Scandalios, 1993). Tn this study APX activity
m leaves was found to be higher then roots. But
significant changes was observed 1n roots. In recovery
phase, cold-acclimated plants returned to normal
conditioin more easily and rapidly than nonacchimated
plants. Soybean plants exposed to chilling temperature
exhibited all the aforementioned symptoms, however,
cold-acclimated plants showed higher tolerance to chilling
stress than nonacclimated plants. Cold-acclimated plants
generally still showed similar level of mjury as
nonacclimated ones, but cold-acclimated plants showed
the capability to recover from chilling injury. This was
indicated by faster recovery of fresh weight of cold-
acclimated plants compared with nonacclimated ones. The
baseline levels of antioxidative enzyme activities were
generally the same between cold-acclimated and
nonacclimated leaves . No differences were found in APX,
GPX and CAT activities in cold-acclimated and
nonacchimated leaves during chilling and recovery period.
CAT, APX and GP¥X activities in cold-acclimated and
nonacclimated leaves were similarly affected by chilling
temperature (Fig. 1-3). However, recovery m cold-
acclimated leaves for APX GPX and CAT activities were
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Fig. 1: Changes in leaf CAT activity (unit min~") in cold-
acclimated and non-acclimated soybean leaves
during acclimation, chilling and recovery. Mean of
3 measurements+SE. p = 0.05
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Fig. 2. Changes in leaf APX activity (unit min™") in cold-
acclimated and non-acclimated soybean leaves
during acclimation, chilling and recovery. Mean of
3 measurments+3E. p = 0.05
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Fig. 3. Changes in leaf GPX activity (unit min™") in cold-
acclimated and non-acclimated soybean leaves
during acclimation, chilling and recovery. Mean of
3 measurements+SE. p = 0.05

better than in nonacclimated leaves. Significant changes
in GPX activity was observed between cold-acclimated
24 h

and nenacclimated leaves after acclimation
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Fig. 4: Changes inroot CAT activity (unit min~") in cold-
acclimated and non-acclimated soybean roots
during acclimation, chilling and recovery. Mean of
3 measurements=SE. p = 0.05
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Fig. 5. Changes in root APX activity (unit min™") in cold-
acclimated and non-acclimated soybean roots
dunng acclimation, chilling and recovery. Mean of
3 measurements=SE. p = 0.05

(Fig. 2 and 3). GPX and APX activities in cold-acchimated
leaves were higher than nonacclimated leaves.

Activities of CAT, APX and GPX 1 cold-acclimated
and nonacclimated roots during acclimation and chilling
were generally the same (Fig. 4-6). Roots of cold-
acclimated plants showed higher activity of antioxidative
enzymes during the phase of the recovery period
compared to roots of nonacclimated plants. APX activity
in cold-acclimated roots was higher than in nonacclimated
roots inrecovery phase. GPX activity in cola-acclomated
roots was sigmficantly higher than nonacclimated roots
(Fig. €). Inall plants AP, CAT and GPX activities in cold-
acclimated roots was higher than nonacclimated and cold-
acclimated roots had higher potential to recover than
nonacclimated plants. However, CAT and APX activity
were similar between cold-acclimated and nonacclimated
roots during recovery. No significant differences were
found in CAT activity between cold-acclimated and
nonacclimated roots during acclimation (Fig. 4).
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Fig. 6: Changes in root GPX activity (unit min~") in cold-
acclimated and non-acclimated soybean roots

during acclimation, chilling and recovery. Mean of
3 measurements+SE
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Fig. 7: Changes in root relative water content (%) in cold-
acclimated and non-acclimated soybean roots
during acclimation, chilling and recovery. Mean of
3 measurements+SE. p = 0.05

The mimimal impact of chilling on Relative Water
Content (RWC), lugh photosynthetic efficiency of cold-
acclimated plants; and the full recovery of carbon fixation
capability of cold-acclimated plants after chilling. Typical
symptoms of chilling injury are wilting, yellowing of
leaves,and inhibition of growth. Leaf fresh weights of
cold-acclimated and nonacclimated soybean seedlings
were reduced in chilling period (Fig. 7 and 8). Leaf and
root fresh weight of nonacclimated plants rapidly declined
when exposede to chilling temperature and did not
recover from the chilling treatment properly. Leaf and root
fresh weight of cold-acclimated plants also declined
significantly 24 h after exposure to chilling temperature.
Although the cold-acclimated plants did not completely
recover from chilling injury compared with untreated
control plants, the cold-acclhimated plants showed a
general increase in leaf and root weight compared with
nonacclimated plants during the recovery period.



Res. J. Biol. Sci., 3 (1): 68-73, 2008

10077 Acclimation

Recovery

-]
it

g

—&@—— Control
—lll— Cold-acclimated
+—ic—— Nonacclimated

|$I

Relative water content {%4)

(3]
(=]

48 72

Time (h)

Fig. 8 Changes in leaf relative water content (%) in cold-
acclimated and non-acclimated soybean leaves
during acclimation, chulling and recovery. Mean of
3 measurements+=SE. p = 0.05
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Fig. 9: Changes in root soluble sugars (mg g~' F. W) in
cold-acclimated and non-acclimated soybean roots
during acclimation, chulling and recovery. Mean of
3 measurements+SE. p = 0.05

Soluble sugars function as cryoprotectants and
osmolites that protect cells from freezing damage (Xin and
Browe, 2000; Huixia shou et al., 2004) showed that 24 h
and 48 h cold acclimations significantly increased the
soluble sugar levels m plants. Accumulation of sucrose
and other simple sugars that occurs with cold acclimation
also contributes to the stabilization of membrane as these
molecules can protect membranes against freeze-damage
because ncrease in sugar content lowers the freezing
pont of cell solution (Shulpi, 2005). Especially sucrose can
increase the effectiveness of the heat stable proteins in
preventing protein denaturation (Robertson et al., 1994).
Soluble sugar levels were ncreased in roots. In cold-
acclimated roots, soluble sugars content were started to
increase in acclimation phase and downed in recovery
phase. But in nonacclimated roots they increased in
chilling phase suddenly (Fig. 9). In leaves changes
were significant (Fig. 10). Soluble sugars content in
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Fig. 10: Changes in leaf scluble sugars (mg g~' F. W) in
cold-acclimated and non-acchimated soybean
leaves during acclimation, chilling and recovery.
Mean of 3 measurements+=5E. p = 0.05

nonacchmated leaves, in acclimation phase, decreased,
then suddenly m chilling phase
subsequently decreased in recovery phase.

increased and

REFRENCES

Ajay Arora, RK. Sairam and G.C. Srivastava, 2002.
Oxidative stress and antioxidative system in plants.
Current Science, 82: 10-25.

Asada K., 1992, Ascorbate peroxidase-A hydrogen
peroxide scavenging enzyme in plants. Physiologia
Plantarum, 85: 235-241.

Brasa A.S., 2001. Crop responses and adaptations to
temperature stress. In: T.K. Prasad (Ed.) Mechanisms
of chilling injury and tolerance. Food Products Press.
New York, pp: 1-34.

Chance, B. and A.C. ,Maehly, 1959. The assay of catalase
and peroxidase. Tn: Click, D. (Ed.). Methods of
Biochemical Analysis, Interscience Publishers. New
York, 1: 357-425.

Chanda, S.V. and Y. Singh, 2000. Changes in peroxidase
and TAAoxidase activities during zea mays
development. Plant Physiol. Biochem., 35: 245-250.

Chang, C.J. and CH. Kao, 1998. H,O, metabolism during
senescence of rice leaves: Changes in enzyme
activities in light and darkness. Plant Growth
Regulation, 25: 11-15.

Chen, G.X. and K. Asada, 1989. Ascorbate peroxidase in
tea leaves: Occurrence of two isozymes and
differences m thewr enzymatic and molecular
properties. Plant Cell. Physiol., 30: 987-99%.

Fadzillah, N.M., V. Gill, R.P. Pinch and R .H. Burdon, 1996.
Chilling,oxidative stress and antioxidant responses in
shoot cultures of rice. Planta, 199: 552-556.



Res. J. Biol. Sci., 3 (1): 68-73, 2008

Fales, F., 1979. The assimilation and degradation of
carbohydrates by veast cells. T Biol Chem.,
193: 113-124.

Foyer, CH., M. Lelandais, C. Galap and K.J. Kunert, 1991 .
Effect of elevated cytosolic glutathione reductase
activity on the cellular glutathione pool and
photosynthesis in leaves under normal and stress
conditions. Plant Physiol., 97: 863-872.

Gomez, IM., I.A. Hernandez, A. Iimenez, L.A. del Rio and
F. Sevilla, 1999. Differential responses of
antioxidative enzymes of chloroplasts and
mitochondria to long-term Nacl stress of pea plants.
Free Radicals Res., 31: 11-18.

Hodges, DM., CJ.  Andrews, D.A. Johnson and
RI. Hamilton, 1996. Antioxidant compound
responses to chilling stress in differentially sensitive
inbred maize lines. Physiol. Plant, 98: 685-692.

Huixia Shou, P. Bordallo, I. Fan, TM. Yeakley,
M. Bibikova, I. Sheenand K. Wang, 2004. Expression
of an active tobacco mitogen-activated protemn kinase
enhances freezing tolerance in transgenic maize.
PNAS, 101: 3298-3303.

Lee, D.H. and C.B. Lee, 2000. Chilling stress-induced
changes of antioxidant enzymes m the leaves of
cucumber: Tn gel enzyme activity assay. Plant Sci.,
159: 75-85.

Michalsky, W.P. and Z. Kanjuga, 1982. Photosynthetic
apparatus of chilling sensitive plants: Reversibility
by light of cold and dark-induced inactivation of
cyanide-sensitive superoxide dismutase activity in
tomato leaf chloroplasts. Biochem. Biophys. Acta.,
680: 250-257.

Oidaira, H., S. Satoshi., K. Tomokazu and U. Takashi,
2000. Enhancement of antioxidant enzyme activities
in cilled rice seedlings. Plant Physiol., 156: 811-813.

Pinhero, R.G., M.V. Rao, G. Paliyath, DP. Murr and
R.A. Fletcher, 1997. Changes in activities of
antioxidant enzymes and their relationship to genetic
and paclibutrazol induced chilling tolerance of maize
seedlings. Plant Physiol., 114: 685-704.

Prasad, TXK. MD. Anderson B.A. Martin and
CR. Stewart, 1994. Evidence for chilling induced
oxidative stress i maize seedlings and a regulating
role for hydrogen peroxidase. Plant Cell, 6: 65-74.

Rikin, A., D. Atsmon and C. Gitler, 1979. Chilling injury in
cotton (Gossypiom hirsutum 1..): prevention by
abscisic acid. Plant Cell. Physiol., 20: 1537-1546.

73

Robertson, AJ, M. Ishikawa, L.V. Gusta and
S.L. Mackenzie, 1994. Abscisic acid-induced heat
tolerance in Bromus inermis Leyss cell-suspension
cultures. Plant Physiol., 105: 181-190.

Saruyama, H. and M. Tamda, 1995. Effect of chilling on
activated oxygen-scavenging enzymes in low
temperayure-sensitive and-tolerant cultivars of rice
(Oryza sativa L.). Plant Sci., 109: 105-113.

Scandalios, G.J., 1993, Oxygen stress and superoxide
dismutase. Plant Physiol., 101: 7-12.

Scebba, F., L. Sebustiamm and C. Vitagliano, 1999.
Protective enzymes against activated oxygen species
i wheat (Triticum aestivim L.) seedlings: Responses
to cold acclimation. I. Plant Physiol., 155 762-768.

Shilpi Mahajan and N. Tuteja, 2005. Cold, salinity and
drought stresses: An Overview, 10.018.

Tao, D.L., G. Oqust and G. Wingsle, 1998. Active oxygen
scavengers during cold acclimation of Scots pine
seedlings in relation to freezing tolerance. Cryobiol.,
37: 38-45.

Upadhyaya, A., T.D. Davis, RH. Walser, A.B. Galbraith
and N. Sankhla, 1989 Umniconazole-induced
alleviation of low-temperature damage in relation to
antioxidant activity. Hortscience, 24: 955-957.

Venema, JH., L. Villerius and P.R. Van Hasselt, 2000.
Effect of acclimation to suboptimal temperature on
chilling-induced photo-damage: Comparison between
a domestic and a high-altitude wilde Lycopersicon
species. Plant Sci., 152: 153-163.

Wanner, L. A. and O. Junttila, 1999. Cold-induced freezing
tolerance in Arabidopsis. Plant Physiol., 120: 391-399.

Welling, A. and E.T. Palva, 2006. Molecular control of
cold acclimation in trees. Physiologia Plantarum,
127: 167-181.

Wise, R.R. and A.W. Naylor, 1987b. Chilling-enhanced
photooxidation . Evidence for the role of singlet
oxygen and superoxide in the breakdown of
plgments and endogenous antioxidants. Plant
Physiol., 83: 278-282.

Wise, RR. and A.W. Naylor, 1987. The peroxidative
destruction of lipids during chilling njury to
photosynthesis and ultrastructure.  Plant  Physiol.,
83:272-277.

Xin, 7. and J. Browse, 2000. Plant cell Environ, 23: 893-902.

Yong In Kuk, I.3. Shin, N.R. Burgos, T.E. Hwang, Oksoo,
B.H. Cho, 8. Tung and T.Q. Guh, 2003. Antioxidative
enzymes offer protection from chilling damage in
rice plants. Crop Sci., 43: 2109-2117.



