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Abstract 

This study was conducted to investigate effects of some plant growth regulators (PGRs) such 
as abscisic acid (ABA) and benzyladenine (BA), on changes of expression of some isoenzymes 
[superoxide dismutase (SOD), malat dehydrogenase (MDH), glutamate dehydrogenase (GDH), 
glucose-6-phosphate dehydrogenase (G-6-PDH)] in three vegetative organs (the root, stem, leaf) of 
bean (Phaseolus vulgaris L.) under chilling stress. In order to look into the changes of isoforms of 
these enzymes under chilling stress and the PGRs, the extracts from vegetative organs were analyzed 
using native polyacrilamide gel electrophotresis (PAGE). Leaves of bean had four isoforms of SOD 
and GDH, two isoforms of MDH, five isoforms of G-6-PDH, stems of bean had three isoforms of 
SOD and MDH, two isoforms of GDH, eight isoforms of G-6-PDH, roots of bean had seven isoforms 
of SOD, two isoforms of MDH and five isoforms of G-6-PDH in the non chilling stressed-plants. 
GDH isoform could not be observed in the root of this plant. Expression of some isoforms (GDH-4 in 
the leaf, G-6-PDH-1 in the root, G-6-PDH-6 in the stem, G-6-PDH-12 in the leaf) was stopped by 
chilling stress. While expression of some isoforms was preferentially enhanced or decreased, some 
isoforms were not changed by chilling stress and PGRs. In addition, expression of new isoforms (G-
6-PDH-10, 12, GDH-2) was occurred by chilling stress and PGRs. These results collectively suggest 
that changes in isoforms of enzymes may be effective on chilling resistance (CR) and PGRs may have 
a pivotal role for chilling injury in plants. 
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1. Introduction 

 
Chilling resistance (CR) of plants is a process which is influenced by both genetic and 

environmental factors. The degree of cold tolerance varies widely between species and within 
cultivars of the same species (HINCHA & al. [1]) and even within tissues of the same plant. 
Because of variation within tissues of a single plant, it has been suggested that this event can 
not be explained by only genetic methods and physiological and biochemical changes are 
directly responsible for altered CR, too (GUY, [2]). 

There are some biochemical and physiological researches to make clear the effect of 
plant growth regulators (PGRs) on CR. Some researchers reported that protein synthesis has 
been increased during acclimation and chilling temperatures (CTs) (OMRAN, [3]; MEZZA-
BASSO & al., [4]; LAROCHE and HOPKINS, [5]; GUY and HASKEL, [6]; KURKELA & al., [7]; 
COOPER and Ort, [8]; HAHN and WALBOT, [9]), and while de novo accumulation of several 
abundant protein was suppressed, some polypeptides were consistently found to be cold-
induced (KURKELA & al., [8]; HAHN and WALBOT, [9]; GUY & al., [10]; JHONSON-
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FLANAGAN and SINGH, [11]). LEWITT [12] has suggested that a major target of chilling injury 
is a cell membrane. As temperature is reduced, a specific temperature determined by the ratio 
of saturated to unsaturated fatty acids accelerates the conversion of lipids of a liquid-
crystalline condition into that of a solid condition in plant cell membranes (QUINN, [13]). The 
conversion of fatty acid may give rise to CR at lower temperatures in plant cells (LEE and 
LEE, [14]). 

However some plants, which show a similar fatty acid ratio under chilling conditions, are 
very sensitive to chilling conditions, are very sensitive to chilling injury compared to others; thus 
other mechanisms may also be necessary for chilling injury. In previous studies, it has been 
suggested that oxidative stress induced by chilling stress may play a pivotal role for chilling injury 
in plant cells (BURDON & al., [15]; O’KANE & al., [16]). The oxidative stress at lower 
temperatures has been thought to be mediated by active oxygen species composed of superoxide 
(O2

-), hydrogen peroxide (H2O2) and singlet oxygen (1O2) (Wise and Naylor, [17]).  
Active oxygen species act both as cytotoxic compounds and as mediator on the 

induction of stress tolerance. In order to protect cellular membranes and organelles from the 
damaging effects of active oxygen species, complex antioxidant systems are very important in 
plants. Antioxidant systems is antioxidant enzymes such as superoxide dismutase (SOD), 
catalase, ascorbate peroxidase and glutathion reductase (FOYER, [18]). SOD is a group of 
metalloenzymes that catalyze the disproportionation of superoxide to H2O2 and O2 and plays 
an important role for protection against superoxide-derived oxidative stress in plant cells 
(ASADA and KISO, [19]; FRIDOVICH, [20]). 

Several of the cold- and freezing-labile enzymes belong to respiratory pathways such 
as GDH, MDH, G-6-PDH (GUY [2]). A number of respiratory dehydrogenase enzymes 
possess seemingly differential freezing stabilities and higher activities during winter 
(KRASNUK & al., [21]). Since respiratory pathway process must continue at low temperature 
to provide carbon flux for respiratory needs and synthesis of sugars, these respiratory 
enzymes may be unregulated during cold acclimation as part of an adjustment of metabolism 
and indirectly function in tolerance mechanisms by biosynthesis of sugar cryoprotectants in 
photosynthetic tissues. 

Exogenous treatment of cell cultures, the stem cultures, and seedlings with ABA at 
nonaclimating temperatures can alter freezing tolerance (CHEN and LI, [22]; CHEN & al., 
[23]; KEITH and MCKERSIE, [24]; ORR & al., [25]; 1986; REANY and GUSTA, [26]; 
ABROMEIT & al., [27]; RYU and LI, [28]). ISMAIL and GRIERSON [29]) have suggested that 
application of BA, Gibberellic acid (GA), and 2,4-Diclorophenoxyacetic acid which is an 
auxin either increased or otherwise modified resistance to chilling injury in grapefruit that is 
stored after harvested. They found that endogenous indolacetic acid (IAA) levels weren’t 
positively correlated with resistance to chilling injury in grapefruit. However, a significant 
decrease in chilling-induced the leaf wilting of sorghum seedlings by auxin treatment was 
reported by TAJIMA and SHIMUZU [30]. The application of GA was reported to counteract the 
chilling-induced premature ripening in “Bartlet” pears (WANG & al., [31]). RIKIN & al., [32] 
have reported that ABA enhanced the CR of alfalfa seedlings and GA decreased hardiness. 
BA decreased the CR of winter wheat but BA in combination with ABA did increase it 
(GUSTA & al., [33]). 
Many researches were carried out on the effect of ABA on CR. (GUY, [2]). But less is known 
on effects of BA and other plant growth regulators on CR. Moreover, these studies have 
generally been made on a single type plant’s organ (leaf, peel, tuber, fruit), and physiological 
and biochemical effects of the high concentrations of PGRs have not been studied enough and 
Although several biochemical and physiological changes on the antioxidant defense system 
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and respiratory pathway have been shown to be involved in the chilling acclimation process, 
little is known about the responses of antioxidant enzymes and respiratory pathway against 
chilling stress which induces the overproduction of active oxygen species and needs synthesis 
a number of substances used energy. That analysis of isoforms of antioxidant and respiratory 
pathways which are enzymes regulated during chilling acclimation when coupled with 
physiological and biochemical analyses will also provide important new insights into chilling 
tolerance process. In addition, those determinations of changes in isoforms intensities of these 
enzymes will also contribute into understand the molecular mechanism of this process. 

The main aim of this study is physiologically to investigate the effect of PGRs in a 
high concentrations on CR in different organs of bean and determine whether in isoenzymes 
belonging to respiratory pathway and antioxidant defense system, is occurred variations after 
PGRs application, or not. 
 
2. Materials and methods 
 

2.1. Plant material and growth and stress condition 
Seeds of bean ( Phaseolus vulgaris L. cv. Terzibaba 98) were allowed to germinate on 

filter paper (Whatmann No. 2) in a petri dish containing distilled water for 6 days under dark 
condition at 20oC and planted in a pot containing sieved small sand, then grown in a 
controlled-environment chamber until expansion of the first vegetative leaves. The 
environmental conditions in the growth chamber were 70% humidity, 25oC and light intensity 
of 200 μmol m-2 s-1 with a 16 h photoperiod. Plant growth regulators (PGRs: ABA and BA) 
were applied to seedlings via irrigation water (GUSTA & al., [33]). For acclimation, seedlings 
were transferred to growth chamber at 15oC light: 10oC dark (light intensity of 100 μmol m-2 
s-1) under a 14-h photoperiod for 1 day. Then seedlings were exposed to chilling temperatures 
(CTs, 10oC light: 5oC dark, light intensity of 50 μmol m-2 s-1) under a 12-h photoperiod, until 
to be curled the leaves of control (9 days), because of CTs.  
 

2.2. Applications of plant growth regulators (PGRs) 
For stock solutions, ABA was dissolved in 95 % ethanol and BA dissolved in 0,5 N 

HCI and ABA (10-4 M, 95% ethanol) and BA (10-3 M, 0,5N HCl) added to pots, before they 
were exposed to cold acclimation. To the control seedlings were only applied to deionized 
water + 95% ethanol or deionized water + 0,5 N HCl. To the normal conditions seedlings 
(NCS) were applied to deionized water and maintained 25oC light: 20oC (light intensity of 
200 μmol m-2 s-1) dark under a 16-h photoperiod. 
 

2.3. Preparation of enzyme extracts 
The pieces of root, stem and leaf (0.5 g) were separately homogenized tris/HCI (0.05 

M pH 8.0 for MDH, 0.05 M pH 7.0 for G-6-PDH, 0.1 M pH 8.0 for GDH) (Conkle & al., 
[34]) and 100 mM pH 7.8 potassium phosphate buffer for SOD) (LEE and LEE, [14]) . The 
homogenate was filtered through four layers of cheesecloth and centrifuged at 20 000 g for 20 
min at 5oC. The resultant supernatant was collected for activity gel analysis and stored at –
80oC. Protein contents of the organs were measured according to the method of Bradford 
(BRADFORD, [35]) with bovine serum albumin as a standard. 
 

2.4. Activity gel analysis 
Organ extracts containing equal amounts of protein, with the addition of bromphenol 

blue and glycerol to a final concentration of 12.5%, were subjected to discontinuous PAGE 
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under nondenaturing, nonreducing conditions essentially as described by LAEMMLI [36], 
except that SDS was omitted and the gels were supported by 10% glycerol. Electrophoretic 
separation was performed at 4 oC fot 4 h with a constant current of 30 mA per gel.  

SOD activity was detected by following the modified method of Beauchamp and 
FRIDOVICH [20]. After completion of electrophoresis the gel was incubated in a solution 
containing 2.45 mM NBT for 25 min, followed by incubation in 50 mM potassium phosphate 
buffer (pH 7.8) containing 28 μM riboflavin and 28 mM tetramethyl ethylene diamine 
(TEMED) under dark condition. Expression of SOD was achieved by light exposure for 10-20 
min at room temperature. Identification of SOD isoforms was achieved by incubating gels in 
50 mM potassium phosphate buffer (pH 7.0) containing 3 mM KCN or 5 mM H2O2 for 30 
min before staining for SOD activity. GDH Activity was detected by incubation of gel in 75 
mL of 0.1 M tris/HCI buffer (pH 8.0) containing 2 g of L-glutamic acid, 12 mg nicotine amid 
adenine dinucleotite, 12 mg nitro blue tetrazolium, 6 mg phenoxy metasulphate. MDH 
activity was detected by incubation of gel in 75 mL of 0.05 M tris/HCI (pH 8.0) containing 5 
mL malic acid solution, 12 mg nicotine amid adenine dinucleotite, 12 mg nitro blue 
tetrazolium, 6 mg phenoxy metasulphate. G-6-PDH activity was detected by incubation of gel 
in 75 mL of 0.05 M tris/HCI (pH 7.0) containing 20 mg D-glucose-6-phosphate, 1 mL bovine 
serum albumin (3%), 12 mg nicotine amid adenine dinucleotite phosphate, 12 mg nitro blue 
tetrazolium, 1 mL MgCI2 (1%), 6 mg phenoxy metasulphate. 
 
3. Results 
 

3.1. Growth responses 
The changements of soluble protein content in the organs of bean plants treated to 

chilling temperatures (CTs) and PGRs are shown in Fig 1. A significant increase in the 
protein content was detected during the period of CTs. It was enhanced more protein content 
than control, by ABA and BA in leaf and root samples. These enhancements were also 
determined from all group of RDW. On the other hand, after 9 days of CTs, the leaves of 
control group showed visible injury symptoms, such as yellowing and curling at the tip of the 
leaves, whereas in BA and especially ABA groups these symptoms were not observed. The 
viability supplied from PGRs was determined by triphenyl tetrazolium chloride (TTC) test in 
the leaf (only ABA) and the root (only BA) (Data not shown).  

3.2. Changes in the activity of SOD 
Seven SOD isoforms were identified in non chilling stressed-bean roots, three isoforms in 

the stems and four isoforms in the leaves (Fig.2). CTs did not change the isoform number in the 
roots as NCS, whereas CTs increased it in the stems and decreased it in the leaves. The PGRs was 
due to decrease in the isoform number and arise of a new SOD isoform (SOD-2) in the roots as 
compared the NCS and control. While ABA and BA enhanced expression of SOD-3 (in the roots) 
and SOD-1 (in the stems), they decreased expression of SOD-2 in the leaves. BA inhibited 
expression of SOD-3 in the stems, and SOD-3, 5 in the leaves.  
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Figure 1. Changes in the soluble protein contents (SPtC) and relative dry weight (RDW) in the organs of bean 

plants treated with PGRs (ABA 10-4 M, BA 10-3 M) and subjected to chilling temperatures (CTs). 
 
 

TREATMENTS 
Root                 Stem Leaf 

 
  

NCS C ABA BA NCS C ABA BA NCS C ABA BA 

1             

2             
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8             
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Band patterns for  SOD enzyme                                     (Activity scale of bands seen on the 
gel)           
                                 The most (        )    Isoenzyme activity decreasing            The least (        )   
 
Figure 2. Native gel stained for the SOD activity of organs of the bean. Equal amounts of protein (200 μg) were 

loaded on the gel. Band numbers indicate isoforms which is different Rf values in the organs. 
NCS: Seedlings growed in normal conditions (Deionized water + 25/20 oC),  
C: Control (deionized water + 10/5 oC),  
ABA: Abscisic acid (ABA +10/5 oC),  
BA: Benzyl aminopurine (BA + 10/5 oC)  

 
3.3. Changes in the activity of G-6-PDH 
On the gels were visible five isoforms of G-6-PDH in the roots and the leaves, 8 

isoforms in the stems on NCS plants (Fig.3). There were detectable differences in the 
activities of G-6-PDH isoforms between NCS and the others. While G-6-PDH-1 (in the roots) 
and -12 isoform (in the leaves) were only seen on NCS plants, these isoforms were not 
expressed in the others. ABA was due to arise of new G-6-PDH-10, -12 isoforms in the stems 
and significant enhancement in activity of G-6-PDH-4 (in the stems) G-6-PDH-9 (in the 
roots) as compared the others. Expressions of G-6-PDH-3, -5 were decreased by all 
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treatments in the leaves as NCS, but activity of G-6-PDH-9 isoform was enhanced by ABA 
and BA as compared to NCS and the control. 
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Figure 3. Native gel stained for the G-6-PDH activity of organs of bean. Equal amounts of protein (200 μg) were 

loaded on the gel. Band numbers indicate isoforms which is different Rf values in the organs. 
 
NCS: Seedlings growed in normal conditions (Deionized water + 25/20 oC), 
C: Control (deionized water + 10/5 oC), 
ABA: Abscisic acid (ABA +10/5 oC), 
BA: Benzyl aminopurine (BA + 10/5 oC).  

 
3.3. Changes in the activity of GDH 

Existing of GDH activity could not been detected in the root of this plant (Fig. 4). On 
the gels were visible two isoforms of GDH in the stems and four isoforms in the leaves of 
NCS. While GDH-5 isoform was only expressed in leaves of NCS, GDH-2 isoform was 
identified in the leaves of control, ABA and BA. It was determined that ABA and BA 
decreased activity of GDH-3 in the stems. 
 
3.4. Changes in the activity of MDH 

As shown in Fig. 5, isoforms of MDH (two isoforms in the roots and the leaves, three 
isoforms in stems) were visible on the activity gels. CR was not effective in enhancing the 
activities of MDH isoforms in the roots, whereas CR only enhanced activity of MDH-4 in the 
stems as NCS. Expressions of MDH-2 and -4 were higher in the control, ABA and BA than 
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NCS in the leaves. The highest isoform activities were seen in the roots (MDH-2) and in the 
stems (MDH-1, and -4) treated ABA. 
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gel)            
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Figure 4. Native gel stained for the GDH activity of organs of the bean. Equal amounts of protein (200 μg) were 

loaded on the gel. Band numbers indicate isoforms which is different Rf values in the organs. 
 
NCS: Seedlings growed in normal conditions (Deionized water + 25/20 oC), 
C: Control (deionized water + 10/5 oC),  
ABA: Abscisic acid (ABA +10/5 oC),  
BA: Benzyl aminopurine (BA + 10/5 oC).  
 

TREATMENTS 
Root                 Stem Leaf 
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Band patterns for MDH enzyme                                    (Activity scale of bands seen on the 
gel)           
        The most (        )       İsoenzyme activity decreasing         The least (       ) 
 
Figure 5. Native gel stained for the MDH activity of organs of the bean. Equal amounts of protein (200 μg) were 

loaded on the gel. Band numbers indicate isoforms which is different Rf values in the organs. 
 
NCS: Seedlings growed in normal conditions (Deionized water + 25/20 oC),  
C: Control (deionized water + 10/5 oC),  
ABA: Abscisic acid (ABA +10/5 oC),  
BA: Benzyl aminopurine (BA + 10/5 oC). 
 
4. Discussion 
 

Previous works with cucumber seedlings established that during chilling, the leaves 
lost water and were subjected to increased rates of electrolyte leakage (Wright and Simon, 
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[37]; Lee and Lee, [14]). These changes were attributed to an increase in membrane 
permeability of the leaves. In this study, that application of chilling stress to bean plants 
induced the increase of relative dry weight (RDW) and soluble protein content (SPtC) at 
chilling stressed-plants’ organs (control) as NCS (Figure 1).We may also agree to the above 
idea for this our result. But, we determined that the increment in RDW and SPtC in three 
organs of seedlings exogenously treated the PGRs was higher statistically than NCS and 
control. So, we have thought that decreasing of water content during chilling may be induced 
not only by water loss depend on increment in membrane permeability but also by increment 
in synthesis of some biomolecules (as protein) in bean. It has already been reported that a new 
class of plant proteins has been found to be inducible by ABA during desiccation. (MUNDY 
and CHUA, [38]). 

Leaves of bean had four isoforms of SOD and GDH, two isoforms of MDH, five 
isoforms of G-6-PDH, stems of bean had three isoforms of SOD and MDH, two isoforms of 
GDH, eight isoforms of G-6-PDH, roots of bean had seven isoforms of SOD, two isoforms of 
MDH and five isoforms of G-6-PDH in the non chilling stressed-plants. GDH could not been 
observe in the root of this plant. Lee and Lee [14] have reported that there are six isoenzymes 
of SOD in the leaves of cucumber seedlings and they have determined to variations in the 
isoenzyme of SOD and enhancement in activity of total SOD. Lu & al. [39] have reported that 
different results of SOD isoenzyme band were found among tea, wheat and barley. There 
were only 2 isoenzyme bands in barley and wheat. However, there were 4 isoenzyme bands 
for tea roots in the same stage. According to these results, it has been understood that 
isoenzyme numbers of any enzyme may be various  in the same organ of different plants. 
Moreover, we determined that there were four SOD isoenzymes in the leaves, three 
isoenzymes in the stems and seven isoenzymes in the roots. The degree of cold tolerance 
varies widely between species and within cultivars of the same species (HINCHA & al, [1]) 
and even within tissues of the same plant (GUY, [2]). We have thought that variations in 
isoenzyme numbers among organs of the same plant may be genetically a cause of differences 
in the degree of stress tolerance of organs. 

Expression of some isoforms was stopped (GDH-4 in the leaf, G-6-PDH-1 in the root, 
G-6-PDH-12 in the leaf), decreased (for example, G-6-PDH-3, 5 in the leaf and SOD-2 in the 
leaf), enhanced (for example, G-6-PDH-4, 5 in the stem, MDH-2, 4 in the leaf, SOD-1 in the 
stem)or not changed (for example MDH-4 in the root, GDH-3 in the stem) in beans treated 
chilling stress and PGRs as compared to NCS (Figure 2, 3, 4, 5). In addition, expression of 
new isoforms (GDH-2 in the leaf, SOD-4 in the stem) was occurred by chilling stress and 
PGRs. We identified SOD-1 isoenzyme in the root of bean treated ABA and BA. LUMARET 
[40], carrying out isoenzyme analysis to determine the variation in orchard grass plants in 
different ecological conditions stated that this variation was caused by environmental factors. 
PIERRE & al., [41], ZHANG & al., [42] and TOSUN & al. [43], who studied different plants, 
stated that there were variations between populations with respect to isoenzyme bands and 
these variations originated from geological and ecological factors. These findings agree with 
ours with respect to variations in the isoenzymes. Moreover, HAUSLADEN and ALSCHER [44] 
have reported that there are two isoenzymes of glutathione reductase in needles of red spruce 
and one of them (GR-1H) can be considered to be a cold-hardiness-specific glutathione 
reductase isoenzyme after purification and characterization of the isoenzymes. We did not 
attempt to the purification and characterization, but due to the above proposal we can here 
suggest that the new synthesized isoenzymes and isoenzymes which synthesis were increased 
by the CTs and PGRs may have a pivotal role for chilling injury. 
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It was reported that invertase in wheat leaves at low temperatures undergoes a shift 
from a lower-molecular-weight form to a higher-molecular-weight form. The larger 
isoenzyme form exhibits different kinetic properties and seems to functionally replace the 
smaller form in cold-hardened plants (Roberts, [45]). In this study, we also determined like 
results for SOD. ABA and BA was due to inhibitions of SOD-izoenzymes which are lower-
molecular-weight (SOD-4, 5, 6, 7, 8) in the root, but they caused to synthesis of SOD-1 
(Figure 2). In contrast to, we identified that treated CTs and PGRs due to inhibition of G-6-
PDH-1 which is higher-molecular-weight, in the root (Figure 3). Because of these contrast 
results, we think that Roberts’ suggestion is not valid for all enzymes which we used in this 
study. 

It has been determined that both quantitative and qualitative differences occurred in 
the protein content at low temperatures in plants. In response to stress, the higher plants have 
been found to synthesize certain proteins known as LEA proteins, which are presumed to 
protect cellular structures (JACINTA and MAN, [46]). Studies of enzymes from plants 
subjected to low temperatures have demonstrated changes in activity, freeze stability, and 
isoenzymic variation when compared to plants that were maintained at warm temperature 
(GUY, [2]). It has been reported that changes in concentrations of certain metabolites and 
enzymes also may provide other possibilities for quantitatively assaying the degree of chilling 
exposure (Paul & al, [47]). Plants undergoing temperature stresses show an increase in 
endogenous levels of ABA (MOHAPATRA & al., [48]). The application of ABA induces the 
synthesis of stress proteins referred to as ABA-responsive proteins (Rabs or ARPs). Although 
the exact role of these stress proteins is not fully understood, there is evidence that they 
enable a plant to survive the subsequent lethal stress and also to recover following alleviation 
of stress. ABA mediates responses to cold and other stresses in plants (WANG, [49]). 
Application of ABA and BA resulted in a dramatic increase in a specific mRNA transcript 
levels in leaves after 24 h of exposure (NANCY & al., [50]). According above results, it has 
been known that at low temperatures: 1) Endogenous levels of the PGRs have changed, 2) 
thus, protein synthesis model has changed 3. Exogenous the PGRs have also caused to 
synthesis of mRNA and 4. New proteins and isoenzymes have synthesized to conserve 
viability in plants. We determinate that viability was enhanced in the leaf by ABA (10–4 M) 
and in the root by BA (10-3 M) which is in high concentrations, with compared to control 
(Data not shown). That means to say that genetically the bean plants can not enough 
synthesize PGRs which are necessary to synthesis of new isoforms and protein at cold 
tolerance. So, bean plants may be sensitive to low temperatures. 

It has been reported that since respiratory pathway process must continue at low 
temperature to provide carbon flux for respiratory needs and synthesis of sugars, these 
respiratory enzymes may be unregulated during cold acclimation as part of an adjustment of 
metabolism and indirectly function in tolerance mechanisms by biosynthesis of sugar 
cryoprotectants in photosynthetic tissue (GUY, [2]). Our findings shown that there were really 
upregulation for GDH, MDH, G-6-PDH and SOD as enhancement or decrease of expression 
in some of isoenzyme or synthesis of new isoenzymes. 

In summary, the findings in present study suggest that decreasing of water content 
during chilling may be induced not only by water loss depend on increment in membrane 
permeability but also by increment in synthesis of some biomolecules (as protein) in plants. It 
was clear that isoenzyme numbers of any enzyme may be various in the same organ of 
different plants and different organs of the same plant. These variations may be genetically a 
cause of differences in the degree of stress tolerance of the organs. Perhaps, the new 
synthesized isoenzymes and isoenzymes which synthesis were increased by the CTs and 
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PGRs may have a pivotal role for chilling injury, but this suggestion does not may be valid for 
every isoenzyme.  

On the other hand, syntesis of isoenzymes that are not expressed in control and NCS, 
after exogenous the PGRs applications shows that  the bean has the genes providing the 
enzymes necessary for its CR, but that the hormonal organization which activates these genes, 
cannot be done due to a genetically prevention in the metabolic way. We think that perhaps 
the genetically prevention comes into being in the phase of the cold stimulus perception or in 
the phase when the related cold-resistant hormones are transmitted to gene centers. It means 
that it can be reach the same aim by using not only the hormones applied as exogen to make 
plants resistant, but also by determining and utilizing the agents activating those genes that 
synthesize the hormones; however, it is needed more research to find out this agents. 
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