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ABSTRACT 
 

Increasing plant resistance to abiotic stresses has been achieved by exogenous application of various 
organic solutes. Trehalose, one of the potential osmoprotectants, its content is generally low in plants 
because of the presence of trehalase enzyme which hydrolyzes trehalose to glucose. Hence, it should be 
possible to direct increase trehalose accumulation by down regulating plant trehalase activity or by 
expressing the trehalose biosynthetic genes under stress-specific regulation. Validamycin A is a specific 
competitive inhibitor of trehalase enzyme and raises trehalose in plant tissue. Application of Validamycin 
A, at different concentrations (10, 30 and 50 mM), supplemented to the culture medium for increasing 
banana plantlets tolerance to PEG induced drought stress was investigated. This study indicated that, the 
application of Validamycin A alleviated the lipid peroxidation caused by drought stress by increasing the 
accumulation of trehalose which lead to increasing the activities of antioxidant enzymes; Superoxide 
dismutase (SOD), Catalase (CAT) and Peroxidase (POD), and appearance of a new protein pattern in 
Validamycin A pretreated banana plantlets  at the highest concentration (50 mM).These results suggested 
that, Validamycin A at high concentration (50 mM) has a regulatory role on increasing level of trehalose 
and improving drought tolerance of in vitro banana plantlets. 
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Introduction 
 

Banana is the fifteenth of the world’s imported commodities and the fourth most important food crop 
after rice, wheat and maize in many developing countries. It contributes as a source of food, employment 
and incomes in its major production areas (Heslop-Harrison and Schwarzacher, 2007; FAOSTAT, 2010). 
Despite its importance, its production is challenged by biotic and abiotic constraints. Banana plant is very 
sensitive to water deficiency. When there is a severe water deficiency, all the leaves fall prematurely and 
banana pseudo-stem collapses (Stover and Simmonds, 1987). Recently the use of tissue culture increased 
remarkably, as it is considered as one of the modern breeding methodologies for many crops, vegetables 
and fruits. 

Tissue culture technique has emerged as a feasible and cost-effective alternative tool for developing 
stress-tolerant plants in recent years. This technique can operate under controlled conditions with limited 
space and time (Sakhanokho and Kelley, 2009), and has the potential for selection of stress-tolerant 
variants using a low cost laboratory set up. Simulation of drought stress under in vitro conditions during 
the regeneration process constitutes a convenient way to study the effects of drought on the morphogenic 
responses (Sakthivelu et al., 2008). 

Plants can avoid the damage caused by stress through several mechanisms such as compatible solutes 
accumulation (Duman et al., 2011; Talaat and Shawky, 2014). Of these compatible solutes, trehalose, a 
non-reducing disaccharide of glucose, has been shown to stabilize biological structures and 
macromolecules (proteins and membrane lipids) in different organisms during dehydration (Ali and 
Ashraf, 2011). 

Trehalose is present in plants in extremely small quantities, close just to detection level, but it plays a 
significant role in metabolic processes associated with abiotic stress tolerance (Aghdasi et al., 2008; 
Duman et al., 2011; Luo et al., 2010). It has been suggested that genetically engineered trehalose 
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accumulation in crop plants could improve their tolerance to drought and salinity (López et al., 2009). 
Recently, there is a focus of interest on the role of trehalose as it improves the performance of plants under 
drought, nutrition element deficiency or toxicity or salinity (Chang et al., 2014a). For example, it is 
suggested that trehalose function through its ability to scavenge reactive oxygen species, conferring 
protection to the machinery of protein synthesis (Chang et al., 2014b). However, limited amounts of 
trehalose were found to accumulate, likely because of the ubiquitous presence of the enzyme trehalase 
(TRE) in plants (Müller et al., 2001). Trehalase (EC 3.2.1.28), the only enzyme capable of hydrolyzing 
trehalose to glucose, has been mainly found in the plant fraction, but it is also found in relatively low levels 
in bacteroids (López et al., 2009). Inhibition of trehalase activity in nodules of Glycine max (López et al., 
2008a) and Lotus japonicus (López et al., 2006) by Validamycin A (C20H35NO13), a specific competitive 
inhibitor of trehalase, appears to affect the level of other non-structural carbohydrates and induce the 
trehalose accumulation, indicating the role of trehalase as the main enzyme responsible for the control of 
trehalose content in nodules of legume (López et al., 2008b). Treatment with Validamycin A raised 
trehalose in plant tissue (Ahmed et al., 2013). Consequently, it should be possible to direct increased 
trehalose accumulation by down regulating plant trehalase activity or by expressing the trehalose 
biosynthetic genes under tissue- or stress specific regulation (Penna, 2003). 

Our object is to provide a method and composition to enhance productivity and growth of banana 
plants under drought conditions through tissue culture technique. 

 

Materials and Methods 
 
This study was carried out at Biotechnology Research Laboratory, Horticulture Research Institute, 

Agricultural Research Center, Egypt during the period of 2014-2015. 
In vitro raised shoots resulting from proliferation of Grand Nain banana shoot-tips were used as 

experimental materials. Before a subculture, shoots were transferred to half of MS medium supplemented 
with Validamycin A at different concentrations (0, 10, 30 and 50 mM). After two days of growing on 
Validamycin A medium, the stress treatments were applied. 

 
Multiplication stage (1st experimental stage) 

 
Medium specifically formulated to induce drought stress supplemented with modified MS salts and 

vitamins (Murashige and Skoog, 1962), 3% sucrose, BA at 22 M and 0.0, 1.0, 2.0 or 3.0% PEG. The pH 
of the prepared medium was adjusted at 5.7 prior to addition of agar at 5 g/L. The medium was distributed 
into culture jars (325 ml.), where each jar contained 30 ml. of the medium. Culture jars were autoclaved at 
121oC at 15 lb/inch2 for 20 min. Cultures were allowed to grow for 8 weeks at 27oC day and night 
temperature. Light was provided by white fluorescent tubes giving intensity of about 1500 Lux at the 
explant level, then data including number of the proliferated shoots, average shoot height (cm), number of 
roots, average root length (cm) and fresh weight (g) were recorded. 

 
Elongation stage (2nd experimental stage) 

 
After stress treatments, proliferated shoots were recultured each at the same concentration of PEG on 

a free growth regulators modified MS medium and allowed to grow for other 8 weeks under growth room 
conditions, then measurements were carried out and data were recorded. Measured growth parameters 
included plant height (cm), number of leaves, number of roots, average root length (cm) and fresh weight 
(g). Shoot samples were subjected to further chemical analysis. 

 
Antioxidant enzymes activity  

 
Extraction was done as reported by Yu et al. (2003). Superoxide dismutase (SOD; EC 1.15.1.1.) 

activity was measured according to Xu et al. (2015). Catalase (CAT; EC 1.11.1.6.) assay method was that 
adopted by Aebi (1984).  Peroxidase (POD; EC1.11.1.7.) activity was determined as described by Pine et 
al. (1984). 
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SDS-PAGE analysis of protein 
 

Separation of proteins was performed by using Sodium Dodicyl Sulphate Polyacrylamide Gel 
Electrophoresis (SDS-PAGE), according to the method of Laemmli (1970). 

 
Statistical analysis  

 
Statistical analysis was carried out according to Snedecor and Cochran (1976) using analysis of 

variance and significant difference was determined using L.S.D. values at P = 0.05.  
 
Results  
 
Multiplication stage (1st experimental stage) 
  
Number of proliferated shoots/explant:  
 

Concerning number of shoots the results as illustrated in Table 1 and Figure 1 revealed that, un-
pretreated shoots which were subcultured on free PEG medium produced the highest number of shoots 
(10.50). On the other hand, increasing concentration of PEG in the culture medium led to decreasing 
number of shoots gradually. Plantlets subcultured on medium containing the highest PEG concentration 
(3%) revealed insignificant differences between various Validamycin A pretreatments.  

 
Table 1: Effect of pretreatment with different concentrations of Validamycin A (mM) on number and average height (cm) of 

shoots of  Grand Nain banana subcultured on medium containing different concentrations of PEG (%). 
Growth parameters Number of shoots Average shoot height (cm) 

     Validamycin A (mM) 
PEG (%) 

0 10 30 50 Mean 0 10 30 50 Mean 

0  10.50 7.00 9.50 5.00 8.00 1.59 2.45 2.21 3.78 2.51 
1  6.00 5.00 6.50 6.00 5.88 1.59 3.27 2.91 3.10 2.72 
2  5.00 6.00 2.00 4.00 4.25 1.48 2.82 3.25 3.40 2.74 
3  3.00 2.50 2.50 2.50 2.63 1.46 2.62 1.88 2.88 2.21 
Mean 6.13 5.13 5.13 4.38  1.53 2.79 2.56 3.29  

L.S.D. 5% 
PEG = 3.079 Validamycin A = 3.079 PEG = 0.978 Validamycin A = 0.978 

PEG × Validamycin A= 6.158 PEG x Validamycin A= 1.957 

 
Validamycin 

A (mM) 
0 10 30 50 

PEG (%) 0 1 2 3 0 1 2 3 0 1 2 3 0 1 2 3 

 

   

Figure 1: Effect of pretreatment with different concentrations of Validamycin A (mM) on growth of Grand 

Nain banana subcultured on medium containing different concentrations of PEG (%). 

Average shoot height: 

  

The average shoot height results are illustrated in Table 1 and Figure 1 where they cleared out that, 
shoots pretreated with the highest Validamycin A concentration (50 mM) and subcultured on free PEG 
medium produced the highest average shoot height (3.78 cm). On the other hand, increasing concentration 
of PEG in the culture medium had insignificant effect on average shoot height. Generally, the longest 
shoots in average were observed at pretreatments with Validamycin A at different concentrations (10, 30 
and 50 mM) which significantly increased average shoot height (2.79, 2.56 and 3.29 cm, respectively) 
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compared with Validamycin A un-pretreated shoots at different concentrations of PEG which recorded 
1.53 cm in average.  

 
Number of roots:  

 
The effect of pretreatment with different concentrations of Validamycin A on number of roots of Grand 

Nain banana subcultured on medium containing different concentrations of PEG are represented in Table 2 
and Figure 1. Adding PEG to the culture medium significantly decreased number of roots. Generally, an 
increment in number of roots in average was observed in plantlets pretreated with the highest concentration 
(50 mM) of Validamycin A recording 21.13 as compared to Validamycin A un-pretreated plantlets which 
produced 12.00 roots. 
 
Table 2: Effect of pretreatment with different concentrations of Validamycin A (mM) on number and average length (cm) of 

roots of Grand Nain banana  subcultured on medium containing different concentrations of PEG (%). 
Growth parameters Number of roots Average root length (cm) 

    Validamycin A (mM) 
PEG (%) 

0 10 30 50 Mean 0 10 30 50 Mean 

0  21.00 16.00 35.50 37.00 27.38 3.40 3.56 8.31 8.29 5.89 
1  13.00 13.00 19.00 17.00 15.50 2.64 3.75 4.71 5.81 4.23 
2  7.50 14.00 15.50 18.50 13.88 2.13 4.48 4.60 5.20 4.10 
3  6.50 8.00 10.50 12.00 9.25 2.97 3.14 4.42 4.46 3.75 
Mean 12.00 12.75 20.13 21.13  2.78 3.73 5.51 5.94  

L.S.D. 5% 
PEG = 7.981 Validamycin A = 7.981 PEG = 1.174 Validamycin A = 1.174 

PEG × Validamycin A= 15.961 PEG × Validamycin A= 2.348 

 
Average root length:  
 

Concerning average root length, the results represented in Table 2 and Figure 1 illustrated that, 
shootlets pretreated with higher concentrations of Validamycin A (30 and 50 mM) and subcultured on free 
PEG medium produced the highest average root length (8.31 and 8.29 cm, respectively). On the other 
hand, adding PEG to the culture medium significantly decreased average root length. Generally, the lowest 
harmful effects of PEG were observed in plantlets pretreated with higher concentrations of Validamycin A 
(30 and 50 mM) which significantly increased average root length (5.51 and 5.94 cm, respectively) 
compared with Validamycin A un-pretreated plantlets at different concentrations of PEG which recorded 
2.78 cm in average.  
 
Fresh weight:  

Concerning fresh weight, the results in Figure 2 showed that, plantlets pretreated with higher 
concentrations of Validamycin A (30 and 50 mM) and subcultured on free PEG medium produced the 
highest fresh weight (11.61 and 12.22 g, respectively). On the other hand, increasing concentration of PEG 
in the culture medium led to a gradual decrease in fresh weight. Plantlets subcultured on medium 
containing the highest PEG concentration (3%) revealed insignificant differences amongst various 
Validamycin A pretreatments. Generally, heaviest shoots in average were observed due to higher 
concentrations of Validamycin A (30 and 50 mM) recording 6.18 and 6.93 g, respectively. 

 

Fig. 2: Effect of pretreatment with different concentrations of Validamycin A (mM) on fresh weight (g) of 
Grand Nain banana  plantlets subcultured on medium containing different concentrations of PEG (%). 

             L.S.D. 5% for PEG = 2.426 , Validamycin A = 2.426, PEG x Validamycin A = 4.852 
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Elongation stage (2nd experimental stage)  

Plant height:  

 

During long term stress conditions, the effect of increasing PEG concentration in the culture medium 
on plant height was insignificant as shown in Table (3) and (Figure 3). On the other hand, it was observed 
that pretreatments with 10 and 50 mM Validamycin A produced relatively longest plants under the highest 
PEG concentration (3%), it resulted in 12.00 and 12.25 cm, respectively, compared with Validamycin A 
non-pretreated plantlets and pretreatment with Validamycin A (30 mM) which recorded 8.83 and 9.67 cm, 
respectively.  
 
Table 3: Long term effect of pretreatment with different concentrations of Validamycin A (mM) on plant height (cm) and 

number of leaves of Grand Nain banana recultured on medium containing different concentrations of PEG (%). 
Growth parameters Plant height (cm) Number of leaves 

    Validamycin A (mM) 
PEG (%) 

0 10 30 50 Mean 0 10 30 50 Mean 

0  9.33 11.17 11.17 10.67 10.58 6.00 6.00 6.67 6.00 6.17 
1  10.00 11.00 10.00 10.17 10.29 5.00 7.67 6.50 5.67 6.21 
2  9.83 11.00 10.00 10.50 10.33 5.00 6.33 7.33 5.00 5.92 
3  8.83 12.00 9.67 12.25 10.69 5.00 6.67 6.00 5.50 5.79 
Mean 9.50 11.29 10.21 10.90  5.25 6.67 6.63 5.54  

L.S.D. 5% 
PEG = ns Validamycin A = ns PEG = 1.203 Validamycin A = 1.203 

PEG × Validamycin A= ns PEG × Validamycin A= ns 
 

Validamycin  
A (mM) 

0 10 30 50 

PEG (%) 0 1 2 3 0 1 2 3 0 1 2 3 0 1 2 3 

 

    

Fig. 3: Long term effect of pretreatment with different concentrations of Validamycin A (mM) on growth of 

Grand Nain banana recultured on medium containing  different concentrations of PEG (%). 

Number of leaves: 
 

 During long term stress conditions, the effect of increasing PEG concentrations in the culture medium 
on number of leaves were insignificant as shown in Table 3 and Figure 3. Plantlets pretreated with the 
lowest Validamycin A concentrations (10 and 30 mM) prior culture under drought stress conditions 
produced relatively more leaves than plantlets un-pretreated with Validamycin A in average, especially in 
the presence of PEG in the culture medium. 

 
Number of roots: 
  

Elevating PEG concentration in the culture medium decreased number of roots gradually as illustrated 
in Table 4 and Figure 3. Plantlets un-pretreated with Validamycin A before culturing under long term 
drought stress conditions were the most negatively affected ones. Whereas, plantlets received higher 
Validamycin A concentrations (30 and 50 mM) produced more roots in average, especially in the presence 
of PEG in the culture medium. 
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Table 4: Long term effect of pretreatment with different concentrations of Validamycin A (mM) on number and average 
length (cm) of roots of Grand Nain banana recultured on medium containing different concentrations of PEG (%). 

Growth parameters Number of roots Average root length (cm) 
     Validamycin A (mM) 
PEG (%) 

0 10 30 50 Mean 0 10 30 50 Mean 

0  9.00 12.67 12.67 13.67 12.00 8.50 10.18 10.36 7.82 9.21 
1  9.33 9.00 12.5 12.33 10.79 8.50 12.69 9.75 8.58 9.88 
2  9.00 9.00 10.33 11.33 9.92 7.33 10.82 4.57 7.49 7.55 
3  7.67 8.67 9.00 9.50 8.71 7.33 12.33 8.27 7.82 8.94 
Mean 8.75 9.83 11.13 11.71  7.92 11.51 8.24 7.93  

L.S.D. 5% 
PEG = 2.171 Validamycin A = 2.171 PEG = 1.739 Validamycin A = 1.739 

PEG × Validamycin A= 4.341 PEG × Validamycin A= 3.479 

 
Average root length: 

  
Excessive PEG concentrations in the culture medium negatively affected the average root length as 

shown in Table 4 and Figure 3. Plantlets pretreated with the lowest Validamycin A concentration (10 mM) 
produced the longest roots in average (11.51 cm), especially in the presence of the highest PEG 
concentration (3%) in the culture medium where recorded 12.33 cm. 

  
Fresh weight :  
 

Data illustrated the long term effect of pretreatment with different concentrations of Validamycin A 
on fresh weight (g) of Grand Nain banana recultured on medium containing different concentrations of 
PEG are represented in Figure 4. The extracted data revealed that, the fresh weight decreased gradually 
with increasing PEG levels in the culture medium. The un-pretreated plantlets with Validamycin A were 
the lightest in average (2.58 g) as compared to all Validamycin A pretreatments with no significant 
differences between their means. 

 

 

Fig. 4: Long term effect of pretreatment with different concentrations of Validamycin A (mM) on fresh weight  
(g) of Grand Nain banana recultured on medium containing different concentrations of PEG (%). 

            L.S.D. 5% for PEG = 1.300 , Validamycin A = 1.300, PEG x Validamycin A = 2.600 
 
Activity of antioxidant enzymes 
 

Enzymatic ROS (Reactive Oxygen Species) scavenging mechanisms in plants were assayed in shootlets 
tissues of Grand Nain banana treated with Validamycin A and recultured on medium containing different 
concentrations of PEG.  Activity of SOD, CAT, and POD were recorded in Figure (5). Superoxide 
dismutase activity SODs acts as the first line of defense against ROS, dismutating superoxide O2

•- to H2O2. 
APX, GR and CAT subsequently detoxify ROS. 
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Superoxide dismutase activity (SOD) 
 
Activity of SOD decreased as affected by drought stress. On the other hand, activity of SOD increased 

in plantlets pretreated with different concentrations of Validamycin A in both stressed and unstressed 
plantlets as compared to control. Results in Fig. (5A) shows that plantlets pretreated with the highest 
Validamycin A concentration (50 mM) gave the maximum level of SOD activity under both unstressed 
(0% PEG) recording 352.34% or stress conditions (3% PEG) recording 315.24% over normal plantlets 
which did not receive any Validamycin A and cultured in absence of PEG. 

 

 
                    (A)                                                       (B)                                                   (C) 

Fig. 5: Activity of SOD, CAT and POD enzymes in Grand Nain banana plantlets pretreated with different 
concentrations (mM) of Validamycin A and exposed to drought stress (3% PEG) as compared to normal 
conditions (0 % PEG).  

 
Catalase activity (CAT) 
 

Remarkable reduction in CAT activity were observed in plantlets pretreated with different 
concentrations of Validamycin A under control conditions (0% PEG) as compared with un-pretreated 
plantlets. On the other hand, results in Fig. (5B) shows that CAT activity of plantlets pretreated with higher 
concentrations of Validamycin A (30 and 50 mM) under stress conditions (3% PEG) was enhanced by 
28.43 and 0.45%, respectively, over normal plantlets which did not receive any Validamycin A and 
cultured in absence of PEG. 

 
Peroxidase activity (POD) 

 
The activity of peroxidase enzyme clearly decreased in plantlets pretreated with Validamycin A at 

different concentrations under control conditions (0% PEG) as compared with un-pretreated control, Fig. 
(5C). On the other hand, POD activity was reduced by -37.68% when un-pretreated plantlets were exposed 
to drought stress. While, plantlets received higher concentrations of Validamycin A (30 and 50 mM) prior 
to reculture on medium containing (3% PEG) recorded only minor reduction (-2.2 and -2.36, respectively) 
in POD activity down normal plantlets which did not receive any Validamycin A and cultured in absence 
of PEG. 
 
SDS-PAGE analysis of protein: 
 

The electrophoretic banding patterns of proteins extracted from shootlets tissues of Grand Nain 
banana treated with Validamycin A and recultured on medium containing different concentrations of PEG 
are shown in Figure 6. SDS-PAGE analysis revealed a total number of 16 bands with molecular weights 
(MW) ranging from about 8.89 to 91.8 kDa. Analysis of data showed one protein band of molecular 
weight (34 kDa) was de novo synthesized in plantlets pretreated with the highest Validamycin A 
concentration (50 mM) under drought stress conditions (3% PEG). The results of SDS-PAGE analysis 
could reveal different genetic mechanisms i.e., Validamycin A and drought stress induced a considerable 
variation in the protein pattern of Grand Nain banana plant. This variation has been manifested as the 
novel expression of a polypeptide. It has been suggested that this protein has an osmoprotection function or 
protected cellular structures. 
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Fig. 6: Electrophoretic banding patterns of Grand Nain banana pretreated with different concentrations (mM) of 

Validamycin A and exposed to drought stress (3% PEG) as compared to normal conditions (0% PEG). 

M: Marker protein. 

Discussion  

Increasing tolerance to abiotic stress in crop plants is necessary in order to increase the plant 
productivity under limited water supplies, high salinity and low temperature. Therefore, a well-focused 
approach combining the molecular, physiological, biochemical and metabolic aspects of drought tolerance 
is essential to develop drought-tolerant crop varieties. Exploring suitable ameliorants or stress alleviant is 
one of the tasks of varieties.  

In recent decades exogenous protectant such as osmoprotectant (proline, glycine betaine, trehalose, 
etc.) have been found effective in mitigating the stress induced damage in plant (Hoque et al., 2007; 
Hasanuzzaman et al., 2013). Trehalose can serve as a carbohydrate storage molecule as well as a transport 
sugar, similar to the function of sucrose (Müller et al., 1999). It can also stabilize proteins and membranes 
of plants when exposed to stress by replacing hydrogen bonding through polar residues, preventing protein 
denaturation and fusion of membranes (Iturriaga et al., 2009). Moreover Trehalose acts as a source of 
carbon and energy and as a protector against stresses (Fernandez et al., 1995). To improve trehalose 
accumulation, a potent trehalase inhibitor (Validamycin A) was added to the culture medium (Almeida et 
al., 2007). Several researchers have used Validamycin A to raise the level of trehalose in plants. López et 
al. (2006; 2009) reported that Validamycin A was able to increase the level of trehalose in nodules of 
Lotus japonicas and Medicago truncatula. Trehalose significantly increased in rice seedling by using 
Validamycin A (Garg et al., 2007; Hathout et al., 2014). Validamycin A was used safely to raise the level 
of trehalose in plant tissues, since it proved to have no effect on growth (Müller et al., 2001; Gracia et al., 
2005; Qaid, 2010). In the present work, the growth parameters markedly decreased due to PEG induced 
drought stress. Results showed the relatively enhancement of banana plantlets growth when high drought 
stress is preceded by a treatment with Validamycin A. For short term exposure to drought stress, plantlets 
revealed insignificant differences between various Validamycin A pretreatments. The preliminary obtained 
results are compatible with Qaid (2010) who revealed that, Validamycin A was used safely to raise the 
level of trehalose in plant tissues, since it proved to have no negative effect on growth. However, for long 
term exposure to the highest PEG concentration (3%), pretreated shoots at the highest Validamycin A 
concentration (50 mM) markedly succeeded in combating drought stress. The preliminary obtained results 
are in agreement with Stolker (2010) who revealed that, the protective effect of trehalose seems to be 
primarily caused by its function as a protector against the damage to lipids and membranes by physical 

34 kDa 



Middle East J. Agric. Res., 5(4): 487-497, 2016 
ISSN 2077-4605 

495 

interaction. Relatively high levels of trehalose are necessary to significantly increase the survival after a 
case in point of drought stress.  

For long term exposure to the highest PEG concentration (3%), a positive correlation between 
enhancement of growth and increasing the activities of antioxidant enzymes; SOD, CAT and POD, was 
observed in Validamycin A pretreated plantlets at the highest concentration (50 mM). Similar results were 
reported in trehalose pretreated banana plantlets exposed to the highest PEG concentration (3%), there was 
a positive correlation between enhancement of growth, trehalose content and DPPH scavenging effect at 
lowest trehalose concentration (20 mM) application (Said et al., 2015). This observation can be explained 
by the findings of Stolker (2010), who suggested that, the protective action of trehalose against drought 
stress might be through its preservative action on membranes by scavenging of Reactive Oxygen Species 
(ROS). The generation of ROS was alleviated by application of Validamycin A which increases trehalose 
content under drought stress. Similar results were reported in wheat seedlings exposed to heat stress (Luo 
et al., 2008).  In the present study, the application of Validamycin A could markedly alleviate the lipid 
peroxidation caused by drought stress by increasing the accumulation of trehalose which leads to 
increasing the activities of antioxidant enzymes; SOD, CAT and POD, in Validamycin A pretreated 
plantlets in terms of reduced MDA contents and enhanced levels of enzymatic (SOD, POD and CAT) 
(Duman et al., 2011).  

However, the application of Validamycin A caused an overall enhancement in the activities of all the 
enzymes under drought stress, suggesting the presence of an effective scavenging mechanism to remove 
ROS from the plant system and acting as a potential mechanism of plant drought tolerance. SOD in 
particular, is the most effective intracellular enzyme mediating the removal of O2

•- radicals to H2O2 (Gill 
and Tuteja, 2010). Similar increases in the activities of SOD have been reported in faba bean (Hassanein et 
al., 2012) and Oryza sativa (Nunkaew et al., 2014) .In this study, increasing CAT activity was observed in 
Validamycin A pretreated plantlets at higher concentrations (30 and 50 mM). CAT activity was 
significantly increased by the application of exogenous Validamycin A which consequently increased the 
plant trehalose content and this corroborate with the results of Ali and Ashraf (2011) who stated that, 
trehalose has a simulative effect on CAT activity. Our results indicated that, Validamycin A pretreated 
plantlets at higher concentrations (30 and 50 mM) caused greater POD activities under drought stress 
conditions suggesting that Validamycin A pretreated plantlets at higher concentrations (30 and 50 mM) 
had a greater protection against the oxidative stress. This result agrees with Rahnama and Ebrahimzadeh 
(2005) who suggested that, the lower leaf H2O2 concentration upon Validamycin A application could be 
the reason for the activation of leaf POD activity compared to NaCl without Validamycin A treated plants. 

Validamycin A and drought stress induced a considerable variation in the protein pattern of banana 
plantlets. This variation has been manifested as the novel expression of a polypeptide. The protein band 
which has molecular weight of 34 kDa was de novo synthesized in stressed plantlets in order to 
pretreatment with Validamycin A (50 mM). It has been suggested that, this protein has an osmoprotection 
function or protected cellular structures. This result is in agreement with (Zeid, 2009) who suggested that, 
trehalose treatment reduced salt expression. Also, drought stress lead to difference in gene expressions 
where alterations in protein could be due to alteration in regulation of transcription, mRNA processing or 
due to altered rates of protein degradation (Abdel Haleem et al., 2012). 
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