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ABSTRACT 

 

The effects of two transgenic potato plants  newleaf Superior expressing of the Bacillus thuringiensisBt 

protein Cry3Aa and Desireé GNA which expressing Galanthusnivalis agglutinin were studied on the 

development, food consumption  and activities of digestive enzymes of Spodoptoralittoralis(Boisduval) under 

laboratory conditions. Third-larval instar till the end of last instar individually was fed on both types of 

transgenic potato leaves, and its control (Superior and Desireé). The results showed differences in activity, 

correlated with better digestibility and higher conversion efficiency of the control plants that also supported 

higher reproduction rate. Larvae of S. littoralis grown on the transgenic potatoes reached a similar size to those 

fed on the potato control however laid only 407 eggs / female in comparing with those fed on potato control 

leaves 815 eggs / female.The larvae feed on leaves of Cry3Aa and Desireé GNA showed 11% and 5% body 

weight reductionrespectively, which were associated with 18.63 % and 22.26 % reduction in the 

progenynumber.S littoralislarvae grown on verity N.L. SuperiorCry3Aa were 8% smaller and produced no vital 

progeny.These data suggest that the reduction of reproduction was not caused by a general shortage of nutrient 

reserves but by a more direct Cry3Aa and GNA effects on the reproduction process. Investigation of the 

digestive and detoxification enzymes showed that the activity of lipase and invertase were significantly lower in 

the insects fed on transgenic plants than those fed on non-transgenic plants. But the activity of amylase did not 

differ between all the treatments. Significantly lower activities of AchE were observed between GNA and its 

control which were 15.25±3.51 and 35.17±11.73µmole/ml/g tissue respectively. The percentage of change in 

GST were (-33.85and 25.52%) in the larvae feed on Cry3Aa and Desireé GNA respectively. 

 

Key words: Enzymesactivities, physiologiacl disturbance, transgenic andnon-transgenicpotato leaves, 
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Introduction 

 

Two major kinds of insecticidal transgenic crops have been in or are nearing possible commercial use. The 

several Btcrops express one or more transgenes originating from the bacterium Bacillus thuringiensisBerliner. 

These include the crystalline protein toxins, Cry1Ab, Cry1Ac, Cry1Fa, Cry2A, Cry3A, Cry3Bb, Cry9C, and 

Cry34A/Cry35 and the vegetative insecticidal protein Vip3A. The second group of insecticidal transgenes are 

proteinase inhibitors and include bovine trypsin inhibitor (BPTI or aprotinin; Christeller et al. 2002), snowdrop 

(GalanthusnivalisL.) agglutinin (GNA; Hilderet al. 1995), cowpea trypsin inhibitor (CpTI; Felton and 

Gatehouse 1996), and rice cystatin I (Oryzacystatin; Benchekrounet al. 1995). 

 The most important crystalline (Cry) δ-toxins are deposited in Bt spores and solubilized upon spore 

ingestion in insect midgut. Partial hydrolysis by the digestive proteases converts the storage form of Cry to 

active toxin that consists of three domains (Saraswathy and kumar 2004). Domain I comprise seven α-helices 

that interact to create ion channels in the plasma membrane; domain II is made of three β-sheets and provides 

for toxin specificity by binding to specific receptors on the midgut cells; domain III includes two β-sheets and 

facilitates both receptor binding and membrane perforation. The spores allow ion leakage that leads to cell lysis 

and disrupts pH gradient between the gut lumen and the haemolymph; the nutrient uptake is impaired, 

microorganisms invade the haemocoel, and the disturbance of homeostasis adversely affects the function of 

various organs. That process takes place in hosts that have receptors for the respective type of Cry toxin. More 

than 150 Cry proteins are produced by different Bt strains (Schnepfet al. 1998), most act on a narrow range of 

insect hosts (Zalunin et al. 2004) and 40% are inactive on any insect (Saraswathy and kumar 2004). 

The Cry3A proteins are selectively toxic for the beetles however (Hussein et al. 2005) found that Cry3Aa 

can cause some effects on the Egyptian cotton leaf worm, Spodopteralittoralis(Boisduval).  

Lectins from the snowdrop, pea, wheat, rice, castor, soybean, mungbean, garlic, sweet potato, tobacco, 

chickpea and groundnut have been isolated and characterized. They are a complex and heterogeneous group of 

proteins that differ in the carbohydrate-binding specificity and exerted effects. Some lectins, such as the wheat 

germ agglutinin (WGA), are highly toxic to mammals (Maddock et al. 1991) whereas others, such as the pea 
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lectin act rather specifically on the insects. Several studies demonstrated that the pea lectin could be used as 

transgenic resistance factors against various insect pests. Plant defense against herbivores includes lectins that 

bind sugars and thereby interfere with digestion.  

Several studies have shown that feeding is necessary for the stimulatingthe digestive enzyme activities 

(Sibley, 1981; Broadway and Duffey, 1988). Results demonstrated that sublethal doses of some biopesticides 

decreased digestive enzyme activities such as α-amylase, α- and β- glucosidase, lipase and protease and 

increased LDH activity. Higher enzyme activities in the midgut of control insects are most probably due to 

consumption and utilization of large quantities of food (Senthil-Nathan et al. 2006). Imbalance in enzyme-

substrate complex and inhibition of peristaltic movement of the gut (Hori, 1969) might have inhibited the 

enzyme activities in the treated insects (Zibaee etal. 2009). α-Amylase is an endo-digestive enzyme that 

catalyzes the breakdown of 1:4-α-glucosidase bonds in polysaccharides and converts starches into maltose (Di-

saccharide) and glycogen into glucose. (Eisemann et al. 1994) and homopterans (Powell et al. 1993; Habib et al. 

1993). 

The present work was aimed to investigate the disruption of biological, physiological and 

biochemicalcharacteristics affected by feeding Spodopteralittoralis larvae on transgenic and nontransgenic 

potato leaves. 

 

Material and Methods 

 

II.1. Insect cultures: 

 

The Egyptian cotton leaf worm, Spodopteralittoralis (Lepidoptera, Noctuidae), was establishedfrom a 

collection in Egypt and kept in laboratory of Institute of Entomology, Czech Republic for more than 10 

generations at 20–23 ◦C and 16:8 h light:darkphotoperiod. S. littoralisculture was reared on potato leaves of 

Superior and Desiréecontrol for more than five generations before experiments. 

 

II.2. Plant materials: 

 

The nontransgenic potato leaves Superior and Desirée and their derived, genetically modified NewLeaf 

Superior, which expresses the Cry3Aa endotoxin of B. thuringiensis, and GNA Galanthusnivalis agglutinin, 

which express lactin, were obtained from Institute of Entomology, CzechRepublic while Monsanto Co. (USA) is 

the source of these potato plant verities. 

The potatoes were propagated as described by (Hussein et al 2005), leaves from well grown plants non-

flowering were used to feed S. littoralislarvae. 

 

II. 3. The Bioassay experiments: 

 

Newly ecdyzed 3
rd

 larval instar of S. littoralishave been chosen for this experiment. Larvae were put 

individually in Petri dishes (9cmdiameter) and with potato leaves (Superior control, Newleaf Superior 

expressing Cry3Aa, Desireé control and Desireé GNA which expressing Galanthusnivalis agglutinin)for 

feeding, 60larvae perpotato plant type were used. The insect body weight, the food consumption and excrement 

production were measured daily. The parameters of food conversion efficiency were calculated from the fresh 

weight values according to Slansky et al.(1985). The biomass increment, B, was measured as the difference 

between the initial larval and the fresh pupal weight. Since B corresponds to the amount of digested food (= 

ingested food, I, minus faeces, F) not expended in metabolism, the metabolic losses M were calculated as M = I 

− F − B.  Approximated digestibility was figured as a ratio of digested to ingested food, i.e. AD = [(I − F): I] 

x100%. The gross growth efficiency (efficiency conversion of ingested food, ECI = [B:I] x100%) as a ratio of 

body mass increase to the amount of ingested food; and the net growth efficiency or the conversion of digested 

food to biomass as a ratio of body mass increment to the digested food, i.e. ECD = [B:(I − F)] x100%. The 

emerged male and female adults were confined in glass jars provided with filter papers for egg laying 

.Honeysolution was provided for feeding .Eggs were counted and their hatching rates were recorded. 

 

II.4. Biochemical assays: 

 

II.4.1Tissue Preparation: 

 

The biochemical assays done in National Research Center, Egypt.  For determination the tested enzymes 

such as digestive enzyme (Amylase, Invertase and lipase) and detoxification enzymes (cholinesterase (ChE), 

Glutathione S- transeferase (GST)). The larvaeof S. littoralis feed on transgenic and non transgenic leaves were 

homogenized in distilled water (1g insect body/5ml water) using a mortar for 3min. Homogenates were 
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centrifuged at 3000 r.p.m for 15 min under cooling centrifuge and the supernatant was used (as enzyme 

solution) directly or stored at –20°C until use for biochemical determinations.   

 

II.4.2 Determination of the digestive enzyme: 

 

a- Amylase and invertase: 

 

Amylase and invertase activities were assayed colorimetrically according to the methods described by 

Ishayaa and swirski (1976).The activities of the enzymes were based on the digestion of starch and sucrose 

respectively. The free aldehyde groups of glucose formed after starch and sucrose digestion were allowed to 

react with 3, 5 dinitro salicylic acid reagents. The reduced dinitro salicylic acid is measured 

spectrophotometrically at 550 nm. 

 

b- Lipase active: 

 

The method for the determination of lipase is based on the cleavage of specific chromogenic lipase 

substrate 1,2 O- dilaurylac-glycero3- glutaric acid- (6’methyl-resorufin)-ester according to  (Lorentz1998). The 

increase of absorbance was measured at 580 nm. 

 

II.4.3  Determination of the detoxification enzymes: 

 

a- Determination of cholinesterase (ChE): 

 

Substrate specificity was similarly determined by assay against three thioesters (Weber, 1966). A 10 ul 

aliquot of supernatant was added to 1.5 ml of 5, 5-dithiobis-2-nitrobenzoic acid (DTNB) in 52 mM phosphate 

buffer, pH 7.2. After mixing and incubation, 50 ul of a 156 mM solution of a thioester, acetylthiocholine iodide, 

was added. Enzyme activity was recorded as the increase in optical density due to conversion of DTNB to 5-

thio-2-nitrobenzoic acid (Ellman et al 1961). The reaction was monitored spectrophotometrically at 405 nm. 

 

b- Determination of Glutathione S-transferase Activity: 

 

GST activitywas assayed spectrophotometrically by monitoring the conjugation of 1-chloro-2,4dinitro 

benzene (CDNB) with glutathione (GSH) at 340 nm at. The enzyme assay was according to methods of Habig et 

al. (1974). 

 

Statistical analyses: 

 

The data are presented as average values with standard error. The performance of insects on the two potato 

cultivars was compared using the t-test with one-way ANOVA and ANCOVA followed by post hoc comparison 

with the Tukey HSD test. 

Data on digestive and detoxification enzymes activities were analyzed using two-way analysis of variance 

(ANOVA) 

 

III Results: 

 

III. 1- Biological studies: 

 

a- Body weight: 

 

No significant difference in body weight between Desirée control and GNA has been found with feeding 

larvae since 3
rd

 larval instar (P= 0.2622, F=1.094), Significant differences in body weight started only at the end 

of last instar (P= 0.0040, F= 4.411), and in the pupal stage, (P=0.003, F= 5.453). While in larvae feed on N.L. 

superior the significant differences started since 5
th

 larval instar (P=0.0011, t=3.638 df=28).The weight of pupae 

showed highly significant (P<0.0001, F= 16.23) (Table 1). No significant differences between N.L.Superior and 

GNA feeding where (q= 0.06145) P < 0.05, when analyzed by "Tukey's Multiple Comparison Test". (Fig. 1) 

 

b- Larval duration: 

 

The duration of the 3
rd

 larval instar of Spodopteralittoralis larvae fed on GNA potatoes leaves showed, 

marginally significant difference in comparison with control (p=0.0108) and with N.L superior (p=0.00102) 
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respectively. The length of 4
th

 larval instar showed differences between larvae fed on GNA and N. L. Superior 

(P= 0.0196, F. 4.591). Total duration of last larval instar becamesignificantly longer with GNA and N.L. 

Superior comparing with their controls (p=0.0034), while it was marginally significant in the pupal stage 

(p=0.020). In spit of a slightly prolongation of development at each stage, it reflected significant differences in 

total development till adult stage with both type of transgenic potato (GNA and N.L. Superior). The duration of 

larval stage since 3
rd

 instar fed on Superior control, NewLeaf Superior, Desirée control and GNA recorded 10.9, 

15.2, 11.8 and 14.2 days  respectively (Table 2). 

 

c- Sex ratio: 

 

Sixty larvae were used in each type of potato leaves theemerged male and female adult were collected. 

Percentage of adult females emerged from larvae has been fed on Desirée control potato leaves was 52. 5% 

while the male recorded 47.5%. The larvae fed on N.L. Superior leaves resulting in higher percentage in female 

compared to male (57% females to 43% males) while the percentage of male was higher than female percentage 

with control feeding (59 % males to 41% females).  

 

d- Fecundity, hatchabilityand reproduction: 

 

The fecundity of Spodopteralittoralis females emerged from larvae fed on different types of potato leaves  

GNA, N.L. Superior, Superior control and Desireé control since 3
rd

instart , significantly differed in the number 

of egg laying between control and treatments (P<0.0001, F=17.02). The highest amount of average number of 

egg layingwas 734.3±21.60 egg/female with superior control followed by the same number with Desireé control 

734.7±34.93 egg/female.  The numbers of eggs decrease to 557.4± 30.49 and 567.8±31.89 egg / female with 

GNA and N.L.Superior feeding respectively. The average number of egg hatched was showed a similar 

differences between control and other treatments (P<0.0001, F=14.89). In regarding to the number of hatched 

eggs  The average number of hatched eggs in control Superior andDesireé feeding recorded 548.5±17.89 and  

547.7±31.24 hatched egg respectively while these average decreased to 345.1±20.56 306.8±16.69 hatched egg 

with N.L. Superior and transgenic potato GNA respectively, (Fig.2). 

The results concloudedthat the percentage of hatchability reached 60.78% with N.L.Superior, while it was 

more affected with GNA feeding (55.04 %.) 

 Females with N.L. superior reduced their fecundity 22.7% and this reduction increased with females 

resulted with GNA to 24.13%, .which was significantly (t=6.803 df=28 P<0.0001). Egg hatching rates were 

around 75% in both cases of potato control leaves. The presence of Cry3Aa in leaves of the NewLeaf potato 

reduced both the fecundity and the hatching rate to about 18.63% of the values compared with the control 

potato. Transgenic potato GNA reduced the reproduction to 26.16% compared with Desirée control. A 

significant reduction of fecundity and hatching rate, occurred with Newleaf Superior, and a suppression of the 

total reproductive potential comparable to the difference between the Superior and NewLeaf Superior occurred 

with GNA potato. However, the reproductive potential of insects feeding on N.L. Superior significantly (t = 

7.406; df = 26; P<0.0001 ) less than on the potato leaves with GNA, the results confirming the effect of Bacillus 

thuringiensis in verity N.L. Superior  potato leaves on  S. littoralislarvae and also GNA which expressing 

Galanthusnivalis agglutinin. 

 

III. 2.Physiological studies: 

 

Food consumption and utilization: 

 

The data in Table 3 showed that Thelarvae consumed more Superior than NewLeaf Superior potato leaves. 

The differences in biomass increment, consumption rate and excrement output were all significant (P = 

0.01).The biomass increment was differed between larvae consumed Superior control and those fed on N.L. 

Superior where it was 300±4.5 and 276±6 mg respectively, while between Desirée control and GNA was no 

significant (307±4.2 and 293±4.6mg respectively). The amount of digested food (I − F), however, was nearly 

the same on cultivars, indicating that, when consumed, the transgenic leaves were digested slightly more 

efficiently. By reducing feeding, Cry3Aa possibly slowed down the food passage through the gut, thereby 

allowing better digestion, as indicated by slightly (not significantly) higher ADvalue and the same with GNA 

(Table 3). No significant differences in the metabolic losses (M) it recorded 1125±72 and 1111±64 mg for 

larvae fed on transgenic leaves N.L. Superior and GNArespectively,while it recorded 1101±54 and 1096±48mg 

with Superior control and Desirée control respectively. The conversion of digested leaves to biomass was lower 

in S. littoralis on NewLeaf Superior (cf. ECDvalues in Table 3). Although  the higher ADvalues with 

N.L.Superior36.8±3.9 and 34.2±4.0 % with GNA, the better digestibility and lower metabolic losses caused the 

significantly higher food conversion efficiency to biomass. ECI and ECD with N.L. Superior were 7.2±1.6 and 
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19.7±1.8 % respectively, while ECI and ECDwith larvae fed on Superior controlrecorded 7.1±0.9and 21.4±1.02 

% respectively. The same differences between those larvae fed on GNA and Desirée control has been occurred 

(Table 3). The results conclude that the presence of Cry3Aa in N.L. Superior leaves and Galanthusnivalis 

agglutinin in Desirée GNA reduced biomass increment without reducing food intake (Table 3). The AD, ECI, 

and ECDvalues were not significantly different from those measured on control verities of potato, but the slight 

decrease of all of them suggests that the lower body growth was a consequence of reduced nutrient assimilation. 

Food digestibility was not affected significantly, but the metabolic losses were lower than on control in general. 

The decrease in metabolic costs could be linked to smaller food consumption, but other factors such as reduced 

mobility might have played a role with changes in enzymes. Whatever the cause, the reduction of metabolic 

losses was reflected in higher values ofECIand ECD(Table 3). The presence of Cry3Aa and Galanthusnivalis 

agglutinin decreased digestibility but increased the ratio of digested food converted to biomass. 

 

III.3. Biochemical studies: 

 

Activities of the digestive enzymes: 

 

1- Amylase  

Insect amylases play an essential role in carbohydrate metabolism. Data of Amylase activity in 

Spodopteralittoralis showed reduction of this enzyme with transgenic potato GNA compared with Desirée 

control where recorded 55.95±2.18 and 78.35±3.63 µm/min/g tissue respectively, while vise versa happened 

with Cry3Aa (N.L. Superior ) which recorded high activity 87.05±0.5µm/min/g tissue compared with Superior 

control 70.85±7.82 µm/min/g tissue. (Table4).   

2- Invertase 

Table (4) showed that the Invertase activity differed significantly among the treatment of GNA and Desirée 

control which was 78.76±1.3 and 69.03±4.81 µm/min/g tissue respectively.  

3- Lipase  

Lower lipase activities were observed in larvae feed on transgenic N.L. Superior leaves (0.87±0.59U/ml/g 

tissue) and GNA potato leaves (1.05±0.32U/ml/g tissue). (Table5), Since N.L. Superior showed the highest 

percentage of inhibition (75.9%) followed by treatment with GNA Galanthusnivalis agglutinin (66.98%).  

 

Activities of the detoxification enzymes: 

 

1- Acetylecholine esterase Activity (AChE): 

 

AChE activity differed significantly among the treatments. Significantly lower activities were observed 

between GNA and its control GNA which were 15.2±3.51 and 35.17±11.73µmole/ml/g tissue respectively while 

no significant between N.L Superior  and Superior control 20.3±4.66 and 11.73±0 µmole/ ml/ g tissue 

respectively .(fig.3) 

The percentage of inhibition of activity was more affected in GNA feeding (56.64 %) g comparing with 

N.L. superior feeding which recorded 42.22%. 

 

2- Glutathione S-transferase (GST): 

 

The highest GST activities were found in the GNA control which was 99.35±11.73µ/ ml /g tissue whereas 

the lowest value was noticed on treatment N.L.Superior (54.83±4.66µ/ ml /g) (fig 3). The percentage of change 

in GST were (-33.85and 25.52%) in the larvae feed on transgenic leaves N.L. superior and GNA respectively. 

 

Discussion: 

 

Lepidopteran larvae presumably do not possess specific midgut receptors for Cry3Aa, but this does not 

fully exclude toxin interaction with the Egyptian cotton leafworm cells. Several a-helices that form the first of 

the three domains of the Cry proteins are conserved between the moth- and the beetle-specific toxins (Li et al. 

1991; Grochulskiet al. 1995). Helix 5 from Cry3Aa was shown to insert readily in diverse planar lipid bilayers, 

to bind to the surface of midgut cells in the fall armyworm Spodopterafrugiperda(J.E. Smith), and to kill a cell 

line derived from the latter species (Gazitet al. 1994). From this standpoint, a reasonable explanation for the 

inhibitory Cry3Aa action on Egyptian cotton leafworm, EAW is that the toxin binds to and hinders the digestive 

functions of midgut cells, thereby reducing food intake and larval body growth. The small toxin amounts that 

are sequestered may also interfere with some of the cells (trophocytes, follicle cells, fat body cells) intimately 

involved in the process of egg production. Conclude that food digestibility was not affected significantly, but the 

metabolic losses were lower than on control in general. The decrease in metabolic costs could be linked to 



499 
Middle East j. Appl. Sci., 4(3): 494-504, 2014 

 

 

smaller food consumption, but other factors such as reduced mobility might have played a role with changes in 

enzymes. The presence of Cry3Aa and Galanthusnivalis agglutinin decreased digestibility but increased the 

ratio of digested food converted to biomass. 

The obtained results agreed with (Hussein et al. 2005 and Gazitet al. 1994).They indicated that the Bt 

potatoes curb the growth and reproduction of the adults where the intervention probably occurs during pupal 

stage when much of the egg formation started and effected by a mechanism that is indirectly related to Cry3Aa 

expression. A deliberate suppression of the production of proteinase inhibitors in potatoes by means of 

molecular engineering enhanced the weight gain of the beet armyworm Spodopteraexigua (Hubner) by 52–63% 

and the fecundity by 73% (Ortegoet al. 2001). A reverse, i.e., an elevated level of the inhibitors, would probably 

curb the development of S. littoralis larvae. However, it is unlikely that investment into the production of 

Cry3Aa in the genetically modified potato would be associated with increased output of other defense 

compounds. (Hussein et al. 2005) conclude that Cry3Aa itself causes deterioration of the Egyptian cotton-

leafworm performance on the NewLeaf Superior cultivar. 

Several studies have shown that feeding is necessary for the stimulation of digestive enzyme activity Abo 

El- Gharet al. 1996 has been reported that the digestive enzymes, amylase and invertase, has been secreted in 

the digestive tract of several insects, which are important for digestion and utilization of starch and sucrose 

respectively. So, higher enzyme activity in the midgut of untreated insects is most probably due to consumption 

and utilization of large quantities of food (Senthil Nathan et al. 2000). Also the enzyme production was clearly 

related to the feeding behaviour (amount of food that passes through the alimentary canal).This could be 

supported by the work of (Ishaaya and Ascher 1977) who recorded that disturbance in amylase and invertase 

activities could interfere with feeding ability. Impairment of the substrate availability and inhibition of 

peristaltic movement of the gut might have inhibited the digestive enzymes activity in the treated insects 

 Results demonstrated that feeding Spodopteralittoralis on transgenic potato leaves of Newleaf Superior 

expressing Cry3Aa, and Desireé GNA which expressing Galanthusnivalis agglutinin), from thrid-instar larvae 

till end of last instar decreased digestive enzyme activities such as α-amylase, α- and β- glucosidase, lipase and 

protease. These results agreed with (Senthil-Nathan et al. 2006).The Lipases enzyme have key roles in insect 

lipid acquisition, storage and mobilization and are also fundamental to many physiological processes 

underpinning insect reproduction  ,development, defense from pathogens and oxidative stress  ,and pheromone 

signaling (Horne et al. 2009). Current results also showed that the activity of lipase was disrupt  in the insects 

fed on  transgenic plants 

 Imbalance in enzyme-substrate complex and inhibition of peristaltic movement of the gut (Hori, 1969) 

might have inhibited the enzyme activities in the insects feeding transgenic plants. (Zibaee and Bandani 2009). 

Our results agree with many studies that pesticides including B.thuringiensis, synthetic chemicals and botanical 

components significantly decreased the activity of α- amylase in the midgut of different insects (Senthil- Nathan 

et al., 2006; Shekariet al. 2008; Zibaeeet al. 2008; Zibaee and Bandani, 2010). Ascher and Ishaaya (2004) 

showed that the activity level of this enzyme increased 30 % in S. littoralisBoisd (Lepidoptera: Noctuidae) 

treated with phentine acetate compared with control.(Senthil- Nathan et al. 2006) supported our finding that B. 

thuringiensis decreased the activity level of this enzyme; the activity was much lower when bacterial spores and 

botanical components were combined. Zibaeeet. al. 2010 agree with obtained results that Physiological 

conditions of the fall armyworm, Hyphantriacunea Drury affects the activity of the tested enzymes and reflects 

the absorption, digestion, and transport of nutrients in the midgut. B. thurengiensis damages the epithelial cells 

of the midgut through crystalline parasporal bodies, so decreasing levels of digestive enzymes. 

Insects protect themselves from the“oxidative stress”, with a variety of detoxifying enzymes, such as, 

glutathione S-transferase, glutathione, peroxidase and acetylcholine esterase, which have been reported insects 

(Felton and Summers, 1995; Joanisse and Storey, 1996). 

GSTs are involved in the detoxification of a wide variety of toxic compounds y conjugating them to 

glutathione and thus facilitating their removal from the insect 

(Hinton, et al.1995). Among the detoxification enzymes, AChE is a key enzyme that at terminates nerve 

impulses by catalyzing the hydrolysis of the neurotransmitter acetylcholine in the nervous system (Cheng et al. 

2004). 

The results concluded that the transgenic potatoes effect on development and reduced the progeny numbers 

of Spodopteralittoralis, while the investigation of the digestive and detoxification enzymes showed that the 

activity of lipase and invertase were affected by feeding on  n transgenic plants but the activity of amylase did 

not differ between all the treatments. 
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Table 1:Effect of transgenic and nontransgenic potato leaveson some different biological parameters ofS. littoralislarvae  

 

Biological Parameters 

 

Types of  potato plants  

 

 Superior control N.L. Superior Desirée control Desirée GNA 

Initial larval weight (mg) (±S.E) 30.3±0.84a 31.2±0.89a 29±1.82a 32.4±0.94b 

Pupal weight (mg) (±S.E) 331±4.13a 286±4.91b 341.4±6.45a 301.5±8.29b 

B, Biomass increment (mg) (±S.E) 300±4.5a 276±6b 307±4.2a 293±4.6b 

The significant differences between treatments expressed by Mean Values±S.E. were followed by a different letter within a row are 

significantly different (P <0.05). 

 
Table 2:effect of feeding on transgenic and non transgenic potato leaves on the duration of different larval instar of S. littoralis fed on 

trangenic and non 

  larval duration in  days  

Type of potato leaves  3rd instar 4th instar 5th instar 6th instar total period 

 

Superior control 2.7±0.06c 1.6±0.06b 1.19±0.07b 5.5±0.18b 10.9±0.36 

N.L.Superior 3.7±0.1a 2.1±0.09a 2.2±0.08a 7.2±0.15a 15.2±0.43 

Desirée control 2.9±0.07b 1.7±0.07b 1.22±0.06b 6±0.19b 11.8±0.38 

GNA 2.9±0.09b 2±0.08a 1.9±0.07a 7.4±0.17a 14.2±0.47 

The significant differences between treatments expressed by Mean Values±S.E. were followed by a different letter within a row are 

significantly different (P <0.05).  

 
Table 3: Potato types efficiency of food conversion to Spodopteralittoralis biomass 

* parameters (per larvae)  Types of  potato   

 Superior control N.L.Superior Desirée 

control 

GNA 

B, Biomass increment (mg) (±S.E 300±4.5 276±6 307±4.2 293±4.6 

I, Ingested food (mg) (±S.E) 4196±38.2 3806±36.4 4316±41.2 4110±48.4 

F, Faeces produced (mg) (±S.E) 2795±23.5 2405±48.1 2913±29.6 2706±33.9 

M = I − B – F(mg) (±S.E) 1101±54 1125±72 1096±48 1111±64 

AD = (I − F):I (×100%) (±S.E) 33.4±4.3 36.8±3.9 32.5±2.4 34.2±4.0 

ECI = B:I (×100%) (±S.E) 7.1±0.9 7.2±1.6 7.1±1.0 7.1±1.2 

ECD = B:(I − F) (×100%) (±S.E) 21.4±1.02 19.7±1.8 21.8±1.5 20.8±0.72 

     

* B, biomass increment: the difference between the final (fresh pupal) and the initial (beginning of the penultimate instar) body mass; I, food 

consumed in course of the experiment; F, discarded faeces and exuviae; M, metabolic losses; AD, approximated digestibility, i.e. ratio of 
digested to ingested food; ECI, conversion efficiency of ingested food to biomass, i.e. ratio of body mass increase to the amount of ingested 

food; ECD, conversion efficiency of digested food to biomass, i.e. ratio of body mass increment to digested food. 

 
Table 4: Amylase andInvertase activity of 4th instar larvae ofS.littoralisfeeding on transeginc and non transegenic potato leaves. 

Potato types  Enzyme sample  

EnzymeSamples 
 

Amylase activity* 

 

Invertase activity* 

 

NL Superior leaves 
 

 

87.05±1.45 

 

77.12±6.8 ab 

 

Superior control 

 

 
70.85±7.82 

 
81.90±2.3 a 

 
Desireécontrol 

 

 

78.35±3.63 

 

69.03 ±4.81 b 

 

GNA Leaves 

 

55.95±2.18 

 

78.76±1.34 a 

LSD0.01 - 8.24 

* µ moles glucose produced / minute/ gm tissue 
Each value represents the mean of three replicates ± standard error. Means with different letters were significantly different at the 0.01 level 

according to Duncan’s multiple range test. 

 

Table 5: Lipaseactivity of 4th instar larvae ofSpodopteralittoralisfeeding on transgenic and non transegenic potato leaves. 

Potato types  
 

Enzyme Sample  

 

Activity*  

 

% Inhibition 

superior control 

 

 

3.61 ±0.50a 

 

---------- 

 
NL Superior leaves 

 

 

 

0.87 ±0.59b 

75.90 

 
 

 
Desireé control 

 

 

3.18 ±0.64a 
       ----------- 
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GNA Leaves 
 

1.05 ±0.32b 
66.98 

LSD0.01 0.99  

*U/ml/g tissue 

Each value represents the mean of three replicates ± standard error. Means with different letterswere significantly different at the 0.01 level 
according to Duncan’s multiple range test. 

 

 
 

Fig. 1: Mean body weight of S. littoralis at newly ecdysisdiferent larval instars fed on different types of potato 

leaves No sing ificantdifferences between N.L. Superior and GNA feeding where (q=0.06145) P<0.05, 

by “Tukey’s Multiple Comparison Test’. 

 

 
 

Fig. 2: Effect of transgenic and non transgenic potato leaves feeding, on the fecundity (meannumber of laid and 

hatched eggs / female) of S. littoralis 
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Fig. 3: Cholinesterase and Glutathione S-transferase activity resulted from feeding of 4th instar larvae S. 

littoralis on transegenic and non transgenicpotao leaves 
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