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Abstrct: Effectiveness of the commercial formulation of Bacillus thuringiensis var. kurstaki “Dipel-2x” on

the total protein content and the activity of three haemolymph enzymes acetylcholinesterase (AchE),

glutmate oxaloacetate transaminase (GOT) and glutamicpyrvate transaminase (GPT) of Spodoptera littoralis

(Boisd.) 4  larval instar were investigated. Collected haemolymph samples from treated larvae at 48, 72, 96th

and 120 hours post treatment were analyzed to assess the total protein content and the enzymes activity was

also evaluated. Throughout 120 hours post treatment, negative changes in the total protein content of treated

larvae ranged from 19.8 to 36.6% were evaluated. However, fluctuated changes in the enzymes activity of

treated larvae were found.
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INTRODUCTION

Since the registration of the first microbial

insecticide formulation of B. thuringiensis var. kurstaki

at 1961 and this pathogenic bacterium seems to have

potential values in controlling various lepidoptrous

insects even alone or combined with other chemicals or

entomopathogens,  The main mode of action of this[12 ,5 ,3 ,7]

crystalliferous bacterium in different orders of insects

was disrupting of the epithelial lining of the mid-gut .[10]

The toxicity arises when solublized toxic fractions of the

crystal attack certain receptors lining mid-gut causing

perforation followed leaking of the alkaline gut contents

into the hemocoel which results in changes in the pH

and paralysis . The crystal (б-endotoxin) protein must[6]

be ingested, solublezed and activated by larval gut

enzymes to form its entomocidal effect . [19]

Bacillus thuringiensis has its specific approach to

the host organism. It causes great physiological changes

in the vital systems during the course of infection. It

affected the total protein content and interfered with the

activity of enzymes which play a dominant role in insect

metabolism . Bacterial formulations were found to be[1 8 ]

not only safe for human beings and their domestic

animals and caused no environmental contamination, but

also they were highly specific and effective as insect

control agents, besides, they could be easily prepared

even in small laboratories or industrial factories

(companies) . These biochemical studies were designed[16]

to assess the physiological changes in the vital system

during  the  course  of  infection of S. littoralis by the

B. thuringiensis. The effect on haemolymph total protein

content and activities of some enzymes, i.e.

acetylcholinestrase (AchE), glutamate oxaloaocetate

transaminase (GOT) and glutamic pyruvate transaminase

(GPT) were investigated.

 

MATERIALS AND METHODS

Tested Insect: A standard laboratory culture of the

Egyptian cotton leafworm,     S. littoralis (Boisd.) was

used. The insects were reared on castor-oil plant leaves

under (25±2ºC and 65±5% R.H.) at the rearing room of

Pests and Plant Protection Department, National

Research Centre.

The Bacterial Formulation: Dipel-2x HD-1, a

commercial product based on Bacillus thuringiensi var

50kurstaki was used at the LC  level. The latter was

calculated from preliminary experiments using 4  instarth

larvae of S. littoralis.

Experiments:

Effect of Bt. On the Total Protein: Newly moulted 4 th

instar larvae were taken from the laboratory culture and

50fed on Bt.-treated castor-oil leaves at the LC  level

(250µg/ml). Some larvae were kept on a normal food as

a check. The haemolymph samples were obtained from
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both treated and untreated larvae at intervals of 48, 72,

96 and 120 hours post treatment by cutting the fore legs,

ensuring proper drainage and avoiding any risk of

internal organs to be damaged. The haemolymph was

drawn into small serological test tubes and kept in a

freezer at -20°C for analysis.  

Total protein was estimated in the haemolymph

according to the method described by Lowry et al .[15]

Assay of  Acetylcholinestrase (Ache) Activity: One

hundred milligram of treated larvae were homogenized

in 1ml of 0.1 M sucrose and centrifuged after 30min. at

1500 rpm at low temperature (-4°C) for 10 minutes, the

supernatant was made up to 9ml with sucrose and stored

at -20 C until determination of AchE activity accordingo

to Hestrin  and modified by Simpson et al . The[9] [21]

enzyme activity was assayed colorimetric at 515 nm. 

Assay of     Transaminase   Enzymes   Activity:  A-

Glutamic Oxaloacetic Transaminase (GOT).

Determination of GOT activity was carried out

according to Reitman and Frankel  using kits[17]

purchased from bio Meriux, france. The method of

Reitman and Frankel  depends upon the fact that[17]

plasma oxloacetic transaminase accelerates the

simultaneous transformation of alpha ketoglutaric acid

to glutamic acid and aspartic acid to oxaloacetic acid as

shown in the following formula:

Aspartic+α-ketoglutarate     GOT       oxaloacetic acid

+glutamic acid

Measured by using spectrophotometer at wave

length of 505 nm. GOT units/ml of sample was

calculated to obtain the curve for aspertate as the

substrate for GOT. The curve shows a relationship

between GOT units/ml and the optical density.

B- Glutamic Pyruvic Transaminase (GPT).

The activity of GPT enzyme in the plasma was

studied in the light of described method by Reitman and

Frankel , which depends on the fact that, plasma[17]

glutamic pyruvate transaminase accelerates the

transformation of alpha ketoglutaric acid to glutamic and

alanine to pyruvate transaminase accelerates the

transformation of alpha ketoglutaric acid as follows:

  

     Alanine + α-ketoglutarate    GPT      pyruvic acid

+ glutamic acid.

Spectrophometer at 505nm was used for reading the

reaction activity.

Amount of GPT/ml of sample was calculated using

the standard curve for alanine as the substrate, Postive

(+) and/or negative (-) changes in the enzyme

percentage of treated larvae as compared to check were

calculated.

RESULTS AND DISCUSSION

Effect of B. Thuringiensis on Total Protein Content:

Data in Table (1) showed that, the total protein content

in  the  haemolymph  of  4   instar larvae of cottonth

leaf-worm, S. littoralis fed on Dipel-treated castor oil

leaves was affected at different levels according to the

feeding period. The positive or negative changes in

percentage of protein content in the treated larvae as

compared  with control was -23.03, -32.58, -38.08 and

-39.14% after 2, 3, 4 and 5 days feeding periods,

respectively. Positive relationship was found between

post treatment period and changes percentage of total

protein in the haemolymph of treated larvae.  

It is clear that Dipel-2x gradually supressed protein

synthesis as post treatment period increased and reached

its maximum effect (-39.14) after 5days. Many

investigators studied the impact of bacterial toxins in

insects. These toxins of Bacillus thuringiensis are

responsible for the inhibition of protein synthesis by

forming a protein complex. The recorded data indicated

that, B. thuringiensis resulted in a great reduction in

protein content of 4  instar larvae of S. littoralis. Theseth

data confirm the findings of Angus and Norvis  who[2]

demonstrated that d-endotoxin of B. thuringiensis forms

a complex protein having an alkaline isoelectric pH.

Also, Lecadet and Martouret  found that the crystal[13 ,14]

like endotoxin of B. thuringiensis splits into protein and

peptide. Obvious reduction in haemolymph protein

concentration of 3  instar S. littoralis larvae treated withrd

B. thuringiensis var. kurstaki (Btk) combined with some

chemical additives was found by Latha et al . [12]

Effect of Tested Product on Enzymes Activities: 

Acetylcholinesterase (Ache): Table (2) showed that

Acetylcholinesterase activity in the haemolymph of

treated 4  instar larvae of S. littoralis was clearlyth

reduced at all feeding periods. The change percent

varied according to post treatment period. The calculated

percentages of reduction at 2, 3, 4 and 5 days were

25.80, 19.10, 21.03 and 22.01% respectively. It could be

noticed that the change percentage of AchE activity

reached its maximum level at 48h, while the minimum

level was obtained at 72hr feeding period. The usual

activity of AchE in normal larvae tended to increase

gradually by the progress in larval development and

growth  (Table  2).  Hashem  et al. , declared that, the[8]
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50Table 1: Changes in protein content of Spodoptera littoralis 4  instar larvae treated with LC  of Diple-2X in comparison with check larvaeth

(Mean±SE).

Post treatment periods (days) Amount of protein in haem olymph (mg/ml ) Change percentage

--------------------------------------------------------

Diple-2X Check

2 46.59 ± 3.60 60.53 ± 2.40 -23.03

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 43.68 ± 2.40 64.79 ± 4.80 -32.58

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4 46.59 ± 5.55 75.24 ± 3.60 -38.08

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 49.59 ± 0.60 81.48 ± 3.45 -39.14

50 Table 2:  Activity of Acetyl cholinesterase (AchE) in the haemolymph of Spodoptera  littoralis  4  instar larvae treated with LC of Diple-2Xth

in comparison with  check larvae (M ean±SE).

Post treatment periods (days) AchE activity in the crude larval homogenate (units/ml) Change percentage

---------------------------------------------------------------------

Diple-2X Check

2 40.55 ± 2.56 54.66 ± 1.84 -25.8

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 45.53 ± 2.33 56.28 ± 3.12 -19.1

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4 47.06 ± 3.12 59.59 ± 2.24 -21.03

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 47.59 ± 1.12 61.08 ± 2.96 -22.01

activity of AchE was normally associated with larval

development and growth, the opposite effect, evaluated

50in the present study, as a result of treatment with LC

of Dipel-2X, is in agreement with the findings of

Hashem et al. , who mentioned that, AchE was[8]

markedly inhibited in treated S. littoralis larvae than

control.

Glutamic Oxaloacetic Transaminase (Got): Data in

Table (3) show the effect of treatment with Dipel-2x at

50the LC  level on the activity of Glutamic Oxaloacetic

Transminase (GOT) enzyme of S. littoralis 4  instarsth

larvae. The results indicated the occurrence of

considerable increase in GOT activity as time pass-by in

no rm al la rvae  (check) fro m 1 9 .3 5± 3 .9 1m m

pyruvic/min/mg protein x 10 at 2days to 57.10±3.91mm-3  

at 5days from the beginning of the experiment as shown

in Table (3). On the other hand the enzyme activity was

slightly increased in treated larvae than the check

(15.71%) after 2 days and then decreased  in comparison

with the activity in check larvae. The maximum

decrease in the enzyme activity (52.24%) was recorded

at 5days post-treatment. Such biochemical studies was

carried out by Salama et al. , which indicated the[2 0 ]

presence of a group of amino acids, some of them were

reduced   quantitatively  following   treatment  of  the

S. littoralis larvae with Bt. kurstaki or entomocidus. The

obtained result by Azmi et al . indicated that the[4]

activity of GOT in neem-treated Sitophilus oryzae at the

50LD  level did not cause inhibition of GOT activity as 

compared with control, which contradiction our results.

This, most probably, due to the differences in the mode

of action of the used bioagents. 

Glutamic Pyruvic Transaminase (Gpt): The data

presented in table (4) concerning GPT activity showed

diversified results in treated larvae. At the first two time

intervals (48 and 72h), the GPT activity was clearly

decreased from that in the (check). The calculated

percentage of negative change was 44.49 & 34.95%

after  48  and  72  hr,  respectively.  While,  as the

post-treatment period increased to 120 hr, GPT enzyme

activity detected the highest positive change reached

44.11%.  However,  elapse  time  to 96h and 120 hr

post-treatment, obvious increase in enzyme activity

reaching (+21.61%) and (+44.11%) in comparison with

check samples, respectively. The maximum of enzyme

activity at 120h post-treatment (+44.11%). This may be

attributed to the occurrence of reversible binding

between pesticides and enzymatic site of action on the

enzyme surface.

Although the activity of GPT enzyme decreased

by the elapse of time in normal larvae due to the larval

growth and development, another trend was observed in

the enzyme activity in treated larvae post-treatment. The

results recorded herein were in agreement with Abdel-

Hafez et al.  In the 4  instar larvae of S. littoralis[1] th

treated with diflubenzuron and triflumuron. 

These results may add some interpretations of

the physiological changes caused by Dipel-2x in treated

larvae.
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50Table 3:  Effect of D iple-2X at LC  on the activity of GOT enzyme in the haem olymph of  Spodoptera littoralis  4  instar larvae (M ean±SE).th

Post treatment periods (days) GOT enzyme activity in the crude larval homogenate (units/ml) Change percentage

--------------------------------------------------------------------------------

Treated larvae Check larvae

2 22.39 ± 2.04 19.35 ± 3.91 15.71

3 25.59 ± 3.57 27.79 ± 3.91 -7.92

4 24.03 ± 2.89 46.39 ± 1.87 -48.2

5 27.27 ± 0.32 57.10 ± 3.91 -52.24

50Table 4: Effect of Diple-2X at LC  on the activity of GPT enzyme in the haem olym ph of  Spodoptera littoralis  4  instar larvae (M ean±SE).th

Post treatment periods (days) GPT enzyme activity in the crude larval homogenate (units/ml) Change percentage

-------------------------------------------------------------------------------

Treated larvae Check larvae

2 34.72 ± 1.61 62.55 ± 2.52 -44.49

3 23.84 ± 0.70 36.65 ± 2.03 -34.95

4 23.97 ± 2.03 19.71 ± 1.19 21.61

5 25.45 ± 2.45 17.66 ± 1.05 44.11
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