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ABSTRACT                        Bacillus thuringiensis is a bacterium, commonly used as a biological pesticide, and 
produces entomotoxic parasporal crystals (delta-endotoxins) and photolytic enzymes involved in 
several biological processes. The aim of present work was to enhance the production of delta-
endotoxins by an isolated Bacillus thuringiensis subsp. kurstaki strain. The adopted approach 
was based on studying both delta-endotoxins and proteolytic activities production. Trials were 
carried out based on the Plackett-Burman experimental design. The statistical analysis revealed 
that the soybean meal was the main significant ingredient (confidence level= 99.5%) for both 
delta-endotoxins and proteolytic activities productions. Starch and FeSO4 were considered as 
significant ingredients for only protease production, the confidence levels were 98.8% and 97% 
respectively. The study of the nutrients effects brought out that K2HPO4, FeSO4 and starch, exhibit 
an opposite effect on the synthesis of delta-endotoxins and proteolytic activity production. On 
the other hand, MnSO4, MgSO4 and soybean meal are considered as the ingredients having dual 
positive effect on proteolytic activities and delta-endotoxin productions, whereas KH2PO4 had 
an inhibitory effect. The optimisation strategy using mathematical methods offers an efficient 
technique to optimize media leading to the increase delta-endotoxin production by Bacillus 
thuringiensis subsp. kurstaki strains by clustering of the effects of medium components.
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Materials and Methods

Microorganism and cultivation media

Culture conditions

Determination of delta-endotoxins

Determination of proteolytic activity

Plackett-Burman Design



Results 

Delta-endotoxin production by B. thuringiensis 
strains

Effects of nutritional components on delta-
endotoxin production 

Table 1. Assigned concentrations of variables at different levels 
in Plackett-Burman design.

Variable (g l-1) Symbol -1 +1

KH2PO4 X1 0.5 1.5
K2HPO4 X2 0.5 1.5
Mg SO4 X3 0.1 0.5
FeSO4 X4 0 0.02
MnSO4 X5 0 0.02
Starch X6 25 35
Soybean meal X7 20 30

Table 2. Screening of B. thuringiensis strains for delta-endotoxin 
and proteolytic enzyme production, using complex medium into 
250 shake flasks.

Strain reference Delta-endotoxins (mg l-1) Proteolytic activity (IU)

HD-1 2178 ± 41 231 ± 46
S7 2384 ± 33 275 ± 25
S3 1968 ± 74 710 ± 31
BUPM13 1270 ± 50 1352 ± 24

Table 3. Plackett-Burman design randomized runs and the responses.

Runs X1 X2 X3 X4 X5 X6 X7 Delta-endotoxins
production (mg l-1)

Proteases concentrations (IU)

1 +1 +1 -1 +1 -1 -1 -1 2203 ± 98 146 ± 10
2 -1 +1 +1 +1 -1 +1 +1 4397 ± 85 538 ± 24
3 -1 -1 +1 +1 +1 -1 +1 3042 ± 102 943 ± 15
4 +1 +1 -1 +1 +1 -1 +1 2817 ± 91 791 ± 29
5 +1 -1 +1 +1 -1 +1 -1 2476 ± 110 180 ± 18
6 -1 -1 -1 -1 -1 -1 -1 1863 ± 88 452 ± 12
7 +1 +1 +1 -1 +1 +1 -1 1926 ± 105 250 ± 22
8 +1 -1 +1 -1 -1 -1 +1 2780 ± 117 575 ± 11
9 +1 -1 -1 -1 +1 +1 +1 3615 ± 104 473 ± 16
10 -1 +1 +1 -1 +1 -1 -1 2173 ± 81 578 ± 20
11 -1 -1 -1 +1 +1 +1 -1 2186 ± 90 272 ± 23
12 -1 +1 -1 -1 -1 +1 +1 3711 ± 108 350 ± 27



.

Evaluation of factors affecting protease 
production

Variables Estimate t statistic p-value Confidence %

Constant   2766.3  25.25 0.000
KH2PO4  -129.6 -1.18 0.302 69.8
K2HPO4   105.3  0.96 0.391 61.9
MgSO4   33.2  0.30 0.777 23.3
MnSO4   87.9  0.80 0.467 53.3
FeSO4 -139.2 -1.27 0.273 72.7
Starch   286.1  2.61 0.059 94.1
Soybean meal   627.9  5.73 0.005 a 99.5

a: significant at p < 0.05

Table 4. Linear multiple regression analysis of Plackett-Burman 
design (delta-endotoxins).

Source Sum of 
Squares

Df Mean Square F-Ratio p-value

Model 6385623 7 912232 6.33 0.047
Residual error 576011 4 144003
Total 6961634 11

R2 = 91.73%; R2 (adjusted) = 77.25%; Mean absolute error = 379.477

Table 5. ANOVA test for delta-endotoxin response.

Figure 1. Main effect on delta-endotoxins amount of the media con-
stituents after randomisation using Plackett-Burman design.

Figure 2. Effect of medium components on delta-endotoxins produc-
tion.



Discussion

Variables Estimate t statistic p-value Confidence %

Constant 462.7 17.10 0.000
KH2PO4 -59.8 -2.21 0.091 90.9
K2HPO4 -20.3 -0.75 0.496 50.4
MgSO4 48.3 1.78 0.149 85.1
MnSO4 16.1 0.59 0.584 41.6
FeSO4 88.9 3.29 0.030 a 97.0
Starch -118.4 -4.37 0.012 a 98.8
Soybean meal 149.3 5.52 0.005 a 99.5

Table 6. Linear multiple regression analysis of Plackett-Burman 
design (proteases).

a: significant at p < 0.05

Source Sum of 
Squares

Df Mean 
Square

F-
Ratio

p-value

Model 609652 7 87093 9.91 0.021
Residual error 35156 4 8789
Total 644808 11

Table 7. ANOVA test for protease response.

R2 = 94.55%;  R2 (adjusted) = 85.01%; Mean absolute error = 93.75.

Figure 4. Effect of medium components on proteases production.

Figure 3. Main effect on proteases amount of the media constituents 
after randomisation using Plackett Burman design.
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