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ABSTRACT 
The present study aims to isolate and characterize Bacillus thuringiensis (Bt) strains isolated from 

different sources. These strains were subjected to morphological and biochemical characterization. The 

most active five isolates were presumptively confirmed as Bt strains. They were resistant to 8% NaCl, 

unable to survive at 50oC, motile and had haemolytic activity. The 5 isolates showed positive reaction to 

catalase test, methyl red test, arginine decarboxylation, citrate utilization and gave negative reactions to 

the oxidase test and indole test. All of them were also able to ferment glucose, sucrose, maltose, fructose, 

raffinose, dextrin, glycerol, pectin and gelatine whereas they could not ferment mannitol, arabitol, 

rhamnose, lactose, mannose or sorbitol.  All isolates were Gram-positive and sensitive to Penicillin, 

Tobramycin, Bacitarcin and Amoxycillin/Clavulinic acid whereas they were resistant to Clindamycin, 

Nitrofuratoin, Candicidin and Chlramphenicol. The surface features of Bt spores were more clearly 

revealed with the scanning electron microscope. Bt spores have been described as cylindrical to ellipsoids 

in shape, surface smooth to very slightly ribbed and were covered with exosporium. 
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INTRODUCTION 

 

Bacillus thuringiensis (Bt) is an aerobic, gram-

positive, endospore forming bacterium which during 

sporulation produces crystalline inclusions consisting of 

one or more insecticidal proteins known as delta-

endotoxins. Bt is the most successful agent of microbial 

control discovered to date (Fakruddin et al., 2012; 

Halima et al., 2006). Bt is prevalent not only in soil but 

also in many other habitats worldwide (Alam et al., 

2008). 

Biolog III Gen recently introduced as an automated 

system designed to identify hundreds species or groups 

of bacteria within 4 to 24 hrs. Their data base includes 

environmental taxa that are not included in the data 

bases of the other commercial systems (Wragg et al., 

2014). The biology system is based on tests for the 

oxidation of 95 substrates in a 96-well microtiter plate. 

Each well contains a redox dye, tetrazolium violet that 

permits colorimetric determination of increased 

respiration that occurs when cells are oxidizing a carbon 

source. Reactions are read after 4 hrs and/or after 

overnight incubation (Bochner, 2008).  

The test results may be read by eye and recorded 

manually or read with an automated plate reader. The 

large number of characters makes this system 

particularly suitable for reference or research 

laboratories. However, with more biochemically 

reactive taxa, the system displayed a valuable capacity 

to identify species which were otherwise difficult to 

identify and, in some cases, a capability to detect 

relationships between epidemiologically-related strains 

(Jánosi et al., 2009; Lanka et al., 2010).  

In its most recent manifestation, GEN III, a single 

plate was designed to cover both Gram-negative and 

Gram-positive aerobic taxa, reducing costs and 

improving flexibility. Scanning Electron Microscopy 

(SEM) is a powerful method for the investigation of 

surface structures of microorganisms. This technique 

provides a large depth of field, which means, the area of 

the sample that can be viewed in focus at the same time 

is actually quite large (Stadtländer, 2007). SEM has also 

the advantage that the range of magnification is 

relatively wide allowing the investigator to easily focus 

in an area of interest on a specimen that was initially 

scanned at a lower magnification. This study was 

designed to identify some bacterial isolates from 

different sources by using two methods: Biolog GEN III 

system and scanning electron microscopy. 

 

MATERIALS AND METHODS 

 

Isolation of strains 

Bacterial isolates used in this study were isolated 

from different sources such as pasteurized full milk 

from market (Fm), rain water (R) and soil sample (S). 

The strains were grown on nutrient agar medium (NA) 

containing the following (g/l): glucose, 5.0; peptone, 

5.0; sodium chloride, 5.0; beef extract, 3.0 and agar, 

20.0. Five isolates designated as Bacillus spp. exhibited 

relatively faster and highly growth rates than the rest 

were picked and chosen for further study. 

 

Morphological study  

All the isolates were stained to observe Gram 

reaction. Cultures grown for approximately 5 days were 

examined microscopically to show the spore formation 

after staining with spore staining.   

 

Antibiotic sensitivity assay 

All strains were tested for antibiotic resistance using 

the standard agar disc diffusion technique (Aligiannis et 

al., 2001) on Mueller Hinton agar using commercial 

discs (Oxoid, UK). The antimicrobial agents used were 

Penicillin (10 μg), Tobramycin (10 μg), Clindamycin 

(20 μg), Nitrofuratoin (300 μg), Bacitarcin (10 μg), 

Chloramphenicol (30 μg), Candicidin (10 μg) and 

Amoxycillin /Clavulinic acid (30 μg). Susceptibility 

testing was performed according to Clinical and 

Laboratory Standards Institute (CLSI; formerly 

NCCLS) (CLSI, 2006).  
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Hemolysis assays 

For determination of Haemolytic activity, five 

bacterial strains were propagated on blood agar 

supplemented with 5% sheep erythrocytes and 

incubated at 37°C for 24 hrs. Colonies producing clear 

zones of haemolysis were recorded as haemolysin 

positive (Bodade et al., 2009).  
 

Starch hydrolysis 

The ability to use starch as a sole source of carbon 

and energy was tested. Starch agar medium which 

composed of beef extract, soluble starch and agar was 

used. After inoculation at 35°C for 48 hrs clear zones 

indicated the hydrolysis of starch (Smibert and Noel, 

1994). 

 

Growth at different temperatures 

Aliquots of Luria-Bertani (LB) broth (5 ml) which 

containing the following (g/l): tryptone, 10; yeast 

extract, 5; NaCl, 10; were inoculated with 50 μl (105-

106 CFU/ml) of freshly grown (16 ± 2h) native Bacillus 

isolates and incubated at different temperatures (25, 38, 

45 and 55°C) for 24 - 48 hrs. After incubation the tubes 

were observed for growth which was indicated by 

turbidity change. 

 

Biochemical characterization 

Tests were conducted to characterize the 

biochemistry of the isolates using Biolog GEN III 

system. 
 

Biolog GEN III microplate system 

A single colony selected and emulsified into 

inoculating fluid A (Biolog) for subsequent inoculation 

on to the MicroPlate test plate (Biolog) (Wragg, et al., 

2014). The inoculum prepared to a specified 

transmittance using a turbidity meter, as specified in the 

user guide.  

For each isolate, 100 μl of the cell suspension was 

inoculated into each well of the MicroPlate, using a 

multichannel pipette and incubated at 37°C for 20 hrs, 

either aerobically or in 7.5% CO2, according to growth 

characteristics. Micro Plates read in the MicroStation 

semi-automated reader after 20 hrs and results 

interpreted by the identification system's software (GEN 

III database).  
 

Scanning electron microscopy 

Aliquots (5 ml) of freshly grown bacterial cultures 

(incubated for 16 ± 2 hrs at 37°C) were harvested, fixed, 

dehydrated and embedded essentially as described by 

Da Silva et al. (2010). Microscopic examination carried 

out using scanning electron microscope (Leo Electron 

Microscopy Ltd. Cambridge, UK).  
 

Spore hydrophobicity  
Spore hydrophobicity were determinate by adhesion 

to hexadecane (Smirnova et al., 2013). 

 

 

RESULTS 

 

The morphology of colony revealed that they smooth 

with an irregular shape. To test the sensitivity of the 

isolates, 8 commercial antibiotic discs were used. The 

results interpreted according to the Clinical and 

Laboratory Standards Institute (CLSI) guidelines (table 

1). Isolates showed high sensitive to Penicillin, 

Tobramycin, Bacitracin and Amoxycillin /Clavulinic 

acid while all had high resistance against Clindamycin, 

Nitrofuratoin, Candicidin and Chlramphenicol. Table 

(2) indicated that strains Fm1, Fm3 and S1 were found 

to have the ability to hydrolyse starch and use it as a 

sole carbon and energy source for growth, while the 

strains Fm2 and R1 have not this ability. On the other 

hand, all strains have haemolytic activities. 

 
Table (1): Antibiotic sensitivity test of Bacillus strain. 
 

P: Penicillin10 ug, Tb:Tobramycin 10 ug, Cd: Clindamycin 2.0 ug,  Nf: 

Nitrofuratoin 300 ug, B: Bacitarcin 10 ug, C: Chlramphenicol 30 ug, Fr, 

Candicidin (10 μg)  and  Ac:Amoxycillin/Clavulinic acid 30 ug. 

 

Table (2): Results of starch hydrolysis and hemolytic 

activities test. 
 

 

Bacterial strains Hemolysis Starch hydrolysis 

Fm1 + + 

Fm2 + - 

Fm3 + + 

R1 + - 

S1 + + 

 

Morphological and biochemical characteristics of the 

bacterial strains 
Gram stain indicated that all bacterial isolates rod 

shape; Gram-positive and motile (table 3). The 5 

isolates showed positive reaction to catalase test, methyl 

red test, arginine decarboxylation and citrate utilization 

and negative reactions with the oxidase and indole tests.  

Isolates ferment glucose, sucrose, maltose, fructose, 

raffinose, dextrin, glycerol, pectin and gelatin whereas 

they could not break down mannitol, sorbitol, arabitol, 

rhamnose, lactose, mannose or sorbitol. 

All isolates were unable to tolerate 50°C and 

represented high growth at 38°C. According to the 

biochemical identification by Biolog GEN III all strains 

were capable to grow at different pH degrees but the 

enhanced growth were at pH 6. The bacterial isolates 

able to grow at different salt concentrations were 

determined. The five strains were tolerant to different 

concentration of NaCl (1 - 8%), and could grow at low 

concentration of NaCl (1%). 

Bacterial 

strains 

P Tb Cd Nf B C Fr Ac 

Fm1 ++ ++ - - ++ - - ++ 

Fm2 ++ ++ - - ++ - - ++ 

Fm3 ++ ++ - - ++ - - ++ 

R1 ++ ++ - - ++ - - ++ 

S1 ++ ++ - - ++ - - ++ 
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Numerous studies showed that the morphological 

diversity of spores combined with the heterogeneity of 

their physicochemical and biological characteristics. In 

the present work, the spores of different isolates of BT 

were examined under a scanning electron microscopy 

(Fig. 1).  
 

Bacillus thuringiensis (Bt) spore physical 

properties  
Bt spores described as oval, cylindrical to ellipsoids  

in shape, depending on the viewer, surface smooth to  

very slightly ribbed and were covered with exosporium 

then difficult to remove the vegetative cell walls.  

All five Bt strains vary in length than width with 

average of 1.42 μm for length and 0.83 μm for width. 

Assessment of hydrophobicity of the spores of BT by 

adhesion to hexadecane revealed that hydrophobicity 

indices for the strains were ranging from 32 to 46%. 

From the figures there were many appendages appear on 

the spore surfaces. 
 

 

Table (3): Morphological and biochemical characteristics of the bacterial strains 

 

Test organisms Fm1 Fm2 Fm3 R1 S1 

Cell Morphology Rod Rod Rod Rod Rod 

Gram stain +ve +ve +ve +ve +ve 

Motility Motile Motile Motile Motile Motile 

catalase test + + + + + 

methyl red test + + + + + 

oxidase test ‾ ‾ ‾ ‾ ‾ 

indole test ‾ ‾ ‾ ‾ ‾ 

Utilization of sugars      

Arginine dehydrogenase ++ + + ++ + 

Citrate utilization +++ ++ ++ ++ + 

D-Cellobiose ++ + - ++ - 

Glucose +++ +++ +++ ++ ++ 

D-Mannitol - - - - - 

D-Sorbitol - - - - - 

D-Fructose ++ ++ ++ ++ ++ 

Sucrose ++ +++ +++ +++ + 

D-Arabitol - - - - - 

L-Rhamnose ++ - - ++ - 

D-Galactose + - - ++ ++ 

Lactose - - - - - 

D-Maltose +++ +++ +++ +++ ++ 

D-Mannose - - - - - 

Inositol ++ - - ++ ++ 

D-Raffinose ++ + + ++ + 

D-Sorbitol - - - - - 

Dextrin +++ +++ +++ ++ ++ 

Glycerol +++ ++ ++ +++ +++ 

Pectin +++ +++ ++ ++ + 

Gelatin +++ +++ +++ ++ ++ 

Formic acid +++ ++ + +++ ++ 

L-Lactic acid +++ ++ +++ +++ ++ 

Acetic acid ++ + + ++ + 

Growth at different pH      

5 + + + + + 

6 +++ +++ +++ +++ +++ 

Growth at different 

concentration of NaCl (%) 

     

1 +++ +++ +++ +++ +++ 

4 + + + + + 

8 - - - - - 

Growth at different 

Temperature(oC) 

     

25 - - - - - 

38 +++ +++ +++ +++ +++ 

45 + + + + + 

50 - - - - - 

  



Identification of Bacillus thuringiensis by Biolog GEN III 

 

54 

                      

               

                      

                      

                      
 

Figure (1): Scanning electron microscopy of B. thuringiensis isolates. (Fm1, 2, 3) isolates from pasteurized full milk, (R1) isolated 

from rain water and (S1) isolated from soil sample. The white arrows sign to the appendages from the spores, while the red arrow 

sign to the spore with folded exsporium, scale bar = 2 μm. 

 

 

DISCCUSION 

 

The traditional methods of bacterial identification are 

based on observation of either the morphology of single 

cells or colony characteristics. However, the adoption of 

newer and automated methods offers advantage in terms 

of rapid and reliable identification of bacterial species. 

Five strains identified as Bacillus thuringiensis (Bt) 

Fm1  

Fm3 

S1 

R1  

Fm2  
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were examined for their biochemical and morphological 

properties by Biolog GEN III and scanning electron 

microscope.  

Three strains were able to hydrolyse starch. This test 

is used to differentiate bacteria based on their ability to 

hydrolyse starch with the enzyme α -amylase or oligo-l, 

6-glucosidase. MacFaddin (2000) stated that organisms 

that produce and secrete the extracellular enzymes α -

amylase and oligo-l, 6-glucosidase are able to hydrolyse 

starch by breaking the glycosidic linkages between the 

sugar subunits. 

Haemolysis is indicated as clear zones around the 

colonies. The current results were in agreement with 

Bodade et al. (2009) who found that the majority of Bt 

isolates from soil samples with haemolytic ability.  

Isolates fermented many types of carbohydrates. 

These results were similar to the results of Fakruddin et 

al. (2012) who found that 47 strains of BT fermented 

glucose, maltose and trehalose whereas they could not 

grow in the presence of arabinose, mannitol, rhamnose, 

sorbitol, lactose, or xylose. All strains could grow at low 

concentration of NaCl (1%) which confirmed with 

Venosa and Zhu (2003) who reported that the rates of 

bacterial growth decreased with increasing salinity 

concentrations. 

Biolog GEN III indicated that all bacterial strains 

belong to BT. The GEN III software provided clear 

indications of the degree of uncertainty for genus and 

species level identifications. Although the weighted 

scoring system that used in this study emphasized the 

importance of identification to species level. The end 

result of Biolog GEN III is a pattern of coloured wells 

on the micro plate that is characteristic of that bacterial 

species. Biolog GEN III applied successfully to a 

number of taxa such as Paenibacillus azotofixans (Pires 

and Seldin, 1997), Xanthomonas campestris pv. 

campestris (Massomo et al., 2003) and Glycine spp. 

(Hung and Annapurna, 2004).  

The Biolog GEN III system is better at identifying 

fermentative organisms than non-fermenters. However, 

it should be noted that biochemically active non-

fermenters achieve high identification rates (88%) in the 

Biolog GEN III system, so a different product may be 

more suitable for inactive non-fermenters. Biolog GEN 

III tests a microorganism’s ability to utilize or oxidase a 

panel of carbon sources and this method is used when 

characterizing bacterial samples within a fixed degree of 

similarities (Tshikhudo et al., 2013). 

Giorno et al. (2007) stated that BT spores cylindrical 

and ellipsoid in shape while Zolock et al. (2006) 

demonstrated that the spores generally ellipsoidal, 1.5 –

2 μm long and 750 nm –1 μm wide.  

 

Hydrophobicity of the spores, which depends on the 

presence of the exosporium and appendages, is one of 

their important physicochemical characteristics. Zolock 

et al. (2006) stated that the investigated spores of 

Bacillus cereus and BT have some morphological 

characteristics, an external sheath (exosporium) and 

appendages determining their hydrophobicity and 

capacity for adhesion. Spore appendages involved in 

adhesion are functionally similar to the fimbria of Gram 

negative bacteria, such as rhizobacteria (Smirnova et al., 

2013).  

Various rhizobacteria participate in plant 

colonization, the process involving their surface 

structures, including fimbria (Berg et al., 2005). Spore 

appendages of bacilli may participate in the interaction 

with plants. The rhizosphere is a reservoir of 

microorganisms interacting both with plants and with 

other hosts. Due to their spore structures, soil bacteria B. 

cereus and B. thuringiensis are able to adapt to new 

conditions and to grow in the intestine of insects and 

mammals (Stenfors et al., 2008). 

The scanning electron microscope show surface 

views of spores at high magnifications can be obtained. 

Because sample preparation is so simple and rapid, 

routine examination of spore surface structure for 

taxonomic purposes could be easily carried out. 
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 ستخذام جهازىإالتعرف علي بكتيريا باسيلس ثيرونجنسس المعسولة من مصادر مختلفة ب

Biolog GEN III والمجهر اإللكتروني 

 

 

 هنذ عبذ الحميذ محمذ حميذو

يصز -انعزٌش  – جبيعت انعزٌش –كهٍت انعهىو   

 

 

 الملخص العربي

َجُسس يٍ يصبدر يخخهفت وانخعزف عهً َشبطهب انهذف يٍ هذِ انذراست عشل وحعزٌف سالالث نبكخٍزٌب ببسٍهس ثٍزو

وأكذث انذراست عهً  نكخزوًَ.سخخذاو انًٍكزوسكىة اإلإواشكبل انجزاثٍى ب  Biology GEN IIIسخخذاو جهبسالإانبٍىكًٍٍبئً ب

كًب  انذيىي.٪ ونهب قذرة عهً انخحهم 8يٍ حٍث يقبويخهب نكهىرٌذ انصىدٌىو عُذ حزكٍش  وَشبطب   ا  وجىد خًس عشالث األكثز ًَى

خخببر انكبحهٍش، إل إٌجببٍب   َشبطب   انعشالث درجت يئىٌت. أظهزث 05َهب غٍز قبدرة عهى انبقبء فً حزارة أوجذ 

الخخببراث  وأعطج انعشالث َشبطب سهبٍب   citrate utilizationو   arginin decarboxylationحًزانًٍثٍهٍٍ، واخخببرأخخببرإو

 األوكسٍذٌش واإلَذول.

ذراست قذرة هذِ انكبئُبث عهً حخًز انجهىكىس، وانسكزوس، انًبنخىس وانفزكخىس، انزافٍُىس، انُشب، انجهسزٌٍ، اثبخج ان

خىل، األرابٍخىل، انزايُىس، انالكخىس، انًبَىس أو انسىربٍخىل. وكبَج جًٍع فً حٍٍ أَهب ال حخًز انًبٍَ انبكخٍٍ وانجٍالحٍٍ أٌضب  

انعشالث إٌجببٍت نصبغت جزاو وحسبست نهبُسهٍٍ، حىبزايٍسٍٍ، انبكخزسٍٍ واأليىكسٍسٍهٍٍ / حبيض انكهفىنٍُك بًٍُب كبَج يقبويت 

وحصىٌز جزاثٍى بكخزٌب انببسٍهس ثٍزوَجُسس بىاسطت نهكهٍُذايبٌسٍٍ، ٍَخزوفىراَخىٌٍ، انكبَذٌسٍذٌٍ وانكالريفٍُكىل. حى يسح 

وكبَج  جذا   حٍبٌ يضهع قهٍال  انشكم، سطحهب أيهس وفً بعض األ َهب أسطىاٍَتأانًجهز اإلنكخزوًَ انًبسح. وقذ وصفج انجزاثٍى ب

 Exosporium. يغطبة ة

 
 

 

 
 


