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﴿﴿ لَكُممع ى اللّهريلُواْ فَسمقُلِ اعو لَكُممع ى اللّهريلُواْ فَسمقُلِ اعو

 وندتُرسو ؤْمِنُونالْمو ولُهسرو وندتُرسو ؤْمِنُونالْمو ولُهسرو

إِلَى عالِمِ الْغَيبِ والشَّهادةِ فَينَبئُكُم إِلَى عالِمِ الْغَيبِ والشَّهادةِ فَينَبئُكُم 

لُونمتَع  ا كُنتُمبِملُونمتَع  ا كُنتُمبِم﴾﴾



Approval Sheet 
 
Title of the Thesis: Microbiological and biochemical studies on 

                                bacterial fructosyltransferase  

Degree: Master of science in Microbiology 

Name: Faten Ahmed Ali Mostafa   

This Thesis for Master of Science Degree has been approved by:  

 
 

1-  

 

2-  

 

3-  

 

4-  

 

Date of examination:    /   /2006 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

This thesis has not been previously submitted for any degree at 

this or at any other university.  

 

 

      Signed 

     Faten Ahmed Ali Mostafa  
 
 
 
 



Acknowledgement 

 

Acknowledgement 
 

The author wishes to express her deep gratitude to 
Professor Dr. Fawkia Mohamed El-Beih Professor of 
Microbiology, Faculty of Science, Ain Shams University for 
her kind supervision, support, criticism, remarkable 
obserivations and careful revision of the manuscript.  

 
The author owes a great indebt to Professor Dr. 

Ahmed Fouad Abdel-Fattah, Professor of Microbiology, 
National Research centre, Dokki, Cairo, for suggesting the 
topic of this work, his kind supervision, continuous 
guidance, valuable suggestions, fruitful discussion, and for 
critical reading and writing the manuscript.  

 
The author wishes to express her gratitude and deep 

appreciations to Associate Professor Saadia Mohamed 
Hassanein, Associate Professor of Microbiology, Faculty of 
Science, Ain Shams University for her kind supervision, 
continuous encouragement and kind help.  

 
The author also wishes to express her gratitude to Dr. 

Azza Mohamed Abdel-Fattah, National Research Centre, 
Dokki, Cairo, for her useful help, continuous encouragement 
and kind supervision in this work in its early stages.  

 
The author,s thanks are due to Dr. Doaa Abdel-

Rahman Mahmoud, National Research Centre, Dokki, 
Cairo, for useful help, guidance during the experimental 
work and manuscript writing.  

 
Thanks are also due to the colleagues in department 

of Natural and Microbial Products Chemistry and authorities 
of National Research Centre for kind help and facilities 
provided. 
 



 

Contents 
 

Contents 
List of tables 
List of figures 
List of photographs 
List of Abbreviations 
Abstract 
1. Introduction .......................................................................1 

2. Review of literature ...........................................................3 

2.1. Microorganisms producing fructosyltransferase..............3 

2.2. Production of fructosyltransferase ...................................6 

2.3. Properties of fructosyltransferase.....................................8 

2.4. Enzyme immobilization ...................................................11 

2.5. Purification .......................................................................12 

3. Materials and methods .....................................................14 

3.1. Materials...........................................................................14 

3.1.1. Bacterial strains .............................................................14 

3.1.2. Chemicals ......................................................................14 

3.1.3. Media.............................................................................14 

3.1.4. Buffers ...........................................................................15 

3.2. Methods ............................................................................15 

3.2.1. Maintenance of stock cultures.......................................15 

3.2.2. Preparation of the inoculum..........................................15 

3.2.3. Fermentation..................................................................16 

3.2.4. Estimation of bacterial dry weight ................................16 

3.2.5. Assay of fructosyltransferase ........................................16 



 

3.2.6. Determination of protein ...............................................16 

3.2.7.  Cultural conditions .......................................................17 

3.2.7.1. Different carbon sources ............................................17 

3.2.7.2. Different sucrose concentration ................................17 

3.2.7.3. Different nitrogen sources..........................................17 

3.2.7.4. Different concentrations of the most favourable 

            nitrogen sources...........................................................17 

3.2.7.5. Magnesium sulphate concentration ...........................18 

3.2.7.6. Dipotassium hydrogen phosphate concentration .......18  

3.2.7.7. The addition of some metal ions ................................18 

3.2.7.8. Some additives ..........................................................18 

3.2.7.9. Incubation temperature ..............................................18 

3.2.7.10. Incubation period .....................................................18 

3.2.8. Solid state culture medium............................................18 

3.2.9. Partial purification of bacterial fructosyltransferase.....19 

3.2.9.1. Fractional precipitation by ethanol ............................19 

3.2.9.2. Fractional precipitation by acetone ............................19 

3.2.9.3. Salting out by ammonium sulphate............................19 

3.2.10. Paper chromatography ................................................20 

3.2.11. Determination of glucose ............................................20 

3.2.12. Immobilization of partially purified fructosyl-  

            transferase....................................................................20 

3.2.12.1. Ionic binding ............................................................21 

3.2.12.2. Physical adsorption ..................................................21 

3.2.12.3. Covalent binding ......................................................21 



 

3.2.12.4. Entrapment ...............................................................21 

3.2.13. Properties of the free and immobilized FTFase ..........22 

3.2.13.1. The temperature of the reaction effect .....................22 

3.2.13.2. pH stability ...............................................................22 

3.2.13.3. Thermal stability ......................................................22 

3.2.13.4. Operational stability of the immobilized 90% 

               ammonium sulphate FTFase fraction.......................23 

3.2.14. Purification of the bacterial FTFase............................23 

3.2.14.1. Chromatography on DEAE-cellulose 53 column ....23 

3.2.14.2. Gel filtration on Sephadex G-150 column ...............24 

3.2.15. Disc-electrophoresis for the purified FTFase .............24 

3.2.16. Determination of the total carbohydrate .....................26 

3.2.17. Properties of purified fructosyltransferase..................26 

3.2.18. Amio acid composition of the purified FTFase ..........28 

3.2.19. Molecular weight determination .................................28 

4. Results.................................................................................29 

4.1. Survey of bacterial cultures for the production  

       of  furctosyl transferase (FTFase) ....................................29 

4.2. Effect of some physiological factors on the 

       production of fructosyl transferase (FTFase) 

       by Bacillus cereus ............................................................36 

4.2.1. Liquid culture fermentation...........................................36 

4.2.1.1. Effect of different carbon sources ..............................36 

4.2.1.2. Effect of different sucrose concentrations .................39 

4.2.1.3. Effect of different nitrogen sources ...........................39 



 

4.2.1.4. Effect of different concentrations 

            of the most favourable nitrogen sources .....................44 

4.2.1.5. Effect of magnesium sulphate concentration .............44 

4.2.1.6. Effect of dipotassium hydrogen phosphate 

            concentration ...............................................................44 

4.2.1.7. Effect of the addition of some metal ions ..................51 

4.2.1.8. Effect of some additives.............................................51 

4.2.1.9. Effect of the incubation temperature..........................51 

4.2.1.10. Effect of incubation period.......................................51 

4.2.2. Solid state fermentation.................................................59 

4.3. Some properties of the crude fructosyl- 

        transferase from Bacillus cereus .....................................59 

4.3.1. Effect of the reaction time.............................................62 

4.3.2. Effect of sucrose concentration.....................................62 

4.3.3. Effect of the temperature of the reaction.......................62 

4.3.4. Effect of the pH of the reaction.....................................68 

4.3.5. Thermal stability at pH 5.2............................................68  

4.3.6. pH stability at 30 ˚C......................................................73 

4.4. Partial purification of fructosyltransferase  

       from B. cereus ..................................................................73  

4.4.1. By ethanol fractionation................................................73 

4.4.2. By acetone fractionation ...............................................73 

4.4.3. By ammonium sulphate fractionation ...........................74 

 



 

4.5. Immobilization of the partially purified fructosyl- 

        transferase  from B.cereus ...............................................74 

4.5.1. By ionic binding ............................................................83 

4.5.2. By physical adsorption..................................................83  

4.5.3. By covalent binding ......................................................83 

4.5.4. By entrapment ...............................................................83 

4.6. Properties of the free and immobilized fructosyl- 

       transferase from B. cereus ................................................92 

4.6.1. Effect of the reaction time.............................................92 

4.6.2. Effect of sucrose concentration.....................................92 

4.6.3. Effect of the temperature of the reaction.......................97 

4.6.4. Effect of the pH value of the reaction ...........................97 

4.6.5. Thermal stability at pH 5.2............................................97 

4.6.6. pH stability at 30 ˚C......................................................108 

4.6.7. Operational stability of the immobilized enzyme .........108 

4.7. Purification of Bacillus cereus fructosyltransferase ........108 

4.7.1. By chromatography on DEAE-cellulose 53 column.....113 

4.7.2. By gel filtration on Sephadex G-150 ............................117 

4.8. Properties of the pure Bacillus cereus FTFase.................117 

4.8.1. Effect of reaction time...................................................121 

4.8.2. Effect of sucrose concentration.....................................121 

4.8.3. Km and V max values.......................................................121 

4.8.4. Optimum temperature ...................................................121 

4.8.5. Optimum pH value ........................................................121 



 

4.8.6. Thermal stability at pH 5.2............................................131 

4.8.7. pH stability at 30 ˚C......................................................131 

4.8.8. Effect of the addition of some metal ions 

          and compounds..............................................................131 

4.9. Amino acid composition of pure FTFase.........................136 

4.10. Carbohydrate content of pure FTFase............................136 

4.11. Molecular weight of pure FTFase ..................................136 

5. Discussion ...........................................................................143 

6. Summary ............................................................................156 

7. References ..........................................................................160 

Arabic summary 



 

 

List of tables 
Table (1): The most important microorganisms reported to  

                 produce FTFase ..........................................................3 

Table(2): Survey of some bacterial cultures for the production 

               of FTFase using shaken and static techniques at 30 ˚C 

               on sucrose media ..........................................................30 

Table (3): Effect of different carbon sources on the production 

                of FTFase by B. cereus................................................37 

Table (4): Effect of different sucrose concentrations on the  

                 production of FTFase by B. cereus ............................40 

Table (5): Effect of different nitrogen sources on the  

                 production of FTFase by B. cereus ............................42 

Table (6): Effect of different concentrations of the most  

                favourable nitrogen sources on the production of 

                FTFase by B. cereus ....................................................45 

Table (7): Effect of different concentrations of magnesium 

              sulphate on the production of FTFase by B. cereus ......47 

Table (8): Effect of different concentrations of dipotassium 

                hydrogen phosphate on the production of FTFase 

                by B. cereus .................................................................49 

Table (9): Effect of the addition of some metal ions on the 

                 production of FTFase by B. cereus ............................52 

 



 

Table (10): Effect of the addition of some addtitives on the 

                   production of FTFase by B. cereus ..........................54 

Table (11): Effect of the incubation temperature of 

                  fermentation on the production of FTFase 

                  by B. cereus ...............................................................56 

Table (12): Effect of the incubation period of fermentation  

                   on the production of FTFase by B. cereus ...............57 

Table (13): Production of FTFase by solid state fermentation 

                   by B. cereus ..............................................................60 

Table (14): Effect of reaction time on the activity of crude 

                   FTFase produced by  B. cereus ................................63 

Table (15): Effect of sucrose concentration in reaction 

                  mixture on the activity of crude FTFase produced  

                  by   B. cereus .............................................................64 

Table (16): Effect of the temperature of reaction mixture on  

                   the activity of crude FTFase produced by  B. 

                   cereus........................................................................66 

Table (17): Effect of pH of reaction mixture on the activity 

                  of crude FTFase produced by  B. cereus...................69 

Table (18): Thermal stability of crude FTFase produced 

                    by B. cereus  at pH 5.2 ............................................71 

Table (19):  pH stability of crude FTFase produced by B. cereus  

                    at 30 ˚C....................................................................75 

 



 

Table (20): Fractional precipitation of B. cereus culture filtrate 

                   by ethanol .................................................................77 

Table (21): Fractional precipitation of B. cereus culture filtrate 

                   by acetone.................................................................79 

Table (22): Fractional precipitation of B. cereus culture filtrate  

                   by ammonium sulphate ............................................81 

Table (23): Immobilization of B. cereus FTFase by ionic  

                   Binding .....................................................................84 

Table (24): Immobilization of B. cereus FTFase by physical  

                   Adsorption................................................................86 

Table (25): Immobilization of B. cereus FTFase by covalent 

                   binding (by chitosan)................................................88 

Table (26): Immobilization of B. cereus FTFase by  

                   entrapment ................................................................90 

Table (27): Effect of the reaction time on the activity of the  

                  free and immobilized B. cereus FTFrase ..................93 

Table (28): Effect of sucrose concentration on the activity of 

                   the free and immobilized B. cereus  FTFase............95 

Table (29): Effect of reaction temperature on  the activity 

                  of the free and immobilized B. cereus FTFase .........99 

Table (30): Effect of different pH values of the reaction mixture 

                  on the free and immobilized B. cereus FTFas........102 

Table (31): Thermal stability of the free and immobilized B. 

                   cereus  FTFase.......................................................104 

 


