
 

 
 
 

0 

 
 
 

STUDY ON THE EFFECT OF SOME CHEMICAL 

AND BIOLOGICAL  INSECTICIDES ON THE 

DIGESTIVE AND DETOXIFYING ENZYMES IN 

CULEX PIPIENS MOSQUITO 
 

A Thesis  
Submitted in Fulfillment of the Requirements of Ph.D. in 

Biochemistry 
 

Nashwa Hussein Kamel Mohamed 
Research and Training Center on Vectors of Diseases 

M.Sc. in  Biochemistry(2002) 
 
 

 

Under supervision of 

 

Prof. Dr. Ahmed M. Salem 
Biochemistry Department 

Faculty of Science 
Ain Shams University  

 

 

Prof. Dr. Adel I. Merdan 
Entomology Department 

Faculty of Science 
Ain Shams University 

 

Dr. Walid Elsayed Zahran 
Lecturer of Biochemistry 
Biochemistry Department 

Faculty of Science 
Ain Shams University 

 

 

 
 
 

Ain Shams University 
(2009) 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

I declare that myself have composed this thesis and the 

work therein has not been submitted for a degree at this or any 

other university. 

 

Nashwa Hussein Kamel 

 

 

 

 

 

 

 

 
 



 
  

 

 

 

 

 

Biochemistry Department 

    Faculty of Science 

  Ain Shams University  
 

Nashwa Hussein Kamel Mohamed : Name 

STUDY ON THE EFFECT OF SOME 

CHEMICAL AND BIOLOGICAL  

INSECTICIDES ON THE DIGESTIVE AND 

DETOXIFYING ENZYMES IN CULEX 

PIPIENS MOSQUITO 

: Title 

Ph.D. in Biochemistry : Scientific Degree 

  Supervision Committee                                                                                                                       

Biochemistry Department - Faculty of Science - 

Ain Shams University 
: Prof. Dr. Ahmed M. 

Salem 

Entomology Department - Faculty of Science - 

Ain Shams University 
: Prof. Dr. Adel I. 

Merdan 

Biochemistry Department - Faculty of Science - 

Ain Shams University 
: Dr. Walid Elsayed 

Zahran 

  Discussion Committee                                                                                                                       

Entomology Department -National Center for 

Research 
: Prof. Dr. Hussein S. 

Abd-Elrahman 

Biochemistry Department – National 

Organization for Drug Control and Research 
: Prof. Dr. Raouf 

Mohamed 

Biochemistry Department - Faculty of Science - 

Ain Shams University 
: Prof. Dr. Ahmed M. 

Salem 

Entomology Department - Faculty of Science - 

Ain Shams University 
: Prof. Dr. Adel I. 

Merdan 

   

  Postgraduates'  Studies 

  Research Date 

10/10/2009 

Date of Approval 

10/10/2009 

 Approval Stamp 

 

 

University Aprooval 

10/10/2009 

 Collage Aprooval 

10/10/2009 
 



 

 

BIOGRAPHY 

 

 

 
Date and Place of Birth : 24/3/1973 

Date of B.Sc.Graduation        : May 1995 

Degree Awarded           : M.Sc. in Biochemistry (2004) 

Grade                            : Ph.D. in Biochemistry 

Date of Registration        : 2004 

Date of Appointment      : 2009 

 

Supervisors 

 
1- Prof. Dr.Ahmed M. Salem ( Professor of  Biochemistry) 

2- Prof. Dr.Adel Ibrahim Merdan (Professor of Entomology). 

3- Dr.Walid Elsayed Zahran (Lecturer of Biochemistry). 

 

 

Head of Department 

Prof.Dr. Amr M. Karim  
 

 
 



ACKNOWLEDGEMENT 
 

My deepest thanks to Prof. Dr. Ahmed M. Salem, Professor 

of Biochemistry, Faculty of science, Ain Shams University, whose 

kind supervision, scientific advice, encouragement, and guidance is 

highly appreciated. 

 

I am greatly indebted to Prof. Dr. Adel Ibrahim Merdan, 

Professor of Entomology, Faculty of Science, Ain Shams 

University, For his instructive guidance, sincere help and valuable 

advice throughout the course of this study. I am really very proud to 

be his student. 

 

I wish to express my deepest appreciation and gratitude to 

Prof. Dr.Gamal El Kady, Professor of Plant Protection Department, 

Faculty of Agriculture and Dr. Iman Bahgat Assistant Professor of 

Entomology, Faculty of Science, Suez Canal University for their 

kind support and offering facilities during all phases of this work. 

 

I wish also to thank   Dr. Walid Elsayed Zahran, Lecturer of 

Biochemistry, Faculty of Science, Ain Shams University for his 

support during this work. 

 

Deep appreciation to Dr. R. Ramzy, Professor of 

Immunology, Institute of Nutrition, and  all staff members of the 

Research and Training Center on Vectors of Diseases, Ain Shams 

University. 
 

 

 



CONTENTS 

 

 
 Page 
Abstract---------------------------------------------------------------------

------------- 
i 

List of abbreviations------------------------------------------------------

------------- 
ii 

List of insects and parasities terminology----------------------------

-------------- 
iv 

List of figures--------------------------------------------------------------

-------------- 
vi 

List of Tables---------------------------------------------------------------

------------- 
x 

I. Introduction 1 

Aim of work----------------------------------------------------------------

-------------- 
3 

II. Review of literature 4 

Mosquito and its associated problems ----------------------------------

----------- 
4 

Historical development of insecticides ---------------------------------

-------------------------------- 
5 

Classification of the insecticides used in the present study.----------

------------ 
6 

  1- Chemical insecticides-------------------------------------------------

------------- 
6 

    a-Organophosphate insecticides (OP) -------------------------------

-------------- 
6 

    b-Carbamate insecticides-----------------------------------------------

-------------- 
8 

  2- Biological insecticides------------------------------------------------

------------- 
9 

 Mode of action of insecticides-------------------------------------------

------- 
13 

      Mode of action of chemical insecticides(organophosphate  

         and carbamate) ------------------------------------------------------ 13 

     Mode of action of Bacillus thuringiensis ---------------------------

------ 
14 

 Resistance ------------------------------------------------------------------

----------- 
16 

  Methods of detecting resistance ----------------------------------------

---------- 
17 

     a- WHO bioassay-------------------------------------------------------

-------------- 
17 

     b- Biochemical and Immunological assays-------------------------

-------------------------------------- 
17 

     c- DNA and RNA probes----------------------------------------------

----------------- 
18 

  Mechanisms of resistance------------------------------------------------

--------- 
18 

  1- Reduced penetration --------------------------------------------------

-- 
21 

  2- Metabolic resistance ( degradation of insecticide) ---------------

---------- 
21 

     I-Enzyme involved in detoxification of chemical insecticides---

-------------- 
23 

    a-Glutathione S-transferases---------------------------------------

------------- 
23 



          b-Esterases ---------------------------------------------------------- 25 

          c-Acetylcholinesterases--------------------------------------------

-------------- 
30 

       II-Enzyme involved in degredation and resistance to 

biological--------------    insecticides ------------------------------------

--- 

34 

          1. Endo-peptidases--------------------------------------------------

-------------- 
34 

              Trypsin activities in insects: -----------------------------------

-- 

 

36 

          2. Exo-peptidase-----------------------------------------------------

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

38 

III. Materials and Methods 42 

      Mosquito colonies -----------------------------------------------------

------------ 
42 

      Mosquito rearing-------------------------------------------------------

----------- 

42 

      Insecticides used ------------------------------------------------------ 43 

      Bioassay test for Cx. pipiens parental generation and field  

       population--------------------------------------------------------------

------------------------------------ 
44 

      Resistance development in Cx.  pipiens to chemical and  

       biological insecticide------------------------------------------------- 46 

Biochemical assays---------------------------------------------------------

----------- 

48 

     Total protein determination in larvae (Protein assay) -------------

----------- 

48 

     Enzymatic assays------------------------------------------------------- 49 

        1.Detoxifying enzymes----------------------------------------------

------------ 
50 

    A-Assay on specific esterase --------------------------------------

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

50 

      i--Esterase assay-------------------------------------------------

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

50 

       Effect of substrate concentration on -esterase activity 51 

      ii--Esterase--------------------------------------------------------

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

51 

               Effect of substrate concentration on β-esterase activity 52 

         B-Acetyl cholinesterase (AChE) ----------------------------------

---------- 
53 

            Enzyme Kinetics---------------------------------------------------

-- 

 

 

53 

         C-Glutathione S-transferase (GST)-------------------------------

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

54 

            Enzyme Kinetics---------------------------------------------------

-- 

 

 

54 

      2.Proteolytic enzymes ------------------------------------------------

----------- 
56 

  A-Trypsin assay-------------------------------------------------------

----------- 

56 

             Effect of substrate concentration on trypsin activity---------

----- 

 

57 

 B-.Aminopeptidase----------------------------------------------------

----------- 

57 

             Effect of substrate concentration on aminopeptidase  

             activity ------------------------------------------------------------- 
58 

             Stander curve------------------------------------------------------

-- 

 

58 

   Statistical analysis--------------------------------------------------------

---------- 
59 



IV. Results 61 

  1-Susceptibility of mosquito Cx. pipiens to chemical and  

       biological insecticides.----------------------------------------------- 61 

   2-Resistance development in Cx. pipiens to chemical insecticides 62 

         A- Methomyl----------------------------------------------------------

--------------- 
62 

         B- Malathion---------------------------------------------------------

---------------- 
67 

    3-Resistance development in Cx. pipiens to biological  

       insecticide- Bacillus thuringiensis H14 (B.t. H14) ---------------

- 
70 

Biochemical assays --------------------------------------------------------

---------- 
74 

    Changes in protein content in Cx. pipiens resistant colonies 

selected by methomyl, malathion and B. t. H14 
74 

    1-Effect of chemical and biological insecticides on detoxifying  

       enzymes activities ----------------------------------------------------

--------- 

79 

         a- α Esterase----------------------------------------------------------

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

79 

           Effect of substrate concentration on alpha esterase   activity 

 
79 

           Changes in alpha esterase activity in Cx. pipiens resistant  

           colonies selected by methomyl, malathion and B. t. H14. 80 

         b- β Esterase ---------------------------------------------------------

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

86 

           Effect of substrate concentration on β esterase   activity 

 
86 

           Changes in β esterase activity in Cx. pipiens resistant  

           colonies selected by methomyl, malathion and B. t. H14. 87 

    2. Acetylcholinesterase-------------------------------------------------

----------- 
92 

           Effect of substrate concentration on acetylcholinesterase  

           activity. -------------------------------------------------------------

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

 

92 

           Changes in acetylcholinesterase activity in Cx. pipiens  

           resistant colonies selected by methomyl, malathion and 

           B. t. H14. ------------------------------------------------------------

---------------------------- 
93 

    3-Glutathione S-transferase--------------------------------------------

---------- 
98 

           Effects of substrate (CDNB) and cofactor (GSH)  

           concentration on enzyme activity. -------------------------------

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

 

 

98 

           Changes in glutathione-S-transferase activity in Cx. pipiens  

           resistant colonies selected by methomyl, malathion and 

           B. t. H14. ------------------------------------------------------------

---------------------------- 
99 

 Proteolytic enzyme--------------------------------------------------------

------- 
105 

    1-Trypsin-----------------------------------------------------------------

---------- 
105 

           Effect of substrate concentration on trypsin activity---------- 105 



           Changes in trypsin activity in Cx. pipiens resistant colonies  

            selected by methomyl, malathion and B. t. H14. 106 

    2-Aminopeptidase-------------------------------------------------------

---------- 
111 

           Effect of substrate concentration on aminopeptidase activity 111 

           Changes in aminopeptidase activity in Cx. pipiens resistant  

            colonies selected by methomyl, malathion and B. t. H14. 112 

V. Discussion---------------------------------------------------------------

-------------- 
117 

   Bioassays: ----------------------------------------------------------------

-------------- 
118 

       Chemical insecticides------------------------------------------------- 118 

       Biological insecticides (Bacillus thuringiensis)------------------- 120 

   Biochemical assay: ------------------------------------------------------

-------------- 
121 

     1-Detoxifying enzymes in mosquito larvae pressed by chemical  

        insecticides -----------------------------------------------------------

---- 

121 

         Esterases activities----------------------------------------------- 121 

         Acetylcholinesterase------------------------------------------------

- 

 

123 

         Glutathione S-transferases------------------------------------------

- 

 

124 

     2-Proteolytic enzymes in mosquito larvae pressed by chemical  

        Insecticides.-----------------------------------------------------------

---- 

 

125 

     3-Proteolytic enzymes in mosquito larvae pressed by  

        biological insecticides---------------------------------------------- 127 

     4-Detoxifying enzyme in mosquito larvae pressed by biological  

         insecticides----------------------------------------------------------- 129 

  Total protein content 130 

VI. Summary---------------------------------------------------------------

-------------- 
132 

      Conclusion-------------------------------------------------------------- 

 
137 

       Recommendations-----------------------------------------------------

- 
 

138 

VII. References------------------------------------------------------------

-------------- 
140 

      Arabic Summary-----------------------------------------------------

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

      Arabic Abstract-------------------------------------------------------

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

 

 



                                                                                                                                                                     

_______________________________________________________________Abstract 

 

i 

 

ABSTRACT 

Nashwa Hussein Kamel Mohamed 

STUDY ON THE EFFECT OF SOME CHEMICAL AND 

BIOLOGICAL INSECTICIDES ON THE DIGESTIVE 

AND DETOXIFYING ENZYMES IN CULEX PIPIENS  

                                      MOSQUITO 
Faculty of Science, Biochemistry Department, Ain Shams University 

          Culex pipiens is one of the main vectors of viral and 

parasitic diseases in Egypt. The proposed work aimed to study 

the enzymatic changes associated with the development of 

resistance in Cx. pipiens larvae treated with certain chemical 

(methomyl and Malathion) and biological (Bacillus 

thuringiensis H14)  insecticides. Using chemical insecticides 

showed a decrease in susceptibility of the mosquito larvae with 

the progressive increase in selection pressure (increase in LC50 

dose). In contract there was no significant difference in the 

susceptibility response to biological insecticides in the 

successive generations.  

Larval bioassay results were supported by those of 

microplate assays in detection of changes in activities of 

proteolytic enzymes (trypsin & aminopeptidase) and 

detoxifying enzymes (non specific esterases, GST and 

acetylcholinesterase). The recorded changes in the enzymes 

activities could be used as indications of the multiple previous 

uses of these insecticides in the field. 

 Key Words: Insect, resistance, proteolytic enzymes, 

detoxifying enzymes, organophosphate, carbamate, Bacillus 

thuringiensis. 
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