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ABSTRACT

Marwa Roushdy Sayed Mahmood. “Molecular Genetic Studies on
Heat Shock Response in Drosophila”. Unpublished M.Sc. Thesis,
Department of Genetics, Faculty of Agriculture, Ain Shams
University, 2017.

The heat shock proteins (HSPs), abundantly expressed in insects,
are important modulators of insect survival and are used as sensitive
biomarkers for xenobiotics. Increased nanomaterial productions,
including silver nanoparticles (AgNPs) and their wide range of
applications imply a higher risk of human and environmental exposure.

The aims of the present study were to: 1. Investigate the impact of
AgNPs exposure in D. melanogaster with regard to changes in the
expression of heat shock (Aisp) genes (hsp23, hsp26, hsp27, and hsp60).
2. Assess the correlations between Asps genes, antioxidant systems and
oxidative stress as reflected by changes in the expression of antioxidant
enzymes (SOD, CAT and GSH). 3. Assess the ability to tumors
development by monitoring the changes in the expression of tumor
suppressor gene (p53). 4. Detect some genetic biomarkers associated with
biological stress in fruit flies.

Characterization of AgNPs by using transmission electron
microscopy (TEM) and dynamic light scattering (DLS) analysis revealed
agglomeration of silver particles in water, spherical shape, and uniform
size with an average diameter of between 15-70 nm and the
hydrodynamic diameters were 74.35 nm.

Larvae exposure to different concentrations of AgNPs resulted in
significant changes in body color and some toxic effects such as
melanization, necrosis and malformations and the larvae failed to pupate
at higher concentrations. The acute toxic effect of AgNPs on
D.melanogaster was observed at the AgNPs concentration of 1600 ug/ml.
Silver concentration, resulted in 50% of the tested flies unable to leave the

pupae, and they failed to complete their developmental cycle.


https://www.google.com.eg/search?q=pupates&spell=1&sa=X&ved=0ahUKEwiTk5D01_zOAhXLBsAKHdB7DZoQvwUIGSgA

Antioxidant activity was tested by DPPH scavenging assay after
larvae consumption of AgNPs resulted in significant decrease in the
activity of antioxidants. Meanwhile, AgNPs promoted the generation of
reactive oxygen species (ROS).

Quantitative real-time PCR (qRT-PCR) analysis of Asp genes,
antioxidant genes and tumor-suppressor p53 gene expression revealed
that the analyzed markers responded significantly at 1600 pg/ml of
AgNPs. AgNPs appeared to up-regulate the expression of Asp26, p53 and
GSH genes, whereas the expression of hsp23, hsp27, hsp60, CAT and
SOD genes appeared to be down-regulated. Finally, as Drosophila, is
considered an established genetic model system, it is recommended that it
could be utilized for further understanding of the biological effects of
nanoparticles.

Keywords: Heat shock proteins (Hsps), Nanotoxicity, Drosophila, gene

expression; Antioxidant system,; Reactive oxygen species (ROS).



ACKNOWLEDGEMENT

First,of all my obedience, devotion, deepest thanks and praise
are due and fully extended-as always to “ALLAH” the greatest and
almighty that has created us and bestowed upon us a lot of blessing

which we cannot enumerate and thank enough.

I would like to express my deepest thanks and sincere gratitude to
Prof. Dr. Fatthy Mohamed Abdel-Tawab, Professor of Genetics,
Genetics Dept., Faculty of Agriculture, Ain Shams University for his
supervision, kind encouragement, suggesting the problem valuable
advices, unfailing help during the progress of thesis work and the
preparation and writing of the manuscript. This work benefited greatly

from his efforts. I would gratefully acknowledge him.

Gratefulness and thanks are not enough to express my deep
gratitude, and sincere appreciation to Prof. Dr. Nermeen M. Abdel-
Gawad, Prof. of Genetics, Genetics Dept., Fac. of Agric. Ain Shams
Univ. for her continuous supervision, kind encouragement, sincere help
criticism, facilities offered and valuable help while writing and revising
this thesis.

Gratefulness and thanks are not enough to express my deep
gratitude, and sincere appreciation to Dr. Naglaa M. Ebeed, Associate
Prof. of Genetics, Fac. of Agric. Ain Shams Univ. for her continuous
supervision, kind encouragement, sincere help criticism, precious advices
and facilities offered and valuable help while writing and revising this

thesis.

Great appreciation is also expressed to Prof. Dr. Abdel-Fattah A.
Awad Professor of Genetics, Genetics Dept., Faculty of Agriculture, Ain
Shams University for his tremendous help, kind encouragement, sincere

help criticism, facilities offered and valuable help.

Great appreciation is also expressed to Dr. Khalid Fahmy,

Professor of Genetics, Genetics Dept., Faculty of Agriculture, Ain Shams



University for his kind encouragement, precious advices during the

progress of thesis.

I would like to extend my deepest gratitude to Dr.Mohammed
Ezz alregal manager of central laboratory for research, MSA
University, for his kind help and valuable assistance and encouragement
during this study.

I would also like to express my deepest thanks and everlasting
gratitude to Nanotechnology & Advanced Material Central Lab
(NAMCL), Agriculture Research Center (ARC) and Regional Center
for Mycology and Biotechnology (RCMB) at Al- Azhar University for
their facilities that they provided to achieve my work.

Special thanks are due to my colleagues and the staff members of
Genetics Department, Drosophila Lab, Molecular Genetics Lab and
Microbiology Department Faculty of Agric., Ain Shams University, for
their great help, encouragement and real cooperation and friendly

atmosphere during the thesis progress.

Special thanks for my friends especially Ayat, Amira, Marwa el-
Attar, Marwa Moussa, Shimaa Samir, Nermin Samir, Sarah Adel,
Heba Hassan, Heba Adel, Hadeer Yousry, Shimaa Ahmed, Shimaa
Mohamed, Amany Abd-Elhameed, Mona Ashoor, Maha Fawzy,
Heba Ahmed, Saly Haroon, Aya Saleh, Eman and Lamyaa Said for
guiding and helping me throughout my life.

My sincere thanks to everyone who helped me and supplied me

with the facilities during this work.

Finally, I am deeply indebted to my family, parents and my sisters
(Yasmine, Safaa and Esraa) for their love, support, great help, patience,

continuous encouragement and praying for me throughout my life.



CONTENTS

Title
Page

LISTOFFIGURES. ...ttt

LISTOF TABLES. ...

LIST OF ABBREVATIONS. ...

. INTRODUCTION. ...ttt 1

II. REVIEW OF LITERATURE...........ooii
1. Response of organisms to Stresses............coceeevvvennen. 4
2. The heat shock response system and heat shock proteins

(Hsps) 5

3. Hsps as biomarkers for environmental pollution ......... 12
4. Nanoparticles, Nanomaterials and Nanotechnology...... 15
5. NanoToxicology..........ccovvinvininnnenn. 16
6. Nanoparticle Characterization) ....................coeeen. 17
7. Silver Nanoparticles (AgNPS) ........ccoivviiiniienn.n 18
8. Toxicity of silver nanoparticles on Drosophila melanogaster 19
9. Mechanism of silver nanoparticles toxicity................. 20
10. DPPH scavenging assay...........coeereerereeeneenennannn. 21
11. Reactive oxygen species (ROS) ... 21
12. Environmental Concerns................ooveeiiiiinieannn.n.. 22
13. Exposure and Risk Assessment.................cceevienenn, 23
14, Real-time PCR........cooiiiiii e 26
15. Drosophila as a model to evaluate NM adverse effects... 28

I11. MATERIALS AND METHODS...........coooiiiiiin, 31

I-MATERIALS. ..o, 31
1.1FlyStrainand culture ..., 31
1.2 Silver nanoparticles (AgNPS).........cooeiiiiiiiiiinann.n. 31
1.3 REAgENES. .ttt 32

2-METHODS. ... 32
2.1 AgNPs preparation...........c.ccoeeveiieeeianianiiieeenann, 32

2.2 Characterization of AgNPS. .........oooiiiiiiii, 32



2.3 AgNPS EXPOSUNE ....ueee e
2.4 Toxicity treatment schedule.............................oo..l.

2.5 Heat-shock treatment.............cccooviiiiiiiiiin e,

2.6 Viability and morphological alterations.....................

2.7 Biochemical assays. .........ccoovviiiiiiiiiiiieee,

2.7.1 Tissue homogenate preparation..................ccoevenn.

2.7.2 Evaluation of antioxidant activity by DPPH radical
SCAVENQING SSAY. ... veertereeteeee e aaeeans

2.7.3 Detection of Intracellular Reactive Oxygen Species (ROS)

2.8.2 Sample lysis’/homogenization................................
2.8.3 Sample clearing and DNA removal.........................
2.8.4 RNA purification................coiiiiiiii i,
2.8.5DNase I treatment............coooeiiiiiiiiiiiieenes
2.9. Checking RNA quantity and purity............cccoevnene.
2.10. Agarose gel electrophoresis ...........cccceveiiiininann..
2.10.1 Gel electrophoresis buffers preparation...................
2.10.2 TBEbuffer. ...
2.10.3 Ethidium bromide. ............coooiii
2.10.4 Gel preparation. .........ccceoviiiiiiiii e
2.10.5 Loading of RNA onthegel. ......cccooooiiiiiiiiinnn.n.
2.10.6 ElectrophoresiS runs. ...........coveviiviieiinniiienineens
2.10.7 Gel visualization.............ooeviiiiiiiiieie i,
2.11 CDNA SYNthesiS. ...c.oviviiriiiiee e
2.11.1 Primers optimization. ..............ccooeiiiiiininiiinnnnnn.
2112 RNAPHMING. oo
2.11.3 Reverse transcriptase. .........oovvvvvieeiiniiieiiiiieeannns
2.11.4 DNase | digestion...........cooviiiiiniiiiii e,
2.11.5 CDNA synthesis @SSay........coveveiriiieeneenianeniiinannanns
2.11.6 Sequences of primers used for cDNA and real-time (RT-

33

33
33
33
34
34

34

35
35
35
36
36
36
37
37
37
37
37
37
38
38
38
38
38
38
38
39
39
39



PCR) ittt
2.12 Expression profile of hsps, antioxidants and p53 gene. ......... 41
2.12.1 Two-Step RT-PCR Master Mix for primer optimization. 41
2.12.2 Quantitative real-time PCR (QRT-PCR). ................... 41
2.12.3 Thermal cycling parameters for gRT-PCR. ................ 41
2.12.4 Confirmation of nonspecific amplification.................. 42
2.13 Data analysis. .......c.ooviniiiii i 42
2.14 Statistical analysis. .............coooiiiiiii 42
IV. RESULTS AND DISCUSSION.........cocoviiiiiiiiiiienn 43
1. Characterization of nanoparticle (AgNPS) ..................... 43
2. AgNPs induction of toxic effects in the Drosophila larvae..... 46
2.2 AgNPs affect pigmentation in Drosophila adult......... 52
2.3 AgNPs induce melanization defects of adult Drosophila...... 54
2.4 AgNPs induced aberrant phenotypes in D.melanogaster...... 55
3. Biochemical assays. ..........ccoiiiiiiiiiiiiii 59
3.1 DPPH scavenging assay..........coeeeevueneineineenenuennennn. 59
3.2 Reactive oxygen species (ROS) assay......................e. 61
4. Molecular genetics analysis. ..........cooeveiiiiiiiiininninenn... 64
4.1 Quantitative real-time PCR (QRT-PCR) .................. 64
4.1.1 Melting curve analysis...........ccoeviiiiiiiiiinninne. 64
4.1.2 Fold change analysis..............cocoviviiiiiiiinnn, 68
4.2 Expression profile of p53 gene using RT-PCR........... 74
4.2.1 Melting curve analysis...........ccoeviiiiiiiiiiiininnn. 74
4.2.2 Fold change analysis..........c..cooviiiiiiiniiininnnn. 76
4.3 Expression profile of antioxidant genes using RT-PCR. 78
4.3.1 Melting curve analysis............ccoeviiiiiiiiiiinninnn. 79
4.3.2 Fold change analysis..........c..cooviviiiiiniiininnnn 80
General DiSCUSSION. .....ovviiniiiiii i 85
V.SUMMARY ..o, 89
VI.REFERENCES..... ... 94

ARABIC SUMMARY ...,



Table No.

LIST OF TABLES

Title

Primer sequences of heat shock (hsps), antioxidants,
tumor-suppressor gene (p53) and housekeeping gene

Mortality rate of Drosophila larvae due to 4-hour
immersion on different concentrations of the silver
nanoparticles.............oooiii i
Significance of fold change expression of hsps genes
(hsp23, hsp26, hsp27, and hsp60) after treatment with
AgNPs, calculated by AACT method...............

Fold change expression of hsp23, hsp26, hsp27, and
hsp60 calculated by AACt method.......................
Significance of fold change expression of p53 gene
after treatment with AgNPs, calculated by AACT

Significance of fold change expression of antioxidant
genes (CAT, SOD, GSH) after treatment with
AgNPs, calculated by AACT method...................

Fold change expression of SOD, CAT, and GSH
calculated by AACT method....................ooiinn.

Page

40

47

69
70

77

82

82



No.

10

11

LIST OF FIGURES

Title

Characterization of silver nanoparticles (AgNPs).....

LC50 of AgNPs mortality on drosophila larvae after
acute exposure by probit analysis........................

Silver nanoparticles treatments shows concentration
dependent effects on adult cuticular development at
Various concentrations .............c.cceeeveniinenannnnn
Silver nanoparticles treatments caused melanization
defects on adult at higher concentrations compared with
CONEIOL o.ee e
Effects of AgNPs on the morphology of third instar
larvae. Third instar larvae on the surface of the
treatment plates were photographed using a digital
camera mounted on a dissecting SCope....................
Some morphological defects of pupae and adult
including deformations of wings, eyes, and thorax.
Representative images of mutant phenotypes observed
in the progeny arising from treated larvae with Ag NPs..
Evaluation of antioxidant activity by DPPH radical
SCAVENQING @SSAY. ..t uveventereneeereeeteteeereneeaeananns
Average ROS production .............ccoevvviiinninnennnn.
Melting curves of four hsps genes and RP49 reference

QPCR Amplification curves for hsps genes and
reference gene (RP49). Amplification curves represent
cDNA detected in all samples to determine the
expressionlevel............cooiii
Quantitative real time PCR (qRT-PCR) analyses of
hsp23 expression after fruit flies larvae exposure to heat

Page

45

48

53

55

56

58

60
62

65

67



12

13

14

15

16
17

18

19

20

21

22

Vi

shock treatment and AgNPs alone or combined.........
Quantitative real time PCR (gRT-PCR) analyses of
hsp26 expression after fruit flies larvae exposure to heat
shock treatment and AgNPs alone or combined.........
Quantitative real time PCR (gRT-PCR) analyses of
hsp27 expression after fruit flies larvae exposure to heat
shock treatment and AgNPs alone or combined.........
Quantitative real time PCR (gRT-PCR) analyses of
hsp60 expression after fruit flies larvae exposure to heat

shock treatment and AgNPs alone or combined.........
Quantitative real time PCR (gRT-PCR) analysis of
hsp23, hsp26, hsp27 and hsp60 expression after fruit fly
larvae exposure to heat shock treatment and AgNPs
alone or combined. ...

Melting curve of p53 gene..........coovviiiiiiiiiinn..

Quantitative real time PCR (qRT-PCR) analysis of p53
gene expression after fruit flies larvae exposure to Heat
shock treatment and AgNPs alone or combined. ......

Melting curve of three antioxidantsgenes (CAT, SOD,
GSH) and RP49 reference gene..............ccoovvvinnenn.
QPCR Amplification curves for antioxidants genes and
reference gene (RP49). ........cooiiiiiiiiiiiin
Quantitative real time PCR (gRT-PCR) analyses of
SOD expression after fruit flies larvae exposure to heat
shock treatment and AgNPs alone or combined.........
Quantitative real time PCR (gRT-PCR) analyses of
CAT expression after fruit flies larvae exposure to heat
shock treatment and AgNPs alone or combined.........
Quantitative real time PCR (gRT-PCR) analyses of
GSH expression after fruit flies larvae exposure to heat
shock treatment and AgNPs alone or combined. ........

71

71

72

72

73

75

78

79
80

83

83

84



23

Vil

Quantitative real time PCR (gRT-PCR) analysis of
antioxidant genes expression after fruit fly larvae
exposure to Heat shock treatment and AgNPs alone or
combined. .................. 84



Vi

LIST OF ABBREVIATIONS

ABBREVIATION DEFINITION
AgNPs Silver nanoparticles
TEM Transmission electron microscopy
NM Nano material
DLS Dynamic light scattering
DPPH 2, 2-diphenyl-1-picrylhydrazyl
IC50 Half maximal inhibitory concentration
LC50 Half maximal lethal concentration

MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide

ROS Reactive oxygen species

RNA Ribonucleic acid

DNA Deoxyribonucleic acid

gDNA Genomic deoxyribonucleic acid

TBE Tris/Borate/EDTA

cDNA Complementary DNA

HSPs Heat shock proteins

PCR Polymerase chain reaction
RT-PCR Reverse transcriptase polymerase chain reaction

Ct Cycle threshold


https://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjnvZiNst7OAhWTDRoKHZ4SBnQQFggcMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FReverse_transcription_polymerase_chain_reaction&usg=AFQjCNEJgGqYlatMUYzalQQwgBLat5ZlyA&sig2=6cSTcRB5Sl3scui16YMTog

