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ABSTRACT 

OF THE THESIS OF 

 

Nourice Nabil Jaber  for  Master of Science 

      Major: Microbiology and Immunology 

 

 

Title: The Functional Role of Drosophila melanogaster Ten Eleven Translocation 

Protein dTet on Humoral Immunity  

 

Introduction: DNA demethylation, an epigenetic mechanism mediated by Tet 

proteins, is commonly known to modulate gene expression. Tet proteins in mammals are 

involved in the development and differentiation of various cells, including adaptive 

immune cells. In Drosophila melanogaster, dTet the unique mammalian Tet homolog is 

known for its vital role in development and embryogenesis as dTet-deficient flies die 

early during embryogenesis. While we have previously shown that dTet is expressed in 

the fat body, its role in fly immunity is not well understood. Therefore, this study is the 

first to focus on assessing the functional impact of dTet on innate immunity and more 

specifically the humoral immune pathways regulated by Imd and Toll pathways.  

Methods: dTet in Drosophila fat body cells, was knocked down using a fat body-specific 

driver (C564-GAL4) and RNAi-mediated gene knockdown. Loss of dTet expression was 

validated by RT-qPCR. Furthermore, relative expression levels of diptericin and 

drosomycin, the major antimicrobial peptides (AMPs) released upon the activation 

of Imd and Toll humoral immune pathways, respectively were measured in dTet-deficient 

flies. Survival assays were performed in dTet-RNAi flies before and after Gram-negative 

(Escherichia coli) and Gram-positive (Enterococcus faecalis) bacterial challenge to 

assess the impact of dTet knockdown on the activity of Imd and Toll pathways against 

the bacterial challenge. 

Results: dTet mRNA levels were significantly downregulated upon dTet knockdown in 

fat body cells. Upon knocking down dTet, the relative expression of AMPs (diptericin 

and drosomycin) was significantly upregulated. Moreover, although the E.coli challenge 

in dTet-deficient flies severely affected fly survival; challenging dTet-deficient flies with 

E. faecalis had an unclear survival pattern that requires further investigations. 

Conclusions: In this study, we have characterized the impact of dTet knockdown on fly 

humoral immune pathways (Imd and Toll) and identified that dTet knockdown severely 

affected fly survival upon Gram-negative bacterial challenge pointing towards a role for 

dTet in regulating Imd humoral immune responses. Future studies will be required to 

elucidate whether dTet has a role in Toll-mediated humoral responses and understand 

the mechanisms through which this is achieved.   
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CHAPTER I 

INTRODUCTION 

Ten eleven translocation (TET) proteins are epigenetic regulators that catalyze 

the demethylation of 5-methyl-Cytosine into unmodified Cytosine and further making 

the genome accessible for transcriptional activation. TET loss of function in mice is 

highly associated with neonatal lethality, hematological malignancies, and altered 

neuronal activity. Hence, TET proteins are acknowledged to play a crucial role in 

embryogenesis, hematopoietic differentiation and neuronal development. In Drosophila 

melanogaster, TET homologue dTet was described to have functions in a similar 

manner to TET proteins during fly’s embryogenesis and neuronal development; 

however, its impact on the fly’s immune system is yet to be established. Our group was 

able to previously recognize the expression of dTet in the fat body cells of both larval 

and adult flies. With such comprehensive preliminary data, this research dissertation 

project aims to focus on understanding the role of dTet on the humoral immune 

response of Drosophila melanogaster. The specific aims of this study were: 

A. Determine the impact of dTet knockdown in Drosophila melanogaster on the 

expression levels of antimicrobial peptides, compared to both immune-deficient 

and GFP-RNAi control flies. 

B. Determine the impact of dTet knockdown in Drosophila melanogaster on proper 

humoral responses and survival upon bacterial challenging. 
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CHAPTER II 

LITERATURE REVIEW 

A. Epigenetics 

Epigenetics, which differs from genetics as it refers to the study of modifications 

occurring to the genome without changing its sequence, plays a vital role in 

upregulating or downregulating the expression of genes in a heritable and reversible 

manner, and it is highly influenced by environmental and genetic factors [1],[2]. 

Epigenetic patterns vary among individuals, among genetically identical twins, and 

even among different cell types within an individual, leading to the expression of 

different phenotypes from the same genotype. Although such epigenetic patterns can 

influence the gene expression at the translational and splicing levels; however, these 

patterns usually take place at the transcriptional level [3], [2], [4]. These epigenetic 

modifications yield a vast spectrum of consequences and varieties in cell differentiation, 

morphogenesis, and adaptability of a certain organism to the surrounding environmental 

conditions. Thus, alterations in epigenetic modifications can be highly associated with 

human diseases and disorders such as cancer, neurodegenerative disorders, 

autoimmune, cardiovascular and many other diseases [2], [5], [4]. DNA methylation, 

histone modifications and microRNA (miRNA) are the essentially recognized 

epigenetic modifications resulting in changes in the chromatin structure without any 

change in the nucleotide sequence of a particular DNA [3],[6], [4], [7]. Focusing on 

DNA methylation which is catalyzed by DNA methyl transferases (DNMT), a group of 

enzymes that modify the Cytosine residues into 5-methylcytosine (5mC) by the transfer 

of a methyl group (CH3) at the 5' position of the Cytosine ring located in regions rich 
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with Cytosine/Guanine such as CpG islands. DNMT1 with its partner UHRF1 

preferentially methylates hemimethylated CpGs during cellular division and after DNA 

replication as they copy the methyl group from the mother strand to the newly formed 

strand [8], [9]. On the other hand, a de novo DNA methylation takes place during the 

early stages of embryogenesis via DNMT3a and DNMT3b [10], [11]. The methylated 

CpGs then, interfere with the binding of transcription factors to promoter regions 

thereby silencing the gene expression and these methylated genes can be an indicative 

biomarker for certain diseases; such Alzheimer’s disease [2], [5], [7], [12]. Note that 

methylation occurring to CpGs at certain coding regions might play a dual role at 

enhancer landscape by either activating or repressing the expression of genes, which 

further depends on the location, the presence of other epigenetic tags and/or the binding 

of transcription factors [8],[11], [13], [14]. Although 5mC has been the main epigenetic 

signature focus during the past decades, yet all bases are theoretically modified. 

Following with that, Adenine methylation has been acknowledged lately in eukaryotes 

as an epigenetic modification converting Adenine into N6-methyladenine (6mA) [15]. 

6mA was first identified to play a crucial regulatory role in eukaryotic mRNA, recently 

it was recognized on eukaryotic genome as an epigenetic regulator and in Drosophila 

melanogaster, this epigenetic regulator modifies genes essential for the development 

and function of neurons [16],[17],[18]. The modification of Adenine on DNA is driven 

by the enzyme DNA adenine methyl transferase (DAMT) while 6mA modification on 

RNA is driven by a group of Methyltransferase like enzymes (METTL) [13],[19]. 

However, whether 6mA is correlated with activated or repressed gene expression 

depends on the binding proteins to 6mA which are involved in translation, degradation 

and splicing of mRNA, cellular function, development and cancer progression, 
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implying that gain or loss of 6mA has distinct roles on genes coding for protein 

[18],[20],[21]. 

Nevertheless, epigenetics with all its regulatory mechanisms interplay from the 

methylation of DNA to histones modifications and miRNA, has been the center of study 

to understand in depth its implications in health and disease. Previous experimental 

analysis suggested that epigenetics functions significantly in X chromosome 

inactivation, genomic imprinting, embryogenesis, development, epigenetic 

reprogramming, cell lineage specification and in the progression of diseases [22], [23], 

[24]. The initiation of several diseases is affected by external environmental and genetic 

factors which yield aberrations in the epigenetic modifications thus dysregulating the 

expression of genes [22],[25],[26]. In tumorigenesis for instance, cells maintain 

alterations in self-renewal genes, hypomethylation of oncogenes and in some cases 

hypermethylation of tumor suppressor genes repressing their activity [27],[28],[29]. In 

addition to cancer, epigenetics has wide contribution on neurodegenerative disorders, 

drug addiction, and metabolic disorders [30],[31],[32],[33]. Ongoing studies on 

neurodevelopment highlighted how epigenetics features long-term impressions such as 

learning and organizing memory [5],[26],[34]. On the other hand, it is worth noting that 

the shadow of epigenetics has deviated to a wider range to recently target therapies in 

cancer where tumor cells can be reprogrammed into normal states [35],[36]. For 

instance, hematological malignancies such as acute myeloid leukemia (AML), 

myelodysplastic syndromes (MDS), and chronic myelomonocytic leukemia (CML) are 

currently treated with DNA methyltransferase inhibitors [4],[37]. Epigenetic therapies 

have also approached epigenetic mechanisms caused neurodegenerative disorders i.e. 

Alzheimer’s disease, and mental disorders i.e. depression where antidepression drugs 
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can be used to target epigenetic modifications [7], [38], [39]. The fact that epigenetic 

modifications are utilized in therapeutic and clinical trials lies by the reversibility of 

these epigenetic modifications promoting the recovery of affected genes. With that said 

our genome itself codes for enzymes featuring these reversible epigenetic mechanisms, 

with 5mC DNA methylation widely studied, its reversible mechanism is tightly 

regulated by a group of methylcytosine dioxygenases, known as Ten eleven 

translocation (TET) enzymes greatly involved in the subsequent demethylation of 5mC 

into unmodified cytosines [11]. Thus, in a normal individual, the 5mC on a set of genes 

is ubiquitously methylated and demethylated to secure a properly functional system 

depending on the surrounding environmental needs.  

 

B. TET Proteins 

1. Identification and structure of TET proteins  

Ten eleven translocation or simply TET proteins, a group of enzymes belonging 

to dioxygenases family, as they require two important cofactors Fe2+ and 2-

oxoglutarate (α-KG) to function properly in the DNA demethylation [40],[41]. TET 

family exhibits three TET paralogs TET1, TET2 and TET3 harbored within the 

mammalian cells [10].[42],[43]. The name TET was after the discovery of TET1 in 

AML as fusion translocation between mixed lineage leukemia (MLL) gene located on 

human chromosome 10 and TET1 gene located on human chromosome 11 

[10],[44],[45]. Currently, these proteins are known as important epigenetic regulators 

involved in the subsequent oxidation of 5mC on mammalian DNA into 5-

hydroxymethylcytosine (5hmC), 5-formylcytosine (5fC), and 5-carboxylcytosine 

(5caC). The latter two outcomes (5fC and 5caC) are highly unstable; hence their 
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cytosines are excised by the enzyme thymine DNA glycosylase (TDG), afterwards the 

excised bases are exchanged with an unmodified cytosine via base excision repair 

machinery [43],[45],[46] (Figure 1). Therefore, TET proteins are enrolled in regulating 

gene expression by the “active” DNA demethylation pathway, which is independent to 

cellular replication. On the contrary, another demethylation pathway is majorly 

implicated during replication known as the “passive” demethylation pathway, whereby 

the 5mC undergoes dilution upon DNA replication in the functional absence of DNMT 

[47],[48]. Structure wise, all TET proteins share a core conserved C-terminal catalytic 

domain compromised of a conserved double-stranded β-helix (DSBH) domain, a 

cysteine-rich domain, and binding sites for the cofactors Fe2+ and α-KG (Figure 2). The 

DSBH is the active subunit, which catalyzes the oxidation of CH3 on 5′ position of 

Cytosine, upon the binding of the cofactors. The cysteine-rich domain on the other 

hand, stabilizes the interaction between TET and DNA [11],[45],[49]. TET1 and TET3 

share a wider similarity in their N-terminal compared to TET2, since they acquire a 

CXXC DNA binding domain that recognizes unmethylated CpGs and hence allows 

their direct binding to the DNA. On the other hand, TET2 had underwent a 

chromosomal inversion separating TET2 CXXC DNA binding domain from the rest of 

the protein, thus TET2 lacks CXXC domain. However, in mammals a separate, yet 

neighboring gene encodes IDAX (CXXC4) is responsible for the regulation of TET2 

recruitment to unmethylated CpGs [11],[45],[50],[51]. 
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Figure 1. Active DNA demethylation. Schematic illustration of DNA 

demethylation catalyzed by Ten eleven translocation (TET), Thymidine DNA 

Glycosylase (TDG) and Base excision repair (BER)- mediated pathways (110). 

Figure 2. Conserved structure between the mammalian TET proteins and 

dTet. dTet is the only Drosophila analog compared to three TETs in humans. They 

all share a conserved DSBH (double Strand Beta Helix) catalytic domain (grey 

color) which harbors within Fe2+ binding site (red color) and 2-oxoglutarate 

binding site (yellow color) and a cysteine rich domain (dark blue color). TET2 

lacks CXXC domain (light blue color) (110). 
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2. TET Function 

a. TET Function in Embryogenesis 

Although TET1 was originally identified in AML; however, what triggered 

scientists to corelate TET function to epigenetics is the excessive decrease of 5mC in 

mouse zygote after fertilization, which can’t be explained by the passive DNA 

demethylation alone [49],[52]. This rapid loss of 5mC in the zygote after fertilization, is 

concurrent with a rapid gain of 5hmC, 5fC and 5caC which also correlate with high 

expression levels of TET3. Hence it was acknowledged that the striking demethylation 

of 5mC in zygotes 6 hours after fertilization, is highly catalyzed by TET3 

[53],[54],[55]. TET3 is highly associated in epigenetic reprogramming of paternal 

genome in mammalian oocytes and zygotes, and its deletion leads to neonatal lethality 

[43],[55]. On the other hand, TET1 shows a better function in embryonic stem cells 

(ESC) and blastocyte promoting  generation of totipotent and pluripotent embryonic 

cells [56],[57]. Nevertheless, TET1 depletion in ESC did not cause a complete 

suppression of pluripotency genes such as Esrrb, Prdm14, Dppa3, Klf2, Tcl1 and Zfp42 

which is due to the compensatory effect of TET2, whereby the knockdown of both 

TET1 and TET2 is implicated in the methylation of these pluripotency-related genes at 

their promoter regions leading to their downregulation and further driving the ESC for 

extraembryonic lineage differentiation [58],[59]. Single knockdown in TET1 is 

associated with skewed differentiation in ESC towards specific lineages, compared to a 

single knockdown in TET2 which delays the expression of differentiation related genes 

[49],[58],[60]. This data demonstrates that TET3 cannot be compensated during 

embryogenesis and together with TET1 and TET2 are key regulators in epigenetic 
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reprogramming, ESC differentiation and in early embryogenesis through embryonic 

genome activation [56],[61]. 

 

b. TET Function in Neurons 

 

The abundance of 5hmC in neuronal tissues amongst other mammalian tissues, 

is a clear indication to a new role of TET proteins in the mammalian brains [10], [62], 

[63],[64]. With 5hmC playing a dual role as a DNA demethylation intermediate and a 

stable epigenetic mark in Purkinje neurons and other neuronal tissues, it can maintain 

several regulatory roles under the influence of TET proteins [63]. TET proteins 

functions in the development of embryonic and adult neuronal tissues, as the triple 

knockout of TET1/2/3 is associated with deficiency in the formation of neural 

pigmented epithelium and a methylated promotor region of transcription factor PAX6 

that is involved in neurodevelopment [64],[65]. For instance, TET2 functions in the 

regulation of methylation during the differentiation of ESC to progenitor neuronal cells 

(PNC), and its knockout accounts for a successful differentiation of ESC into PNC, yet 

these PNC accompany a delay in the induction of neuronal genes expression [60], [64]. 

TET3 functions in maintaining the neuronal lineage commitment, specificity and 

identity of PNC and its knockdown is associated with suppression of pluripotency genes 

(Oct4 and Nanog) [60],[64], [66]. TET proteins also act on the postnatal stage in the 

development and maturation of functional neurons where TET1 and TET3 have a 

remarkable role in the circuit branching of cerebral granule cells [64],[67]. Compelling 

with their crucial role in neurodevelopment and neurophysiology, TET mutations have 

been seen in intellectual disabilities [64],[68],[69]. Their dysregulations as well have 

been also demonstrated in neurodegenerative disorders such as Parkinson’s disease, 
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Alzheimer’s disease and frontotemporal dementia [64],[70],[71],[72]. In addition, TET 

proteins have been acknowledged in learning and memory, addictive behaviors and 

mental disorders [11],[73],[74]. 

 

c. TET Function in Cancer and Immunity 

TET1 that was initially discovered in AML, is not the only member of the TET 

family associated with cancer. Myelodysplastic syndromes, myeloproliferative 

neoplasms, and myeloid leukemias are significantly associated with TET2 impaired 

function [75],[76],[77] . Tumor cells are generally accompanied with alterations in 

DNA methylation resulting with hypermethylation of promoters of tumor suppressor 

genes [76]. Thus, a tightly functional balance in DNA de/methylation by TET proteins 

is essential for a normal cellular function, especially in the immune cells where TET 

proteins have shown a great importance in the development and differentiation of 

hematopoietic immune cells [78],[79]. Starting with T cells, the development and 

differentiation of precursor cells to progeny is enriched with 5hmC, thus murine T cells 

with deletions in TET2 had defects in differentiating into T-helper1 and T-helper17, as 

well as reduction in the expression of anti-inflammatory cytokines such as IFNγ and IL-

10 [80], [81]. Additionally, TET2 is important in regulating the fate of CD8 T cells, 

where it promotes an increase generation CD8 memory T-cells. TET proteins, 

especially TET2 and TET3 play a key role in regulating the lineage specification and 

differentiation of invariant killer T cells (iNKT) into NKT1 and NKT2 [45],[82],[83]. In 

T-regulatory cells (T-regs), TET1 and TET2 regulate the demethylation of the CNS2 

locus of FOXP3, and the loss of TET1 and TET2 concomitantly in mice at double 
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positive cell stage, contributes to a hypermethylated locus CNS2 locus and thus reduced 

establishment of T-regs [45], [84],[85]. 

During the differentiation of B lymphocytes, TET2 and TET3 organize the 

development and the function of mature B cells [45],[86]. TET1 on the other hand, 

functions as a tumor suppressor of B cell lymphoma, since TET1 mutation in mice 

promotes a higher yield of self-renewal in pro-B cells compared to pre-B cells, as they 

display an accumulation of damaged DNA within [45], [87]. It is worth mentioning that 

TET2 was seen to be frequently mutated in diffuse B-cell lymphoma [45],[88]. To add, 

TET2 is involved in the exiting of B cells from germinal center (GC), in class switch 

recombination and affinity maturation, where TET2 loss of function in GC-B cells had 

impaired differentiation into plasma cells followed by deficiency in antibody production 

[45],[89]. In B cells, TET2 and TET3 simultaneous deletions in a developing bone 

marrow of mice, caused a more severe phenotype compared to these deletions in T 

cells. Consequently to these deletions, B cell maturation was inhibited with defected 

transition of pro-B cells into pre-B cells, hence an accumulation of pro-B and pre-B 

cells was observed followed with a massive reduction in mature B cells [79],[90],[91]. 

In addition, TET2 and TET3 function in early B cell development where they rearrange 

B cell receptor by oxidizing 5mC on enhancers of Ig kappa (Igκ) light chain genes, 

enabling its chromatin accessible to eventually pair with the rearranged half of the 

receptor Ig heavy chain [79],[91]. 

In myeloid cells, TET2 was exclusively recognized in the differentiation and 

development of these cells as TET2 loss of function is associated with a diversity of  

myeloid malignancies, from myeloproliferative neoplasms, to chronic myelomonocytic 

leukemia and myelodysplastic syndromes [45],[79],[92]. TET2-defecient HSC 
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(hematopoietic stem cells) in mice, contributed to a global reduction in 5hmC, 

augmented proliferation and survival of HSC and a differentiation biased towards the 

myeloid lineage [45],[79],[92],[93]. A similar scenario was observed in the knockdown 

of TET2 in human cord blood CD34+ cells, where the differentiation of progenitor cells 

was skewed toward the monocyte lineage, specifically monocytes, at the cost of both 

lymphoid and erythroid lineages [79],[92], [94]. Even though the expression of TET1 

and TET3 is recognized in HSC yet, they do not possess any upregulation in Tet2-

deficient cells, this indicates that TET1 and TET3 are not involved in the compensation 

for the loss-of-function of Tet2 [92]. Beyond HSC, TET2 plays a key role in the 

differentiation, proliferation, and function of mast cells. In vitro model of bone marrow 

mast cells progenitors cultured with IL-3 was demonstrated for mast cell differentiation, 

and the loss of TET2 function in those cells was associated with inhibited 

differentiation of mast cells, decreased production of cytokines, and induced altered 

hyperproliferation [79], [95]. Moreover, the differentiation of monocytes into 

macrophages, dendritic cells and osteoclasts requires TET2 to enhance the oxidation of 

5mC into 5hmC and further DNA demethylation at promoter regions [79],[96]. The fact 

that the DNA de/methylation is not strictly associated with enhancing/silencing of gene 

expression, makes the understanding of monocyte differentiation into macrophages and 

osteoclast elusive. For instance, the transcription factor PU.1 motifs were detected to be 

enriched with hypo/hypermethylated regions, hence PU.1 showed to interact directly 

with TET2 and DNMT3b, as they both are required for this differentiation process [97]. 

To add, TET2 protein regulates inflammatory responses by myeloid immune cells as 

they act in suppressing the gene expression of inflammatory genes. Such an example is 

the increased expression levels of IL-6 in TET2-deficient macrophages and dendritic 
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cells in response to stimulation [98],[99]. IL-1β is another inflammatory cytokine 

repressed by TET2, where TET2 deficient macrophages expressed an increase in IL-1β 

through NLRP3 inflammasome [100]. To note by, that TET2 loss of function in a 

mouse model with deficiency in low-density lipoprotein receptor (Ldrl) exhibited 

accelerated atherosclerosis development. Hence, functional TET2 inhibits NLRP3 and 

might enhance protection from atherosclerosis [100],[101]. 

 

C. Drosophila melanogaster Tet (dTet) 

Drosophila melanogaster an exemplary model organism for studying genetics 

and epigenetics, possesses one TET homologue within its genome, acknowledged as 

Drosophila Ten eleven translocation (dTet) protein or DNA 6mA demethylase 

(DMAD) [102],[103],[104],[105]. dTet gene encodes for six transcripts and it is located 

on chromosome 3. Structure wise; dTet protein acquires a conserved CXXC domain, 

cysteine-rich region, and catalytic domain regions similar to mammalian TETs, as it 

specifically shares a great major similarity with the catalytic domain of TET3 [105] 

(Figure 2). Although TET proteins demethylate 5mC on DNA in mammals, in flies it is  

involved in the demethylation of 5mC on RNA (5hmrC) and 6mA on DNA [104],[102] 

(Figure 3). In Drosophila DNA methylation is controversial since Drosophila, lacks 

DNMT1 and DNMT3 homologues, which are responsible for the maintenance and de 

novo DNA methylation, respectively. Yet, DNMT2 homologue is reported in 

Drosophila functioning as an RNA methyltransferase methylating tRNA 

[105],[106],[107],[108]. Knocking down Drosophila TET has been implicated in 

increased levels of 6mA and levels 5hmrC in 3rd instar larvae brains[109].  
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Furthermore, dTet is essential for survival of Drosophila as dTet null mutants 

are lethal during pupal stages and an immense reduction in 5hmrC in dTet null brains 

was previously described by us and others [108], [110]. Both dTet and 5hmrC is 

enriched in neuronal tissues and brains of 3rd instar larvae, as the expression of dTet is 

mostly established in neurons during development and in muscles and imaginal discs 

during embryogenesis [108]. Compelling with this, dTet knockdown in specific tissues, 

for instance in midline glia is associated with impaired larval locomotion and reduced 

survival, in which only 50% of the larvae were able to eclose as adults [109]. 

Additionally, dTet is recruited during embryogenesis for ovarian development, larval 

locomotion and in embryo/larvae for maintaining a proper circadian rhythm for the 

adult stage [108],[109],[111]. Moreover, dTet knockdown in larval brains 

downregulated genes involved axonal guidance followed in defects in axonal patterning 

and affected glial homeostasis [109],[110]. Although dTet has an empirical role in 

regulating the expression of genes related to the development, embryogenesis, neuronal 

Figure 3. Substrate specificity of dTet compared to TET. dTet demethylates 

adenosines on DNA and cytosines on RNA, while TET in mammals demethylates 

the DNA on cytosines and the RNA demethylation occurs in vitro only (110). 
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and muscle function in Drosophila melanogaster, yet no evident data reveals the 

significance of dTet on D. melanogaster immunity. 

 

 

D. Drosophila melanogaster immunity 

1. Drosophila melanogaster cellular immunity 

Drosophila melanogaster similar to all insects is devoid of an adaptive immune 

response which renders it solely relying on innate immunity [112],[113],[114]. The first 

line of defense against any invading pathogen in Drosophila  is maintained by the 

physical protective epithelial barrier of the cuticle; involved in the activation of clotting 

and melanization from hand and from the hand the alimentary tract and the trachea both 

involved in the release of antimicrobial peptides (AMPs) and reactive oxygen species 

(ROS) [113],[115],[116]. Cellular innate immunity comes next, and it is entitled by 

hemocytes which undergo hematopoiesis in two stages: in the embryo and in the larval 

stage. In the embryo, mature hemocytes arise from embryonic head mesoderm as they 

colonize the embryo and function in the phagocytosis of apoptotic cells and engulfment 

of intruding microbes [115], [117]. At the end of embryogenesis, the lymph gland plays 

the major role in the proliferation and differentiation of hemocytes, as it is considered the 

larval specialized hematopoietic organ and the bone marrow analog, located at the 

anterior portion of the dorsal vessel and it is retained throughout larval development, until 

it dissociates during metamorphosis at the pupal stage [115],[116],[118],[119]. 

Hemocytes during the larval stage can be either circulating in the hemolymph or attached 

to tissues as sessile hemocytes, which persist along with embryonic hemocytes 

(plasmatocytes and crystal cells) throughout the adult stage [116],[120],[121]. During the 

adult stage, a de novo synthesis of plasmatocytes and crystal cells is recognized in four 
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hematopoietic blood cells hubs located in the dorsal portion of the adult fly abdomen 

[122],[123]. These hematopoietic hubs harbor progenitor cells from tertiary and 

quaternary lobes of the lymph gland [122].   

Drosophila hemocytes involved in phagocytosis, encapsulation, melanization, 

and AMP production, are divided into plasmatocytes, crystal cells, and lamellocytes. 

[116],[124],[125]. The majority of circulating hemocytes accounts for plasmatocytes with 

more than 90-95%, preferentially functioning as mammalian macrophages in 

phagocytosis, in addition to their role in tissue formation and remodeling by the secretion 

of extracellular matrix proteins, plasmatocytes enhance the humoral immunity by the 

release of AMPs and cytokine like proteins [119],[120]. On the other hand, 5% of the 

circulating hemocytes account for crystal cells as they are named after their cytoplasmic 

paracrystalline prophenoloxidase protein inclusions, functioning in melanin formation 

[119]. Crystal cells dominate in the melanization process, which reflects the local 

deposition of melanin followed by darkening and hardening of the melanized tissue. 

Melanization thus, forms a barrier around large pathogens that cannot be phagocytized 

during an immune response, it also participates in wound healing the epithelium of cuticle 

when breached [119],[120],[126]. Moving to lamellocytes, which can either directly 

transform from prohemocytes in the lymph gland into lamellocytes, or they 

transdifferentiate from plasmatocytes on the surface of the parasite into lamellocytes 

[127],[128]. The main function of lamellocytes is the encapsulation, which is initiated 

upon a parasitic infection to get rid of very large non-phagocytized pathogens 

[119],[120]. During a parasitoid egg infection, encapsulation takes place via three 

intertwined steps. The first, necessitates the recognition of the egg by hemocytes via 

surface receptors. The second, triggers an increase in the circulating hemocyte count and 
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the differentiation of plasmatocytes into lamellocytes, the activated lamellocytes traffic, 

flatten and attach to the egg and to each other to eventually create a multilayered capsule. 

The final step requires the lysis of crystal cells around the capsule to release their melanin 

content and enhance the melanization of the formed capsule [113],[129]. It is worth 

noting that, lamellocytes differ from both plasmatocytes and crystal cells, by their 

exclusive presence in larval stages only without localizing in neither embryonic nor adult 

stages, even after a parasitic wasp infection [119],[129]. To further add, hemocytes in 

larvae are distributed into three main regions either circulating in the hemolymph, in the 

subepithelial patches as sessile hemocytes or in the lymph gland [123],[130]. On the 

contrary, the distribution of hemocytes in adult flies, is concentrated mainly in the 

respiratory tract epithelium of the thorax and head as well as in the fat body [119],[131].   

 

2. Drosophila melanogaster humoral immunity 

On the other hand, the humoral defense in Drosophila melanogatser includes 

mainly the induction of antimicrobial peptides (AMPs) in addition to the localized 

melanization [114],[132],[133]. The major collaborator in Drosophila’s humoral 

(systemic) innate immunity is the fat body, a mammalian liver analog, which operates 

primarily in synthesizing and releasing into the hemolymph different types of AMPs 

having distinct yet intertwined functions [134],[135]. Although the bulk of AMPs is 

produced by the fat body yet, plasmatocytes and local epithelium of  the gut, the trachea, 

the ganglia and the reproductive tracts harbor AMPs genes [136],[137],[138]. AMPs 

production is further controlled by two distinct NF-κB pathways, the Toll and Immune 

deficiency (Imd) pathways via recruiting functional cascades of NF-κB transcription 

factors (TF) Dorsal/Dif and Relish respectively, each responding to a specific surface 
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molecule on a pathogen, to eventually regulate the expression of AMPs [139],[137]. 

These AMPs are not only regulated by NF-κB mammalian analog, but they also share 

conserved sequences to mammals [140],[141]. For instance, the discovery of Drosophila 

melanogaster Toll pathway had a significant impact on studying mammalian innate 

immunity especially that this pathway is similar to MyD88-TLR in mammals, while Imd 

pathway resembles the tumor necrosis factor (TNF) pathway in mammals [140],[142]. 

Moreover, the Toll pathway usually provides protection to larvae and adult fly against 

Gram-positive bacterial or fungal infections, while the Imd pathway secures protection 

against Gram-negative bacteria, both function by releasing specific AMPs [114],[143] 

(Figure 4). So far, the acknowledged AMPs activated by Toll are defensin (anti Gram-

positive bacteria AMP) drosomycin and metchnikowin (antifungal AMPs), while 

diptericins, attacins, cecropins and drosocin (anti-Gram-negative bacteria AMPs) are 

released by the Imd pathway[115], [139]. The released cationic AMPs in mammals also 

exert an antibacterial effect via binding to the negatively charged bacterial membrane. 

Upon their binding they interfere with the permeability of the bacterial membrane, 

leading to cell lysis and death [144],[145]. Additionally, these AMPs possess an 

intracellular mode of action by binding to nucleic acids, either via directly binding to 

DNA and damaging it or suppressing its replication and transcription. AMPs can also 

inhibit the protein synthesis in bacterial cells as well as the intracellular bacterial enzymes 

such as β-galactosidase in E.coli [144],[146]. 
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Furthermore, although the activation of Toll-like receptors (TLR) in mammals 

requires a direct binding between pathogen surface molecules/pathogen associated 

molecular patterns (PAMPs) and their respective receptors: pattern recognition receptors 

(PRRs) such as TLR [147]. However, Drosophila transmembrane receptor Toll (Toll1) 

does not bind directly to the PAMPs, instead it requires a cleaved form of Spätzle, a 

cysteine-knot protein [139],[140]. To obtain a processed Spätzle, it should be first cleaved 

Figure 4. Activation of Toll and Imd pathways in Drosophila melanogaster. (a) 

Toll pathway is activated by G+ bacteria and fungi, Spätzle cleaved by SPE that is 

activated by proteases, binds to Toll which stimulates the translocation of 

Dif/Dorsal to the nucleus to promote the gene expression of Drosomycin, 

metchnikowin and defensin. (b) Imd pathway is activated by G- bacteria which 

stimulates the translocation of Relish transcription factor to the nucleus to activate 

the gene expression of diptericin and other AMPs (115). 
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by Spätzle-processing enzyme (SPE), which also requires a prior activation through a 

cascade of serine proteases that are triggered by ligand-receptor complexes between 

pathogen cell wall components and its subsequent receptor in the host [140],[148].  

Ultimately, the activation of Toll triggers the disassociation of the IκB-family protein 

Cactus from Dif, followed by the trans-localization of Dorsal and dorsal-related immunity 

factor (Dif) NF-κB-TF to the nucleus, the latter two TF activate the gene expression of 

AMPs such as defensin [114], [140],[148] .  

Besides antibacterial and antifungal mechanisms, Drosophila melanogaster 

possesses a specialized humoral immunity against viruses. It utilizes the activity  of  

JAK/STAT pathway which was initially recognized in mammals for interferon signal 

transduction against viruses [140],[149],[150]. Yet, in Drosophila flies this pathway is 

not sufficient to provide full protection since it is restricted against dicistrovirus 

(picornavirus-like RNA viruses) infection [150],[151]. Hence, a better pathway in 

securing protection against viruses was established and it is known as the RNA 

interference (RNAi) system [152], [153]. The RNAi pathway deviates into two main 

steps initiation and execution. The initiation step is summarized by the introduction of 

dsRNA such as dsRNA viruses which are further processed by Dicer-2, an enzyme 

belonging to RNase gene family that cleaves dsRNA into small fragments preparing 

them for step 2 [153], [154]. In the execution step, small interfering dsRNA (siRNA) 

fragments (21-22 bp)  join RNA-induced silencing complex (RISC) to unwind into a 

passenger and a guide strand, the former is released while the latter guides RISC to 

complementary mRNA sequences for degrading the viral RNA [153],[155]. Currently 

the RNAi process is studied in the therapeutics of human diseases as it is highly applied 

to knock down genes in Drosophila using the UAS/GAL4 system [156],[157],[158]. 
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The regulation of genes is driven by siRNA where its guide strand binds to the target 

gene to either degrade it or repress its translation [159] [158] (Figure 5). 

 

E. The UAS-GAL4 system in Drosophila melanogaster 

The UAS-GAL4 system is like a key and lock used to open locked gates in the 

regulation of gene expression world. GAL4 was originally identified in the yeast 

Saccharomyces cerevisiae as a gene regulator to be induced by galactose [160]. 

Previously, GAL4 was acknowledged to require a GAL4 binding sites known as upstream 

activating sequences (UAS) to activate the transcription of GAL4 genes. Nowadays, it is 

ubiquitously and routinely used as a genetic toolbox in Drosophila for manipulating gene 

Figure 5. RNAi mechanism of action. Endogenous or exogenous 

dsDNA is cleaved by Dicer into small interfering (siRNA) that bind to 

RISC and then unwind into two strands. The guide strand remains 

attached to RISC to guide it to the target mRNA, that will bind to it via 

complementarity leading to its further degradation (158). 
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expression [160]. To create a UAS/GAL4 system two transgenic parental fly lines are 

required, the first line called the activator/driver carries the gene regulator “GAL4” along 

with a tissue specific enhancer, while the second called the responder and holds within 

the binding site of GAL4: UAS, attached to the target gene promoter[160]. The parental 

lines are viable since, the activator cannot activate any gene in the absence of the UAS, 

and the responder’s target gene is silent without the activator line [160],[161]. Hence the 

activation of the gene expression necessitates the mating of a driver GAL4 fly with the 

UAS responder fly carrying the target gene, which UAS can be combined with Green 

Fluorescent Protein (GFP) to allow GFP expression in specific tissues or it can be 

combined to RNAi to knockdown the expression of gene of interest in a tissue specific 

manner [160],[162] (Figure 6). The UAS/GAL4 system can target genes expression of 

any responder in a spatial and temporal manner, due to the diversity of synthesized tissue 

specific and development-stage specific drivers [160]. Temporally, the GAL4 activity 

appeared to be less functional at 18°C while optimally functional at 29°C, which renders 

the system efficient in studying the effects of lethal transgenes in early life stages of the 

fly, on postembryonic stages of development [160]. For instance, by reducing the 

temperature at early embryonic stages, the undesired lethal detrimental effects of the 

transgene at early stages can be bypassed and the study can be recovered at later 

developmental stages [160]. Hence this system is a significant genetic tool to studying 

the impact of loss of specific genes or cells on the stage of interest, to further understand 

the function of such genes whether toxic, lethal, or oncogenic [160]. Interestingly, GAL4 

can be negatively regulated by GAL80, where in yeast GAL80 binds on GAL4 in the 

absence of galactose; however, the presence of galactose or other metabolic derivatives 

disassociates GAL80 from GAL4 rendering an active transcription of GAL genes 
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required for galactose metabolism [163]. Currently, GAL80, as temperature sensitive 

molecule, is introduced in Drosophila and plays an impressing role in regulating GAL4 

in a temperature dependent manner by repressing  GAL4 expression at 19°C and 

activating its expression at 30°C [164].   

  

Figure 6. UAS-GAL4 binary system to target the gene expression 

in a tissue-specific manner. Two transgenic flies, the driver holding 

the GAL4 along with the tissue-specific enhancer and the responder fly 

which carries UAS upstream to the gene of interest (Gene X). The 

cross obtained between the two transgenic flies will lead to the binding 

of GAL4 to its binding site UAS to drive the expression of Gene X in a 

specific tissue. This system can be used to express GFP in a specific 

tissue via introducing GFP downstream UAS, or to knock down the 

expression of Gene X by combining it with RNAi (160). 
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CHAPTER III 

MATERIALS AND METHODS 

A. Fly Stocks 

Flies were reared on a standard cornmeal-yeast medium at 25°C and/or 29°C 

depending on the experimental context. Typical Drosophila husbandry protocols were 

followed to create screening lines where each three female virgins were crossed with one 

male, 3:1 ratio. Virgins were identified by the presence of meconium, a dark spot on their 

ventral abdomen. Fly stocks used are identified by their ID number: Vienna Table 1 

Resource Center (VDRC) or Bloomington Drosophila Stock Center (BDSC) are 

elaborated in Table 1.  

Genotype Description Chromosome Source and ID 

W1118 

Wild type flies 

harboring white 

eyes used as a 

control group 

X 

BDSC ID: 3605 

Indiana University, 

1001 E. Third St. 

Bloomington, United 

States 

𝐶564 𝐺𝐴𝐿4 

𝐶564 𝐺𝐴𝑙4 
 

Fat body driver 

that is expressed 

during the larval 

and adult stages. 

2 

BDSC ID: 6982 

 Indiana University, 

1001 E. Third St. 

Bloomington, United 

States 

𝑈𝐴𝑆−𝑑𝑇𝑒𝑡 𝑅𝑁𝐴𝑖

𝑈𝐴𝑆−𝑑𝑇𝑒𝑡 𝑅𝑁𝐴𝑖
  

Used to knock 

down dTet 
2 

VDRC ID: 102273; KK 

library, (VDRC, 

Austria) 

𝑈𝐴𝑆−𝑑𝑖𝑓𝑓 𝑅𝑁𝐴𝑖

𝑈𝐴𝑆−𝑑𝑖𝑓𝑓 𝑅𝑁𝐴𝑖
  

Used to Knock 

down Diff  

(Dif is a TF in the 

Toll pathway) 
2 

VDRC ID: 100537; KK 

library 

(VDRC, Austria) 

𝑈𝐴𝑆−𝐼𝑚𝑑 𝑅𝑁𝐴𝑖

𝑈𝐴𝑆−𝐼𝑚𝑑 𝑅𝑁𝐴𝑖
  

Used to knock 

down Imd  

(Imd is an adaptor 

molecule in the 

Imd pathway) 

2 

VDRC ID: 101834; KK 

library, (VDRC, 

Austria) 
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𝑈𝐴𝑆−𝐺𝐹𝑃 𝑅𝑁𝐴𝑖 

𝑈𝐴𝑆−𝐺𝐹𝑃 𝑅𝑁𝐴𝑖 
  

Used as a RNAi 

control   
2 Martin Hasselblatt 

𝑈𝐴𝑆 − 𝑛𝐺𝐹𝑃 

𝑈𝐴𝑆 − 𝑛𝐺𝐹𝑃
 

Used to express 

nuclear GFP in 

desired tissue  

 
Generated by Dr. 

Margret Shirinian’s lab 

   Table 1. Fly stocks, their site of expression and their ID number. 

 

B. Generation of Drosophila transgenic line UAS dTet  

 

We have generated the pUASTattB- dTet flies by synthesizing the cDNA of 

dTet (8829 bp) (NM_001274415.1) and cloning it into Drosophila specific cloning 

vector pUASTattB containing an N-terminal 1xFlag-1xHA tags 

(LDGGYPYDVPDYAGGLD) (MDYKDDDDK) within (XbaI and KpnI) sites 

(Genscript). Transgenic flies carrying transgene on the 3rd chromosome was generated 

by BestGene using BDSC_8622 embryo stock. 

 

C. UAS-GAL4 System 

We employed the UAS/GAL4 system, explained previously in the literature 

section (Figure 6) to knock down dTet expression in the fat body. Briefly, this binary 

system is characterized by using two transgenic flies the first known as the driver it has a 

transgenic activator (GAL4) inserted next to tissue enhancer, and since we are interested 

in understanding the impact of dTet in fat body, GAL4 in our case is inserted next to fat 

body enhancer. However, the expression of GAL4 requires a binding site to function, 

known as UAS, inserted next to target gene sequence in another fly called the responder. 

Hence, to knockdown dTet, UAS is inserted next to dTet sequence and using RNAi 

mechanism a dsRNA homologous to dTet sequence is inserted next to dTet gene. The 

responder fly baring UAS-dTet RNAi is crossed with the fat body driver fly (C564-
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GAL4), and the progeny obtained will have GAL4 binding to UAS turning UAS-GAL4 

system active. This will further inhibit dTet expression in the fat body. However, if 

dsRNA is not inserted, an overexpression of dTet will be obtained in the fat body rather 

than the knockdown (Figure7). 

 

 

D.  Third instar larvae and adult dissections  

Dissections of larvae and adult flies were necessary to obtain specific tissues 

for reverse transcription quantitative real time PCR (RT-qPCR) and for 

immunostaining.  

Figure 7. dTet knockdown in the fat body using UAS-GAL4 system. The binding 

of GAL4 to its binding site UAS, activates UAS-GAL4 system. GAL4 drives the 

expression of the target gene next to UAS in a tissue-specific manner. 
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For RT-qPCR, equal numbers of adults’ fat body from each cross with n=50 to 

non-injected groups and n=30 for injected groups were collected: 

1. 
𝑊1118 

𝑊1118
     x 

 𝐶564 𝐺𝐴𝐿4 

𝐶564 𝐺𝐴𝑙4 
     

2. 
𝑈𝐴𝑆−𝐷𝑖𝑓 𝑅𝑁𝐴𝑖 

𝑈𝐴𝑆−𝐷𝑖𝑓 𝑅𝑁𝐴𝑖
 x 

𝐶564 𝐺𝐴𝐿4 

𝐶564 𝐺𝐴𝑙4 
 

3. 
𝑈𝐴𝑆−𝑑𝑇𝑒𝑡 𝑅𝑁𝐴𝑖 

𝑈𝐴𝑆−𝑑𝑇𝑒𝑡 𝑅𝑁𝐴𝑖
 x 

𝐶564 𝐺𝐴𝐿4 

𝐶564 𝐺𝐴𝑙4 
  

4. 
𝑈𝐴𝑆−𝐼𝑚𝑑 𝑅𝑁𝐴𝑖

𝑈𝐴𝑆−𝐼𝑚𝑑 𝑅𝑁𝐴𝑖
  x 

𝐶564 𝐺𝐴𝐿4 

𝐶564 𝐺𝐴𝑙4 
  

5. 
𝑈𝐴𝑆−𝐺𝐹𝑃 𝑅𝑁𝐴𝑖

𝑈𝐴𝑆−𝐺𝐹𝑃 𝑅𝑁𝐴𝑖
  x 

𝐶564 𝐺𝐴𝐿4 

𝐶564 𝐺𝐴𝑙4 
 

For immunostaining, several tissues such as the larval fat body, lymph glands, 

brains, salivary glands, muscles and gut were collected from the progeny obtained from  

𝑈𝐴𝑆 𝑛𝐺𝐹𝑃 

𝑈𝐴𝑆 𝑛𝐺𝐹𝑃
 x 

𝐶564 𝐺𝐴𝐿4 

𝐶564 𝐺𝐴𝑙4 
 cross. The 3rd instar larvae were collected and washed with 1X PBS 

to eliminate any debris, food, and other contaminants; they were then dissected to obtain 

the tissues of our interest. The dissections were performed according to the following 

protocols: 

 

 

1. Adult fat body dissections 

The adult fat body dissection is carried out using the protocol obtained by 

Joshua J. Krupp et al [165]. Flies are first anesthetized and placed on a silicon 

dissection plate and mounted by placing a dissection pin (Living Systems 

instrumentation) through the middle of the thorax. Wings and legs are removed, and an 

additional dissection pin is then placed on the fly’s genitalia to secure the abdomen. The 

fly is then covered with 1XPBS (Sigma Aldrich, St. Louis, MO). Then, the head and the 

upper region at the site of the first pin are removed using scissors. An anterior opening 
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would appear separating the upper part and lower part (the cuticle) of the abdomen. 

Using the opening, the dissection pin is readjusted; by holding and slightly pushing fly’s 

body down with one forceps and with another forceps the dissection pin is fixed in the 

lower part of the abdomen (the cuticle). A vertical incision is made using the scissors 

along the ventral surface of the abdomen, from the upper pin till the lower pin. Organs 

are exposed now, and all unwanted organs are removed. Using four dissection pins, the 

cuticle is laid flattened on the surface of the plate, where each pin will be securing one 

of the four corners. The white tracheal trunks still attached to the cuticle holding the 

transparent fat body, are detached using a dissecting pin and finally the fat body is 

removed by moving the pin in a circular collecting motion towards the inner surface of 

the cuticle. The fat body is collected using the forceps and placed in 1XPBS containing 

Eppendorf tube held on ice during the dissections.  

 

 

2. Larval lymph gland and fat body dissections 

For the larval lymph gland dissections, we followed the protocol used by Cory J. 

Evans et al [166], while to proceed with the larval fat body dissections we referred to the 

protocol used by Joshua J. Krupp et al.  

Third instar larvae are collected and washed with 1X PBS then placed in a well 

of a glass dissection plate. Under the microscope, each larva is placed with dorsal side up 

and held with one pair of forceps approximately one quarter length from the posterior 

end. The cuticle is grabbed and teared from the posterior end to the anterior end using 

another pair of forceps until the mouth hooks are exposed. The posterior section of the 

larva is then removed using the two pair of forceps. One pair of forceps is used to pin 
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down the cuticle and another to grab the mouth hooks and pull them out. At this stage, all 

organs will be exposed: the brain, lymph glands and salivary glands will be attached to 

the mouth hooks of which they will be separated from, and the fat body of transparent 

color will be isolated from the gut. The tissue of interest is then collected in 20 µL 1XPBS 

containing Eppendorf tube while placed on ice during the whole dissection process. 

 

 

3. Immunofluorescence  

Immunofluorescence assay was performed to assess the specificity of C564-

GAL4. Hence, we crossed 
𝑈𝐴𝑆 𝑛𝐺𝐹𝑃 

𝑈𝐴𝑆 𝑛𝐺𝐹𝑃
 to 

𝐶564 𝐺𝐴𝐿4 

𝐶564 𝐺𝐴𝑙4  
 and checked whether our tissues of 

interest (fat body and lymph gland) express GFP.  After collecting the desired amount of 

fat body, it is directly placed in slide wells while lymph glands are kept attached to mouth 

hooks and brains then placed in an Eppendorf tube, both immersed with 1XPBS. The 

1XPBS is then replaced by 200 µL of freshly prepared 4% formaldehyde (FA) (originally 

diluted from 37% of FA in 1XPBS) to allow tissue fixation for 15 minutes with rotating 

of the tube containing the lymph glands, while incubating the slide wells containing the 

fat body in a humidified chamber. The tissues are then washed 3x with 0.3% PBS-Triton 

X-100 (PBST; Sigma-Aldrich) for 15 minutes with continuous rotation of samples in 

tube. The wells containing the fat body are cautiously washed under the microscope to 

eliminate pipetting tissues by mistake. 5% normal goat serum (NGS;Dako) is freshly 

prepared by diluting 100% of NGS in PBST and then tissues are blocked overnight. 

Samples in tube are kept at 4℃ with rotating, while the fat body was kept in the 

humidified chamber at room temperature. Note that NGS blocks the binding of antibodies 

to nonspecific sites [167]. The following day NGS is removed and replaced by primary 
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antibody to be diluted in 5% NGS. P-Akt (S473, D9E; Cell Signaling Technology 

732887), rabbit monoclonal primary antibody targeting the progenitor cells within the 

medullary zone of lymph gland with 1:200 dilution factor according to Cory J. Evans et 

al, while α-spectrin3A9-s (DSHB) mouse monoclonal primary antibody with 1:20 

dilution factor was used to target the α-spectrin in larval fat body cells. Samples in tube 

are kept at 4℃ with rotating, while fat body tissues are kept in the humidified chamber 

at room temperature. The following day primary antibody is removed, and samples are 

washed 3x with PBS for 10 minutes. Samples in tube are kept on the rotator during the 

washes. Secondary antibodies diluted in 5% NGS were used; anti-mouse Alexa647 

(Sweden.647) with 1:500 dilution factor for fat body samples, while Cy3 anti-rabbit 

(Jackson IR) with dilution factor 1:500 for lymph gland samples. Samples are incubated 

with secondary antibody overnight at 4℃. The following day secondary antibody is 

removed, and the samples are washed with 1ml PBST for 15minutes. A second wash with 

1ml PBST but with the addition of diluted DAPI (Abcam) with 1:1500 for 5 minutes, 

followed by washing 3x with 1XPBS for 20 minutes, with maintaining samples on the 

rotator during all the washes. After that, fine dissection is performed for the lymph glands 

to delicately remove away the mouth hooks and brains and then place the lymph glands 

on glass slides. Both lymph gland and fat body slides are mounted with mounting solution 

then covered with coverslips to finally store them at 4°C for later imaging by the Zeiss 

LSM 710 laser scanning confocal microscope. The final images are obtained and 

analyzed using the ZEN 9 image software from Zeiss using 20x and/or 40x immersion 

oil objective. 
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4. Reverse Transcription Quantitative Polymerase Chain Reaction (RT-qPCR) 

a. RNA extraction 

RNA extraction was performed on adult fat body tissues collected from each of 

the mentioned genotypes (n=50 for noninjected group and n=30 for injected groups to 

check the levels of AMPs before and after the bacterial challenge upon the knock down 

of dTet). After dissections 1XPBS is removed and replaced by 1ml Trizol (Sigma 

Aldrich, St. Louis, Missouri, United States) per genotype.  Samples are kept at -80°C in 

Trizol until proceeding with RNA extraction.  Sample processing and RNA extraction is 

performed under fume hood. Samples are first thawed then those of same genotypes 

were pooled into one Eppendorf and vortexed. Samples are then incubated at room 

temperature for 5 minutes, then 200µl of chloroform is added and mixed well with 

Trizol to obtain a homogenous pink color. The samples are next followed with 3 

minutes incubation at room temperature. Samples are then centrifuged for 15 minutes at 

12,000 x g at 4℃. The chloroform will separate the sample into an upper aqueous phase 

containing the RNA, an interphase containing DNA and a lower red phenol-chloroform 

phase with all the organic and protein content. The aqueous layer is cautiously 

transferred into a new Eppendorf tube. Note that it is better to transfer each 200-100µL 

alone to quantify the amount of aqueous layer collected. Isopropanol of 700 µL of the 

total aqueous phase volume is then added. Followed by the addition of 0.1 µL Na 

acetate of the total volume (Vaqueous layer + Visopropanol) which enhances the precipitation of 

the extracted RNA. To enhance the precipitation of the extracted RNA, 2 µL of 

glycogen (Invitrogen Thermofischer Scientific) are then added and the sample is mixed 

and incubated for 10 minutes at room temperature to permit the precipitation of RNA. 

Samples are then centrifuged at 12,000 x g at 4℃ for 10 minutes after this step the 
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RNA pellet will be visible. Note that further steps are required if the pellet is not visible. 

Next, the obtained pellet is resuspended in 1ml of 75% ethanol, vortexed briefly and 

centrifuged at maximum speed of 20,000 x g at 4℃ for 10 minutes. The upper most 

supernatant layer is discarded, and the sample’s tube is left open to air dry the pellet for 

5-10 minutes. The pellet is then resuspended in 20 µL RNase-free water and incubated 

in a thermal Cycler set at 55℃ for 10 minutes to allow the RNA dissolve. The RNA 

concentration and purity are quantified using DeNovix DS-11 spectrophotometer [168]. 

 

b. cDNA synthesis and RT-qPCR procedure  

cDNA synthesis is the interphase sandwiched between the RNA extraction and 

the RT-qPCR steps. cDNA shall be synthesized from the extracted RNA so that the next 

step of RT-qPCR is proceeded. cDNA synthesis was employed using the iScript 

(BioRAD, Hercules, CA) cDNA synthesis kit. The optimal final concentration of RNA 

product should be around 1000 ng/ ml. In addition to our RNA samples of which its 

volume is to be calculated, the reaction mix comprises 4 µl 5xiScript Reaction Mix, 1 µl 

Reverse transcriptase and RNase-free water of variable volume to be calculated 

depending on the volume of added RNA. The total volume of the mix should ultimately 

reach 20 µl per sample.  Each sample is then placed in a thermal cycler heat set for 

priming at 25 ˚C for 5 minutes, followed by reverse transcription at 46˚C for 20 

minutes, finally the inhibition of reverse transcription is maintained by placing the 

samples for 1 minute at 95 ˚C [169]. After that, the final cDNA product is held at 4˚C to 

proceed with the RT-qPCR or stored at -80°C for later use. 

The RT-qPCR was employed to measure the gene expression and validate the 

RNAi knockdown, using the already prepared cDNA. Each RT-qPCR tube contained 4µl 
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of cDNA and 6 µl of the master mix which contained 5µl iTaq Universal SYBR green 

(Bio-Rad) and 1µl forward and reverse primers (10 pmol). Reactions were run in 

duplicates using Bio-RAD CFX96 Real time system with the following protocol: 

Denaturation at 95°C for 3 minutes, Annealing at 57°C for 1minute and Amplification at 

72°C for 3 minutes. This cycle is set to repeat 40x and after the annealing step of each 

cycle the amplified sequence is captured (plate is read). The relative gene expression was 

normalized against a house keeping gene Rp49 and analyzed using Dunnett-Bonferroni 

Test one-way Anova.  P-values lower than 0.05 were considered statistically significant. 

As the statistical analysis was performed on a GraphPad Prism 6.0 program. 

 

Gene 
Sequence 

Annealing T 

°C 

Rp49 Forward CGCTTCAAGGGACAGTATCTG 

57°C 
Reverse AAACGCGGTTCTGCATGA 

dTet Forward AATGCACAAATTTCCCT 
57°C 

Reverse CCTTCGTTTGCTACTAGCTC 

Imd Forward ATCTTGGCATGTCGGAAGG 
57°C 

Reverse TTCAGGGGCGTTACCTCTCTA 

Dif Forward GCCAAGTGCAAGAAGTGGTC 
57°C 

Reverse ATGGTGGGAAAGGTCTTGCC 

Drosomycin Forward TACTTGTTCGCCCTCTTCG 
57°C 

Reverse GTATCTTCCGGACAGGCAGT 

Diptericin Forward CCGCAGTACCCACTCAATCT 
57°C 

Reverse ACTGCAAAGCCAAAACCATC 

  Table 2. List of the various gene primers implemented in the study with their 

forward and reverse sequences. 
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E. Bacterial Challenge 

E.faecalis ATCC 19433 strain and E.coli laboratory strain were provided by Drs. 

Matar and Kambris respectively and stored at -80°C in glycerol stocks. The bacterial 

challenge preparation was maintained on 3 consecutive days. The bacteria are thawed on 

ice and one full loop is streaked on LB-agar and incubated at 37°C overnight. The next 

day, small whitish colonies appear. Around 2-3 colonies are placed in 10ml LB broth and 

kept in the incubator with 200 rpm agitation speed overnight at 37°C. On the third day, 

the bacterial OD is measured using spectrophotometer at 600nm with LB broth as the 

blank. Several error and tail dilutions are done to reach the desired OD of 0.12 (±0.01) 

for E.faecalis and 1.0 (±0.01) for E.coli [170],[171]. When OD is reached, 1ml of 

bacterial suspension is centrifuged for 2 mins at 18°C at 12 RPM. A bacterial pellet will 

be visible, the supernatant is then discarded, and the pellet is resuspended in 1ml 1XPBS 

and centrifuged again on same speed and temperature. The supernatant is discarded, and 

the pellet is resuspended in another 1ml of 1XPBS to form a suspension ready for 

immediate injection. 

The pulled-glass capillary needle and the nanoliter injector system (Worcester 

Polytechnic Institute), is prepared and loaded with bacteria. 7 days old  adult flies 

[170],[172] of groups with knock down in GFP (RNAi control), dTet, dif and Imd  are 

anesthetized, placed on their side then injected on the anterior side of the thorax with 50nl 

bacteria [173]. Injected flies were monitored for 30 minutes to eliminate any death 

occurred from the injury. Once they all recover from anesthesia, they are ready to be 

placed in the DAM vials for further survival analysis. 
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F. Drosophila Activity Monitor (DAM) 

The Drosophila Activity Monitor (TriKinetics, Waltham, MA) is used in this 

study to monitor the survival of flies injected with bacteria (E.faecalis and E.coli), PBS 

and non-injected groups. GFP RNAi flies are the negative control while dif RNAi and 

Imd RNAi flies are the positive controls. Each single fly is placed in a glass vial with 

already prepared food constituting of 5% sucrose, 2% agar and 100ml distilled water, 

which are heated in the microwave until dissolved (1st boil). Vials are placed in the food 

container and via capillary action food fills the vials enough to keep the fly alive for 

weeks. After the food solidifies, the vials are then sealed with either paraffin or plugs to 

prevent food dehydration. Upon the placement of flies in vials, the vials are secured with 

cotton from the side opposing the food. Finally, each vial is placed in a channel and each 

monitor is connected to the system. A total of 32 adult male flies per each genotype per 

group, had their survival monitored individually over a period of 7 days. The flies’ 

locomotion is recorded every 5 minutes represented by the breaks in the infrared laser 

beam upon their movement [174]. Data is then collected, analyzed and converted into 

Kaplan Meier survival curves using Mantel-Haenszel test whereas outliers were indicated 

using Tukey test. All data analysis tests were conducted using GraphPad Prism and P-

value greater than 0.05 was considered significant. 
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CHAPTER IV 

RESULTS 

 

A. dTet is expressed in Drosophila melanogaster fat body 

 

Previous data from our lab suggesting dTet is expressed in Drosophila 

melanogaster fat body was the driving potential behind our investigation of the role 

dTet possesses in humoral immune mediators which are majorly secreted from the fat 

body. To initially characterize the expression of dTet in the fat body, our lab used dTet-

GAL4 driver fly and crossed it with UAS-nGFP responder fly. Progeny obtained 

acquires GFP expression in tissues expressing dTet. The immunofluorescence images in 

Figure 8 shows the clear expression of dTet in both larval and adult fat body in dTet-

GAL4>UAS-nGFP progeny compared to Hml-GAL4>UAS-nGFP. Note that 

hemolectin (Hml) is a clotting factor identified in Drosophila hemocytes and not in fat 

body cells, hence it was used as a negative control marker. 
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B. Identifying a proper Drosophila fat body driver to be used for fat body specific 

knockdown of dTet  

To drive the knockdown of dTet gene and other immune pathways regulating 

genes (Imd and Dif) specifically in the fat body we opted to use a fat body driver, C564-

GAL4, that is described previously in the literature [175]. To confirm the expression of 

this driver in fat body cells we expressed nuclear GFP (UAS-nGFP) using the C564-

GAL4 driver. Immunofluorescence imaging for GFP was assessed on larval fat body 

Figure 8. dTet expression in larval and adult fat body cells. The arrows 

directed to green fluorescence color in B and D are a clear indication of the 

expression of dTet in fat body cells in larvae and adults, respectively. A and 

C are negative controls showing no expression of green fluorescence color 

in fat body cells, since Hml is not a fat body tissue marker. 
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and larval lymph glands as they represent the major immune organs in the larvae. The 

obtained images show a green fluorescence expression in the larval fat body, but not in 

the lymph gland. The red fluorescence color in Figure 9 (A, B) corresponds to α-

spectrin, that binds the α-spectrin, a cytoskeletal plasma membrane protein of epithelial 

cells [176] also located in larval fat body cells [177], hence we used it to identify the fat 

body tissues. While in Figure 9 (C-F), the red fluorescence color corresponds to anti-p-

Akt which binds to phosphorylated-Akt (Serine-Threonine Kinase) located majorly in 

progenitor cells of  larval lymph gland [178], which we used to identify the lymph 

gland. DAPI shows blue fluorescence color in both tissues (Figure 9). GFP positivity 

was also observed in the gut and salivary glands but since the main tissue expressing 

antimicrobial peptides is the fat body, we opted to use this driver in further experiments 

as it is clearly expressed in fat body cells.  
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Figure 9. Immunofluorescence of larval fat body and lymph gland. (A-

B) 20X magnification of larval fat body: (A) shows nuclear GFP (Green) 

and α-spectrin (Red), (B) shows the merge between GFP (Green), α-spectrin 

(Red) and DAPI (Blue). (C-D) 20X magnification of larval lymph gland: 

(C) shows the absence of GFP expression (Green) but the expression of P-

Akt (Red), (D) shows the merge between GFP, P-Akt and DAPI (Blue). (E-

F) 40Xoil immersion of the primary lobes of the larval fat body expressing 

P-Akt and DAPI, but not GFP. 
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C. Knocking down dTet in fat body affects AMP production by humoral Imd and 

Toll pathways in Drosophila melanogaster adult flies 

Given the expression of dTet in the fat body and to better understand the role of 

dTet in humoral immunity, we aimed to determine the effect of knocking down dTet 

specifically in the adult fly fat body on the production of AMPs (diptericin and 

drosomycin) regulated by the Imd and Toll pathways respectively. Therefore, the 

knockdown of dTet in the fat body contributed a significant increase in diptericin and 

drosomycin expression in flies deficient for dTet, 15- and 800-fold increase respectively 

relative to controls (Figures 10 and 11).  This increase was significant with p-value 

0.0001 and 0.0004 respectively.  

 

 

 

Figure 10. Relative Expression of diptericin. Diptericin 

expression is significantly upregulated in dTet RNAi flies 

(Green), P value 0.0001 indicated by ** compared to 

GFP RNAi control and to Imd RNAi flies (Red) of P 

value 0.8389. 
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To validate the knockdown efficiency of the 2 humoral immune pathways (Toll 

and Imd) that will be further used in our challenging experiments and to also make sure 

about the efficiency of dTet knockdown in the fat body, we have performed a PCR 

analysis that validated a successful effective knockdown of dTet, Imd and dif in dTet, 

Imd and dif adult flies’ fat body respectively (Figure 12). dTet expression in flies 

deficient for dTet was significantly decreased, 0.15-fold decrease relative to GFP RNAi 

control, with p-value<0.0001 (Green). On the other hand, although the decrease fold for 

Imd expression in Imd deficient flies is not as low as the dTet expression in dTet RNAi, 

yet a 0.7-fold decrease is relatively significant compared to GFP RNAi control, with p-

value 0.0153 (Red). Similarly, dif deficient flies show 0.24-fold decrease in Dif 

expression which is significant compared to GFP RNAi control flies, with p-value 

0.0001 (purple).  

Figure 11. Relative Expression of drosomycin. Drosomycin 

expression is significantly upregulated in dTet RNAi flies 

(Green), P value indicated by ** compared to GFP RNAi 

control and to dif RNAi flies. 
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The relative expression of all target genes, whether in measuring the AMPs 

levels or in validating the efficiency of the used RNAi, was normalized to RP49-

housekeeping-gene. Figure 10 and 11, show the distinct increase fold change of AMPs 

in dTet-deficient flies, compared to GFP RNAi control flies. In immune deficient flies 

(dif RNAi and Imd RNAi) the expression of AMPs was clearly downregulated, with 

diptericin showing better downregulation in Imd RNAi flies compared to drosomycin in 

dif RNAi flies, both compared to GFP RNAi control flies. 

 

Figure 12. RNAi knockdown validation. dTet expression is significantly 

downregulated in dTet RNAi flies (Green), P value < 0.0001 indicated by 

****. Imd expression is significantly downregulated in Imd RNAi flies 

(Red), P value 0.0153 indicated by *. Dif expression is significantly 

downregulated in Dif RNAi flies (Purple) with P value 0.0001 indicated 

by ***. 
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D. dTet RNAi adult flies do not survive an E.coli bacterial challenge 

Given that Diptericin and Drosomycin expressions were altered in dTet 

knockdown flies we aimed first to study the impact of dTet knockdown on Imd pathway 

upon bacterial challenge. Since Imd pathway is activated by Gram-negative bacteria we, 

injected, E.coli into flies in which both  dTet  and Imd are knocked down by RNAi in 

fat body cells. The survival of flies’ post injection was monitored and compared to 

RNAi control flies injected with E.coli. Furthermore, noninjected flies, PBS injected 

flies of the same genotypes were monitored over the same period by the DAM 

(Drosophila Activity Monitor). 

All 32 noninjected adult flies in the three genotypes had a similar nonsignificant 

death monitored over 7 days. In GFP RNAi no death was recorded in all 32 flies. In Imd 

RNAi flies, 3 flies died out of 32 as 2 and 1 deaths on day 5 and 6 respectively. While, 

in dTet RNAi flies 2 flies out of 32 died on day 6 (Figure 13.A). 

A similar nonsignificant death was seen in all 32 PBS injected adult flies 

monitored over 7 days. In GFP RNAi flies, 1 death occurred on day 6. In Imd RNAi 

flies, 3 flies out of 32 died as 2 and 1 deaths occurred on day 5 and 6 respectively. 

While, in dTet RNAi flies 1 fly out of 32 died on day 3 (Figure 13.B). 

In the 32 E.coli injected adult flies, a significant death was observed in Imd 

RNAi and dTet RNAi  flies compared to GFP RNAi  control flies. In GFP RNAi flies, a 

non-significant death was observed as a total of 17 out of 32 flies died as the majority 

died on day 3. However, in dTet RNAi flies and in Imd RNAi flies, a significant death 

was observed as a total of 29 and 22 flies out of 32 died respectively, with the majority 

of 18 and 17 flies respectively, died on day1 (Figure 14). 
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Figure 13. Survival analysis of non-injected and PBS injected 

groups. (A) and (B) show non-significant death between the three 

noninjected groups and the three PBS injected groups respectively. 

Figure 14. Survival analysis of E.coli injected group. Significant 

death is seen between dTet RNAi (Purple) and GFP RNAi control 

(Blue), indicated by ***, while nonsignificant death is seen between 

dTet RNAi (Purple) and Imd RNAi flies (Red).  
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E. dTet RNAi flies’ survival is not clear upon E.faecalis bacterial challenge    

In a similar manner, to identify the impact of dTet on the Toll immune pathway, 

we used a Gram-positive bacterium, E.faecalis injected to dTet RNAi flies and Dif 

RNAi flies . The survival of flies’ post injection was monitored by DAM and compared 

to RNAi control flies injected with E.faecalis. noninjected and PBS injected flies of 

same genotypes were also monitored over the same period of time.   

All 32 noninjected adult flies in the three genotypes; GFP RNAi, dTet RNAi and 

Dif RNAi, had no death recorded over the period of 7 days (Figure 15.A). 

A similar nonsignificant death was seen in all 32 PBS injected adult flies per 

each genotype monitored over 7 days. In GFP RNAi flies, no death had been recorded 

over the 7 days of monitoring. In Dif RNAi flies, 3 flies out of 32 died as 1 and 2 deaths 

occurred on day 1 and 2 respectively. While, in dTet RNAi flies 1 fly out of 32 died on 

day 6 (Figure 15.B). 

In the 32 E.faecalis injected adult flies’ group, the three genotypes show 

nonsignificant death. GFP RNAi genotype had a total of 8 deaths out of 32 flies with the 

majority of 5 flies dying on day 1. In Dif RNAi flies, a total of 10 flies out of 32 died 

with the majority of 8 flies died on day 1. On the other hand, in dTet RNAi flies injected 

with E.faecalis, a total of 3 deaths were recorded on the first 3 consecutive days (Figure 

15.C ). Indicating that dTet RNAi E.faecalis injected flies had the lowest percentage of 

death amongst the three genotypes . 
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Figure 15. Survival analysis of non-injected, PBS injected 

groups and E.faecalis injected groups. (A) and (B) show 

non-significant death between the three noninjected groups 

and the three PBS injected groups respectively. (C) shows 

nonsignificant death in the three E.faecalis injected groups, 

with dTet RNAi (Red) with the highest survival compared to 

RNAi control (Green) and dif immune-deficient control (Blue) 

sharing similar survival pattern. 
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CHAPTER V 

DICUSSION  

DNA demethylation is a known epigenetic modification in mammals that 

functions usually in upregulating the expression of various genes involved in cellular 

differentiation, embryogenesis and neuronal development. This interesting mechanism 

is driven by a group of methylcytosine dioxygenases called Ten eleven translocation 

(TET) proteins, and they were named after the identification of the first member of TET 

proteins TET1 in AML, as a chromosomal translocation between mixed myeloid 

lineage gene on chromosome 10 and TET gene on chromosome 11. Later, additional 

two members TET2 and TET3 were identified, as they all function in demethylating 

5mC into 5hmC, 5fC and 5caC, they tend to loosen the chromatin, make it accessible 

for the binding of transcription factors and enzymes, and thus drive the transcription of 

target genes. TET loss of function in mice is associated with neonatal lethality, 

hematological malignancies and altered neuronal physiology. In Drosophila 

melanogaster, only one TET homologue was acknowledged as dTet, which functions in 

demethylating 5mC on RNA and 6mA on DNA. Many studies have been conducted to 

study the role of dTet on flies’ embryogenesis and neuronal development, yet the 

impact of this protein on the innate immunity of the fly is to be identified. In this 

research project, we relied on a previous data from our lab recognizing dTet in the fat 

body of the fly, and we studied the functional impact of knocking down dTet in the fat 

body on the humoral immune responses. 

Starting with the evident expression of dTet in fat body cells which indicates 

that dTet, as an epigenetic writer, might interfere in regulating distinct physiological 

processes carried out by the fat body. The latter with its diverse metabolic and immune 
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functions is an essential organ in maintaining a normal life span in Drosophila 

melanogaster, as it stores glycogen and triglyceride to provide energy for the fly when 

food is sparse, and it drives the regulation of insulin signaling pathway and further 

release of Insulin-like peptides (ILP) through AKT (Serine-Threonine Kinase) 

activation [179]. Also in Drosophila fat body, a family member of Bromodomain-

containing proteins (BCPs) known as female sterile (1) homeotic (FS1), is characterized 

by positively regulating the AKT signaling pathway. AKT pathway inactivates via 

phosphorylation a transcriptional factor, FOXO, which is important in inducing AMP 

expression in the absence of infection, but in response to low energy and stress status of 

cells [179], [180]. Upon studying the loss of function of FS1 in fat body cells the flies 

presented a shortened lifespan, increased AMPs expression levels (with or without a 

bacterial challenge) and impaired usage of stored triglycerides, indicating that FS1 

knockdown induced ILP antagonists, leading to the inhibition of AKT pathway which 

stimulated the hyperactivation of FOXO that further induced AMPs expression. Thus, 

FS1 normally suppresses AMP loci regardless of the relevant activating cue in a FOXO 

dependent and/or independent manner [179]. Another AMP regulator recognized in 

Drosophila fat body that tones down AMP genes is H2Av histone. Its mutation induces 

the expression of Toll and Imd AMP genes, while the overexpression of H2Av 

represents a reduction in Imd AMP genes including diptericin, hence H2Av is 

recognized to downregulate Imd pathway through Relish SUMOylation [181]. On the 

other hand, miR-958 microRNA loss of function enhances drosomycin levels with 

noticed non-significant death in miR-958 null flies and in control flies challenged with 

E.faecalis. Yet, the overexpression of miR958 in adult flies was attributed with reduced 

drosomycin levels and a significant reduction in survival compared to control flies after 
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E.faecalis challenge. Hence, miR-958 was identified to negatively regulate Toll 

pathway via base pairing to 3’-untranslated regions (3’-UTR) of target mRNAs [182]. 

Similar to these findings, our data represented that the knockdown of dTet is 

highly associated with increased induction of diptericin and drosomycin. Therefore, we 

assume that dTet might be indirectly involved in downregulating the release of AMPs 

of both Imd and Toll pathways during a normal condition of the fly, via modulating the 

methylation of specific AMP transcription factors, such as FOXO. We anticipate that 

dTet might function in fat body cells in demethylating certain activators of AKT 

pathway, which further drives the phosphorylation of FOXO inhibiting its function, thus 

maintaining a normal baseline of AMPs levels in the absence of microbial infection. 

However, when dTet was knocked down, we believe that AKT pathway had an 

impaired activity, enabling a functional FOXO which caused the increased expression 

of diptericin and drosomycin. Therefore, in general the increased expression of AMPs 

upon dTet knockdown encouraged us to believe that dTet has a key impact on 

regulating the humoral immunity of the fly.   

To understand whether those changes in AMP levels (diptericin and 

drosomycin) stems from a defect in humoral pathways, we opted to challenge those flies 

along with their respective deficient control pathways (Imd and dif) knockdown with 

Gram negative and Gram-positive bacteria E.coli and E.faecalis, respectively. Targeting 

the Imd pathway through an E.coli bacterial challenge demonstrates that dTet RNAi flies 

succumb to survive compared to RNAi control flies as their survival pattern was similar 

to Imd deficient flies (Figure 14). This indicates that dTet and Imd affect the same 

pathway in providing protection to the flies against a Gram-negative bacterial challenge. 

This data allows us to assume that dTet might have a function in launching the humoral 
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Imd immune response activated against Gram-negative bacteria. The exact mechanism 

of action of dTet on Imd pathway is still ambiguous; however, with the previous data of 

elevated diptericin levels in dTet RNAi flies during normal conditions, we believe that 

dTet might also have an indirect mode of action that regulates the expression of Imd 

pathway during a Gram-negative bacterial challenge. On the other hand, challenging 

dTet-deficient flies with E.faecalis results are not conclusive to interpret the relation 

between dTet and the Toll pathway, as our RNAi control genotype had a survival 

pattern similar to the immune deficient Dif RNAi flies (Figure 15). Additionally, the fact 

that neither of the deaths occurred were significant, might indicate that the bacterial OD 

is very minimal to cause an aggressive infection in the immune deficient flies. Thus, 

further assessment and optimization by trying different bacterial ODs are required to 

enhance the bacterial E.faecalis challenge and the survival analysis, so that we can have 

an in depth understanding of the type of relation that dTet shares with the Toll immune 

pathway.  

 

A. Limitations and Future Perspectives 

Our research project attained the first steps in revealing the impact of dTet on 

the humoral immunity in Drosophila melanogaster. However, we were only able to 

acknowledge the general role it plays on the Imd and the Toll pathways. Thus, more 

refined molecular lab work is essential to identify the mechanism through which dTet 

regulates the expression of antimicrobial genes of both Imd and Toll pathways.  

To further add, previous data from our lab demonstrates an increase in 

hemocytes count in dTet-deficient flies. Although dTet might not play a role in the 

differentiation of cellular immunity; however, we can still verify whether dTet plays a 
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role in the proliferation of hemocytes and/or the AMPs release from plasmatocytes, 

especially that TET2 is a key regulator in the differentiation of adaptive and innate 

cellular immunity in mammals. Additional future and ongoing studies in our lab will 

focus on comparing the survival of dTet RNAi flies overexpressing dTet to dTet RNAi 

flies after challenging both with E.coli, to have a conclusive idea about the role of dTet 

in maintaining a functional Imd pathway.  

Nevertheless, several optimization trials have been processed to eventually 

obtain an optimal bacterial E.faecalis OD for injection, yet we still believe the latter 

limited our understanding of dTet role on Toll pathway after the bacterial challenge. 

 

B. Conclusion 

In conclusion, we propose that dTet might have essential roles in controlling the 

humoral immunity of both Imd and Toll pathways in Drosophila melanogaster. First, 

we observed that the knockdown of dTet without any bacterial challenge correlates with 

extremely elevated expression levels of diptericin and drosomycin, indicating a possible 

role for dTet in downregulating the expression of these AMPs during normal 

conditions. Additionally, we also concluded, through the observed similar survival 

patterns of dTet RNAi flies and Imd RNAi flies upon E.coli infection, that dTet provides 

a degree of protection against E.coli infection and this has to be further explored in 

follow up studies.  
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