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Abstract 

The precise regulation of cellular and hormonal signaling pathways is required for proper 

development in metazoan organisms. The Drosophila imaginal wing disc is the ideal model 

system for the study of cellular signaling regulating growth and development. The canonical 

Notch signaling pathway is known to control the formation of the dorsal-ventral boundary in the 

wing disc through the regulation of Cut. Our recent findings suggest Ecdysone signaling 

regulates Cut in the DV-boundary as well. The Ecdysone receptor is a heterodimer of USP and 

EcR. EcR has three protein isomers: EcR-A, EcR-B1, and EcR-B2.  Because EcR-B1 is the most 

prevalent isoform of the Ecdysone receptor, it is the most widely used in loss of function studies 

of Ecdysone signaling. Here, we examine the EcR-A and EcR-B2 isoforms to determine the 

effect their loss of function has on the expression of Cut at the DV boundary, as well as on Notch 

downstream targets. We report that, in addition to the EcR-B1 receptor, Ecdysone signaling also 

regulates Cut via the EcR-B2 receptor isoform, but not the EcR-A isoform. We also found that 

each of the three EcR isoforms can suppress aberrant high Notch activation at the DV boundary, 

and that the EcR-B1 and EcR-B2 isoforms regulate the Notch target Wg as well.  
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Background 

 The development of metazoan organisms requires precise regulation of cellular and 

hormonal signaling pathways controlling developmental processes. The dysregulation of cell 

signaling pathways during development could lead to developmental disorders, and thus it is 

important to advance our understanding of the underlying cellular and molecular mechanisms of 

these pathways.  The Drosophila imaginal wing disc is the ideal model system for the study of 

cellular signaling regulating growth and development. Imaginal wing discs, which consist of two 

layers of epithelial cells, are larval tissues that are remodeled during metamorphosis into adult 

appendages.  

One of the key signaling pathways controlling Drosophila development is the canonical, 

highly conserved Notch signaling pathway. Notch controls a wide variety of developmental 

processes, such as cell proliferation and cell fate determination (Guruharsha 2012). Notch 

activity is also involved in the formation of the dorsal-ventral (DV) boundary of the Drosophila 

imaginal wing disc. Cut, a transcription factor and known downstream target of Notch signaling, 

is required for the proper formation of the DV boundary and the wing disc margin (de Celis 

1996).  

Unpublished results from Dr. Dongyu Jia, of the Wu-Min Deng lab, suggest that the 

Ecdysone signaling pathway, along with its early response gene, Br, is also involved in the 

regulation cut expression. Ecdysone is a steroid hormone and its signaling is involved in a wide 

range of processes in development and metamorphosis (Fletcher 1995). Here, we are interested 

in Ecdysone’s function in the formation of the DV boundary of imaginal wing discs. The 

Ecdysone steroid hormone binds the Ecdysone receptor, which is a heterodimer of the nuclear 
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receptors EcR and ultraspiracle (USP). The ligand-bound receptor complex then directly 

activates Ecdysone response genes (Cherbas 2003).  

EcR has three protein isoforms: EcR-A, EcR-B1, and EcR-B2. These isoforms contain an 

isoform specific A/B domain at their N-termini, a DNA-binding domain, and a ligand-binding 

domain. They are identical, save for their isoform specific N-terminal domains. Each isoform is 

derived from the same structural gene through alternative splicing and promoter usage, and the 

three isoforms are expressed in a tissue specific manner (Cherbas 2003).  

Unpublished results from Dr. Jia show that Ecdysone signaling regulates Cut and Br 

expression in the wing disc. Dr. Jia presents a model in which Ecdysone, through Br, and Notch 

synergistically regulate Cut expression in the DV boundary at the transcriptional level. The 

model also proposes that Ecdysone and Br signaling can suppress aberrant high Notch activity by 

maintaining cis-Delta expression. These studies of the regulation of Cut by Ecdysone, generally 

examined the EcR-B1 isoform, as it is the most prevalent of the three. Here, we aim to examine 

the EcR-B2 and EcR-A isoforms.  

 

Genetic tools 

The primary tool we will employ in our study of these genetic interactions is the 

Gal4/UAS system. The Gal4/UAS system is a genetic tool that allows control over the 

expression of transgenes in Drosophila. The system is bipartite, and consists of the Gal4 gene 

and the UAS enhancer sequence. The Gal4 gene encodes for a DNA binding transcription factor, 

which binds to the UAS sequence, activating the gene immediately downstream. In driver lines 

(Drosophila lines containing Gal4), the Gal4 gene is placed downstream of a particular gene, and 

the Gal4 transcription factor is thus expressed only in the tissues in which that gene is expressed. 
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These driver lines are crossed with reporter lines, which contain a transgene of interest 

downstream of a UAS sequence. In the first generation of offspring, Gal4 will thus drive the 

expression of the gene of interest in only the tissues expressing the Gal4 protein, allowing spatial 

control of transgenes. The Gal4/UAS system is versatile, and can be used to generate mosaic 

clones through mitotic recombination by FLP/FRT, and it can be regulated temporally though the 

Gal80 repressor.  Gal80ts is a temperature sensitive repressor the remains bound to the Gal4 

transcription factor at room temperature, and disassociates at 29˚C. This allows for temporal 

expression of transgenes under Gal4/UAS control. (Duffy 2002)  

 

Research Aims 

 Because EcR-B1 is the most prevalent isoform of the Ecdysone receptor, it is the most 

widely used in studies. Little is known about the role the other two isoforms play in the 

formation of the DV boundary of the Drosophila wing disc.  The aim of this project is to 

examine the EcR-A and EcR-B2 isoforms to determine the effect their loss of function has on the 

expression of Cut at the DV boundary, and on the expression of Notch downstream targets. We 

will perform loss of function studies using Dominant Negative (DN) mutant forms of both 

isoforms.  
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Materials and Methods 

Fly strains and genetics 

 The following fly lines will be used:  

Fly Line Notes 

En-Gal4, UAS-RFP; Gal80ts Driver line driving transgene expression in the 

wing disc posterior.  

En>RFP, UAS-GFP; Gal80ts Driver line driving transgene expression in the 

wing disc posterior, and monitoring Notch 

activity through the Notch reporter NRE-GFP.  

UAS-EcRA
DN

 Responder line expressing Dominant negative 

form of EcR-A isoform.  

UAS-EcRB1
DN

 Responder line expressing Dominant negative 

form of EcR-B1 isoform.  

UAS-EcRB2
DN

 Responder line expressing Dominant negative 

form of EcR-B2 isoform.  

UAS-Br
IR

 Responder line expressing Br miRNA.  

UAS-USP
IR

 Responder line expressing USP miRNA.  

 

Virgin females from the driver line will be crossed with males from each of the responder 

lines and stored at room temperature. After two days, or when the progeny larvae reach the 2
nd

 

instar, the vials will be transferred to the 29˚C incubator. After 2 days, 3rd
 instar larva will be 

dissected, stained with primary and secondary antibodies, and mounted on glass slides for 

imaging. Wing discs will be imaged using fluorescence microscopy.  

 

Immunohistochemistry 

 The following antibodies will be used: mouse anti-Br-Core 1:60, mouse anti-cut 1:15, 

mouse anti-Dl 1:20, mouse anti-Wg 1:20. The 488-anti-mouse secondary antibody will be used 

for each of these primary antibodies.  
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Results 

It is well know that Cut is expressed in the DV boundary of the Drosophila imaginal 

wing disc. Dr. Dongyu Jia of the Deng lab found that silencing of Ecdysone signaling via the 

loss of EcR-B1 function leads to the loss of Cut expression in the DV boundary. While the EcR-

B1 isoform is most widely used as the target of EcR loss of function studies, little is known 

about the role of EcR-A and EcR-B2 isoforms in the formation of the DV boundary. To 

determine the effect of EcR-A and EcR-B2 isoform loss of function on the expression of Cut, we 

drove the expression of EcR-A and EcR-B2 dominant negative mutants in the posterior of the 

wing disc using engrailed-Gal4.  We found that the loss of EcR-A function had no effect on Cut 

expression in the DV boundary (Figure 1 A-A”). In wing discs in which the EcR-B2 dominant 

negative form was expressed, we found a decrease in Cut expression in the posterior of the wing 

disc (Figure 1A-A”). There appears to be some Cut expression remaining in the posterior, 

suggesting the Cut expression is lowered, rather than completely lost. These results suggest Cut 

expression is regulated by Ecdysone via EcR-B2 and EcR-B1, rather than via EcR-A.  

Dr. Jia also showed that Ecdysone regulates Cut via the Br transcription factor, which is 

ubiquitously expressed in the wing disc, and that the silencing of Ecdysone signaling via the loss 

of EcR-B1 function leads to loss of Br expression. Thus, we sought to examine the EcR-B2 and 

EcR-A isoforms as well. To determine the effect of the loss of EcR-A and EcR-B2 function on 

the expression of Br in the wing disc, we again drove expression of their dominant negative 

mutant forms in the posterior of the wing disc using engrailed-Gal4. We found that Br expression 

was not effected in EcR-A
DN 

expressing wing discs (Figure 2 A-A”). In wing discs lacking EcR-

B2 receptor function, we found, similarly to cut expression, that Br expression was decreased in 
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the posterior of the wing disc (Figure 2 B-B”). These results suggest that Ecdysone regulates Br 

expression via EcR-B1 an EcR-B2, rather than EcR-A.  

Unpublished results from Dr. Jia showed that the loss of the EcR-B1 isoform function led 

to an increase in Notch activity at and around the DV boundary, suggesting Ecdysone suppresses 

aberrant high Notch activity. We performed loss of function studies with the EcR-A and EcR-B2 

isoforms to determine if there was a similar suppression of Notch activity. Again, we drove the 

expression of EcR-A and EcR-B2 DN mutants in the posterior of the wing disc using engrailed-

Gal4 and monitored the expression of NRE-GFP, a Notch activity reporter. We found a slight 

found a slight increase in Notch activity in the absence of both the EcR-A and EcR-B2 isoform 

function (Figure 3), suggesting that each of the three isoforms are capable of suppressing high 

Notch activity in the DV boundary  

Given that Ecdysone can suppress Notch activity via each of the three Ecdysone receptor 

isoforms, we were interested in examining Notch downstream targets, to determine whether the 

silencing of Ecdysone through EcR loss of function has an effect on their expression. Here, we 

examined Wg, a downstream target of Notch that is also expressed in the DV boundary. We 

drove expression of Dominant Negative forms of each of the three EcR isoforms in the posterior 

of the wing disc using engrailed-Gal4. We found that EcR-A DN had no effect of Wg expression 

when expressed in the posterior of the wing disc (Figure 4 A-A”). Wg expression is notably 

absent in the posterior of wing discs expressing EcR-B1 DN (Figure 4 B-B”). In the posterior of 

wing discs expressing EcR-B2 DN, there appears to be a slight decrease in Wg expression, 

although this is inconclusive (Figure A C-C”).  
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Figure 1: (A-A”) Expression of EcR-A DN form in posterior of the wing disc (RFP) halts EcR-A 

function, but has no effect on Cut expression (GFP). (B-B”) EcR-B2 expression leads to a 

decrease in Cut expression at the DV boundary.  
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Figure 2: (A-A”) Expression of EcR-A DN form in posterior of the wing disc (RFP) halts EcR-A 

function, but has no effect on Br expression (GFP). (B-B”) EcR-B2 expression leads to a 

decrease in Br expression in the posterior of the wing disc.  
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Figure 3: (A-A”) Expression of EcR-A DN form in posterior of the wing disc (RFP) halts EcR-A 

function, and leads to a slight increase in Notch activity. (B-B”) EcR-B2 expression leads to a 

decrease in Br expression in the posterior of the wing disc.  
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Figure 4: (A-A”) Expression of EcRA DN in posterior in the wing disc has no effect on Wg 

expression. (B-B”) EcRB1 DN expression in the posterior of the wing disc leads to a loss of Wg 

expression. (C-C”) EcRB2 DN in the wing disc leads to a loss of cut expression in the wing disc.  
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Discussion  

 Both Notch and Ecdysone signaling are responsible for controlling a wide range of 

developmental responses. It is important that we gain a further understanding of the cellular and 

molecular mechanisms regulating their signaling and the expression of their downstream targets. 

Unpublished results in the Deng lab have shown that Ecdysone and Notch signaling pathways 

synergistically regulate Cut expression in the DV boundary of the Drosophila imaginal wing 

disc. Dr. Jia presents a model in which Notch and Ecdysone mediated expression of Br are both 

transcriptionally required for the expression of Cut. This model also proposes that Ecdysone, 

through Br, maintains cis-Dl expression to suppress aberrant Notch activity at the wing disc.  

Here, we provide results that support that model. Because previous studies use loss of 

function mutations of EcR-B1 in the examination of Ecdysone, we examined the EcR-B2 and 

EcR-A isoforms to determine their role in the regulation of Cut at the DV boundary. We found 

that Ecdysone acts through EcR-B1 and EcR-B2 to regulate Cut expression at the DV boundary, 

but not through EcR-A. Similarly, we found that Br expression is regulated through EcR-B2, and 

not through EcR-A. These results support the aforementioned model, as Cut expression is 

proportionate to Br expression.   

We also examined Notch activity in the absence of EcR-A and EcR-B2. We found an 

increase in Notch activity around the DV boundary in both EcR-A DN and EcR-B2 DN mutant 

clones, suggesting that each of the three isoforms participate in the suppression of Notch at and 

around the DV boundary. These results also support the proposed model.  

Finally, we examined the Notch downstream target Wg, and found that both the EcR-B1 

and EcR-B2 isoforms affect Wg expression, while the EcR-A isoform does not.  Interestingly, 

loss of EcR-B1 and EcR-B2 function leads to an increase of Notch activity, but not an 



 13 

upregulation of Notch target genes such as Wg. Thus, it is possible Ecdysone regulates Wg 

separately from Notch activity. Future experiments will aim to further elucidate the mechanisms 

underlying the regulation of Ecdysone targets through the different EcR isoforms, as well as to 

determine the expression profiles for each isoform in the Drosophila wing disc.   
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