
Contact-dependent Growth Factor Signaling Mediated
by Heparan Sulfate Proteoglycans in Drosophila in vivo

• <Dally and Growth Factor>
• Heparan sulfate proteoglycan (HSPG) is a special 

type of glycoprotein that plays important roles in 
development such as regulation of growth factor 
signaling and maintenance of the stem cells.

• Dally, a Drosophila HSPG, was previously shown in 
the Nakato Lab to regulate BMP signaling through 
direct contacting with stem cells in the germline stem 
cell niche of the Drosophila ovary (Fig. 1).

• <Main Techniques>
• Gal4-UAS system has been widely used for 

Drosophila research to ectopically overexpress a 
gene of interest driven by any enhancer.

• LexA-LexAop system works similarly to Gal4-UAS 
system. LexA is an E. coli drived transcription factor.

• Split GFP (spGFP) is a Green Fluorescent Protein 
(GFP) derivative. The spGFP protein exists in two 
fragments spGFP 1-10 and spGFP 11 and they 
fluoresce when in contact (Fig. 2).

• <Research Goal>
• By combining the above techniques, I will investigate 

tissues where Dally-expressing cells have direct 
contact with cells expressing growth factors such as 
bone morphogenetic proteins (BMPs) and fibroblast 
growth factors (FGFs) 

Introduction

Figure 1. Schematics of contact-dependent signaling between dally and 
Dpp. (Excerpt  from Hayashi et al., J. Cell. Biol., 187 (4): 473-480 (2009) with 
permission) (A) Cap cells (blue) express Dally on the cell surface (red), and 
germ cells express Dpp receptor (green). Dpp signal transduction occurs (ON) 
where these molecules meet (yellow). Dpp signaling is not activated in GSCs 
that do not directly contact the cap cells (OFF), leading to differentiation. (A’) 
In dally mutants, Dpp signaling is reduced, and GSCs are lost to differentiation.
(A”) When dally is ectopically expressed in somatic cells (purple) adjacent to 
germ cells, Dpp signaling is activated at ectopic sites (yellow), resulting in 
expansion of the GSC niche and loss of differentiating cells.

Figure 2. Schematics of the mechanism of this system.
In contacting cells, one expresses LexA and the other 
expresses Gal4. As a result, spGFPs are overexpressed in 
each cell. GFP signal is observed exclusively when spGFP 
1-10 and spGFP 11 come in direct contact.

• Since Dally-LexA fly was not available in the lab 
stock, cloning was done from a Dally-LacZ construct 
and LexA gene.

• Microinjection was performed by BestGene Inc, the 
transformants were isolated, and crossed with 
LexAop-GFP to test the gene expression (Fig. 3)

• Furthermore, recombinants were created for LexAop-
spGFP1-10-CD4 and UAS spGFP11-CD4. (Fig. 4)

Methods

Figure 3. Expression of dally-lexA/lexAopGFP-CD4 in Drosophila
Wing Disc. This shows the success of transformation. B is the 
negative control which is lacking the LexA transcription factor to drive 
the expression of GFP.

Figure 4 . Recombination scheme to obtain flies with LexAop-
spGFP1-10-CD4 and UAS spGFP11-CD4.

• Transfection using Drosophila cell culture shows that 
coexpression also produces the GFP signal (Fig. 5).

• A possible explanation for this coexpression is the 
cell membrane plasticity (Fig 6).

• The contact-dependent signaling between Dally and 
TGFβ-60A (glass bottom boat gene) was observed 
(Fig. 7).

Results

• <Limitations of This System and 
Future Experiments>

• It is possible to explore the contact-
dependent signaling between cell types 
that are shown to distinctively express 
Dally and cell types that are shown to 
express the BMP or FGF.

• Furthermore, it is possible to explore 
contact in migrating cells extending 
filopodia. Filopodia are commonly 
observed in the Drosophila embryo.

• Various Gal4 drivers available for TGF-β 
superfamily (BMPs) and FGFs will be used.

• <Summary>
• The system to investigate contact 

dependent signaling between Dally-
expressing cells and growth factor 
expressing cells was established 
successfully.

Conclusion

Figure 7. contact-dependent signaling between Dally and TGFβ-
60A in Drosophila ovary. The expression is located exclusively in 
the oocyte side of follicle cells. Negative control (without gbbGal4) 
did not show any expression (Data not shown). GFP (Green), DE-
Cadherin (Magenta).

Figure 5. Transfection of S2 cells. A) Actin>spGFP 1-10 only. B) 
Actin>spGFP 11 only. C) Coexpression of Actin>spGFP 1-10 and 
Actin>spGFP 11. C) Contact between Actin>spGFP 1-10 and Actin>spGFP 
11. The result of A and B shows that there is no detected GFP signal. All 
samples costained with TOPRO3 nuclear staining.

Figure 6. Possible mechanism of coexpression of spGFP in a single cell.
Both LexA and Gal4 Transcription factors are expressed and as a result, 
express both spGFPs. This is possibly caused by membrane plasticity.
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