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Compare the expression patterns between Hs6st-LacZ and Sulf-1 
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Heparan sulfate proteoglycans (HSPGs) are molecules composed of a core protein 
modified with heparan sulfate (HS), a negatively charged linear polysaccharide 
consisting of uronic acid and N-acetyl-glucosamine (GlcNac) disaccharide repeats. 
These molecules are located on the cell surface and/or in the extracellular matrix and 
they are involved in a myriad of biological processes including growth factor signaling, 
neuronal development, wound repair and organogenesis [1]. 

Their diverse functions are due to their heterogeneous structures, where distinctive 
patterns of sulfation allow for binding specificity to particular ligands[2]. Thus, it is 
important to understand how modification, particularly sulfation, of HSPGs affect 
development. Our lab focused on two HS modifying enzymes with opposing 
functions, heparan sulfate 6-O sulfotransferase (Hs6st) and heparan sulfate 6-O 
endosulfatase (Sulf1). Hs6st catalyzes the transfer of sulfate groups, and is analogous 
to mammalian Hs6st [3]. Mutations in Hs6st have led to embryonic lethality in mouse 
models, and are involved in signaling during tracheal development in Drosophila [4]. In 
contrast, Sulf1 catalyzes the removal of sulfate groups from HS. Sulf1 is a homolog of 
vertebrate heparan sulfate 6-O endosulfatase, and it is involved in the regulation of 
Wingless (Wg) [5]. 

We used the model organism, Drosophila melanogaster, to compare the expression 
patterns of these two HS modifying enzymes.  Our lab analyzed the expression 
patterns of these enzymes in larval and adult tissues. Hs6st enhancer trapline was 
utilized to study Hs6st expression, and our lab generated a transgenic reporter fly for 
the Sulf1 gene, linked to mcherry, to study its expression. Results suggest that Hs6st is 
broadly expressed in various tissues, while the expression of Sulf1 is restricted to 
particular organs such as the wing discs, CNS and trachea. 

Introduction

Figure 1 Hs6st-LacZ enhance trap. The basis of the enhancer trap technique is the 
insertion of a P-transposable element into the genome. The P-element is flanked by 
terminal inverted repeats which are important for its mobility and insertion. The 
transposase gene located is removed in enhancer trap analysis to ensure permanent 
attachment after insertion. The presence of the report gene LacZ in the P-element 
allows for attachment to the regulatory sequence of the Hs6st gene. LacZ encodes 
for the enzyme ß-galactosidase, which in the presence of an indicator chemical 
produces a certain color when the gene is expressed.

Methods

Figure 2 Sulf1 fusion reporter transgenic construct. Two sequences in the promoter 
region of endogenous Sulf1 (identified to be sufficient for Sulf1 gene expression) 
were isolated and cloned into a P element based plasmid upstream of the reporter 
gene, mcherry. Drosophila embryos were transfected with the construct. This 
transfected P element randomly integrated into the Drosophila genome where it is 
constitutively expressed wherever endogenous Sulf1 is expressed.

Results
Sulf1-mcherry
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Figure 3. Comparison of Expression Patterns in Hs6st and Sulf-1 
mcherry using DAPI and Antibody staining of Brain, Crop, Wing 

Disc and Tracheal Samples
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Figure 3: 

Hs6st-LacZ expression was observed throughout the 
larval brain sample whereas Sulf-1 mcherry expression 
was only seen along the cranial nerves. 

Hs6st-LacZ expression appeared on four triangular 
segments of the crop whereas Sulf-1mcherry 
expression was only observed at the tip of the crop

Hs6st-LacZ expression was found in the body wall of 
the wing discs as well as in the circular tracheal pouch. 
Sulf-1 mcherry expression was extremely faint in the 
wing disc pouch.

Similarities were seen in the tracheal tubes. Both 
Hs6st-LacZ and Sulf-1 mcherry expression was seen 
through the tissue. 

Hs6st Sulf-1 mcherry 

Embryo St. 1 No No

Eye Discs No No

Larval Fat Body No No

Leg discs Yes No

Salivary Glands No No

Adult Ovaries No No

Adult Testes Yes No

Adult Intestine Yes No

Table 1. Comparison of expression presence in Drosophila tissues of 
Hs6st and Sulf-1 mcherry. 

Table 1:

Other tissue dissections were performed for expression 
comparison between H6st and Sulf-1 mcherry flies.  No expression 
was seen in any other tissue in the sulf-1 mcherry flies whereas  
Hs6st-LacZ expression appeared in the leg discs, adult testes and 
adult intestinal samples. 
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Expression patterns of Hs6st and Sulf-1 mcherry genes were dissimilar. Areas of expression were located at different 
regions of the respective tissues and organs. Compared to previous research, the results were not expected. Similar 
patterns were expected between the Hs6st and Sulf-1 mcherry genes. 

The plasmid  transgene construct technique may not be an inaccurate representation of Sulf-1 gene expression since 
only the promoter regions of Sulf-1 were cloned into the P-element. Full expression of the Sulf-1 gene may not have 
occurred.

Enhancer trap analysis, however, is a more sophisticated technique to observe Hs6st expression. 

Future direction leads us to use other techniques to observe expression. Instead of observing protein, labeling of 
complementary RNA will be used. In-situ hybridization is a technique that uses the fact that DNA and RNA can 
hydrogen bond to complimentary sequences of DNA or RNA. By labeling these nucleic acids, selective probes are 
created to detect specific desired sequences.

Despite the dissimilarities in expression patterns, Hs6st and Sulf1 appears to be co-expressed in the neurons or glial
cells of the brain. Since these modifying enzymes perform antagonistic roles, it would be of interest to determine the 
spatio-temporal expression of these genes in the CNS. 

Currently, our lab is propagating double transgenic Drosophila with both Hs6st-LacZ and Sulf1-mcherry. Our goal is to 
elucidate the importance of these HS modifying enzymes and their interactions with each other during Drosophila
development. 
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