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Abstract: 

The Notch signaling pathway is an evolutionarily conserved cell-signaling system that plays an 

important role in cell differentiation and other processes. Notch signaling is activated when a 

ligand binds to the Notch protein at the cell surface, thereby initiating a series of events that leads 

to modification of gene expression. Notch and one of its ligands, Jagged-1, are found at elevated 

levels in metastatic prostate cancer, indicating that increased Notch signaling is responsible for 

metastasis of prostate cancer. If Jagged-1 were prevented from reaching the cell surface in the 

first place, prostate cancer metastasis could be averted. However, more knowledge about the 

trafficking of Jagged-1 is required to achieve that goal. This study hopes to develop a novel 

assay that could aid in the study of protein trafficking. A preliminary quantitative assay showed 

that the manufactured single chain variable fragment antibody bound to the Jagged-1 receptor at 

the cell surface and exhibited luciferase activity. Another qualitative assay showed that both 

receptor and antibody could be visualized fluorescently and that the internalization of the 

antibody could be tracked visually. These experiments will serve as a starting point for more 

extensive assays which will further optimize these techniques. This knowledge can then be 

utilized to combat cancer metastasis by blunting the expression of Jagged-1 at the cell surface.  

 

 

 

 

 



Introduction:  

Prostate Cancer: 

In 2017, invasive prostate cancer is expected to be the most highly diagnosed cancer in 

men with 161,360 estimated new cases. According to the National Institutes of Health’s National 

Cancer Institute, medical spending for prostate cancer is projected to increase to at least $158 

billion in 2020 – a 27% percent increase from 2010 (Mariotto et al., 2011). Globally, prostate 

cancer is the second most common cancer in men, and about 15% of all recorded cancer cases in 

men was prostate cancer (Ferlay et al., 2010). Advancing prevention methods and developing 

effective treatments are crucial for saving lives and decreasing costs associated with prostate 

cancer.  

Prostate cancer itself does not typically lead to death, but prostate cancer metastasis to 

other organs does. Prostate cancer can metastasize to various organs such as the liver, lungs, and 

the brain. However, the bones have an especially high propensity to being invaded by metastatic 

prostate cancer cells. An autopsy found that 80% of all men who had died due to causes 

originating from prostate cancer had had metastasis to the bone (Bubendorf et al., 2000). Current 

treatments for bone metastatic prostate cancer are palliative in nature, and there are no long-term 

therapies (Lee et al., 2011). Thus, understanding the cellular processes that lead to prostate 

cancer metastasis can help in the development of new therapies targeted at preventing or treating 

metastatic prostate cancer.  

Several cellular processes can lead to the metastatic properties of invasive prostate 

cancer. For example, altered expression or processing of E-cadherin, β-catenin, or 

metalloproteases can all lead to epithelial to mesenchymal transition and metastasis (Jin et al., 

2011). Interestingly, increased Notch signaling is also correlated with tumor metastasis. A recent 



study found that higher levels of Notch signaling is correlated with increased metastatic potential 

and the decreased survival rates (Kwon et al., 2016). The Notch-1 gene is also upregulated in 

malignant and metastatic prostate cancer cells, as increased levels of Notch-1 mRNA were found 

in those types of cells (Shou et al., 2001). Numerous studies have highlighted the potential of the 

Notch signaling pathway to serve as a target for therapeutic agents intended to prevent or treat 

prostate cancer metastasis (Deng et al., 2016; Kwon et al., 2016; Shou et al., 2001).  

Notch Signaling Pathway: 

The Notch signaling pathway is an evolutionarily conserved pathway found across all 

metazoans. In humans, there are four Notch proteins (Notch 1-4) and five currently known 

ligands to the Notch proteins. They are Jagged-1, Jagged-2, Delta-like 1, Delta-like 3, and Delta-

like 4 (Zeng et al., 2005). All of these proteins are transmembrane proteins found at the cell 

surface, and Notch signaling/Notch activation occurs when a ligand on an adjacent cell binds to 

the Notch receptor.  

Once the Notch protein is activated by one of its ligands, it undergoes a conformational 

change that enables it to be cleaved by a member of the ADAM family of metalloproteases (Brou 

et al., 2000). After cleavage by the metalloprotease, the protein is cleaved once again by the 

intramembrane protease gamma-secretase (Okochi et al., 2002). The intracellular domain of 

Notch (NICD) is released from the cell membrane at this point and transported to the nucleus to 

regulate gene expression (Iso et al., 2003).  The extracellular domain is bound to the ligand by 

non-covalent interactions and is endocytosed into the ligand-expressing cell, where it is degraded 

by the lysosome (Guruharsha et al., 2012).  

 Through NICD release, Notch signaling can regulate various genes including ones that 

determine cell fate decisions. In terms of metastatic cancers, Notch signaling may promote 



metastasis by facilitating epithelial-mesenchymal transition (EMT), recruiting blood vessels to 

tumor cells, and conferring resistance to anoikis (Hu et al., 2012). Two of NICD’s targets, Snail 

and Slug, are both repressors of the E-cadherin protein (Leong et al., 2007; Sahlgren et al., 

2008). E-cadherin is one component of the junctional complex that tightly holds together 

epithelial cells, and E-cadherin repression promotes EMT and cancer metastasis. Another target 

of NICD is protein kinase C-δ (PKCδ) (Tremmel et al., 2013). PKCδ is a repressor of certain 

integrins which attach epithelial cells to the basal lamina, and the repression of these integrins 

also contributes to EMT which can eventually lead to metastasis (Brenner et al., 2008). Tumor 

angiogenesis and anoikis resistance are also regulated by notch signaling in tumor cells (Hu et 

al., 2012). Altogether, these data show the significant role that Notch signaling plays in prostate 

cancer metastasis. In order for notch signaling to activate, however, a ligand is required to bind 

to the Notch protein. In normal prostate and prostate cancer cells, one of those ligands is Jagged-

1.  

Jagged-1 

Jagged-1 is one of the ligands of the Notch protein in Homo sapiens. It is 1218 amino 

acids in length and spans 26 exons (Oda et al., 1997). The Jagged-1 gene is found on the human 

chromosome 20 at location 20p12.2. Because it carries out its function as a ligand for Notch, it is 

usually found at the cell membrane. It includes an intracellular component, a transmembrane 

region, and a cysteine-rich extracellular region. The extracellular region also contains 16 

epidermal growth factor-like repeats (Guarnaccia et al., 2004). 

Because Notch signaling is a metastasis driver, if Jagged-1 were prevented from reaching 

the cell surface in the first place, prostate cancer metastasis could not occur. Thus, Jagged-1 can 

serve as a potential target for therapeutic agents intended to prevent prostate cancer metastasis. 



However, relatively little is known about how Jagged-1 is trafficked within the cell following 

activation. Studies done in the Drosophila melanogaster homologue of Jagged-1 (Serrate) have 

shown that endocytosis of the ligand after Notch-activation could drive the dissociation of the 

receptor and activation in the Notch pathway (Parks et al., 2000).  It is also known that ligand-

binding is necessary for internalization of Jagged-1. A mutant of Jagged-1 that failed to interact 

with Notch was found primarily at the cell surface when co-cultured with cells expressing Notch 

(Hansson et al., 2010). 

Beyond this, however, not much is known about the mechanisms that regulate Jagged-1 

internalization, recycling, or degradation after activation (Santagata et al., 2004). Some of the 

principle questions that this study hopes to address are as follows: how is Jagged-1 internalized 

(i.e. through what pathway), is Jagged-1 recycled back to the cell surface following 

internalization (if so, how?), and what leads to the degradation of Jagged-1? Knowledge of these 

topics could serve as a starting point for more extensive assays that could shed further light on 

the lifecycle of the Jagged-1 protein. In order to learn this information, however, an appropriate 

assay had to be developed.  

Quantitative and Qualitative Assays: 

Quantitating the amount of protein would be most conducive to investigating the 

trafficking patterns of Jagged-1, so a tool had to be developed which could track Jagged-1 and 

provide a numerical representation of its presence. Gaussia luciferase (Gluc) is a luminescent 

enzyme that is secreted by the copepod Gaussia princeps. It is the smallest, brightest, and most 

sensitive luciferase yet discovered, making it an ideal candidate for fusion with an antibody 

(Goerke et al., 2008; Tannous et al., 2005). Gluc could be fused with additional reporters such as 

green fluorescent protein (GFP) to allow specific tracking of Jagged-1 inside the cell. A smaller 



antibody would also make isolation and tracking more efficient. Single-chain variable fragment 

(scFv) antibodies are antibodies which contain only the variable region of the heavy and light 

chains of immunoglobulins connected by a short and flexible linker peptide. To efficiently track 

Jagged-1, we created a scFv-αJag1-Gluc-GFP antibody which would allow for quantitative and 

qualitative evaluation of Jagged-1 trafficking.  

A tagged version of the Jagged-1 protein could also assist with detecting and tracking the 

protein. The c-myc tag is a small polypeptide that can be fused to proteins of interest and used to 

detect the protein through the use of an anti-myc antibody. This allows for purification of the 

protein as well as detection of it in vitro. A fluorescent tag would further help in detecting and 

tracking Jagged-1. mCherry is a monomeric fluorophore that is highly stable, highly resistant to 

photobleaching, and highly resistant to pH changes (Shaner et al., 2004). In addition, the red 

wavelength light emitted by mCherry would be starkly different from the green light emitted by 

GFP, allowing for convenient analysis of the two proteins through merged images. We 

developed a myc-Jag1-mCherry fusion protein which would allow tracking and visualization of 

Jagged-1 following experimental manipulation. The goal of this project was to validate these 

tools and develop an assay incorporating these tools that would help elucidate the trafficking 

patterns of Jagged-1 inside the cell.  

 

 

 

 

 

 



Materials and Methods:  

Plasmids: 

Two plasmids containing the myc-Jag1-mCherry and the scFv-αJag1-sfGFP-Gluc-6His-

3XFLAG genes were constructed through PCR, restriction digest, and ligation. The myc-Jag1-

mCherry gene was subcloned into a pcDNA3.1 (+) backbone, and the antibody gene was 

subcloned into a pBIOCAM5-3F backbone. Both plasmids had genes that conferred ampicillin 

and neomycin resistance for selection purposes.  

Restriction Digest: 

Genes were amplified through PCR and digested along with the plasmid backbone. 

Amplified myc PCR product and a pcDNA3.1 (+) backbone containing Jag1-mCherry were both 

digested with the SacII restriction enzyme. Approximately 1 μg of DNA was added to the 

appropriate amount of CutSmart buffer, 1 μL of SacII, and dH2O to bring the total volume to 30 

μL. The reaction was allowed to proceed for 30 minutes at 37 °C.  

The same protocol was followed to subclone the scFv-αJag1 genes to the pBIOCAM5-3F 

backbone containing sfGFP-Gluc-6His-3XFLAG genes. NEBuffer 3.1 was used in conjunction 

with the NotI and NcoI enzymes to perform this digest. This reaction was also allowed to 

proceed for 30 minutes at 37 °C.  

Following the digest, the DNA were run in 1% agarose gels containing ethidium bromide 

and visualized under ultraviolet light. A 2-log kB ladder was used help estimate band sizes in the 

gel. If the digests were deemed successful, the appropriate bands were cut from the gel and 

extracted for ligation.  



Ligation: 

Ligations were performed to complete the insertion of a gene into a plasmid backbone. 

The DNA from gel electrophoresis extracted and eluted in 25 μL of TE buffer and combined 

with 3 μL of T4 DNA Ligase Buffer and 0.5 μL of T4 DNA Ligase. The reaction mixture was 

left in a refrigerator overnight at 16 °C. Following ligation, the DNA was transformed into 

competent DH5α bacterial cells through heat-shock and plated on agar plate containing 

ampicillin for selection of successfully transformed colonies. Single colonies were used to start 

liquid cultures, and these cultures were mini-prepped to extract the cloned DNA. 

Cell Line: 

Wild-type and recombinant human bone osteosarcoma epithelial cells (U2OS) were used 

to perform all the methods described in this study. Recombinant cells were overexpressing the 

myc-Jag1-mCherry fusion protein, and the mCherry tag allowed for the tracking of recombinant 

Jagged-1 through fluorescent microscopy. All cells were grown in Dulbecco’s Modified Eagle’s 

Medium containing 10% fetal bovine serum and penicillin and streptomycin. The media used for 

recombinant cells also contained neomycin.  

Antibody: 

A recombinant single-chain variable fragment antibody with affinity to Jagged-1 was 

used in all assays. The antibody was fused to GFP, Gluc, 6-Histidine, and three FLAG tags 

(scFv-αJag1-GFP-Gluc-6His-3XFLAG). This antibody was created using the aforementioned 

cloning methods.  

 



Quantitative Assay: 

35mm plates of myc-Jag1-mCherry U2OS and wild-type U2OS cell cultures were started 

in DMEM/10% FBS + G418 and DMEM/10% FBS, respectively. Approximately 300,000 cells 

were cultured in each plate, and both were incubated at 37° C for approximately 48 hours (~90% 

confluency). Following incubation, the cells were washed twice with PBS and then incubated in 

1mL of PBS/5 mM EDTA at 37° C for 20 minutes. The cells were then moved to a 1.5 mL tube 

and gently pelleted at 6,000 RPM for 2 minutes. The PBS/5 mM EDTA was aspirated, and the 

cells were suspended in 490 uL of ice-cold PBS and 10 uL of cocnentrated scFV-αJag1-Gluc 

antibody. The cells were moved to a rotator in a 4° C cold room to prevent internalization. The 

antibody was allowed to bind for 30 minutes.  

 After binding, the cells were gently pelleted, washed with PBS to remove unbound 

antibody, and resuspended in 50 uL of PBS. At this point, four 10 uL aliquots are taken from 

each of the samples. 500 uL of acid and 30 uL of PBS were added to the samples that will be 

undergoing the acid wash. For the cells undergoing MESNA treatment, 30 uL of MESNA and 

500 uL of PBS were added. For the cells undergoing acid + MESNA treatment, 500 uL of acid 

and 30 uL of MESNA were added. Finally, for the total, 530 uL of PBS were added. These 

samples were incubated in the cold room for 30 minutes and then gently pelleted and separated 

from supernatant. After, 40 uL of iodoacetamide were added to all samples to quench the 

MESNA and incubated in the cold room for 10 minutes.  

 Prior to performing measurements, a 500 uL master mix of Stop & Glo mixture was 

created by combining the appropriate amounts Stop & Glo Buffer and Stop & Glo substrate. The 



measurement samples were made by adding 5 uL of the cell sample to 50 uL of the Stop & Glo 

master mix.  

Qualitative Time Course: 

myc-JAG1-mCherry cells were plated on coverslips at a confluency of ~60% and 

incubated at 37 ºC overnight. Before performing the experiment, the coverslips were moved to 

an aluminum block on ice and washed twice with PBS. Once the cells were washed, a 1:100 

dilution of the scFv-αJag1-GFP-Gluc antibody was added to the coverslips until the entire 

coverslip was covered. The antibody was allowed to bind for 30 minutes at 4 ºC to slow 

internalization.  

Following the binding period, the cells were washed twice more with PBS to wash away 

unbound antibody. Each coverslip was designated as 0, 5, or 15 minutes. The cells on the 0-

minute coverslip were immediately fixed with acetone and methanol. Then, they were left at 4 ºC 

in PBS-Tween20 (PBST). The other coverslips were incubated at 37 ºC for the appropriate 

amount of time, then fixed with acetone and methanol, and then left in PBST at 4 ºC. Once all 

coverslips had undergone their designated treatments, the PBST was aspirated off, and the 

coverslips were mounted on slides with glycerol/DAPI to be visualized by fluorescence 

microscopy.  

 

 

 

 



Results:  

Experiments were carried out to create tools for the luciferase assay and determine the 

optimal conditions for performing the assay. First, a test digest was performed to confirm the 

insertion of a ~70 bp c-myc tag to the 5’ end of the Jag1-mCherry gene on a plasmid (Fig. 1). 

Successful cloning and expression of this gene would facilitate the purification, localization, and 

visualization of the Jagged-1 gene through the use of an anti-myc antibody. The mCherry 

chromophore also aids with the visualization of the recombinant Jagged-1 through fluorescent 

microscopy. The test digest (Fig. 2) was performed with the NotI and SacII restriction enzymes. 

3.3 kb and 72 bp dropouts were expected for each restriction digest, respectively. In Lane 2 of 

Figure 1, an approximately 3 kb and 5 kb piece are seen. In Lane 3, an 8 kb piece is seen. Under 

high exposures, a faint band ~100 bp was also observed. Lane 4 represents the uncut, supercoiled 

plasmid DNA which appears to be running longer than either of the other two samples.  

An anti-Jagged-1 antibody was also created with fused green fluorescent protein, Gaussia 

luciferase, three FLAG tags, and 6 histidine residues (Fig. 1). This scFv antibody would allow 

for quantitative and qualitative analysis of Jagged-1 trafficking in addition to offering multiple 

ways of isolating the protein. A test digest was performed to determine whether the gene 

encoding the single chain variable fragment of the anti-Jagged-1 antibody was successfully 

ligated with a plasmid containing the other components. Six cultures were grown from 

transformed E. coli colonies and mini-prepped to isolate the plasmid DNA. All six samples of 

plasmid DNA were test digested with NotI and NcoI restriction enzymes (Fig. 3), and a 736 bp 

dropout was expected from successfully cloned plasmids. Lanes 2-7, which represent samples 

from each culture, all contained a band around 800 bp long. The bands varied in intensity.  



A preliminary experiment was performed to test whether the antibody bound to the 

receptor, validate the function of the antibody’s luciferase enzyme, and determine the most 

effective antibody-stripping method and. Cells expressing myc-Jag1-mCherry and negative 

control wild-type cells were incubated with the scFv-αJag1 antibody. Following the incubation, 

the antibody was stripped with acid, MESNA, acid and MESNA, or left alone (total). Figure 4 

displays the luciferase activity measured in these different samples. Myc-Jag1-mCherry cells that 

underwent the acid wash showed the lowest level of luciferase activity (20% of total) while cells 

that received MESNA treatment showed the most luciferase activity (52% of total). In general, 

the negative control U2OS cell samples had very little luciferase activity.  

Another preliminary qualitative experiment was performed to validate the fluorescent tag, 

confirm that the antibody-receptor complex is internalized, and determine the different 

treatments for the experiment. Recombinant cells expressing myc-Jag1-mCherry were incubated 

with antibody and allowed to internalize for 0, 5, or 15 minutes. As shown in Figure 5, cells were 

visible when viewed under both the red and green channel. However, not all cells visible in the 

green channel were visible in the red channel. The 0 minute treatment (Figure 4A) shows the 

outline of most cells in the green and red channel, while the 15 minute (Figure 4C) treatment 

only shows the outline of cells in the red channel. In the 15 minute treatment, the green spots of 

fluorescence are focused more around the periphery of the cell nucleus, and the spots seem to be 

arranged in some sort of network. In the 5 minute treatment (Figure 4B), the outline of the cell is 

still visible in the green channel, but there are more spots focused around the nucleus than there 

are in the 0 minute treatment.   

 



Discussion:  

Metastatic prostate cancer cells show elevated levels of Jagged-1 and Notch-1, indicating 

that increased Notch signaling mediated by Jagged-1 may be partly responsible for prostate 

cancer metastasis. Understanding the trafficking patterns of Jagged-1 may help with the 

prevention of metastasis, but tools and methods of tracking and quantifying Jagged-1 trafficking 

had to be developed first. A tagged version of the Jagged-1 protein containing the c-myc tag and 

the mCherry fluorophore was created to help track and isolate the protein. Next, a soluble ligand 

for Jagged-1 in the form of a single chain variable fragment (scFv) antibody was created. Once 

the tools were created, they were tested in certain preliminary experiments for validation and 

optimization of the assay.  

A plasmid coding for the tagged version of the Jagged-1 protein was created by fusing 

the c-myc gene to a plasmid backbone containing the Jag1-mCherry gene. The test digest of the 

cloned plasmid after an overnight ligation with NotI (Lane 2, Fig. 1) and SacII (Lane 3, Fig. 1) 

resulted in dropouts measuring approximately 3 kb and 100 bp, respectively. Successful cloning 

of the c-myc tag to the plasmid containing Jag1-mCherry would have resulted in dropouts of 3.3 

kb and 72 bp based on plasmid maps. The obtained results are consistent with the expected 

results, confirming that the c-myc tag was successfully tagged to the Jag1-mCherry genes. The 

negative control sample ran at a length longer than 10 kb and indicated that restriction digests 

actually occurred in the experimental lanes. Sanger sequencing of the plasmid also affirmed that 

the plasmid was successfully cloned. This plasmid was used to create a stable cell line expressing 

the myc-Jag1-mCherry plasmid. The c-myc tag allows for protein localization using antibodies 

specific to the tag. Modified antibodies can also be used to detect expression levels or study 



trafficking of Jagged-1 in cells. The mCherry tag allows for fluorescent visualization of the 

protein in vitro.  

A single chain variable fragment antibody was created with specificity to the myc tag. 

Unfortunately, binding was not detected when the antibody was incubated with cells expressing 

myc-Jag1-mCherry. An antibody with affinity to Jagged-1 itself was cloned instead by fusing the 

scFv-αJag1 gene to a plasmid backbone containing GFP-Gluc-3XFLAG-6His. A test digest of 

six DNA samples obtained from overnight ligation using a NotI/NcoI double digest resulted in 

an approximately 700 bp dropout from all six samples. The expected dropout for this test digest 

was 736 bp, and DNA sequencing results also confirmed the successful cloning of the scFv- 

αJag1 into the fusion protein backbone. Certain dropouts were lighter than the other, and this 

could be due to differing efficiencies in plasmid extraction from cultures. This plasmid will be 

used to create a stable cell line expressing the tagged anti-Jagged-1 antibody. Single chain 

variable fragment antibodies are composed only of the variable regions of the heavy and light 

chains of an antibody linked by a short linker peptide sequence. Elimination of the constant 

regions greatly reduces the size of the antibody and facilitates extraction and isolation. The 

multiple tags at the C-terminal of the antibody also allow for the qualitative and quantitative 

analysis of trafficking patterns. For example, the GFP tag was chosen intentionally because it can 

be used to create merged figures of fluorescent images taken in the red channel (from myc-Jag1-

mCherry) and the green channel (from scFv-αJag1-GFP-Gluc-3XFLAG-6His). The Gluc tag 

(Gaussia luciferase tag) will act as a reporter enzyme and will allow for the quantitative analysis 

of Jagged-1 trafficking.  

  Once the tools were created, the actual assay development process began. Different 

antibody stripping methods were tested to determine which would prove the most effective in 



stripping antibody off the cell surface. An acid wash, MESNA treatment, and acid + MESNA 

treatment were performed. Of the three methods tested, the plain acid wash showed the lowest 

luciferase activity after stripping. This is interesting to consider because it was expected that 

adding both reagents together would provide the most effective method, but perhaps there are 

interactions between the two that reduce their respective efficiencies. Compared to the total 

(unstripped) sample, the acid washed sample showed an 80% decrease in signal. Although 90+% 

would have been ideal, these results were satisfactory enough to conclude that the acid was 

would be the best stripping method to use for this particular experiment. In addition to indicating 

that the acid wash is effective at stripping antibody, this experiment offered some even more 

basic but important information: the antibody does bind to Jagged-1 in U2OS cells and the Gluc 

reporter on the antibody is functional. Because the total's value was approximately 15-fold 

higher than the negative control wild-type U2OS cells, it is safe to assume that antibody did 

indeed bind to the cell-surface. 

Finally, a qualitative time course assay was performed to validate the GFP and mCherry 

chromophores, confirm that Jagged-1 is actually internalized following ligand binding, and 

determine the timeframe of internalization. Recombinant U2OS cells were incubated with 

antibody at 4 °C to prevent internalization and then moved to 37 °C for 5 or 15 minutes to allow 

internalization for that amount of time. Fluorescent imaging of the cells afterwards is shown in 

Figure 5. The negative control (which was not allowed to internalized) seemed to have antibody 

mainly on the cell surface since the entire outline of the cell can be seen. The 15-minute 

treatment cells, on the other hand, seemed to have internalized much of the antibody because 

most of the green spots are seen in the perinuclear area.  This experiment confirms two things. 

First, both fluorophores are functional. Second, the antibody is internalized. The fact that there 



were so many cells which appeared in the green channel but no the red channel suggests that not 

all of the cells in this cell line are expressing myc-Jag1-mCherry. Because this antibody is 

specific to Jagged-1, it can bind to both recombinant Jagged-1 and endogenous Jagged-1 (which 

U2OS cells seem to express fairly highly). The cells which were expressing recombinant Jagged-

1 were expressing so much at the cell surface that it was hard to tell whether myc-Jag1-mCherry 

is co-localized with the antibody.  

In summary, the luciferase assay seems to be a promising method for tracking protein 

trafficking. The tools and techniques described will be used to study the trafficking patterns of 

Jagged-1. Future experiments will focus on obtaining more data for the preliminary experiments 

and further optimizing the assay for use in studying Jagged-1 trafficking. This knowledge can 

direct future research aimed at treating or preventing cancer metastasis. In addition, this assay is 

not just limited for use in the study of Jagged-1 trafficking. scFv antibody with specificity to any 

epitope and containing tools in addition to Gluc and GFP can be developed and used in contexts 

other than trafficking as well. The luciferase assay is a novel technique that will broaden the 

horizons for proteomics. 

 

 

 

 

 

 

 



Figures:  

  

Figure 1. Gene Sequence of scFv-αJag1-GFP-Gluc-3XFLAG-6His Antibody and myc-Jag1-mCherry 

Receptor. The diagram above shows the gene sequences of αJag1 antibody and the modified Jagged-1 

receptor. The various components added to the antibody/receptor will aid with isolation, visualization, 

and quantitation.  
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Figure 2. Test Digest of myc-Jag1-mCherry Plasmid Following Ligation. A c-myc tag was added to the 5’ 

end of a Jag1-mCherry gene contained in a pcDNA3.1 (+) plasmid backbone. Following ligation, the 

plasmid was digested with restriction enzymes NotI (Lane 2) and SacII (Lane 3). Lane 1 is a 2-log kb 

ladder, and Lane 4 is the uncut plasmid. A 3.3 kb piece was expected from the NotI digest and a 72 bp 



piece from the SacII digest. Two bands are seen in Lane 2 around 5 kb and 3 kb. One band is visible in 

Lane 3 around 8 kb, and another extremely faint band was observed at very high exposures near 100 bp. 

The uncut plasmid is running at a length greater than 10 kb and appears different from either of the 

other two lanes.  
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Figure 3. Test Digest of Plasmids Isolated from Six Colonies Following scFv-αJag1-GFP-Gluc-3XFLAG-

6His (scFv- αJag1) Ligation. Numerous colonies were obtained from the transformation of the ligated 

scFv- αJag1 plasmid into competent E. coli cells. Six colonies were randomly selected, cultured in tubes 

overnight, and mini-prepped to perform a test digest. Lane 1 contains the 2-log kb ladder, and Lanes 2-7 

contain DNA from each of the six cultures. The NotI and NcoI restriction enzymes were used for all 

samples. A 736 bp piece was expected from the test digest. Lanes 2-7 all resulted in a band around 800 

bp following the digest. Certain dropouts appear dimmer than the others.  
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Figure 4. Luciferase Activity in U2OS Cells Expressing myc-Jag1-mCherry and Wild-Type U2OS Cells 

Under Varying Antibody Stripping Methods. Cells expressing myc-Jag1-mCherry and negative control 

wild-type cells were incubated with anti-Jag1 antibody fused to a luciferase reporter enzyme. Following 

the incubation, the antibody was stripped with acid, MESNA, acid and MESNA, or left alone (total). The 

luciferase activity in these cells samples was measured and is presented above. Myc-Jag1-mCherry cells 

that underwent the acid wash showed the lowest level of luciferase activity. The negative control U2OS 

cell samples had very little luciferase activity.  

 

 

Figure 5. Qualitative Timecourse Assay of U2OS Cells expressing myc-Jag1-mCherry. A qualitative 

timecourse assay was performed on recombinant U2OS cells on coverslips using the scFv-αJag1-GFP 

antibody. The panels above show the merged images of cells viewed under the green and red channels. 

Panels A, B, and C represent cells that were allowed to internalize for 0 minutes, 5 minutes, and 15 

minutes, respectively. In all three panels, there are certain cells which contain spots of green 

fluorescence but no red. The entire shape of the cell is visible in the 0 minute treatment under the green 

channel, while spots of green fluorescence are mostly observed only around the nucleus in the 5 and 15 

minute treatments. In addition, the green spots found inside of the cell (i.e. not at the borders of the 

cells) seem to be arranged in some kind of network, but this is not observed under the red channel.  
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