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Abstract 

Tinagl1 is a secreted protein found in the basement membrane under epithelial cells. The 

LeMosy lab previously showed that tinagl1 knockdowns resulted in abnormal spinal 

development and heart orientation during zebrafish development. These data, together with 

changes in length of motile cilia, suggested that tinagl1 is involved in cilia function during 

development. The mechanism of this interaction is unknown, and it is unclear whether tinagl1 is 

only in basement membranes at the basal side of cells, or if it also localizes to the apical side of 

cells where most cilia project. A deeper understanding of the localization of tinagl1 during 

development is a logical next step in understanding how this protein functions. Zebrafish provide 

an excellent model for studying this localization as they display strong phenotypic effects that 

can be easily imaged. The localization of tinagl1 will be tracked using a tinagl1-GFP fusion 

construct developed through PCR and insertion into a Tol2 transposon vector. This construct will 

be injected into early embryos together with transposase mRNA to create mosaic fish showing 

tinagl1-GFP in selected tissues. Successful germline integration of the tinagl1-GFP DNA will 

lead to the development of a transgenic line of zebrafish allowing imaging of tinagl1 localization 

during development.  
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Introduction 

As science advances, so does our understanding of many human diseases. Cilia are one of 

the more recent advances of medical study. Cilia are a class of subcellular organelles and their 

associated diseases have been termed ciliopathies. There are currently about 100 known 

ciliopathies and twice as many candidate diseases that are suspected to be ciliopathies (Reiter & 

Leroux, 2017). It is estimated that at least one in every 2,000 people are affected by one or more 

of just the known ciliopathies, with that number growing as the understanding of these diseases 

expands (Schmidts & Mitchison, 2018). As with many diseases, ciliopathies do not have cures, 

they have treatments. Treatments tend to be focused on slowing disease progression and 

minimizing symptoms. While treatments have the potential to improve quality of life for those 

affected by ciliopathies, many ciliopathies do not have treatments that significantly increase life 

expectancy, especially with disease that manifests during embryological development with some 

causing loss of life before or shortly after birth (Ma, 2020). The general understanding of cilia 

has been rapidly expanding, but there is still much that is unknown about the molecular 

mechanics of these diseases. This project aims to add to this expansion by developing a tool to 

study the localization of a basement membrane protein called Tinagl1. Tinagl1 mutations have 

been shown affect cilia development and function, and Tinagl1 has shown promise as a key 

component to major cilia signaling pathways suspected to cause disease. A greater understanding 

of this protein will expand the general knowledge surrounding ciliopathies and the development 

of a tool to view this protein has potential to reduce the time needed to screen a disease for 

effects on this signaling pathway by creating a system to quickly assess a diseases impact on 

Tinagl1 related signaling. 
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Background 

Components of Epithelial Tissue 

Simple human epithelial cells develop shortly after egg fertilization, representing one of 

the earliest seen cell types before differentiating into the more specific structures found 

throughout the body. Epithelial cells have many functions including transport, signaling, 

secretion, absorption, and more. One of the most fundamental functions of epithelial cells is as a 

barrier between tissues. Epithelial cells act as a selective barrier that allows essential substances 

to pass between organs, while also preventing organ specific substances from doing the same. 

This characteristic is key to one of the epithelium other functions, signaling. Epithelial signaling 

is a combined effort between several structures, but the extracellular basement membrane and 

cilia have an especially large influence as discussed below.  

Extracellular Matrix Components and Structure 

The Extracellular Matrix (ECM) is an acellular structure found in all tissues and organs 

and, as its name implies, is a complex matrix of essential macromolecules. Although not a part of 

the cells themselves, the ECM is an essential component to tissue structure, function, and 

homeostasis. Much of what makes up a tissue and thus an organ’s structure is actually made up 

of the ECM as seen below in Figure 1. Figure 1 compares a normal heart (A) with a heart that 

has be stripped of all cells so that only the ECM remains (B). It is clear that the heart structure is 

still intact in the ECM-only heart, demonstrating that the ECM is critical to the structure of 

tissues and organs. One of the central concepts of biology is that structure facilitates function and 

this system is no exception. The ECM is varied based on its function but maintains a conserved 

basis for its structure. Each ECM is largely composed of key macromolecules, proteins and 

polysaccharides, along with water. The composition and addition of specialized structures of the 
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ECM changes depends on the location and cell type these structures serve. Extracellular matrices 

are generally grouped into two major categories based on their underlying form and function, 

interstitial and pericellular (Theocharis, Skandalis, Gialeli, & Karamanos, 2015).  

 Interstitial matrices are characterized by how they surround the cells they support 

instead of lying immediately adjacent to cells like pericellular matrices do. The composition of 

interstitial matrices tends to have a higher portion of collagens, a fibrous protein for structure, 

than does the pericellular matrix. Interstitial matrices are typically found in areas of connective 

tissue, which functions to provide more support and order to the other tissue types, where its 

composition has major effects in the tissue. The composition of their associated interstitial matrix 

is the reason the consistency of bones differs from that of tendons. The ECM in the bone focuses 

on the formation of osteoblasts, or bone making cells, in order to produce the rigid structure that 

makes up the skeletal system. On the other hand, tendons need to be incredibly strong, but still 

Figure 1. Extracellular Matrix from Whole Porcine Heart: Decellularization of Cardiac 

Tissue Engineering (Hodgson, Momtahan, & Cook, 2017). 
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flexible, in order to remain attached and move the skeleton. They owe their strength and 

flexibility to the collagen fibers that compose the ECM. Unlike interstitial matrices, pericellular 

matrices not only provide structural support, but also biochemical support to their associated 

cells. The most notable example of this is the basement membrane, or basal lamina, of epithelial 

cells.   

Basement Membranes 

 Cilia, as discussed later, act as an antenna for signaling from the external environment, 

but it is sometimes the underlying basement membrane that produces the signal. Under all 

epithelia there is a core supporting structure called the basement membrane (BM). Basement 

membranes vary greatly and have many specifications based on their function and location 

within the body. The most common functions accredited to the basement membrane include 

attachment, separating tissues, providing support for repairs, filtering, and signaling. These 

membranes have several methods for attachment to their overlying epithelial cells, with several 

cell adhesion receptors providing tight association between the basement membrane and 

epithelial cells. The basement membrane is essential to the epithelial cells that divide and defend 

tissues, such as the stomach lining or skin.  When epithelial cells are damaged, the BM provides 

a structure and materials necessary to make the proper repairs (Miner, 2013). Think of the 

basement membrane as the first aid kit to its associated cells. It holds several scaffolding 

components to rapidly stabilize wounds, like a bandage. In the kidney, the Glomerular Basement 

Membrane (GBM) is a specialized BM that is not only key in the formation of the epithelial cells 

of the urinary system, but also assists in selective filtration to retain the protein Albumin in the 

blood (Miner, 2013). Albumin is an essential protein responsible for moving materials, such as 

vitamins and signaling hormones, throughout the body (Miner, 2013).   
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Signaling is an incredibly complex function of the basement membrane.  Several studies 

have shown that the basement membrane participates and is crucial in both mechanical and 

chemical signaling. For example, stem cells are essential to the regeneration and maintenance of 

epithelial cells. A study at Georgetown University Medical School demonstrated that the 

stiffness of the basement membrane was critical to the development of stem cells into their 

specific cell types (Even-Ram, Artym, & Yamada, 2006). Without the mechanical signaling from 

the basement membrane, stem cells would lack the proper triggers for development into the 

matured tissue types. In addition to mechanical pathways, the basement membrane has many 

chemical signaling pathways that have influence beyond the membrane or even its associated 

epithelial cells.  

Cilia 

Cilia are projections seen on the surface of cells that play many vital roles in cellular 

mechanics ranging from nutrient uptake to movement and recognition. These cellular organelles 

are expressed throughout most cells and in nearly all life forms. The conservation of this 

structure between so many organisms is evidence to just how significant it is.  

In general, cilia are broadly divided into two broad categories, motile and non-motile. 

Motile, as the name implies, involves movement of cell or substance. For example, cilia lining 

the respiratory tract are responsible for the movement of mucus while the cilia found on a sperm 

cell is responsible for the cell movement. While less common in developed systems, motile cilia 

are essential during embryological development for orienting the flow of liquid that directs organ 

orientation into patterns of left-right asymmetry we see throughout nature, like with the heart. 

During organogenesis, the development of organs, it is the motile cilia that drive fluid to direct 

organ orientation and development.  
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Non-motile cilia are much more common, found on most mammalian cells, and serve as 

sensory organelles. During organogenesis, these primary cilia are generally grouped into 

categories based on the type of cue they are meant to sense, ranging from changes in light 

intensity, mechanical forces, or changes in chemical composition of the surrounding 

environment (Mitchison & Valente, 2017). Primary cilia are just as important in organogenesis 

as the movement of fluids caused by the motile cilia triggers a response in the primary cilia 

leading to a signal cascade that eventually results in correct left-right organ orientation and 

development (Mitchison & Valente, 2017).  

Cilia Structure 

Cilia act as cellular antennas in order to pick up cues from their external environment. To 

fully grasp the mechanisms of ciliary signaling, there must first be a basic understanding of 

primary cilia structure. Cilia are highly specialized depending on their role and location in the 

body, but all primacy cilia share a basic structure seen in Figure 2 that includes the basal body, 

transition zone, axoneme, and ciliary membrane (Elliott & Brugmann, 2019). During cilia 

formation, it is the responsibility of the basal body to recruit necessary proteins for cilia 

formation. The transition zone extends off the basal body and is considered the barrier between 

cell and cilia. This zone also acts as a gatekeeper that see to it that only desired proteins and 

materials are permitted into the cilia. Extending off the transition zone is the axoneme. The 

axoneme is the structure generally thought of as the cilium because it makes up the characteristic 

protrusion from the cell surface. The composition of the axoneme is what determines if the cilia 

is considered motile or nonmotile, as demonstrated in Figure 3. In motile cilia, the axoneme is 

made of nine pairs of outer microtubules (MTs) and an additional two central MTs that are 

absent in nonmotile cilia. The nine outer MTs seen in both types act to give the structure for the 
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cilia to project. The additional MT pairs in motile cilia allow for the attachment of a class of 

motor proteins called dyneins. Dyneins are able to bind to the central and outer MTs to facilitate 

a sliding like movement that gives the motile nature to motile cilia.  Within the axoneme the 

MTs play another major role in the form of the intraflagellar transport (IFT) system. The IFT 

system uses dynein motors to move material back to the base of the cilia and another motor 

protein called kinesin II to move materials to the end of the cilia. This system is not only 

essential to signaling but is necessary to move materials needed for cilia growth and 

development. The final extension of the cilia is the ciliary membrane. The membrane encases the 

cilia from transition body to the end of the axoneme. As with any membrane, the lipid 

composition plays a huge role in the functionality of the membrane. In the case of the ciliary 

membrane, the changes in the lipid from cell membrane to cilia leads to “changes in channel 

activity and electrical excitability in response to receptors in the ciliary membrane,” which 

combined with ion channels and receptors, makes cilia an excellent mediator for signaling 

(Elliott & Brugmann, 2019).  

Figure 2. The general structure of primary cilia (Elliott & 

Brugmann, 2019). 
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Figure 3. Comparison of internal structure of motile and non-motile cilia (Ferkol & Leigh, 2012) 

Ciliopathies 

Many human diseases have been linked to defective cilia, including several congenital 

heart defects and polycystic kidney diseases, and connections to more diseases are being drawn 

as the research advances. All known ciliopathies have been found to be the result of genetic 
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mutations, with some manifesting from a single nucleotide change that is roughly the equivalent 

of having a single letter typo in a novel. An article from Pediatric Nephrology states that 

Ciliopathic features have been associated with mutations in over 40 genes to date. 

However, with over 1,000 polypeptides currently identified within the ciliary proteome, 

several other disorders associated with this constellation of clinical features will likely be 

ascribed to mutations in other ciliary genes. The mechanisms underlying many of the 

disease phenotypes associated with ciliary dysfunction have yet to be fully elucidated… 

Given the critical role of the cilium in transducing “outside-in” signals, it is not surprising 

therefore, that the disease phenotypes consequent to ciliary dysfunction are a 

manifestation of aberrant signal transduction (Waters & Beales, 2011).  

Cilia are found throughout the body, from the fallopian tubes to the respiratory tract, but many of 

the identified ciliopathies have been found to affect the kidneys and eyes. One such group of 

diseases is Polycystic Kidney Disease (PKD), which can appear during fetal development, 

infancy, or later into adulthood. PKD is generally characterized by the presence of cysts in the 

kidneys but can also appear within the liver. The development of these large growths, or cysts, 

disrupt the normal function of kidneys leading to symptoms ranging from hypertension, 

extensive pain, and kidney stones (Wilson, 2004).  

Autosomal dominant PKD (ADPKD) is extremely common, occurring in somewhere 

between one in every four hundred to one-thousand people making it the leading cause of 

chronic kidney disease and need for a kidney transplant (Bergmann, et al., 2018). ADPKD is 

caused by mutations in one of two genes, apply named PKD1 and PKD2. These genes encode for 

polycystin proteins that go on to create complexes that are essential to cilia basal bodies, 

although the exact mechanism is still being studied (Bergmann, et al., 2018).Polycystin proteins 
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are known to be necessary for receiving signals to trigger further signaling within kidney cells, 

but their specific role in cilia is still being studied. An article published in Nature began to look 

at polycystin’s role specific to cilia and found that Polycystin 2 localizes to the basal body of the 

cilia, but when prevented from passing through the transition zone, produces an ADPKD 

phenotype in mice (Walker, et al., 2019). These findings show that the localization of Polycystin 

into the cilia is necessary for proper kidney function and may be absent in ADPKD.  

Another common form of PKD is the autosomal recessive polycystic kidney disease 

(ARPKD). Unlike ADPKD, the recessive form manifests during embryo development through 

early adolescence. This disease effects roughly one in every twenty thousand births and is the 

most common reason for end-stage renal disease, but this statistic fails to account for loss of life 

before birth (Ma, 2020). One cause of ARPKD is a missense mutation in a gene called PKHD1 

which is responsible for the formation of a protein called Fibrocystin/Polyductin (FPC) (Ma, 

2020). FPC is a transmembrane protein of the ECM that has been found to localize in all 

components of the cilia and has an intracellular domain that contains a motif, or section, to help 

localize the protein to cilia (Ma, 2020). Missing or malfunctioning FPC results in the 

characteristic cysts seen in PKD. Studies have been trying to identify proteins within the cilia 

that may interact with components of the ARPKD signaling pathway in order to better 

understand that complex interactions that can lead to PKD. One such candidate is the Wnt 

signaling pathway.  

Wnt Signaling as a Model 

 Wnt signaling pathways are some of the more well understood signaling pathways 

involving cilia and the basement membrane, making it a good model for understanding the 

complex relationships between cellular structures and signaling. Wnt signaling begins with the 
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binding of a Wnt molecule to its receptor in one of two general pathways, the non-canonical and 

canonical pathways. Non-canonical, sometimes referred to as Planar Cell Polarity (PCP) 

signaling, seen in Figure 4, is associated with the actin of the cytoskeleton while canonical 

pathway regulates -catenin (May-Simera & Kelley, 2012). Labs have been studying ciliary 

proteins in relation to these pathways for years in an attempt to understand the role of cilia. 

Knockdowns of several ciliary genes have been shown to disrupt normal Wnt signaling, but 

some labs have argued that cilia are not necessary for Wnt signaling, citing mice and zebrafish 

models where incomplete Wnt signaling was carried out without complete cilia (May-Simera & 

Kelley, 2012). These studies disrupted the formation of cilia as an extension of the cell 

membrane, but likely left portions of the basal bodies and transition zone found at the base 

somewhat intact (May-Simera & Kelley, 2012). This supports the notion that some regulators of 

Wnt signaling may not be inherent in the cilia, but key interactors may travel to the cilia or be 

produced in the basal body.  

Wnt signaling has long been looked at as an underlying cause of Polycystic Kidney 

Disease. Irregular Wnt pathway activation has been linked to the development of PKD, 

specifically in relation to -catenin. In the canonical Wnt pathway, Wnt signaling controls -

catenin which aids the expression of genes targeted in the signaling pathway (Wuebken & 

Schmidt-Ott, 2011). Several studies have attempted to identify different proteins through the Wnt 

signaling pathway to better understand the possible implications these proteins could have on 

disease development.  One promising new protein is an extracellular matrix protein called 

Tinagl1.  

 



 

 

BLACKBURN 13 

 
Figure 4. WNT signaling pathways (Palomer, Buechler, & Salinas, 2019) 

Tinagl1 

 Tinagl1 is a secreted protein that has been found in the basement membrane of epithelial 

cells. In a fruit fly model, Tinagl1 showed high binding affinity for Wnt, but studies surrounding 

Tinagl1’s interaction with Wnt in mammalian and fish pathways are limited. Through 

examination of tinagl1 knockdowns in zebrafish, the LeMosy lab saw an apparent change in 

craniofacial development linking Tinagl1 with Wnt by studying the effects of knockdowns on 

development. As seen in Figure 5 (A) and (B) the effects of knocking down tinagl1 on the facial 

development of zebrafish. The LeMosy Lab has demonstrated that Tinagl1 knockdowns saw 

changes in the left-right symmetry of the heart along with fewer and shorter cilia (Neiswender & 



 

 

BLACKBURN 14 

LeMosy, 2020). These data suggested that Tinagl1 is involved in cilia function during 

development and may function as a Wnt cofactor. The mechanism of these interactions is 

unknown, and it is unclear whether Tinagl1 is only in basement membranes at the basal side of 

cells, or if it also localizes to the apical side of cells where most cilia project.  

 

Materials and Methods 

GFP Fluorescence 

Green Fluorescence Protein (GFP) is a naturally occurring protein found in some jellyfish. The 

protein itself has been known for quite some time, but it was not widely used as a lab technique 

until the mid-nineties when Martin Chalfie demonstrated the fluorescent protein could be 

expressed in systems other than the jellyfish (Sarkar & Chattopadhyay, 2018). This discovery led 

to the development of one of the most widely used molecular reporters. Scientists are now able 

to add the DNA sequence of this protein to regions of the genome of other organisms so that 

when the mRNA is translated and a protein is produced, it will have a GFP “tag” associated with 

it. Using fluorescent microscopy, the localization and movement of these proteins can be 

visualized. In this project, GFP was added to the Tinagl1 gene to create a template that could 

eventually lead to the production of a Tinalg1-GFP “tagged” protein whose localization could be 

visualized. 

 

Figure 5. Craniofacial development effects of 

Tinagl1(Neiswender, et al., 2017).   
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Zebrafish 

Danio rerio, more commonly referred to as Zebrafish, will serve as the model for this 

experiment. Although considered a lower vertebrate, zebrafish have developed into a model 

organism for the study of human disease. Zebrafish work especially well for the study of many 

ciliopathies because of “their high fecundity, their relatively short generation time, and the 

ability to observe internal organ development” (Drummond, 2005). The LeMosy lab has already 

demonstrated that transparent zebrafish embryos display strong phenotypes when tinagl1 is 

knocked down. Embryological development is highly conserved between zebrafish and humans. 

While zebrafish pronephros are not as complex and that of humans, they are composed of the 

same cell types. Given their simplicity and transparent bodies, zebrafish are an excellent model 

for ease of imaging pronephros development while maintaining clear homology to the human 

system.  

Polymerase Chain Reaction (PCR)  

 Polymerase chain reaction (PCR) is a lab technique that uses the manipulation of 

temperature to make copies of a desired DNA sequence. In general, template DNA is denatured 

Figure 6. General mechanism for the production of a fusion 

construct using PCR (Akada, 2012).  

Tinagl1 

GFP 
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at a high temperature to open the double helix and allow desired primers to bind to their 

respective sites. Once primers bind, free nucleotides can be added to complete the rest of the 

DNA strand. Oscillation in temperature during this annealing phase allows this process to repeat 

until millions of copies of the desired DNA sequence are produced. In this experiment, the 

primers were manipulated to encourage Tinagl1 and GFP DNA to be made into a single 

continuous Tinagl1-GFP fusion construct. In order to accomplish this the forward primer of 

Tinagl1 was added to solution with the reverse primer of GFP so that only stands would fuse in 

their region of overlap as demonstrated in Figure 6. Together these two sequences could be 

copied because they would have the corrected forward and reverse sequences.  

Transformation and Subcloning 

 Transformation is a common molecular lab practice involving the manipulation of 

bacterial cells in order to insert desired sequences of DNA into plasmids within the bacterial 

cells. Competent cells are bacterial cells that are able to take up and intergrate foreign DNA into 

their genome. In labs, this ability is exploited by introducing specific strands of DNA to cells 

before inducing their competence. In this experiment, a strain of commercially available 

competent DH5 E. coli cells were transformed. 2.5 l of the Tinagl1-GFP PCR product and 

pCR4-TOPO vector containing a carbenicillin resistant gene were added to a tube of 50 l of 

DH5 cells and set on ice for 30 minutes.  To induce the uptake of the desired plasmid, the cells 

underwent heat shock for 2 minutes at 42C before being allowed to rest for 5 minutes on ice. 

Following the resting phase, the transformed cells are ready for plating.  

Plating and Growing DH5 Cells 

 A LB/Carbenicillin Plate was removed from refrigeration and prewarmed to 37C. 

LB/Carb plates were used to ensure that any cells that did not successfully integrate the pCS2 
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plasmid, which contains an antibiotic resistant gene to carbenicillin, would not be able to grow. 

After the cells have rested, 900 l of LB was added to the solution of now transformed DH5 

cells and incubated while shaking for 1 hour at 37C. After the incubation periods, the solutions 

were spun at 13,000 RPM for 1 minute in the centrifuge. Using a pipette, 850l of the LB was 

removed without disturbing the cells pelleted in the bottom of the tube. After removing the 

excess LB, the cells were resuspended in the remaining LB. The 100 l mixture was transferred 

to the prewarmed LB/Carb plate. Approximately 15 autoclaved glass beads were added to the 

plate and shaken to distribute the solution evenly across the plate before being disposed of. The 

plate allowed to dry until all liquid was visibly absorbed into the surface. The plate was inverted 

and incubated at 37C overnight.   

Mini Preps 

This lab technique, adapted from QIAprep Miniprep protocol, is used to purify plasmids 

grown in the competent cells. Colonies were selected from the plates that were left to grow 

overnight and incubated while shaking overnight in 5 ml of fresh LB. After incubation, the 

mixture is added to a microcentrifuge tube 1.5 ml at a time. The tubes were then centrifuged for 

one minute at 13,000 RPM to allow the bacteria to pellet. The excess LB was pipetted out 

without disturbing the pellet and the next 1.5 ml aliquot was added and the process was repeated 

until the entire culture was pelleted. The pelleted bacteria were resuspended in 250 l of Buffer 

P1 before adding Buffer P2 to lyse the bacterial cells without damaging the DNA. To prevent 

damage to the DNA the lysis buffer was neutralized by the addition of 350 l of buffer N3. The 

solutions were centrifuged for 10 minutes at 13,000 RPM to pellet the lysed cells in order to 

separate them from the desired DNA solution. After pelleting the unwanted cellular remains, the 

DNA solution was pipetted into a quickspin column. This column had a selective barrier that the 
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DNA will bind to, allowing impurities to be washed away with Buffer PB through centrifugation 

while the DNA remains in the column. Once impurities have be removed, the DNA can be 

eluted, or released, from the selective barrier into a new microcentrifuge tube using deionized 

water and centrifuging. The resulting mixture was a purified solution of the bacterial plasmid 

DNA.  

pCR4 Blunt-TOPO 

Blunt TOPO is a method of cloning that allows for the integration of linear, blunt ended 

PCR products into circular plasmids. In solution, the circular plasmid is held open by 

topoisomerase until the PCR sequence is added and the enzyme can integrate it into the vector. 

In this project, the tinagl1-GFP PCR product was integrated into the pCR4 Blunt-TOPO.  

pCS2+ Vector  

The pCS2+ vector serves to create an artificial DNA strand complete with an untranslated 

region and a poly(A) terminator. This strand will serve as the template for the production of 

mRNA, that will later be injected into the embryos. The sub-cloning of the fusion construct in to 

the pCS2+ vector was done to allow us to verify that the produced protein would show 

fluorescence and follow its regular secretory pathway. This method will produce short-term 

expression of Tinagl1-GFP to demonstrate fluorescence and secretion before the fusion gene 

cassette is moved into the pTol2 vector that will eventually be used to integrate the sequence into 

the zebrafish genome.  
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pTol2 Transposon 

 The purified tinagl1-GFP construct will be inserted into a pTol2 vector that contains a 

pronephros specific promoter. The pTol2 is a two-part system containing a transposon and a 

transposase.  The transposon is a sequence that can be transplanted in the genome without losing 

its function and its transposase is the enzyme that binds the transposon to facilitate its integration 

into the genome. The transposon vector will act to facilitate the integration of the tinagl1-GFP 

fusion and allow for the production of its associated transposase. The promoter will focus the 

expression of tinagl1-GFP in the embryonic and larval pronephros, which the lab has found to 

Figure 7. Map of pCs2+ vector. 

Tinagl1-GFP 
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show endogenous tinagl1 expression. We expect about half of the embryos injected with the 

tinagl1-GFP with the pTol2 plasmid and the transposase mRNA to express patches of 

pronephros epithelial cells that expression the Tinagl1-GFP protein. We suspect many of these 

fish will have the altered gene in their germline cells. These embryos would then be raised to 

adulthood and are likely to able to pass down the tinagl1-GFP gene to their offspring. The F1 

generation can be found by screening embryos for signs of fluorescence. These fish can be 

selectively bred to produce a stable line of fish with the altered gene as shown in Figure 8.  

 

Results and Progress 

 Due to lab closures surround the pandemic, the project is far behind where it was 

anticipated to be at this point. The construct has been successfully inserted into the pCR4Blunt-

Figure 8. Selective breeding of zebrafish to produce a line carrying a GFP marked protein 

using Tol2 vectors (Kawakami, 2007). 
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TOPO vector. This vectors role is for ease of sequencing and to aid in moving the PCR-fusion 

construct into later vectors. The next step is to move construct into the pCS2+ vector. This vector 

will serve to produce mRNA for initial injections. These injections of the pCs2+ vector will 

produce an initial screening to demonstrate effective fluorescence and secretion to show the 

fusion construct is able to effectively produce the GFP tagged protein. From there, the construct 

will be subcloned into pTol2, before this plasmid and transposase mRNA are injected to 

integrate the altered gene into the zebrafish genome. Fish will be screened for fluorescence 

suggested successful integration and selectively bred to produce a line of fish that carry the 

tinagl1-GFP gene.  

Initially, the successful integration in the injected embryos will create mosaic fish that 

should express Tinagl1-GFP in patches of pronephric epithelia, where the patches represent all 

cells that arise from cells in which the fusion gene was successfully integrated. There is a 50% 

efficiency in heritability of the transposition into the germline oocytes and spermatocytes, the 

precursors to the egg and sperm, for making stable transgenic Tinagl1-GFP strains. The sub-

cellular localization of Tinagl1-GFP will then be tracked in these live embryos using a 

fluorescent microscope. Successful establishment of a transgenic line of Tinagl1-GFP would 

mark the development of a versatile tool for future studies of Tinagl1.  

Possible Outcomes and Future Directions 

This project is a work in progress and the results can only be speculated. There are 

several areas that Tinagl1-GFP may be expressed. We certainly expect to see strong expression 

of the GFP tagged protein in the basement membrane where Tinagl1 has been localized with 

antibodies in mammalian tissues. We speculate that Tinagl1-GFP will also localize to the apical 

side of the pronephros epithelium. This would be consistent with what is known about Tinagl1 
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and could serve as a justification that the addition of the GFP sequence did not interrupt the 

production of the protein. Tinagl1 is known to be in the basement membrane and to play a role in 

ciliary signaling, but there are several cellular regions between the two. It is possible that 

tracking the GFP tagged protein will reveal localization outside the basement membrane and 

expand the knowledge of this protein and its interactions.  

 A recent study found that localization of other Wnt activator and inhibitors followed a 

pattern that was not expected or predicted. In the study the lab found that instead of having to 

form a pathway to selectively activate and deactivate Wnt during hair growth, the cells had a 

polarity to them that created regions leading to the separation of cells into their eventual distinct 

cell types (Matos, Asare, Levorse, Ouspecnskaia, & de la Cruz-Racelis, 2020). In a general 

sense, the Wnt producing cells sit between cells that need Wnt signaling and cells that are not 

meant to receive Wnt signaling. In order to localize Wnt to the correct sides, the cell has a 

polarity where the inhibitors sit on the side that should not receive Wnt signaling and the 

activators localize to the side of the cell facing the cells that need Wnt signaling. It is possible 

that the localization of Tinagl1 to the apical side of cells is due to cell polarization, and should an 

imaging tool for view Tinagl1 in zebrafish be developed, the effects of cell polarity on 

localization could be more easily studied. Another lab has successfully added GFP tags to 

several basement proteins in a larval worm system to demonstrate that the basement membrane 

and its associated proteins are dynamic and change quickly as an organism develops (Keeley, et 

al., 2020). The larval system used has less resemblance to human development than the 

zebrafish, but their experiment has demonstrated that the fluorescence tagging to basement 

membrane proteins is able to expand knowledge of the system as a whole. Their success suggests 

that developing imaging tools for these proteins in systems that more closely resemble humans 
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has real potential for developing an understanding of the basement membrane, its proteins, and 

the resulting diseases.  

 We certainly hope for everything to be smooth sailing and all sunshine, but it is important 

to consider the possibility that the project will not work as expected and to recognize the limits 

of any findings. Protein folding can be a delicate system and the smallest changes can completely 

destabilize a protein. The addition of a GFP tag to the tinagl1 gene has the potential to change 

several properties of the protein, from complete loss of function to an inability to follow its usual 

pathway. Should there be an issue with the addition if the GFP tag to the sequence, the project 

will likely look into the possibility of trying another fluorescence protein. In addition to folding, 

there is a possibility that expression may be altered with the addition of the GFP tag. One 

possible solution is developing a GFP sequence that could be added to a region of tinagl1 that 

would not change the level of expression. Another limitation is the focus on the pronephros. This 

project is focuses on the localization in the pronephros, but the effect of Tinagl1 reach much 

further than this small area. It is my hope that the successful implementation of a tool for 

visualization in the pronephros will lead to an expansion into other areas.  

Discussion 

Currently, there are not commercial antibodies available to view Tinagl1 localization in 

the zebrafish model. This project aims to develop a tool that would allow for visualization and 

contribute to the overall knowledge surrounding ciliary defects. At the end of this project we 

hope to have developed a tool to visualize Tinagl1 during zebrafish development. The 

development of such an imaging tool for Tinagl1 will not only allow for imaging of the 

localization during development but will expand the scope of research on this protein. A 

transgenic line would mean labs could cross known cilia mutants with the Tinagl1-GFP line to 
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study how expression and localization may change. This would significantly cut down the time it 

would take to screen Tinagl1 as a potential accessory to disease. With any developing medical 

field, time saved has the potential to save more lives. The expectation of this project was never to 

be the great breakthrough to find a cure or nail down the cause of ciliopathies. The goal of this 

project is to develop a versatile tool that can be made widely available to expand the scope of 

research, and hopefully, lay the foundation of the next big breakthrough. 
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Glossary 

Acellular- lacking cells 

Actin- protein essential to muscle 

Amino acids-  

Annealing 

Antibodies- a protein that is a physical complement of another protein to which it will bind to it 

tightly, often used as a tool for imaging and tracking proteins 

Carbenicillin- common antibiotic 

Cell adhesion receptors- attach cells to each other and/or the extracellular matrix 

Cofactor- molecular necessary for enzymatic activity  

Epithelial cells- includes the layers of cells that define boundaries inside and outside of the body, 

e.g. skin or intestinal lining  

F1 generation- first generation from “parent” generation 

Fecundity- the number of offspring produced per pregnancy 

Fluorescent microscopy- microscope that uses UV to detect and visualize fluorescence 

Genes- heritable “unit” that is passed from parent to offspring  

Genome- all the genes of an organism 

Germline- describes cells that are passed from parent to offspring 

Homology- similarities in structure 

Knockdown- a state of partial disruption of a protein’s function 

Lysis- rupturing of the cell wall 

Missense mutation- mutation in a single nucleotide that changes the amino acid used in the 

protein 
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Mosaic expression- expression occurring in random patches 

mRNA- single stranded “messenger” that provides the code for the creation of proteins 

Mutation- change in the DNA sequence 

Nucleotide- smallest unit of DNA 

Organelle- function specific units within cells, similar to the concept of organs in an organism 

Phenotypes- physical characteristics 

Primers- a short sequence of DNA meant to match the corresponding sequence in a longer stand 

to allow for selective duplication of smaller portions of a larger sequence 

Pronephros- precursor to the kidney seen during embryological development 

Proteome- all of the proteins an organism makes 

Transgenic- containing DNA sequences of another organism 
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