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Abstract 
 

 

           My Ph.D. research project in the Bhagwati Gupta lab focuses on understanding 

the mechanism by which the Axin family of scaffolding proteins functions to regulate 

biological processes in multicellular eukaryotes. Towards this, I am using the nematode 

(worm) Caenorhabditis elegans as an animal model to investigate the role of one of the 

Axin homologs, PRY-1. Studies in various model systems and humans have shown that 

the Axin family of proteins plays crucial roles during cell proliferation, cell 

differentiation, and organ formation. Such a role of Axin depends on the negative 

regulation of the WNT signaling cascade. Consistent with these, alterations in Axin 

function are associated with developmental abnormalities and age-associated diseases 

such as axis duplication, neuroectodermal defect, and muscle degeneration.  

          As a scaffolding protein, Axin family members bind to and recruit multiple 

protein partners that are both WNT dependent and independent. However, how Axin 

interacts with these factors to regulate molecular events is not well understood. While 

some Axin-interacting factors have been identified, many more remain to be discovered. 

My project deals with the identification and functional characterization of pry-1/Axin 

interactors in C. elegans.   

          The key findings of my Ph.D. research are published in five peer-reviewed 

papers. Collectively, the results demonstrate that PRY-1 is necessary to regulate lipid 

metabolism, stress response, muscle health, and aging. I have shown that PRY-1 utilizes 

multiple pathways to control these diverse processes. Specifically, PRY-1 functions via 

the SREBP transcription factor homolog SBP-1 to regulate yolk lipoprotein expression 

to promote lipid synthesis. The analysis of pry-1ôs role in aging and muscle health has 

revealed its interactions with the energy sensor AMPK homolog AAK-2, thereby 

affecting the function of the Insulin/IGF1 signaling (IIS) transcriptional regulator DAF-

16/FOXO. Moreover, I have identified several mRNA genes and microRNAs that 

function downstream of PRY-1/Axin signaling to either suppress or enhance pry-1 

mutant defects. All these novel interactors have mammalian homologs. Altogether, 

these findings form the basis to pursue future work to investigate the conserved 

mechanism of Axin signaling and hold the potential for effective intervention to delay 

aging and age-associated muscle deterioration. 
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Chapter 1 
 

Introduction 
 
Signaling pathways control a vast array of biological processes during embryogenesis 

and in adult life. The development of the complex multicellular organism, ranging from 

a series of cell fate decisions and morphogenetic movements leads to the generation of 

different tissues and organs in the body. The network of pathways not only helps in 

generating tissues and organs (development) but also maintains them during aging 

(post-development). Consistent with such integral roles, any perturbations of these core 

pathways lead to various diseases. One such important pathway is the well-studied 

WNT (wingless and int-1) signaling pathway that is conserved from the sponges to the 

vertebrates. WNT signaling activates or regulates several cellular processes, including 

mitogenic stimulation, cell fate specification, and differentiation. Axin is the central 

component of the WNT signaling pathway, with its ability to function as a scaffolding 

protein. With their crucial roles, the Axin family members are evolutionarily conserved 
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among the eukaryotes. My research utilizes the Axin homolog, PRY-1 (poly ray 1), in 

the nematode Caenorhabditis elegans (C. elegans) that negatively regulates WNT 

signaling, to study the regulation of several different biological events such as 

reproductive organ development, seam cell development, lipid metabolism, stress 

response, and aging. In the next few sections, I describe in detail the structure and 

function of the Axin family of scaffolding proteins, their involvement in WNT and non-

WNT signaling pathways followed by how they regulate development, aging, and stress 

response in the eukaryotes. 

 

1.1 An overview of Axin in WNT signaling 

 

The development of complex multicellular organisms, ranging from a series of cell fate 

decisions and morphogenetic movements, leads to the generation of different tissues 

and organs in the body. And one of the central cell-signaling cascades playing a pivotal 

role in regulating these developments is the evolutionarily  conserved WNT-ɓ-catenin 

pathway. WNT proteins are secreted, lipid-modified glycoproteins present in organisms 

that range from the sponges to the vertebrates and govern a wide variety of functions, 

including body axis patterning, cell fate specification, cell proliferation, and cell 

migration. Upon the completion of developmental stages, this pathway then maintains 

the stem cells and tissue regeneration in the vertebrates, and mutation of the components 

involved in this pathway has been shown to cause a wide variety of diseases such as 

breast and prostate cancer, glioblastoma, type II diabetes and others (Logan and Nusse 

2004; Komiya and Habas 2008). 
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Previous research in Drosophila has shown that WNT can activate several different 

signaling pathways-canonical and non-canonical WNT signaling pathways. Among 

these, the most extensively studied pathway is the WNT-ɓ-catenin canonical pathway, 

which controls the expression of the target genes through the protein ɓ-catenin. This 

protein is targeted for degradation by a destruction complex, in the absence of WNT 

signaling, that consists of the scaffold protein Axin, the tumor suppressor gene product 

APC (adenomatous polyposis coli), and the kinases CKI (casein kinase I), and GSK3 

(glycogen synthase kinase-3). Notably, ɓ-catenin has a conserved phosphorylation site 

at the N-terminus, which upon phosphorylation leads to ɓ-Trcp (F-box protein ɓ-

transducin repeats-containing protein)-dependent ubiquitination and proteasomal 

degradation. When FRIZZLED and LRP6 (low-density lipoprotein-related protein 6) 

receptors are activated upon WNT ligand binding, ɓ-catenin degradation is inhibited 

through a mechanism involving the cytoplasmic protein DVL (dishevelled) and the 

recruitment of Axin to the LRP6 in the plasma membrane (Mallick et al. 2019b). Then 

the stabilized ɓ-catenin translocates to the nucleus where it activates the transcription 

of the target genes by interacting with the members of TCF/LEF1 (T-cell 

factor/lymphoid enhancer-binding factor 1) family of proteins, HMG-box containing 

transcription factors. 

 

Axin was first identified as a negative regulator of the WNT-signaling pathway, where 

it functions as the scaffold of the destruction complex and inhibits axis formation (axis 

inhibition) in the mouse. Then, its role in other processes, including developmental 

events like embryogenesis, neuronal differentiation, and tissue homeostasis, has been 
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shown (Logan and Nusse 2004). Once bound to the destruction complex, ɓ-catenin is 

phosphorylated and undergoes ɓ-TrCP mediated ubiquitination followed by proteolytic 

degradation (Clevers 2006; Clevers and Nusse 2012; Nusse and Clevers 2017). When 

the WNT signaling is ON, destruction complex activity is inhibited by the recruitment 

of the complex to the cell membrane, thus increasing the cytoplasmic ɓ-catenin content, 

which translocates to the nucleus and promotes transcription of target genes (Hart et al. 

1998; Clevers and Nusse 2012). Research has shown previously that the constitutively 

active ɓ-catenin, due to loss of destruction complex (by loss of Axin function), is 

involved in various disorders of lungs, heart, muscles, bones and is also associated with 

different types of cancers (Clevers and Nusse 2012). All these shreds of evidence show 

that precise regulation of Axin is crucial for WNT-mediated signaling (Also see Section 

1.6).  

 

The Axin family of scaffolding proteins is conserved in eukaryotes with its ability to 

recruit and interact with multiple pathway components that are both WNT dependent 

and independent. In the nematode C. elegans, there are two Axin homologs namely, 

PRY-1 and AXL-1 (Axin like 1), with three characteristic Axin-like domains (RGS, 

DIX, and GSK3-ɓ-catenin). However, PRY-1 appears to be the major Axin homolog 

with severe mutant phenotypes and broader expression pattern as described in the 

subsequent thesis chapters (Chapters 3, 4, 5, and 6). A comprehensive review of this 

master scaffolding protein Axin and its function in various model systems can be found 

in the published review article at the end of this chapter (Section 1.6). 
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1.2 Role of Axin in non-WNT pathways 
 

The works described in this thesis and other emerging studies have shown that Axin 

interacts with many other factors that are WNT independent to carry out its functions. 

Apart from being the negative regulator of WNT signaling, Axin is involved in several 

other signal transduction pathways through its scaffolding property. Axin family 

members cooperate with an increasing number of proteins (MEKK1, MEKK4, Smad3, 

Smad7, p53 and LKB1-AMPK) in other, non-WNT processes. These interactions 

involve pathways such as JNK (c-Jun N-terminal kinase), TGF-ɓ (transforming growth 

factor-beta), p53, and AMPK (AMP-activated protein kinase) (reviewed in Mallick et 

al. 2019, Section 1.6). Moreover, Axin1 facilitates the formation of a destruction 

complex for c-Myc transcription factor (Arnold et al. 2009). Such a property of this 

scaffolding protein makes it an attractive target to understand the processes regulated 

by different pathways in an overlapping manner. 

 

1.3 Overview of thesis organization 
 

My research questions described below (Section 1.5) focus on uncovering the tissue-

specific interacting partners of Axin in C. elegans and their role in Axin-mediated 

regulation of cellular processes such as aging (Section 1.3), lipid metabolism (Section 

1.3) and stress response (Section 1.4). In the following sections, I have briefly described 

the regulation of these major biological processes by Axin that have been discovered as 

part of my Ph.D. thesis and other published studies. Moreover, key findings are 

summarized in the following four chapters (3-6). In Chapter 3, I report the first miRNA 
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transcriptomic of pry-1 mutants which revealed six differentially expressed miRNAs 

(lin-4, miR-237, miR-48, miR-84, miR-241, and miR-246) involved in seam cell 

development, stress response, aging, and immunity. Here, we emphasize the role of pry-

1 in regulating seam cell division and miRNA expression via the WNT-asymmetric 

pathway. In Chapter 4, I describe the first mRNA transcriptomic of pry-1 mutants that 

laid out the groundwork for the rest of my thesis work. Differentially expressed genes 

in the pry-1 mutants were associated with processes such as aging, lipid metabolism, 

and stress response. Further genetic and molecular analyses demonstrated the important 

role of PRY-1 in regulating lipid synthesis which may involve the SBP-1/SREBP 

(Sterol regulatory-element binding proteins) transcription factor. Chapter 5 reports the 

role of PRY-1 in the aging process where the protein presumably interacts with the 

energy sensor AAK-2/AMPK to cell non-autonomously activate DAF-16/FOXO 

(Forkhead Box subfamily O) in the intestine. Interestingly, I show that PRY-1 acts 

downstream of the WNT ligand MOM-2 but does not require the ɓ-catenin homolog 

BAR-1 in this process. Such a mechanism is necessary for maintaining muscle 

mitochondrial health and the normal lifespan of animals. Finally, in Chapter 6, I 

describe the identification of the genetic network of PRY-1 comprising of the 

transcription factor CRTC-1/CRTC1 (CREB-regulated transcription coactivator 1), the 

tyrosine kinase receptor KIN-9/FGFR (Fibroblast growth factor receptor), and eight 

genes involved in DNA replication, DNA repair, gene expression, oxidation-reduction 

reaction, and proteostasis. In chapter 6, I have demonstrated how PRY-1 may regulate 

calcineurin signaling, FGF signaling, and control protein homeostasis. Altogether, these 

findings provide shreds of evidence for the major role of this master scaffolding protein 
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PRY-1 in regulating processes such as lifespan, lipid metabolism, and stress response 

by utilizing multiple downstream effectors. 

 

Our finding that PRY-1 is necessary for the regulation of lipid levels, lifespan and 

muscle health provides a unique opportunity to investigate the conserved role of Axin 

signaling in age-related diseases. Thus, understanding the regulation of Axin and its 

signaling pathway in different tissues promises to accelerate the development of new 

tools and methods to effectively modulate Axin function during diseases. 
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1.4 Aging and lipid metabolism 

 

 

Aging is an increased rate of fragility that leads to an accelerated mortality rate as a 

function of time. It is often thought of as a non-specific degeneration outcome of 

accumulated damage from environmental exposure or metabolic processes. However, 

genetic components to aging have been extensively studied in the last two decades or 

so with each species having a characteristic lifespan and rate of aging. Intense research 

contributions using the nematode C. elegans have been made to uncover the genetic 

components and how they interact with environmental forces to cause changes 

associated with aging. Some of the well-studied longevity pathways include 

Insulin/Insulin-like growth factor-1 (IIS) signaling, germline-less signaling, dietary 

restriction mediated (SKN-1, PHA-4, AMPK-TOR) signaling, and perturbed 

mitochondrial signaling (Kenyon 2010; Lapierre and Hansen 2012; Uno and Nishida 

2016). 

 

Similarly, lipid metabolism plays a vital role in many physiological and pathological 

processes. All the major aging pathways mentioned above, at least in worms, affect lipid 

homeostasis (synthesis, transportation, and breakdown) (Hansen et al. 2013; Watts and 

Ristow 2017; Papsdorf and Brunet 2019). Among other processes, it also affects energy 

storage, intracellular and intercellular signaling, and membrane homeostasis. It has been 

shown that excessive fat storage in the form of triglycerides (TAGs) is involved with 

diseases like atherosclerosis and type 2 diabetes in humans (Miller  and Bose 2011). 

Moreover, specific alterations in lipid profiles and even increased lipid storage have 

been linked to longevity in both invertebrates and mammals (Hansen et al. 2013; 



 

 

 

Doctor of Philosophyï Avijit  MALLICK ; McMaster Universityï Biology 

 

9 

 

Papsdorf and Brunet 2019). Overall, these data suggest that perturbed lipid metabolism 

may in part contribute to the aging process in animals. 

 

1.4.1 Role of Axin in aging and metabolism 
 

In mammalian systems Axin is necessary to activate the master energy sensor AMPK 

in glucose deficient cells (Zhang et al. 2013, 2014a, 2016) The AMPK/Axin1 signaling 

pathway mediates contraction-stimulated skeletal muscle glucose uptake (Yue et al. 

2020). In the first case, Axin docks onto the lysosomal v-ATPase-Ragulator complex 

to activate AMPK upon glucose deprivation. The Axin-based lysosomal pathway is also 

required for AMPK activation following metformin treatment, as liver-specific Axin 

knockout failed to activate this energy sensor (Zhang et al. 2016). In the second case, 

exercise stimulated both AMPK and Rac1 activation while increasing the cellular levels 

of Axin1. Accordantly reducing Axin1 function blocked GTP loading of Rac1 (Ras-

related C3 botulinum toxin substrate 1), AMPK activation, and glucose uptake in the 

exercising muscles. Both these examples demonstrate the crucial role of Axin tethering 

in activating AMPK which is responsible for promoting muscle metabolism and 

benefits linked to exercise (Yue et al. 2020). Support for Axinôs role in metabolism also 

comes from a fly study (Drosophila melanogaster) where the partial loss of D-axin 

altered the expression of metabolic genes and made the animals hypersensitive to 

fasting (Zhang et al. 2014b). This phenotype was dependent on mTORC1 (mechanistic 

target of rapamycin complex 1) activity. 
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Interestingly, the interaction between Axin and AMPK is not a unique phenomenon as 

other Axin family members have also been found to interact with AMPK in different 

biological contexts. For example, the C. elegans Axin homolog AXL-1 forms a complex 

with AAK-2 following metformin treatment (Chen et al. 2017). Here, AXL-1 is 

necessary for metformin-mediated lysosomal localization and activation of AAK-2 in a 

VHA-3-LMTR-3-PAR-4 (v-ATPase-Ragulator-LKB1) complex dependent manner. 

Metformin-induced lifespan extension of animals is completely abolished in the 

absence of AXL-1 function (Chen et al. 2017). However, the role of the major C. 

elegans Axin homolog PRY-1 in these processes remains to be investigated. Thus, to 

explore the role of Axin-mediated signaling in aging and lipid metabolism, I 

investigated whether the Axin homolog PRY-1 in C. elegans contributes to these 

processes in worms which is described in Chapters 4, and 5. Published papers in these 

chapters demonstrate that PRY-1 is crucial for fatty acid synthesis (Chapter 4) and for 

maintaining muscle and mitochondrial health during aging (Chapter 5). Altogether, 

these findings demonstrate the important role of Axin family members in regulating 

age-related processes in higher eukaryotes.  

 

 

1.4.2 Axin in  WNT-mediated aging  

 

The role of WNT-ɓ-catenin signaling has largely been investigated in development and 

disease, although the pathway is also involved in other processes, such as aging and 

cellular senescence (DeCarolis et al. 2008). Over the last decade, several lines of 

evidence have emerged linking WNT pathway components to the aging of cells and 
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tissues. Studies in both vertebrates and invertebrates have reported age-related 

expression changes in WNT pathway components. For example, GSK-3ɓ and ɓ-catenin 

are altered in aged muscle satellite cells (Brack et al. 2007). Likewise, mice deficient in 

Klotho (a WNT antagonist), having reduced lifespan and increased cell senescence, 

show an increased transcription of WNT ligands, Frizzled (Fz) receptor, as well as WNT 

downstream targets (Liu et al. 2007). In humans, similar changes in the expression of 

frizzled 4 receptors and several WNT target genes were observed in the mammary artery 

tissue, a part of the vascular system (Marchand et al. 2011).  

 

Studies in C. elegans have shown that several WNT ligands (cwn-1, cwn-2, mom-2, egl-

20) are expressed in older adults, consistent with their involvement in post-

developmental processes such as aging (Lezzerini and Budovskaya 2014). Loss of cwn-

1, cwn-2, and mom-2 function extends lifespan (Lezzerini and Budovskaya 2014), 

whereas egl-20 mutants are short-lived (Zhang et al. 2018). Moreover, bar-1/ɓ-catenin 

the effector protein of the canonical WNT signaling, has been shown to play a role in 

aging (Zhang et al. 2018; Xu et al. 2019). More specifically, in one case bar-1 was 

found to be needed for neuronal egl-20 mediated lifespan extension and mitochondrial 

unfolded protein response activation, whereas in another case, bar-1 is required for miR-

235-cwn-1 mediated longer lifespan of dietary restricted eat-2 mutants (Xu et al. 2019).  

 

Although these studies involving nematodes did not report the direct involvement of 

Axin homologs, research using a mouse model reported elevated Axin2 transcript levels 

in aged muscles suggesting that elevated WNT signaling promotes age-associated 
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deterioration (Brack et al. 2007). Specifically, the authors have shown that aged mice 

muscle satellite cells show conversion from myogenic to a fibrogenic lineage which is 

mediated by elevated WNT signaling. Exposing aged muscle cells to serum from young 

mice was able to reduce fibrotic response leading to lower collagen deposition (Brack 

et al. 2007). In addition, mutations in Axin that lead to overactivation of the WNT 

pathway are known to contribute to the development of many age-related diseases, such 

as cancer, osteoporosis, and metabolic dysfunction (Clevers 2006).  

 

1.5 Stress response pathways 
 

Eukaryotic cells must accurately monitor proteostasis to adapt to environmental 

perturbations and respond to physiological cues. Proteostasis is a combination of 

multiple processes that control the production of proteins which include highly complex 

pathways mediating protein-translation, folding, maturation, trafficking, degradation, 

and targeting to the final destination. Each of these processes is regulated at different 

levels and can be compartmentalized to specific organelles. Protein quality control 

mechanisms ensure the proper folding of proteins or their degradation that are either 

organelle-specific or generic. These conserved quality control mechanisms include 

integrated stress response (ISR), endoplasmic reticulum (ER) induced unfolded protein 

response (UPRER), mitochondrial unfolded protein response (UPRmt), and cytosolic heat 

shock response (HSR) (Pakos Zebrucka et al. 2016; Higuchi-Sanabria et al. 2018; 

Anderson and Haynes 2020; Taylor and Hetz 2020). Interestingly, all these pathways 

are associated with age-associated physiological deteriorations and affect the lifespan 
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of animals (Pakos Zebrucka et al. 2016; Higuchi-Sanabria et al. 2018; Anderson and 

Haynes 2020; Taylor and Hetz 2020). 

 

1.5.1 Axin in  stress response 
 

 

There is not much literature on the role of Axin family members in regulating stress 

response in eukaryotes. The only evidence showing direct involvement of PRY-1/Axin 

in activating UPRmt comes from C. elegans where the authors have shown that loss of 

PRY-1 activates UPRmt responsive transcription (Zhang et al. 2018). My research work 

in this area not only demonstrated the role of PRY-1 in stress response maintenance but 

also identified downstream effector genes that contribute to this process (Chapter 6). 

More specifically, I have shown that complete or partial loss of pry-1 increases the 

sensitivity of animals to chemical and heat-induced stress. Additionally, mutant RNA 

transcriptomics revealed differentially expressed genes involved in both UPRER and 

UPRmt pathways. Interestingly, pry-1 also regulates genes that are involved in 

mitochondrial matrix and membrane formation. Overall, my findings described in 

Chapter 6 demonstrate the role of PRY-1 in maintaining protein control machinery. 

However, it remains to be seen whether PRY-1 also affects global protein synthesis and 

ER function as proposed in Chapter 7. 

 

While there is not much research done on the role of Axin, a significant amount of work 

has been published that reported the roles of WNT signaling in maintaining stress 

response. Here I discuss the current developments on the role of WNT signaling in 
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affecting this protein control machinery that affects both developmental and post-

developmental events and regulates cellular health and viability during elevated stress 

and aging. Research using colon cancer cell lines and zebrafish has shown that while a 

reduction in mitochondrial ATP downregulates WNT signaling, restoring ATP levels 

or blocking ER stress activates the WNT pathway (Costa et al. 2019). Moreover, heat 

exposure induces ER stress and downregulates the WNT signaling pathway to disrupt 

epithelial integrity (Zhou et al. 2020). Interestingly, UPRER activation has been reported 

to increase the activity of GSK-3 by selectively removing GSK-3 with phosphorylated 

Ser21/9 via autophagy/lysosomal pathway (Nijholt et al. 2013).  

 

On a different note, the role of WNT signaling in synaptic plasticity and maintenance 

is well established (Marzo et al. 2016; McLeod et al. 2018). Moreover, consistent with 

its role in aging, WNT signaling is downregulated in the aging brain which increases 

the susceptibility of synapses to toxic protein aggregation (Folke et al. 2019; Palomer 

et al. 2019). Multiple groups have reported that increased deposition of Amyloid-beta 

(Aɓ), a toxic molecule (peptides of 36-43 amino acids) seen in large quantity in the 

brain of Alzheimerôs disease (AD) patients, induces an elevation in DKK1 that 

antagonizes WNT signaling (Palomer et al. 2019). Consistently, blocking DKK1 

protects synapses from Aɓ (Purro et al. 2012). Together with the finding that deletion 

of LRP6 in the postnatal forebrain leads to synaptic loss and exacerbates AD pathology 

(Liu et al. 2014), suggest that Aɓ mediated AD pathology depends on downregulating 

the WNT pathway. 
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In the C. elegans model, WNT signaling has been implicated in UPRmt and oxidative 

stress. Specifically, Essers et al have shown that BAR-1/ɓ-catenin function is required 

for DAF-16/FOXO dependent resistance against oxidative stress (Essers et al. 2005). A 

different study has shown that animals use retromer-dependent EGL-20/WNT signaling 

to propagate mitochondrial stress signals from the nervous system to peripheral tissues. 

In this process, loss of PRY-1/Axin and BAR-1/ɓ-catenin activates and suppresses 

UPRmt respectively in a canonical (opposing) manner (Zhang et al. 2018). 

Subsequently, a follow-up investigation from the same group revealed that WNT 

signaling is required for transgenerational activation of UPRmt via elevated 

mitochondrial DNA (mtDNA). This is necessary for the offspring to have an extended 

lifespan and confer stress resistance (Zhang et al. 2021). 

 

1.6 Goals and major findings  
 

Axin negatively regulates WNT signaling and interacts with multiple different signaling 

pathways. My thesis has focused on non-WNT signaling roles of Axin and 

characterization of its cellular and molecular mechanisms in regulating diverse 

processes. To this end, I have investigated the function of C. elegans Axin family 

member pry-1. 

 

My project utilized the powerful genetic model system C. elegans. However, I also used 

the closely related species C. briggsae in some of my studies. Since the inception of  C. 

elegans as a genetic model organism (Brenner 1974), it has led to several scientific 
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breakthroughs including cell motility, neurobiology, microRNAs, and aging 

(WormBook 2017). Among the many benefits that these model system offers are their 

small body size (~1mm), transparent body, definitive cell count of 959 cells from known 

lineages, large brood size (~300 eggs), relatively short life cycle (~3 days) and lifespan 

(~3 weeks). Moreover, these animals allow efficient RNAi mediated gene knockdown 

via feeding, allow efficient gene editing, have 83% of the proteome with human 

homologs (Lai et al. 2000), and conserved pathways and processes of higher eukaryotes. 

Such a high level of conservation makes research in this model system very valuable to 

understand the complex regulation of pathways during diseases in the mammalian 

system. 

 

This project began by carrying out RNA-Seq analysis to identify genes and miRNAs 

whose expression is changed in the pry-1(mu38) mutants at the early larval stage. These 

analyses revealed differentially expressed genes and miRNAs associated with various 

biological processes that include seam cell development, reproductive structure 

development, aging, stress response, and lipid metabolism. To understand the role of 

PRY-1 in these processes, I started to analyze these genes in a process-specific manner. 

Detailed genetic, molecular, and biochemical analyses using PRY-1 and other relevant 

pathway components, uncovered the mechanism of PRY-1 signaling in seam cell 

development (Chapter 3), lipid metabolism (Chapter 4), aging and muscle health 

(Chapter 5), reproductive structure development (Chapter 6) and stress response 

maintenance (Chapter 6). Over the years, I have generated a lot of resources that 

included transgenic strains, plasmids, and RNAi clones (Chapter 2 and Appendix A-
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D) that will help uncover the gaps in our current knowledge described in Chapter 7. 

Moreover, I learned CRISPR-mediated gene editing and high-end confocal microscopy 

followed by some cutting-edge techniques during my research internship in the Dillin 

lab at the University of California Berkeley. 

 

As mentioned above, I have uncovered the role of PRY-1 in multiple biological 

processes such as seam cell development, lipid metabolism, lifespan regulation, and 

stress response maintenance, which is described in four different chapters (Chapters 3-

6). Firstly, during seam cell division pry-1 regulates six miRNAs (lin-4, miR-237, miR-

48, miR-84, and miR-241) involved in heterochronic development. In this, pry-1 is part 

of the WNT asymmetric pathway where it inhibits WRM-1/ɓ-catenin-LIT-1/NLK 

mediated POP-1/TCF nuclear exclusion to determine seam cell fate specification 

(Chapter 3). Secondly, pry-1 is necessary to maintain normal lipid levels in animals. I 

have found that loss of pry-1 leads to a reduction in fatty acid synthesis and overall 

TAG levels. The findings reveal that PRY-1 utilizes the yolk lipoproteins 

(vitellogenins) and SBP-1/SREBP transcription factor in this process. While it is known 

that SBP-1 promotes the expression of fatty acid desaturases, it is unclear how vits are 

involved in PRY-1 mediated lipid synthesis (Chapter 4). Next, I have shown that PRY-

1 functions cell non-autonomously in the muscle, where it presumably interacts with 

AAK -2, to activate DAF-16 in the intestine. This interaction is necessary to promote 

muscle health and the lifespan of animals (Chapter 5). Finally, in Chapter 6, I report 

three different studies where downstream effectors of PRY-1 signaling during stress 

response and lifespan have been identified. Briefly, PRY-1 negatively regulates 
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calcineurin signaling and CRTC-1/CRTC transcription factor, PRY-1 inhibits FGF 

signaling by promoting the miR-246 expression and acts upstream of genes involved in 

DNA repair (HIS-7/H2AX), DNA replication (RNR-1/RRM1), DNA damage 

checkpoint (CLSP-1/CLSPN), proteostasis (CLSP-1/CLSPN, RPN-7/PSMD6, CPZ-

1/CTSZ), and oxidation-reduction reaction (ARD-1/ HSD17B10).  

 

1.7 Mallick et al. (2019)- Journal of Developmental Biology 

 

1.7.1 Preface  
 

This section of Chapter 1 includes the following comprehensive review article in its 

originally published format: ñAxin family of scaffolding protein in development: 

Lesson from C. elegansò, by Avijit Mallick , Shane Taylor, Ayush Ranawade, and 

Bhagwati P. Gupta. (Journal of Developmental Biology. 2019 Oct 15; 7(4), 20. DOI: 

10.3390/jdb7040020). This is an open-access article distributed under the terms of the 

Creative Commons Attribution Unported License, which permits unrestricted use, 

distribution, and reproduction in any medium provided the original work is properly 

cited. 

Contributions: I and Bhagwati Gupta contributed to gathering information from 

various articles and wrote the initial draft. Shane Taylor performed experiments to 

analyze manf-1 expression and neurodegeneration using a dat-1::GFP marker in the 

pry-1 mutants (Figure 5C-D). I and Bhagwati Gupta made Figures and adopted 
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copyright permissions from previously published Figures. I, Ayush Ranawade and 

Bhagwati Gupta edited and finalised the manuscript. 
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