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Definition

:

G protein-coupled receptors (GPCRs) are transmembrane proteins that mediate the intracellular pathway of signals not only through heterotrimeric GTP-binding proteins (G proteins) but also through their associations with a variety of additional partner proteins. Prokineticin receptors 1 (PKR1) and 2 (PKR2) are new members of the GPCRs whose ligands are the novel chemokines prokineticin 1 (PK1) and prokineticin 2 (PK2). The multiplicity of G proteins coupled to PKRs, the ability of PKR2 to heterodimerize, the interaction of PKR2 with accessory proteins, and the existence of alternative splice isoforms of PKR2/PK2 explain the complexity of the system in the signal transduction pathway and, consequently, in the modulation of various physiological and pathological functions. Knowledge of these mechanisms provides the basis for the development of targeted drugs with therapeutic efficacy in PK-dependent diseases.
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1. Introduction


G protein-coupled receptors (GPCRs) are a family of transmembrane proteins that play a fundamental role in various physiological and pathophysiological processes in humans. For this reason, they are pharmacological targets for the development of new drugs with therapeutic efficacy in many conditions such as chronic pain, inflammation, neurodegenerative diseases, diabetes, stress, and osteoporosis. A substantial number of pharmaceutical drugs have GPCRs as a target, further highlighting their importance in population health [1].



Prokineticin receptors 1 (PKR1) and 2 (PKR2) belong to the family of A-GPCRs and are particularly similar to neuropeptide Y receptors (NPY). They show high sequence identity and greater sequence variability in their N-terminal region [2,3,4]. Prokineticin receptors are widely distributed in all districts: PKR1 is predominantly expressed in peripheral organs and tissues and in the peripheral nervous system (PNS), whereas PKR2 is mainly expressed in the central nervous system (CNS) [5]. In the rat hippocampus, a PKR2 splice variant has been identified that lacks the second exon and results in a protein that does not consist of the seven transmembrane domains typical of GPCRs, but of only four transmembrane elements, and is therefore called TM 4–7 [6].



Prokineticin receptors bind two ligands capable of triggering contraction of the guinea pig ileum and are therefore termed prokineticin 1 (PK1) and prokineticin 2 (PK2) [7]. The prokineticin system is found throughout the evolutionary scale. Orthologs of PK2 were first identified in amphibians [8] and reptiles [9] and then in fish and mammals [7].



PK1 is also known as EG-VEGF (endocrine gland-derived vascular endothelial growth factor) because it can induce proliferation, migration, and fenestration in the endothelial cells of steroid-synthesising glands [10,11]. PK2 is also called mammalian Bv8 (mBv8) [7,12] because it is the orthologue of the Bv8 protein isolated from the skin secretion of the frog Bombina variegata [8].



In humans and mice, the Pk2 gene, consisting of four exons [13], generates three distinct transcripts encoding PK2, PK2L, and PK2C through alternative splicing. PK2L, a long form of PK2 due to the presence of 21 additive basic amino acids, is inactive but rapidly cleaved to PK2β, a more PKR1-selective ligand [14,15]. The PK2C isoform is expressed in the mouse’s central nervous system, particularly in the hippocampus and spinal cord, and is encoded by exon 1 and exon 4 [16]. All proteins are also called AVITGA proteins [17] because they share a common and conserved N-terminal sequence consisting of alanine, valine, isoleucine, tryptophan, glycine, and alanine. The prokineticins are small GPCR ligands with ten cysteine residues forming five disulfide bridges. They act as chemotactic and immunomodulatory factors and are classified as chemokines [18].



Prokineticins bind to PKRs and the ligand/receptor complex undergoes conformational changes that induce activation of intracellular effectors (G-proteins or Arrestins) and cellular responses through various signal transduction pathways. PKRs activate various intracellular signaling pathways in different cell types by coupling to Gq, Gi, and Gs [5,12,19].



The specific functional properties of GPCRs such as ligand binding, activation, and trafficking can be modulated by their dimerisation [20]. PKR2, like several GPCRs, is capable of forming homodimers. By generating PKR2 mutants, it has been shown that dimerization occurs through interactions between transmembrane domains (TMs), particularly TM5, via a domain swapping mechanism. It has been shown that the co-expression of binding-deficient and signal-deficient forms of PKR2 can restore receptor functionality [5,12].



Evidence suggests that the interaction between prokineticins and prokineticin receptors follows the accepted model of chemokine/chemokine receptor interaction. This is a two-sided model involving a first interaction (site 1) that is critical for specificity and consists of the recognition of the N-terminus of the chemokine by the extracellular loop 2 (ECL2) of the receptor. The second interaction (site 2), which is responsible for the complex conformational changes that trigger transduction of the intracellular signaling pathway, results from the chemokine N-terminus entering the orthosteric transmembrane (TM)-binding site pocket of the GPCR [21].



Site 1 of prokineticin receptors was characterized, demonstrating the essential role of the extracellular surface of PKRs, particularly extracellular loop 2 (ECL2), in the binding sites for endogenous prokineticin ligands. Analysis of the PKR2 Q210R mutation, in which the glutamine at position 210 is replaced by arginine, demonstrated that the ECL2 glutamine residue is essential for PK2 binding in patients with Kallmann syndrome (KS) [22].



Using amber codon suppression technology, it has been demonstrated that Tryptophan at position 212 of PKR2 also plays a critical role in PKS ligand binding [23].



Computational analysis identified the PKRs orthosteric TM–binding site 2 and showed that, in humans, this site is almost identical in both PKR1 and PKR2. The only difference concerns the valine residue (V) 207 in PKR1, which is substituted by phenylalanine (F) 198 in PKR2. This allosteric transmembrane site also binds small non-peptide agonists and synthetic small non-peptide ligands that act as PKR antagonists [24,25,26] (Figure 1).



Endogenous prokineticin ligands bind to PKRs via two “hot spots” consisting of the region comprising the amino acid sequence AVITG and the conserved hydrophobic amino acid residue tryptophan at position 24 (Trp24). This is exposed on the surface of prokineticins and is critical for their PKR affinity and activity. The substitution of tryptophan 24 (Trp 24) with Alanine (Ala) produces a Bv8 analog called (Ala24-Bv8) that, when injected at high doses in both mice and rats, similarly to Bv8, acts as an agonist, inducing deep and long-lasting thermal hyperalgesia and tactile allodynia. Conversely, when administered at low, ineffective doses, it behaves like PKR-receptor antagonists and reverts Bv8-induced hyperalgesia and allodynia [12,27].



PKR2 is known to bind not only endogenous ligands but also the pathogenic parasite Trypanosoma cruzi, facilitating its invasion and infiltration into mammalian host cells. PKR2 specifically recognizes Tc85, a Trypanosoma glycoprotein that belongs to the trans-sialidase family [28]. The LamG domain of Tc85 activates PKR2 and induces the activation of ERK, NFAT, and STAT3 in CHO mammalian cells and in mouse spinal ganglion explants [28].



Prokineticins and prokineticin receptors are expressed in a variety of organs, including the central and peripheral nervous systems, heart, ovaries, testes, placenta, adrenal cortex, peripheral blood cells, and bone marrow. They are involved in a number of physiological functions such as hormone secretion and reproduction, angiogenesis, neurogenesis, the regulation of circadian rhythm, and the modulation of food intake and drinking. They are involved in pathological conditions such as pain, cancer, obesity, neurodegenerative diseases such as Alzheimer’s and Parkinson’s disease, and genetic disorders such as Kallmann syndrome [5,12,29,30,31,32,33].



The different biological effects induced by the prokinetic system in various tissues is due to the multiplicity of G-proteins coupled to PKRs together with the alternative splicing isoforms of PK2 and PKR2 and the dimerization of PKRs.



For a long time, it was believed that the signal mediated by GPCRs depended exclusively on G proteins, which in turn were able to activate or inhibit downstream effectors, and that the variability of the response was due to the ability to couple different G proteins. Although the central role of G proteins is still recognized, it is now clear that GPCRs rely on associations with a variety of additional protein partners to complete their cycle. Accessory proteins that interact with GPCRs modulate cell signaling and receptor expression and/or pharmacological profiles.



In this review, we analyze how accessory proteins can control the exact synthesis of the PKRs, stabilize them on the cell membrane, modulate the ligand binding and the intracellular signal transduction pathway, and induce receptor desensitization and endocytosis.



Understanding the role of these PKR accessory proteins is important because they may be a target for drug development with therapeutic efficacy in PK-dependent diseases.




2. Proteins Mediating the Endoplasmic Reticulum Quality Control System


The quality control system of the endoplasmic reticulum (ER) ensures that only correctly folded proteins are transported from this compartment, while incorrectly folded proteins are selectively degraded. At the ER, chaperones, such as BiP (also known as GRP78), bind misfolded proteins to prevent aggregation and promote refolding. When refolding fails, the unfolded proteins aggregate and cause ER stress. This leads to activation of the unfolded protein response (UPR), which reduces ER stress by transporting unfolded proteins out of the ER by a dual mechanism to degrade them. The most commonly used degradation system, called ERAD (ER-associated degradation), targets proteins for ubiquitination and then directs them to the proteasome. The alternative system is lysosomal protein degradation. When the UPR mechanism fails or the ER stress is too high, an additional quality control system (post-ER pathway) acts to reduce the amount of misfolded protein in the ER. This post-ER pathway consists of transient proteins being transported to the Golgi via the COPI pathway and then transported back to the ER for degradation [34,35]. If PKR2 does not achieve proper folding, it is degraded via the ERAD pathway at the ER. This is confirmed by evidence of an interaction with the E3 ubiquitin ligase gp78 and the ERAD-associated E3 ubiquitin protein ligase, HRD1 proteins [36]. These interactions are more pronounced in PKR2 mutations of Kallman syndrome that do not allow proper folding [37]. Under certain conditions, PKR2 may also be subject to the post-ER pathway interacting with RER1, which acts as a cargo receptor and a bridge between PKR2 and the COPI machinery [36] (Figure 2).




3. Proteins That Stabilize PKRs at the Cell Surface


Prokineticin 2, which binds to PKR1 and PKR2, functions as a novel adipokine that controls food intake [38,39] and plays a critical role in regulating thermoregulation and energy homeostasis by binding to PKR2. PK2 has an anorexic effect that acts at both a central and peripheral level. Centrally, PK2 activates arcuate nucleus neurons (ARC) to release melanocyte-stimulating hormones [38] and, peripherally, it impairs preadipocyte proliferation and their differentiation in adipocytes reducing the adipose tissue growth [40,41]. The balance between PK2 and PK2β regulates food intake in mice. Unlike PK2, the intraperitoneal injection of PK2β did not reduce food intake in mice [42].



The prokineticin and MRAP2 systems interact in the regulation of food intake. The melanocortin receptor accessory proteins (MRAP), containing MRAP1 and MRAP2, are able bind to GPCRs and modulate their trafficking and signal transduction pathway [43]. MRAP2 physically interacts with PKRs and, in this way, participates in the modulation of PKR activation that follows PK2 binding [44].



MRAP2 is a single transmembrane protein found on the cell surface and reticulum membrane. It can dimerize with a dual topology, i.e., parallel and anti-parallel orientations, making it a unique protein with this property in the eukaryote proteome [45]. MRAP2 is mainly expressed in the stomach and endocrine glands, hypothalamus, and adipocytes. It binds and modulates several GPCRs involved in the control of energy homeostasis, such as melanocortin-4 receptor (MC4R), orexin receptor 1, and ghrelin receptor [43]. The involvement of MRAP2 in the control of food intake is confirmed by the fact that mice in which MRAP2 is reduced develop severe early-onset obesity [46].



In vitro experiments showed that stimulation with PK2 induces a significant increase of MRAP2 expression in hypothalamic explants and in adipocytes, demonstrating an involvement of the prokineticin system in the regulation of MRAP in both central and peripheral tissues involved in the control of food intake.



In addition, MRAP2 has been shown to bind PKRs and regulate their plasmatic membrane localization and signal transduction [44].



Direct mutagenesis experiments have shown that glycosylation at position 27 is essential for PKR2 transport at the plasma membrane and that this posttranslational modification is not evident in the presence of MRAP2 [47]. MRAP2 binds the glycosylation sites in the N-terminal region of PKR2, reducing glycosylation of the receptor and thus its proper localization in the plasma membrane [48]. The C-terminal domain of MRAP2 is the most important domain for regulating GPCRs but little is known about its structure, although there is evidence that it contains a disordered secondary structure.



The hypothesis formulated to explain the ability of MRAP2 to interact with multiple protein partners is that the C-terminal region of MRAP2 adopts a more fixed structure only after binding to different GPCRs [45]. Biochemical dissection of the C-terminal MRAP2 domain allowed us to distinguish two distinct parts involved in modulating PKR2 function. One part, encompassing the region from amino acid position 76 to 141, is important for both transport and signal transduction, while the other part, encompassing the region from amino acid position 141 to 205, is important only for signal transduction [49]. In addition, the MRAP2-specific region critical for interaction with PKR2 and for the formation of MRAP2 dimers was identified and characterized; this region extends from amino acid position 78 to 131 [48]. Arginine, at position 125, was shown to play a critical role in protein conformation, dimer formation, PKR2 binding, and metabolic function. The fundamental role of this residue in MRAP2 function is confirmed by evidence that the substitution of the amino acid residue by histidine (R125H) or cysteine (R125C) is found in human patients with extreme obesity [50].




4. Proteins That Modulate Ligand Binding of PKRs


Anosmin-1 has been shown to modulate the binding of PK2 to PKR2 [51,52].



Anosmin-1, encoded by the KAL1 gene, is a glycoprotein of the extracellular matrix, a cell adhesion protein that shows a high degree of sequence identity in different species. Biochemical analysis of anosmin-1 identified six domains that the protein requires to bind its various partners and exert its biological effects: a cysteine-rich region (CR domain), an acid-like domain (WAP), four consecutive fibronectin-type domains III (FNIII), and a C-terminal region characterized by a high number of basic amino acid residues and prolines. The WAP domain is present in protease inhibitors and plays a role in neuronal genesis and migration. FNIII domains are contained in proteins such as tyrosine kinases and phosphatases, which are involved in cell adhesion, neuronal migration, and axon guidance. It also contains five potential heparan sulphate binding sites and six N-glycosylation sites. Anosmin-1 protein is present from embryonic development to adulthood and is highly expressed in the central nervous system as well as in the inner ear, kidney, testes, skin, and vascular endothelial cells [53].



Anosmin-1, PK2, and PKR2 are involved in the pathogenesis of Kallmann syndrome (KS). It is a genetic disease that manifests with hypogonadism and anosmia and is characterized by the involvement of numerous genes that determine several models of genetic inheritance. The pathology is caused by the disruption of the neuronal migration pathway shared by gonadotropin-releasing hormone (GnRH) neurons and olfactory neurons during embryonic development.



Currently, more than twenty pathogenic genes are associated with KS, six of which are relatively common: KAL1 (or ANOS1, the gene responsible for the X-linked form of KS, which encodes anosmin), FGFR1, CHD7, FGF8, PKR2, and PK2, which are involved in the autosomal transmission of KS [54,55].



In mice, PKR2 is widely distributed in the central nervous system, especially from the nuclei of the olfactory bulb to the brainstem [56]. Mutations in the Prok2 or Prokr2 genes lead to impaired development of the olfactory bulb and impaired migration of gonadotropin-releasing hormone (GnRH) neurons, resulting in reproductive organ atrophy and infertility [44,45].



These findings made PK2/PKR2 signaling deficits in mice a relevant preclinical model for KS, a combination of hypogonadotropic hypogonadism (HH) and a diminished (hyposmia) or absent (anosmia) sense of smell [57,58].



Anosmin directly interacts with the N-tail and extracellular loops 2 (ECL2) and 3 (ECL3) of PKR2 and plays a modulatory role in PKR2 function [51,52].



The binding of truncated anosmin to PKR2 enhances PK2-induced activation of the ERK1/2 (extracellular signal-regulated kinase 1/2) pathway [52].




5. Protein That Mediates Receptor Desensitization


Arrestin are a family of four homologous proteins consisting of two visual and two non-visual members (β-Arrestin 1 and β-Arrestin 2) that are ubiquitously expressed in most vertebrates and bind and regulate the activity of several hundred GPCRs. Once bound to a GPCR, arrestins exert at least three functions: (i) desensitization; they prevent further coupling of the receptor to G proteins, (ii) activation of transduction signals; they act as scaffolds for a variety of proteins involved in signaling pathways, such as mitogen-activated protein kinase cascades, Src family tyrosine kinases, and E3 ubiquitin ligases, (iii) internalization of the receptor; they facilitate the compartmentalization of the receptor in endosomes [59].



After ligand binding, an active GPCR is phosphorylated by one or more specialized GPCR kinases (GRKs), and the phosphorylated GPCR is then able to bind arrestins. Arrestins are elongated molecules consisting of two domains, commonly referred to as N- and C-domains. Remarkably, all four vertebrate arrestins have very similar structures in their basal conformation and bind to activated GPCRs in two different ways [59]. The first type of interaction involves the interaction of arrestin with the phosphorylated C-terminal region of GPCRs [60]. In the other, the finger loop region of arrestin is inserted into the cytoplasmic cavity formed by the transmembrane core of the GPCR, resulting in a high-affinity β-arrestin/GPCR complex [60]. The binding of arrestin to the activated form of phosphorylated receptors sterically prevents the coupling of G-proteins, resulting in the desensitization of the receptors [59].



The activation of PKR2 induces the recruitment of β-arrestin, as demonstrated in the bioluminescence resonance energy transfer (BRET) assay by fusing PKR2 C-terminally with yellow fluorescent protein (YFP) and by fusing β-arrestin with Rluciferase (Rluc). The BRET signal obtained was lower than that measured for other receptors such as PAR1 or V2R, suggesting that the interaction of PKR2 with arrestin is less efficient [61].



The interaction between PKR2 and β-arrestin is specific as the BRET ratio increases hyperbolically with the increase in BRET acceptor concentration [62]. Using BRET, it was possible to assess the binding of PKRs with the two isoforms of β-arrestin. These were made fluorescent and then transfected into HEK293 cells and into fibroblasts of knock-out mice for both isoforms to study binding to PKRs in the absence of endogenous β-arrestins. The results obtained show that both receptors, PKR1 and PKR2, are able to form complexes with β-arrestin 2 but not with β-arrestin 1 [61], although there is conflicting information in the literature about this PKRs/arrestin interaction. Conflicting results were obtained in another study using the BRET method in HEK293 cells. In this case, PKR2 was found to interact with the two β-arrestin isoforms with the same affinity but with a lower binding strength than other GPCRs [62]. Another study using the same cell line showed that PKR1 and PKR2 are unable to recruit β-arrestin 1 and β-arrestin 2 to the plasma membrane [63]. The ability of PKR2 to bind β-arrestin was also investigated in nine Kallman PKR2 mutants. No mutations significantly affected targeting to the cell surface for arrestin recruitment; however, only substituting arginine at position 80 in cysteine resulted in a complete absence of binding to arrestin [62].




6. Protein-Mediating Endocytosis of Receptors


Cells are protected from prolonged or repeated agonistic stimulation of GPCRs by the endocytosis of receptors from the cell membrane [64]. Clathrin-mediated endocytosis, using clathrin-coated cavities, is the predominant pathway of GPCR endocytosis in mammalian cells. Once internalized, the receptors can be recycled at the membrane or degraded at the lysosomal level.



In many cases, arrestin binds ligand-activated GPCRs by interacting with adaptor protein-2 (AP-2) on clathrin-coated pits. The binding of arrestins to GPCRs triggers a conformational change to reach the active conformation. In this process, the two arrestin domains are twisted in relation to each other and the C-terminus of arrestin is released, making the arrestin-binding site, the RXR-binding motif, accessible to adaptor protein 2 (AP-2). In addition to the role of AP-2 in arrestin-mediated endocytosis, sometimes a specific subunit of AP-2, m2-adaptin, can bind directly to the intracellular loops or to the carboxy tail of GPCRs, facilitating clathrin-mediated endocytosis in a manner independent of arrestins. GRKs, which are serine/threonine kinases that play a fundamental role in the binding of arrestin to GPCRs, are also involved in facilitating the binding of AP2 to the GPCR in the absence of arrestin. There are several pathways of internalization that depend on GRK phosphorylation but are independent of arrestin. This is the case for PKR2 endocytosis after PK2 binding, which has been shown to depend on GRK2 and clathrin but is independent of β-arrestin [64]. PKR2 trafficking is also regulated by interaction with snapin. Snapin, a binding protein of SNAP-25, stabilizes the SNARE complex formation, performing important facilitatory functions in synaptic transmission and hormone secretion. Indeed, snapin knock-down mice show impaired pre-synaptic vesicle fusion and release and hormone secretion. Snapin has been reported to promote lysosome biogenesis and the transport of endocytosed material toward lysosomes in non-neuronal cells, thus promoting degradation processes [65]. Moreover, the ability of snapin to interact with multiple partners, including the ryanodine receptor, aquaporins, TRPV1 and TRPC6 receptors, and the α1-subunit of the Cav1.3-Ca2+ channel, suggests several potential functions [65,66].



Recently, snapin was also shown to interact with GPCR, particularly the α1A-adrenoceptor [67] and PKR2 [68]. Yeast two-hybrid screening, GST pull-down, and co-immunoprecipitation studies revealed the interaction of snapin with PKR2 C-terminal (from amino acids 333 to 384) through two similar motifs characterized by two aromatic amino acids followed by a basic amino acid. The interaction between snapin and PKR2 does not affect PKR2 activation but induces its degradation upon ligand binding, suggesting a role for snapin in PKR2 transport [68].




7. Glycosaminoglycans and Their Interaction with Proteins


Glycosaminoglycans (GAGs) are linear complex carbohydrates with a molecular weight of 10–100 kDa that regulate many biological functions through interaction with various accessory proteins. Glycosaminoglycans are divided into nonsulfated (hyaluronic acid, HA) and sulfated (chondroitin sulphate CS, dermatan sulphate DS, keratan sulphate KS, heparin and heparan sulphate HS) and consist of disaccharide repeating units composed of uronic acid (D-glucoronic acid or L-iduronic acid) and amino sugars (D-galactosamine or D-glucosamine).



With the exception of HA, the simplest of the nonsulfated GAGs, all GAG chains in mammals are covalently bound to a core protein to form a proteoglycan, which is then incorporated into the plasma membrane.



The sulfated GAGs heparin and heparan sulphate, called glucosaminoglycans because they contain glucosamine, bind a variety of nuclear proteins to form HSPGs, (Heparan Sulfate Proteoglycans) which are the major components of the ECM (Extracellular Matrix) in mammals [69].



Proteoglycans include growth factors, antithrombin, cell adhesion molecules, cytokines, and chemokines. PK1, also known as EG-VEFG, has a consensus sequence specific for heparin binding (motif XBBXBX, where B stands for a basic amino acid) that allows it to bind with high affinity to heparin-Sepharose. EG-VEGF is a basic molecule with a pI of 8.6 that binds to heparin and can therefore be sequestered in the extracellular compartment in vivo [70,71]. This ability may be important for regulating its bioavailability and activity as has already been demonstrated for other angiogenic factors such as bFGF and VEGF. EG-VEGF is structurally unrelated to VEGF, but in certain cellular and tissue contexts, the functional activity of this molecule is indistinguishable from that of VEGF. In addition, PK2 and PK2β bind to heparin. PK2β binds with a higher affinity than PK2 because PK2L (the precursor of PK2β) has an additional region of 21 amino acids compared with PK2, that contains a heparin-binding protein consensus sequence. Heterologous yeast expression experiments have shown that heparin modulates PK2β activity on PKR1 [15] (Table 1).




8. Conclusions


Several proteins, like accessory proteins, have been identified as regulators of GPCRs capable of modulating receptor transport, signal transduction, and ligand specificity [72].



Protein–protein interactions (PPIs), defined as physical connections between proteins and their partners, play a central role in life processes. Interactions are a series of finely tuned recognition events that take place on protein surfaces and may happen with a variable strength and specificity of binding.



Studies have shown that various pathologies such as neurodegenerative, infectious, and oncological diseases are also due to the presence of aberrant and dysfunctional protein–protein interactions. Therefore, PPIs play a central role among the new molecular targets for the development of new pharmacological treatments.



The development of compounds capable of modulating protein–protein interactions is an important goal of modern drug discovery. The identification of the peptide motifs present in the PPI interface allows the synthesis and development of small PPI inhibitory peptides. These are particularly effective for interacting with proteins that are not completely folded in their isolated state but achieve conformational stability when they form complexes with other partners. The data suggest that these types of drugs show a lower risk of developing resistance, representing a major challenge in areas such as oncology and infectious diseases.



The modulation of PPIs is an extremely promising strategy for new drug development. Some molecules have already been tested in clinical trials and others have been brought to market, opening up new perspectives for pharmaceutical research [73].
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Figure 1. Schematic representation of PKR2 topology. Created in BioRender.com. 
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Figure 2. Illustration of the synthesis and localization of prokineticin receptors. Created in BioRender.com. 
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Table 1. Accessory proteins that modulate PKRs.
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	Interacting Protein
	Functions
	PKR2 Site of Interaction
	References





	BiP
	ER quality control system
	ND
	[34]



	gp78
	ER qual