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ABSTRACT

DETECTION OF THE HOMO-OLIGOMERIZATION OF ADGRE2/EMR2
USING BRET AND FRET

Ogiitcii, Dilara
Master of Science, Biology
Supervisor : Assoc. Prof. Dr. Cagdas Devrim Son
Co-Supervisor: Dr. Orkun Cevheroglu

June 2023, 95 pages

G protein-coupled receptors (GPCRs) mediate a large variety of cellular responses
and are the largest family of membrane-bound receptors. GPCRs are known to form
homo- and/or hetero- oligomeric complexes in live cells. These complexes affect
receptor maturation, trafficking, and signaling. Adhesion G protein-coupled
receptors (aGPCRs), is the second largest sub-family of GPCRs in mammals. It is
known that they interact with extracellular matrix proteins and ligands on the cell
surface that plays a role in tissue and organ development. Nevertheless, it is not fully
understood whether aGPCRs form oligomeric structures. In the current study, a
member of the aGPCRs, ADGRE?2 / EMR2, and one of its isoforms ADGRE2(125)
/ EMR2(125) were tagged with fluorescent or bioluminescent proteins to study
homo-oligomerization using BRET and FRET. ADGRE2 is mostly expressed in the
immune cells, and its expression is highly controlled during monocyte/macrophage
differentiation. Moreover, ADGRE2 is related to an autosomal dominant disease
called vibratory urticaria. Patients suffer from erythema and edema on their skin
because of mechanical stimuli. However, the function of this receptor is not well-
understood. Since dimerization and oligomerization can be important in the

trafficking of many GPCRs, understanding if these GPCRs oligomerize could help



us study their unknown functions with ease. This study indicates that ADGRE?2 and
ADGREZ2(125) isoforms tend to be found in different oligomeric states in the plasma
membrane. Therefore, our findings are indications of the role of extracellular
domains on ADGRE2/EMR2 homo-oligomerization. The results of this study will

help us to investigate further the effect of receptor oligomerization on physiology.

Keywords: Adhesion GPCR, ADGRE2, EMR2, BRET, FRET
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0z

ADGRE2/EMR2 RESEPTORUNUN HOMO-OLIiGOMERIZASYONUNUN
BRET VE FRET YONTEMLERI KULLANILARAK BELIRLENMESI

Ogiitcii, Dilara
Yiiksek Lisans, Biyoloji
Tez Yoneticisi: Dog. Dr. Cagdas Devrim Son
Ortak Tez Yoneticisi: Dr. Orkun Cevheroglu

Haziran 2023, 95 sayfa

G proteine kenetli reseptorler (GPKR'ler), zara bagl reseptorlerde en biiyiik ailedir
ve ¢esitli hiicresel tepkileri diizenler. GPKR'lerin canli hiicrelerde homo- ve/veya
hetero-oligomerik kompleksler olusturdugu bilinmektedir. Bu kompleksler
reseptoOriin olgunlagmasini, trafigini ve sinyallesmeyi etkiler. Adhezyon G proteinine
kenetli reseptorler (aGPKR'ler), memelilerde GPKR'lerin ikinci en biiyiik alt
ailesidir. Doku ve organ gelisiminde rol oynayan hiicre yiizeyindeki hiicre dis1
matriks proteinleri ve ligandlarla etkilesime girdikleri bilinmektedir. Bununla
birlikte, aGPKR'lerin oligomerik yap1 olusturup olusturmadigi tam olarak
anlasilamamistir. Mevcut calismada, aGPKR'lerin bir {iyesi olan ADGRE2/EMR2
ve bunun izoformlarindan biri olan ADGRE2(125)/EMR2(125) reseptorleri, BRET
ve FRET kullanilarak homo-oligomerizasyonu incelemek i¢in floresan veya
biyoliiminesan proteinlerle isaretlendi. ADGRE2 ¢ogunlukla bagisiklik hiicrelerinde
eksprese edilir ve ekspresyonu, monosit/makrofaj farklilagsmasi sirasinda ytiksek
oranda kontrol edilir. Ayrica, ADGRE2, vibratuar tirtiker (titresime bagli kurdesen)
ad1 verilen otozomal dominant bir hastalik ile iligkilidir. Hastalar mekanik uyaran
nedeniyle ciltlerinde kizariklik ve 6dem yasarlar. Bununla birlikte, bu reseptoriin

hiicre i¢i islevi tam olarak anlagilamamistir. Dimerizasyon ve oligomerizasyon,

vii



bircok GPKR’nin trafigi ve fonksiyonu i¢in O6nemli oldugundan GPKR’lerin
dimerize ya da oligomerize olup olmadigini anlamak, bilinmeyen fonksiyonlarini
anlamamiza yardimci olabilir. Bu g¢alisma, ADGRE2 ve ADGRE2(125)
izoformlarinin, plazma zarinda farkli oligomerik durumda bulunma egiliminde
oldugunu gostermektedir. Bu nedenle, hiicre disinda bulunan bdlgenin
ADGRE2/EMR2 homo-oligomerizasyonu {izerinde bir etkisi olabilir. Bu bulgular,
reseptor oligomerizasyonunun fizyoloji lizerindeki etkisini daha fazla arastirmamiza

yardimc1 olacaktir.

Anahtar Kelimeler: Adezyon GPKR, ADGRE2, EMR2, BRET, FRET
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CHAPTER 1

INTRODUCTION

1.1 G-Protein Coupled Receptors (GPCRs)

G protein-coupled receptors (GPCRs) are the largest family of membrane-bound
receptors that mediate a large variety of cellular responses. Receptor activation can
occur via neurotransmitters, hormones, ions, photons even mechanical stimuli that
initiate different signal cascades in the cell. GPCRs contain seven transmembrane
helices (7-TM), an extracellular amino terminus (N-terminus), and an intracellular
carboxyl terminus (C-terminus) (Magalhaes et al., 2012). Functional problems in
GPCRs can have dramatic consequences for the human body and cause severe
diseases like obesity, cancer, cardiovascular disease, atherosclerosis, Alzheimer’s
disease, and Parkinson's disease (Haak et al., 2020; Heng et al., 2013). More than
40% of prescribed drugs target GPCRs hence putting this protein superfamily under
the spotlight of the pharmaceutical industry (Gurevich & Gurevich, 2008).

In classical GPCR signaling, three main protein families play important roles which
are G-proteins, GPCR kinases (GRKSs), and arrestins. The activation of GPCRs
through their ligands causes a structural change, that leads to the activation of the
heterotrimeric G proteins and initiates a signaling cascade inside the cell. The
heterotrimeric G protein complex is composed of three subunits: Gq, Gg, and G,. In
the inactive form, GDP bound G, is associated with the Gg, dimer. Receptor
activation facilitates the exchange of GDP to GTP in the G, subunit leading to the
dissociation of Gg, from the heterotrimeric complex. Both G, and Gg, subunits can
activate different effector proteins in various signaling cascades. Gg, protein can

recruit GRKs that phosphorylate serine and threonine residues of GPCR C-termini



as well as the intracellular loop 3 (ICL-3). Arrestins bind active phosphorylated
GPCRs and play roles in receptor desensitization and internalization (Gurevich &
Gurevich, 2014) (Hilger et al., 2018).

Over the last years, the non-canonical signal transduction of GPCRs started to get
more and more attention in the field. This entails a potential to understand so far
unknown cellular responses of GPCRs and help scientists to explain the signaling
pathways of certain GPCRs (Figure 1.1). One example would be the signaling
through GPCR-bound arrestin proteins. Activated GPCRs are phosphorylated by
GRKSs after decoupling with Gg, and initiate arrestin-mediated signaling. Arrestins
were found to regulate Src family kinases (SFKs)(Luttrell et al., 1999; McGarrigle
& Huang, 2007; Smith & Pack, 2021). Arrestin can couple to Src kinases or mitogen-
activated protein kinases (MAPKSs) that mediate ERK signaling (Magalhaes et al.,
2012; Smith & Rajagopal, 2016). Src family kinases are generally activated by
growth factor receptor tyrosine kinases. However, numerous studies showed that
some GPCRs and SFKs can interact, but the mechanism is still not well
characterized. It was shown that this interaction can occur through arrestins, G
proteins, or direct binding (Berndt & Liebscher, 2021). Arrestin-mediated Src
activation in GPCRs occurs between the SH3 domain of SFKs and the polyproline
motif (PXXP) of arrestin and was first shown in beta-2 adrenergic receptor (B2AR)
(Luttrell et al., 1999). This activation was also shown for dopamine 1 (DRD1) and
dopamine 2 (DRD2) receptors (Kaya et al., 2020; Yang et al., 2003). As mentioned
earlier, heterotrimeric G proteins dissociate during signaling. In some signaling
cascades, SFKs can be activated by either G, or Gg, subunits (Berndt & Liebscher,
2021). For example, the signaling cascade of Bradykinin receptor (B1R) receptor
includes Gqi and Src (Yu et al., 2013). Other than these mechanisms, SFKs can
directly interact with GPCRs on their intracellular loops or C-tail, but these
mechanisms are not well-understood. Because of the polyproline motif, various
SFKSs can regulate signaling in GPCRs. Of 825 human GPCRs, 72 were reported to

contain polyproline SH3 binding motifs, which are mostly found in intracellular



domains like the intracellular loop 2, intracellular loop 3, and C-tail (Yang et al.,
2018). The dopamine D4 receptor (DRD4) contains polyproline motifs and was
shown to direct Src kinase binding (Oldenhof et al., 1998). However, it still remains
to be answered whether there are additional scaffold or adaptor proteins needed
(Berndt & Liebscher, 2021). SFKs play roles in cell proliferation, differentiation,
survival, migration, and metabolism. Moreover, SFKs expression increases in some
malignancies such as brain, breast, colon, lung, and pancreatic carcinomas.
Therefore, resolving the mechanism between GPCRs would be a potential drug

target and a crucial link for cancer treatment.
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Figure 1.1 Overview of GPCR signaling. Taken from (Hilger et al., 2018)

1.2 Classification of GPCRs

The old classification of GPCRs is the A-F system which is based on the receptors’
amino acid sequence similarities (Hu et al., 2017). This classification is composed
of six classes that include both vertebrates and invertebrates. Class A is known as
the rhodopsin-like family, which constitutes the largest group of GPCRs. Class B is
the secretin receptor family that contains around 70 receptors. Class C is the



metabotropic glutamate family. Class D contains fungal mating pheromone receptors
and class E contains cAMP receptors and class F includes frizzled/smoothened
receptors. A more recent GPCR classification is called “GRAFS” and it is based on
phylogenetic analysis (Schith & Fredriksson, 2005). This classification divides
GPCRS into five distinct families, which are Glutamate, Rhodopsin, Adhesion,
Frizzled/taste2, and Secretin (Schioth & Fredriksson, 2005). One significant
difference between the A-F classification and GRAFS is the adhesion family. In the
former classification aGPCRs are included as a subclass of the secretin family,
however in the latter one aGPCRs constitute a new family of receptors. At this point,
it is noteworthy to mention that evolutionary analysis of metazoan GPCRs showed
that the secretin family have diverged from the aGPCRs. Therefore, adhesions and
secretins are classified as two separate families in the GRAFS system (Hamann et
al., 2015).

1.3 Overview of Adhesion GPCRs

The adhesion GPCR (aGPCRs) family contains 33 receptors and constitutes the
second-largest GPCR superfamily in humans. Moreover, almost all receptors in this
family have many splice variants that increase their structural variety (Liebscher et
al., 2021). Adhesion GPCRs have crucial functions in the body, such as brain
development, Schwann cell myelination, central nervous system angiogenesis, and
tumorigenesis. Moreover, some receptors are related to diseases (Ara¢ & Leon,
2020). Three members so far are shown to involve in monogenic diseases. Several
mutations in GPR56/ADGRG1 associated with bilateral frontoparietal
polymicrogyria (BFPP) disease, a severe brain abnormality (Piao et al., 2004).
Mutation on VLGR1/ADGRV1 receptor identified in patients who suffer from Usher
syndrome type Il (Weston et al., 2004). A missense substitution on EMR2/ADGRE?2
receptor is associated with autosomal dominant vibratory urticaria (Boyden et al.,
2016). Although aGPCRs have been studied much more intensely over the last years,
the function of aGPCRs are not well-defined in terms of human physiology.



Therefore, understanding their working mechanism is essential to understand their

function in the body.

1.3.1 Classification of Adhesion GPCRs

Adhesion GPCRs are evolutionarily highly conserved and found in vertebrates and
primitive animals. Also, some parts of their extracellular regions are found in fungi
and some unicellular eukaryotes (Langenhan, 2013; Liebscher et al., 2021). Human
aGPCRs are divided into nine subfamilies based on the similarity of their
extracellular and 7-TM domains (Figure 1.2) (Gupta et al., 2023).
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Figure 1.2 Nine subfamilies of adhesion GPCRs. Taken from (Liebscher et al.,
2021)

1.3.2 Structure of Adhesion GPCRs

Adhesion GPCRs consist of three main domains, which are extracellular region
(ECR), 7-transmembrane domain (7-TM), and intracellular region (ICR). Adhesion
GPCRs have longer ECR than the other GPCRs and contain different functional
subdomains that vary in each receptor. ECR mediates cell-cell, cell-matrix, and
ligand interaction. aGPCRs contain the GPCR autoproteolysis inducing (GAIN)
domain except for ADGRAL. The GAIN domain contains the GPCR proteolysis site
(GPS), which is highly conserved in the aGPCR family. GPS motif facilitates

autoproteolysis of most aGPCRs. This results in non-covalently bound fragments



which are N-terminal fragment (NTF) and C-terminal fragment (CTF) (Arag et al.,
2012; Arag¢ & Leon, 2020; Vizurraga et al., 2020).

The crystal structure of the GAIN domain indicates that it has two subunits. These
are subdomain A (GAINa) which contains 6 a-helices and subdomain B (GAINB),
consisting of a B-sandwich of 13 B-strands and 2 small a-helices (Arag et al., 2012).
GPS motif was identified as a “mucin-like stalk” which contains long Ser/Thr-rich
regions (Fredriksson et al., 2002). Later, crystal structure showed that the GPS motif
is located in the last 5 B-strands of GAINg, and receptor cleavage occurs in the last
two B-strands (Arag et al., 2012). Moreover, in the GAIN domain, a highly conserved
sequence which is called “stalk” or “Stachel” is found between the cleavage site and
transmembrane domains. Recently, cryo-EM studies on aGPCRs indicated that
hydrophobic motifs in Stachel sequence interact with 7-TM binding pocket (Barros-
Alvarez et al., 2022; Ping et al., 2022; Qu et al., 2022; Xiao et al., 2022). Stachel
sequence act as an internal agonist and is involved in receptor activation (Liebscher
etal., 2014).

The GPS motif contains a tripeptide cleavage sequence and mostly starts with His
residue and continues with Leu/lle or Ser/Thr. GPS proteolysis occurs between
Leu/lle and Ser/Thr (HL/ILS/T) (Nieberler et al., 2016) (Lin et al., 2010). It was
shown that GPS cleavage occurs in the endoplasmic reticulum (ER) before transport
to the plasma membrane (PM) (Hsiao et al., 2009). Hydrolytic enzymes called N-
terminal nucleophile hydrolases (Ntn-hydrolases) are involved in this reaction. The
basic residue (His) at the P2 position of the cleavage site removes a hydrogen from
the polar residue (Ser/Thr) at the P*! position. This reaction continues with a cis-
nucleophilic attack to P Leu/1le residue, which generates a tetrahedral intermediate.
Via N-O acyl shift reaction, the tetrahedral intermediate becomes an ester
intermediate. Finally, hydrolysis occurs on the ester intermediate and cleaves the

ester bond, resulting into two fragments of the receptor (Lin et al., 2004).



1.3.3 Activation and Signaling of Adhesion GPCRs

As described in the first section, GPCR activation and signal transduction depend on
stimuli and conformation changes. However, various activation mechanisms are
proposed because of the unique NTF feature of the aGPCR family. These activation
mechanisms are called “Stachel-dependent” and “Stachel-independent” mechanisms
(Kishore et al., 2016; Liebscher & Schoneberg, 2016; Vizurraga et al., 2020) (Figure
1.3).

NTEF-CTF dissociation-dependent mode
(GPS proteolysis-dependent)

; :
1 l

NTE-CTF dissociation-independent mode
(GPS proteolysis-dependent or -independent)

Mechanical force

+/- ligand +/- ligand

Signaling

Signaling

Figure 1.3 Stachel-dependent and Stachel-independent mechanisms. In the figure,
the Stachel-dependent mechanism is given as NTF-CTF dissociation-dependent
mode. The stachel-independent mechanism is given as NTF-CTF dissociation-
independent mode (Lin et al., 2022)

The Stachel-dependent activation model depends on the Stachel sequence, which is
also called stalk or tethered agonist. In this model, NTF dissociates from the CTF,

Stachel sequence binds the 7-TM pocket and activates the receptor. Early studies



showed that systematic truncation of the NTF of BAI2/ADGRB2,
GPR56/ADGRGL1, and CD97/ADGRES receptors gave increased receptor activation
(Okajima et al., 2010; Paavola et al., 2011; Ward et al., 2011; Yang et al., 2011).
Cleavage of the Stachel sequence in GPR64/ADGRG2, GPR126/ADGRGS6, and
GPR133/ADGRD1 resulted in significantly lowered receptor activity (Azimzadeh et
al., 2019; Liebscher et al., 2014). Moreover, Stachel-less GPR126/ADGRG6 and
GPR133/ADGRDL1 receptors have lowered basal activity however these mutants

were activated by the addition of solubilized Stachel peptide (Liebscher et al., 2014).

In the Stachel-independent activation model, NTF does not dissociate from the CTF,
and 7-TM conformational change occurs through ligand binding on the NTF. It is
known that cleavage from GPS does not occur in some of the members of the aGPCR
family, which are CELSR1/ADGRC1, GPR124/ADGRA2, GPR125/ADGRAS,
GPR111/ADGRF2, GPR115/ADGRF4 (Formstone et al., 2010; Promel, Waller-
Evans, et al., 2012; Vallon & Essler, 2006). Moreover, for the GPR56/ADGRGL,
cleavage of the GAIN domain was shown not to be necessary for signaling (REF).
The cleavage-deficient mutant also showed signaling activity in NFAT and -
arrestin recruitment but reduced signaling in the SRF pathway (Kishore et al., 2016).

Therefore, different activation mechanisms affect the signaling cascade in the cell.

On the other hand, mechanical forces could be perceived by GPCRs (Scholz et al.,
2016). Previous studies indicated that some of the aGPCRs are activated by
mechanical force, and this activation could be either Stachel-dependent” or “Stachel-
independent” mechanisms. Even mechanosensitive activation could depend on the
existence of a ligand (Lin et al., 2022). So far, mechanosensitive activation has been
shown in seven adhesion GPCRs which are EMR2/ADGRE2, CD97/ADGRES5,
GPR56/ADGRG1, GPR114/ADGRG5, GPR126/ADGRG6, LPHN1/ADGRLI,
VLGR1/ADGRV1. These receptors give responses to different types of mechanical



stimulations such as vibration, shear stress, mechano-signal, touch, stretch, and
sound (Boyden et al., 2016; Karpus et al., 2013; Sarah et al., 2015; Scholz et al.,
2015; Wilde et al., 2016; Yeung et al., 2020; Zhu et al., 2019). The signaling
mechanism for the mechanosensitive activation in cleavable aGPCRs involves the
removal of the receptor NTF upon mechanical stimulation which leads to Stachel 7-
TM interactions and signaling starts. In this case, ligands also can involve in the
activation. On the contrary, the signaling mechanism for the mechanosensitive
activation in cleavage-deficient aGPCRs such as GPR114/ADGRG5, mechanical
stimulation cause to conformation change and Stachel interact with 7-TM of the
receptor (Wilde et al., 2016).

1.34 Overview of ADGRE2/EMR2

ADGRE?2, also known as EMR2, is a member of the ADGRE sub-family, which is
expressed on neutrophils, macrophages, monocytes, dendritic cells, and the surface
of lung mast cells, not granulocytes (Boyden et al., 2016; Safaee et al., 2014).
Expression of ADGRE2 is highly controlled during the differentiation of
monocyte/macrophage (Chang et al., 2007). It is found on chromosome 19p13.1
with ADGRE3 and ADGRE5 (Gordon et al., 2004). ADGRE?2 has five different
alternatively spliced isoforms that have a different number of EGF-like motifs. These
are ADGRE2(EGF1,2), ADGRE2 (EGF1,2,5), ADGRE2 (EGF1,2,3,5), and
ADGRE2(EGF1-5) (Lin et al., 2000) (Figure 1.4). Although these isoforms were
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identified two decades ago, their individual functions are still unknown.

ADGRE2(1-5) ADGRE2(1235) ADGRE2(125) ADGRE2(12)

Figure 1.4 ADGREZ2 isoforms. (Created using BioRender.com.)

ADGRE2 consists of five tandem EGF-like domains, GAIN domain with a GPS
cleavage site, 7-TM, and C-terminal. As described in the structure section, ADGRE?2
also undergoes autocatalytic cleavage between Leu-517 and Ser-518 residues.
However, two different H516S and S518A mutations prevent receptor autocatalytic
cleavage (Lin etal., 2004). Receptor function depends on the cleavage from the GPS,
which generates two different receptor subpopulations in the PM. One type of
receptor subpopulation is a non-covalently bound NTF-CTF receptor; the other one
is the NTF and CTF of the receptor are located at the different parts of the membrane
raft microdomains. The CTF part is mainly located in raft fraction; however, the non-
covalently bound full-length and the NTF part of the receptor is located mainly in
non-raft regions. Ligand interaction with NTF of the receptor causes a translocation,
and NTF interacts with CTF. In this case, proinflammatory cytokine production
increases in human monocytes/macrophages. On the other hand, ligand binding to
the NTF of the non-covalently bound full-length receptor could start a signaling
cascade via 7-TM (Huang et al., 2012).
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During receptor trafficking, membrane association of the receptor occurs in post-ER
compartments; hence, the association of NTF of the receptor is controlled by post-
translational processing. NTF-CTF membrane association of the ADGRE2 relies on
N-glycosylation. An amphipathic helix (AH) has recently been identified in the
GAIN domain. Mutation on the AH affects the membrane location of the receptor.
Two of the N-glycosylation sites are close to AH; therefore, it is suggested that these
N-glycosylation have a role in the ADGRE2-NTF membrane association (Huang et
al., 2018). Another factor that affects the membrane localization of the receptor is
the co-expression of ADGRE2(125)-AS and ADGRE?2(125) at full length.
Alternative splicing occurs in the Stachel in ADGRE2(125)-AS receptor which is
pooled from human leukocytes. Co-expression of both isoforms downregulates the
surface expression of the full-length ADGRE2(125) in the cell (Davies et al., 2007).

As we know from GPCR literature oligomerization can affect receptor trafficking
and signaling. Many GPCRs are found as homo-oligomers or hetero-oligomers
(Bouvier, 2001; Maurice et al., 2011). It was shown that ADGRE2(125) isoform
forms homodimers mediated by 7-TM (Davies et al., 2007). However, the activation
and signaling cascade of ADGRE?2 is not well defined. Until now, two ligands and a
monoclonal antibody have been identified for activating this receptor which are
chondroitin sulfate B, FHR1, and 2A1 monoclonal antibody. However, the canonical
signaling pathways are known only for FHIR and 2A1 ligands. (Irmscher et al.,
2019; Rosa et al., 2021; Yona et al., 2008).

A study showed that in the absence of ligands, N-terminally truncated ADGREZ2 is
coupled with Gaijo, Gas, Gag, and Gai2/13 families in the yeast reporter assay. When
ADGRE?2 is induced with pertussis toxin (PTX) in the HEK293 cells, it inhibits
cAMP levels (Bhudia et al., 2020). PTX is widely used for the characterization of
heterotrimeric G-protein signalings, such as Gq, G12 families, and G; from the G;
family. Nevertheless, PTX has a different effect on these G protein families. For
example, if the receptor interacts with Gq, calcium levels increase. Also, the

interaction between receptor and Gio during PTX stimulation affects cell growth. It
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is also shown that PTX inhibits CAMP via G; (Fields & Casey, 1997). Therefore,
ADGRE?2 is hypothesized to couple with G; in mammalian cells. Moreover, both
full-length and NTF truncated receptors showed a reduced cell growth than the
control, indicating no coupling between receptor and Gi2. Moreover, the NFAT
activity indicated that there is activation via Gqi6 in the NTF-truncated ADGREZ2.
(Bhudia et al., 2020). Receptor activation might be related to Stachel-dependent
activation (described in section (1.3.3)); however, EMR2-derived Stachel peptide
does not stimulate the receptor assessed by the NFAT downstream pathway (Bhudia
et al., 2020).

ADGRE? plays a role in cellular signaling in the immune system. Inflammasome
activation is crucial for the innate immune system such as microbial infection and
tissue injury, but also dysregulated inflammasome activities could cause
autoimmune, autoinflammatory, and metabolic disorders (Lamkanfi & Dixit, 2012;
Strowig et al., 2012). ADGREZ2 is related to neutrophil function and autoimmune
diseases (Safaee et al., 2014). It is found that ADGRE?2 interaction with a regulatory
protein of complement Factor H (FH1) activates NLRP3 inflammasome in
monocytes via Gg,-dependent PLC signaling pathway (Irmscher et al., 2019).
Moreover, 2A1 monoclonal antibody-induced ADGRE2 triggers NLRP3
inflammasome activation (2"%) signal via Gqi-dependent PLC-B activation and Ca®*
mobilization in THP-1 cells, which is a monocytic cell line (I et al., 2021). On the
other hand, inducing with 2A1 failed to activate ADGRE2 in HEK293 cells (Bhudia
et al., 2020). Therefore, activation of the receptor with 2A1 antibody possibly
depends on the cell line.

ADGRE?2 is related to an autosomal dominant disease called vibratory urticaria. A
missense substitution, the replacement of cysteine with tyrosine at position 492
(C492Y) in the receptor causes an immune response in these patients. Vibratory
urticaria patients suffer from erythema, edema, and pruritic hives because of
mechanical stimulation of the skin such as towel drying or cloth contact during

exercise. As an immune response, degranulation of mast cells occurs, and histamine
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levels increase in the serum (Boyden et al., 2016). It was reported that the expression
of C492Y mutant ADGREZ2 does not change in the cell; however, this substitution is
close to the cleavage site and causes destabilization between NTF and CTF. Hence,
NTF is not located in the cell surface after vibration, and degranulation is raised in
mast cells. Moreover, the same study showed that constitutively degranulation is
occurred in the NTF truncated ADGRE?2 receptor (Boyden et al., 2016).

It is known that several GPCR expression levels change in many cancer cells. They
are involved in growth, survival, metastasis, invasion, and migration (Gad &
Balenga, 2020). Transcriptome analysis and clinical data showed that ADGRE2 is
expressed in human neoplasms and many cancer types (Safaee et al., 2014).
ADGRE?Z? is highly expressed in acute myeloid leukemia (AML), breast cancer cells,
lungs, and glioblastoma (Feliciano et al., 2017; Lin, 2011; Maiga et al., 2016;
Rutkowski et al., 2011). In glioblastoma patients, survival correlates with the
expression level of ADGRE2. According to clinical data, high receptor expression
might be related to poor survival in those patients (Rutkowski et al., 2011). Clinical
studies also showed that ADGRE2 might be related to other diseases. Upregulation
of ADGREZ2 in T-cell dependent B-cell activation is measured in coronary artery

disease and pulmonary embolism (Lv et al., 2015; Yan et al., 2016).

1.4  Oligomerization of GPCRs

Over the years, the number of evidence is increased about GPCRs oligomerization.
GPCRs can interact as homo- and/or hetero-oligomers. This interaction impacts
maturation, signal transduction, and receptor internalization (Bouvier, 2001; Ng et
al., 2013). Receptor dimerization is studied chiefly in glutamate, rhodopsin, and
secretin families. (Bouvier, 2001; Milligan et al., 2019; Ng et al., 2013).
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One of the major studies on GABAg, a member of the metabotropic glutamate
family, indicates that receptor oligomerization affects membrane localization and
signal transduction (White et al., 1998). GABAg has two isoforms, GABAgR1
(GBR1) and GABAgR2 (GBR2). When only GBR1 is expressed in the cell, it is
found in the ER as an immature protein. On the other hand, only GBR2 is expressed
on the plasma membrane; however, it cannot bind the GABA ligand, which cannot
initiate signal transduction. However, when GBRL1 is co-expressed with GBR2, they
form dimers and are found as heterodimers on the plasma membrane. This
heterodimer acts as a functional GABAg receptor (Bouvier, 2001; Kuner et al.,
1999). The SCTR is the first identified secretin receptor as an oligomer using
resonance energy transfer (RET) methods, such as morphological FRET and BRET
(Ding et al., 2002; Harikumar et al., 2006; Ng et al., 2013). Transmembrane (TM)
IV of the SCTR contributes the homo-dimerization, and mutation on TM 1V disrupts
forming homo-dimerization which affects CAMP signaling in the cell (Harikumar et
al., 2007). A study on serotonin 5-HT2c receptor (5-HT2CR) which is a member of
the rhodopsin family indicates that there is a correlation between receptor density
and oligomeric state. When the receptor has a lower concentration, it is
predominantly found as a monomer; however, it is found in a higher oligomeric state
when the receptor concentration is high. Moreover, antagonists of this receptor
change the oligomerization state which is mostly found as monomers (Ward et al.,
2015). Another study on serotonin 5-HTa receptor forms functional hetero-dimeric
complex with the mGlu2 receptor in brain cortex; although these receptors belong to
different families. It is proposed that this hetero-dimeric complex might be related
to schizophrenia and psychosis diseases (Gonzalez-Maeso et al., 2008).

Besides these families, receptor oligomerization in the adhesion family is shown for
some  receptors. Lat-1 receptor, the C. elegans homolog of
Latrophilin/CIRL/LPHN/CL, is found to form dimer when induced with the ligand.
Moreover, biochemical studies on the ectodomain of lat-1 showed that it could be

found as a monomer and dimer; therefore, NTF might have a role in dimerization
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(Prémel, Frickenhaus, et al., 2012). On the other hand, a study on ADGRE2(125)
isoform indicated that according to co-IP studies on NTF, this isoform has no role in

homo-oligomerization, but 7-TM does (Davies et al., 2007).

1.5 Resonance Energy Transfer (RET)

As described in the previous sections, GPCRs interact with different proteins for
proper trafficking, signaling, maturation, and desensitization. Biochemical,
biophysical, computational, and X-ray crystallography approaches are used to

understand the mechanism that relies on these interactions (Guo et al., 2017).

Resonance energy transfer (RET) theory was defined by Theodor Forster in 1948. It
is a dipole-dipole non-radiative energy transfer from a donor molecule to an acceptor
molecule. During the excitation of a donor, the electron state is changed from the
ground state to the excited state. While the relaxation of the electron to the ground
state, energy is transferred to the acceptor molecule (Jones & Bradshaw, 2019)
(Figure 1.5). When the emission spectrum of the donor molecule and the excitation
spectrum of the acceptor molecule overlap, resonance energy transfer occurs.
Moreover, when the distance between donor and acceptor molecules is less than 100
A or 10 nm (1 A= 0.1 nm), energy transfer occurs, which indicates that there is a
specific interaction RET efficiency might be affected by distance or orientation of
the donor and acceptor molecules. Also, it depends on the overlap between the
emission spectrum of the donor molecule and the excitation spectrum of the acceptor
molecule (Kevin & Karin, 2005).
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Figure 1.5 Jablonski Diagram indicates the resonance energy transfer. Adapted
from Olympus-lifescience.com.

Stokes shift is the difference between the maximum wavelength of excitation and
emission of fluorophore (Figure 1.6). To resolve the energy transfer, the shift
between the donor's excitation and the acceptor's emission should be in a proper

range.
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Figure 1.6 Stokes shift. This shows the difference between maximum the excitation
and the emission wavelength of a fluorophore. Adapted from leica-
microsystems.com.

Resonance energy transfer can be applied to study protein-protein interaction since
RET can only occur when the distance of the molecules is smaller than 100 A. For
that purpose, different RET methods such as Forster Resonance Energy Transfer
(FRET) or Bioluminescence Resonance Energy Transfer (BRET) are widely used in
the research. In FRET, energy transfer can occur between two fluorophore
molecules. On the other hand, in BRET, the donor molecule can be an enzyme such
as luciferase. In this case, energy is released because of the oxidization of a suitable

substrate, and it transfers to a fluorescent acceptor molecule (Kevin & Karin, 2005).

1.6 Forster Resonance Energy Transfer (FRET)

The Forster Resonance Energy Transfer (FRET) method is widely used in protein
dynamics and protein-protein interaction such as receptor oligomerization since the
development of imaging systems. In this method, interested proteins are labeled with
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fluorescent molecules, one is the donor, and the other one is the acceptor. The donor
is excited by an external light source, and RET occurs as described in the previous
section (Wu & Jiang, 2022). The emission of donor and acceptor is detected and
analyzed to understand specific interactions between proteins. Moreover, as FRET
occurs when two fluorescent molecules are close to each other, it is suitable for the
detection of dynamic molecular events such as a conformational change in

macromolecules (Shrestha et al., 2015) (Figure 1.7).

Excitation

Distance <10 nm

Figure 1.7 Representation of FRET (Created using BioRender.com.).

Forster distance (Ro) is a distance where energy transfer between donor and acceptor
1s 50% efficient. According to Forster Theory, the energy transfer rate between the
donor and acceptor can be calculated as in the given equation [1] (Algar etal., 2019;
Kaur et al., 2020).
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In this equation [1], Rois the Forster distance, T IS the decay time of the donor
without acceptor presence and r is the distance between acceptor and donor. When
Ro is equal to r (Ro=r), the rate of energy transfer is equal to the decay of the donor
(1/7p). Therefore, the efficiency of RET is 50% (Algar et al., 2019; Kaur et al.,
2020).

According to Forster Theory, FRET efficiency can be calculated as in the given
equation [2] (Shrestha et al., 2015).
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FRET efficiency (Erret) indicates the proximity between the donor and acceptor. To
measure FRET, some conditions should be considered. Spectral overlap of the FRET
pair affects the Forster distance; therefore, the emission spectrum of the donor should
overlap with the excitation spectrum of the acceptor. The quantum yield of the donor
should be high in order to get a FRET signal. The orientation dipole moments, also
known as the orientation factor (x?), affect the rate of energy transfer. Finally, donor
and acceptor distance is the most important factor for FRET efficiency (Shrestha et
al., 2015).

Different fluorophores can be used for the FRET, such as organic dyes, carbostyril
derivatives, and fluorescent proteins (Kaur et al., 2020). Fluorescent proteins are
widely used in FRET experiments to understand the protein interaction with live cell
imaging. Over the years, these proteins are improved and as a result, the number of
fluorescent proteins is increased. CFP and YFP is still widely used FRET pair, but
this pair has a significant spectral overlap which causes high background. However,
nowadays, better FRET pairs can be selected according to their spectral properties
(Day & Davidson, 2012; Shrestha et al., 2015).
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1.7  Bioluminescence Resonance Energy Transfer (BRET)

Bioluminescence resonance energy transfer (BRET) is a biophysical technique to

detect protein-protein interaction in living cells (Pfleger & Eidne, 2003).

Bioluminescence has naturally occurred in some organisms, which are Renilla
reniformis (sea pansy), Oplophorus gracilirostris (deep-sea shrimp), and
Pyrophorus plagiophthalamus (click beetle) (England et al., 2016).
Bioluminescence results from enzyme-mediated oxidation of the substrate, which is
catalyzed by an enzyme called luciferase (Dale et al., 2019; Pfleger & Eidne, 2003).
Luciferase enzyme is isolated from these organisms and used as a “donor” in the

BRET system.

Renilla luciferase (RLuc), found in Renilla reniformis, is commonly used in BRET
assay. RLuc enzyme has an ATP-independent mechanism. As a cofactor, it uses
oxygen and coelenterazine, a cell-permeable substrate. The luminescence signal has
a short lifetime, and emission is measured at 480 nm (England et al., 2016). Firefly
luciferase (FLuc), found in Pyrophorus plagiophthalamus, is also used in BRET
assay. FLuc oxidizes D-luciferin with magnesium, oxygen, and ATP. The emission
of the light is maximum at 565 nm, and it is long-lasting when compared with RLuc.
Even though it is stable, some limitations to using a FLuc-based BRET system. It is
sensitive to ATP levels and might overlap with the emission signal of the acceptor
(El Khamlichi et al., 2019). Nanoluciferase (NLuc; NanoLuc) is isolated from
Oplophorus gracilirostris. Originally, luciferase of this organism is found in
heterodimeric form. It has two subunits which are 35 kDa and 19 kDa. According to
studies, 19 kDa subunit associate with luciferase activity. Mutagenesis on the small
subunit generates a very efficient BRET assay. NLuc oxidizes furimazine, an analog
of coelenterazine, and light emission of NLuc is at 480 nm (England et al., 2016;
Hall et al., 2012).

In recent years, the BRET method has been improved by changing the donor,

acceptor, and substrate. Each version of this method has advantages and
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disadvantages, which should be considered before being applied to the research (El
Khamlichi et al., 2019).

The BRET! system is the first described BRET method, which is used as an
alternative method for FRET (Xu et al., 1999). In this system, RLuc is used as a
donor, enhanced yellow fluorescent protein (eYFP) is used as an acceptor, and
coelenterazine h is used as the substrate. BRET! has a decent signal and stable
substrate. However, the emission of RLuc and emission of eYFP overlap which leads
to low signal-to-noise (EI Khamlichi et al., 2019). Therefore, some improvements
were made to optimize this system. For example, RLuc mutants such as RLuc8 or
RLuc8.6 are brighter and more stable than native RLuc. Also, different acceptors are
used in this system, such as Venus and mOrange fluorescent proteins (Dragulescu-
Andrasi et al., 2011; Nagai et al., 2002).

The BRET?system is developed to overcome overlapping emission spectrum. In this
method, the DeepBlue C or coelenterazine 400a, a derivative of coelenterazine, is
used with the green fluorescent protein (GFP) and RLuc. With coelenterazine 400a,
emission of RLuc peaked at 400 nm, resulting in a separation of donor and acceptors
emission spectrum; hence it has a low background signal. However, this
improvement has a drawback: coelenterazine 400a has a short lifetime during the
assay. Therefore, this system is unsuitable for drug screening (EI Khamlichi et al.,
2019).

The BRET? system consists of FLuc and DsRed, a red fluorescent acceptor dye or
quantum dot. FLuc oxidizes D-luciferin and emits light at 565 nm. Although it has
long-lasting brightness, it has many drawbacks. For example, it might overlap with
donor/acceptor emission, and FLuc is sensitive to ATP level, temperature, and ionic
strength. Because of its brightness and red shift emission, it is more suitable for in
vivo studies (De et al., 2009; EI Khamlichi et al., 2019).
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In this study, NanoBRET system is used as the BRET assay (Figure 1.8). This system
uses furimazine as a substrate and NLuc as a luciferase smaller than other luciferases
(Hall et al., 2012). Furimazine and NLuc optimizations result in increasing
luminescence and stability. NLuc is slightly blue-shifted, and the emission peak is at
around 460 nm. Even though it is blue-shifted, its brightness cause to emission at
longer wavelengths, which improves the separation of donor and acceptor emission.
Although brightness gives an advantage, high luminescence can cause saturation of
the detector which might cause a miss interpretation of the results (Dale et al., 2019).

Emission

Furimazine + O,

Distance <10 nm

Figure 1.8 Representation of BRET (Created using BioRender.com.).

Since the BRET technique depends on the resonance energy transfer, the theory
behind the BRET is the same as FRET; therefore, the proximity of the donor and
acceptor, their orientation, quantum yield, and spectral overlap are also important in
BRET efficiency (Wu & Jiang, 2022).

BRET is calculated as the ratio between transferred (T) and non-transferred (Q)

energy which is given in equation 3 (Drinovec et al., 2012).
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BRET = L [3]
)

The probability of transferred energy depends on efficiency (E) which is stated in
equation 2 and total energy Qo (Qo=T + Q).
T=E+Q, [4]

Quantitative BRET can be calculated in the following equation [5].

T
BRETE<<1 = -

00 [5]

1.7.1 Quantitative BRET Assays: Saturation and Competition BRET

As described in section 1.7, BRET occurs when the molecular distance is 1-10 nm.
However, random collisions can occur during the assay, and non-specific
interactions also could measure. Therefore, to distinguish specific and non-specific
BRET data, several BRET assays have been developed, such as saturation BRET
assay and competition BRET assay (Barbeau et al., 2013).

1.7.1.1  Saturation BRET Assay

This assay consists of a constant amount of donor-tagged receptors and an increasing
amount of acceptor-tagged receptors. According to BRET theory, the BRET signal
increase in this experiment until all acceptors interact with donors. If specific
interaction occurs between receptors, a saturation level BRETmax is reached, which
means that increasing the amount of acceptor does not change the BRET signal. If
the receptor is found in a higher oligomeric state, it tends to saturate faster. Therefore,

we can interpret the oligomerization level based on the saturation curve. The BRETsp
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indicates the half-maximum value of the saturation curve. When the saturation
occurs faster, BRETso value will decrease, so the BRETso value could be used to
analyze the data. The theoretical saturation BRET curve is given in Figure 1.9
(Barbeau et al., 2013; Borroto-Escuela et al., 2013; Mercier et al., 2002).
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Figure 1.9 Theoretical Saturation BRET curves. Taken From Drinovec et al., 2012.

1.7.1.2  Competition BRET Assay

Competition BRET assay is an alternative approach to understanding receptor
oligomerization (James et al., 2014). In this assay, the amount of donor-tagged
receptors and acceptor-tagged receptors is kept constant, but the amount of untagged
receptors is increased. The BRET signal is lower when the number of untagged
receptors increases because it will compete with the acceptor. As a result, the
hyperbolic curve will occur. However, hyperbolic curves in the competition assay
are similar, so data cannot be interpreted as to whether the receptor is found in a

higher oligomer state or not (Barbeau et al., 2013). On the other hand, linear
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competition BRET data was proposed for the dimer (Ayoub et al., 2002). The

theoretical competition BRET curve is given in Figure 1.10.
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Figure 1.10 Theoretical Competition BRET curves. Taken From Drinovec et al.,
2012

1.8 Aim of the Thesis

This thesis aims to understand ADGRE2/EMR2 homo-oligomerization and the
importance of the N-terminus on this oligomerization, using BRET and FRET
methods in live cells. For this purpose, full-length ADGRE2 and isoform
ADGRE?2(125) were tagged with fluorescent and bioluminescent proteins, such as
mEGFP, mCherry, and NLuc using linker (GSSG) at the C-terminus of the receptor.
Receptor constructs were co-transfected with suitable pairs for BRET and FRET

experiments to measure homo-oligomerization.
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CHAPTER 2

MATERIALS AND METHODS

2.1 Construction of bioluminescent or fluorescent-tagged full-length
ADGREZ2

The ADGRE?2 plasmid is a kind gift from Prof. Dr. Ines Liebscher (University of
Leipzig). The plasmid maps were given in Figures 2.1 and 2.2. Full-length ADGRE2
and ADGREZ2(125) constructs were tagged using the insertional polymerase chain
reaction (PCR) method.
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1
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Figure 2.1 Plasmid map of ADGREZ2.
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|
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Figure 2.2 Plasmid map of ADGRE2(125).

The insertional PCR allows the insertion of the PCR fragments within the target
sequence. This protocol consists of two consecutive PCRs. In the first PCR, the insert
sequence was amplified with primers that were designed with overhang bases
complementary to the target region. Later, this first PCR product was used as a

primer in the insertional PCR. The whole plasmid was amplified in this PCR.

mEGFP, NLuc, and mCherry “cassettes” with linker (GSSG) in pcDNA3.1(+) were
used for tagging of full-length ADGRE2 receptor using insertional PCR. These
fluorescent and bioluminescent proteins were amplified with primers that contain
~30 pairs of ADGRE2 cDNA sequence, linker (GSSG), and 30 base pair from the
corresponding complementary sequences of pcDNA3.1(+). To amplify mCherry,
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MEGFP the same primers were used since their first 21 bases are the same. Primers
and the PCR condition for the first PCR are given in Table 2.1 and Table 2.2.

Table 2.1 List of primers that were used in the first PCR to amplify mEGFP,
mCherry, and NLuc

Primer Sequence

EMR2-L-Eins- | GCTAAGGCTGACACCTCCAAACCCAGCACGGTTGGCAGCAGCGGCGT
F GAGCAAGGGC

L-Eins-R CGGCCGCCACTGTGCTGGATATCTGCAGAATTCctaCTTGTACAGCTCG

TCCATGCC
EMR2-L- GCTAAGGCTGACACCTCCAAACCCAGCACGGTTGGCAGCAGCGGCGT
NLins-F CTTCACACTCG
L-NLins-R GGCCGCCACTGTGCTGGATATCTGCAGAATTCctaCGCCAGAATGCGTT
CGCACAGCCGC

Table 2.2 The first PCR condition to amplify mEGFP, mCherry, and NLuc

Component Volume (ul) |Final Concentration
5X Q5 Reaction Buffer 4 1x

2 mM dNTPs 2 200 uM of each
Forward Primer 1 0.5 uM
Reverse Primer 1 0.5 uM
Template* X 100 ng

Q5 High-Fidelity DNA Polymerase | 0.2 0.02 U/ pL

5X Q5 High GC Enhancer 4 1x
Nuclease-free water 7.8-X

98°C 30s

98°C 10s

55°C 30s 35 cycles

72°C 45

72°C 2m

4°C hold

*L-mEGFP, L-mCherry and L-Nluc cassettes in pcDNA3.1(+) were used as template DNA.

PCR products were purified with Invitrogen™ PureLink® Quick Gel Extraction Kit.
Purified products were used in the insertional PCR and the protocol is given in Table
2.3.
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Table 2.3 Insertional PCR conditions to insert mEGFP, mCherry, and NLuc to
ADGRE?2 plasmid. The molar ratio between the vector and insert was 1:50.

Component Volume (pl) | Final Concentration
Nuclease-free water 9.8-(x+y)
5X Q5 Reaction Buffer 4 1x

2mM dNTPs 200 puM of each
Insert*

ADGRE2 in pcDNA3.1(+)
Q5 High Fidelity Enhancer
Q5 HF polymerase

98°C 30s

98°C 10s

55-64°C 30s 35 cycles
72°C 5min

72°C 2m

4°C hold
*Purified mEGFP, mCherry and NLuc were used as insert.

100 ng
1x
2 0.02 U/ uL

olr|x|< ™

After insertional PCR, Thermo Scientific™ FastDigest Dpnl enzyme was added to
get rid of the methylated template plasmid. The template plasmid is methylated
because it was isolated from the dam*DHS5a strain (E. coli). Dpnl recognizes
methylated DNA,; therefore, the template DNA is digested and only the PCR-
amplified DNA is left intact in the reaction mixture at the end of this enzymatic

reaction. The digestion protocol is given in Table 2.4.

Table 2.4 Dpnl protocol

Component Volume (pl)
10X FastDigest Buffer |2.3

FastDigest Dpnl 1

PCR mixture 20

Incubation at 37°C for 3 hours.

Digested products were transformed using DHS5a competent E. coli strain.

Competent cells were thawed on ice for 5 minutes and 6 pl of digested product
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directly added to 50 ul of thawed competent cells. Then, the digested product was
mixed by gently tapping the tube. Competent cells were incubated on ice for 30
minutes. After incubation, heat shock is applied at 42°C for 45 seconds and cells were
incubated on ice for 5 minutes. At the end of the incubation, 950 ul SOC (super
optimal broth, see Appendix A) medium was added to the cells, and they were grown
with 330 rpm shaking at 37°C for 1 hour. Later, cells were centrifuged for 3 minutes
at 6000 rpm. 800 ul of supernatant was removed from the tube. Pellet was
resuspended with the rest of the supernatant and seeded onto agar plate that contain
Ampicillin. Plates were incubated for 16 hours at 37°C in the incubator. After
incubation, 5 colonies were selected from the plates for colony PCR. Half of each
colony were transferred in PCR tubes that contain 14.3 ul nuclease-free water. These
colonies were denaturated at 98°C for 3 minutes. After denaturation, buffers, primers
and DNA polymerase was added to the PCR tubes. Primers and colony PCR protocol
is given in the Table 2.5 and Table 2.6.

Table 2.5 Primer list for Colony PCR

Primer Sequence

seqp31-1f GTGTACGGTGGGAGGTCTAT
seqEGFP378r | AAGGGCATCGACTTCAAGGA
seqCherry412r | GCCCCGTAATGCAGAAGAAG
seqNLuc446r | CTCCCTGCTGTTCCGAGTAA
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Table 2.6 Colony PCR protocol

Component 20 uL rxn |Final conc.
Nuclease-free Water 14.3

10X PCR Buffer, -Mg 2 1X

50 mM MgCI2 0.6 1.5mM

20 mM dNTPs 2 200 uM each
Forward Primer 0.5 0.5 uM
Reverse Primer 0.5 0.5 uM

Taq DNA Polymerase 0.1 5U/uL

94°C 3m

94°C 45s

55°C 30s 35cycles

72°C 3m

72°C 10m

4°C hold

PCR products were run on 1% agarose gel, and colonies that have correct size were
picked to inoculate in LB (Luria-Bertani, see Appendix A) with Ampicillin. Colonies
were grown in shaking incubator with 330 rpm for 16 hours at 37°C. Plasmids were
isolated with Thermo Scientific™ GeneJET Plasmid Miniprep kit. The plasmids
were controlled with double restriction enzyme digestion and run on the 1% agarose
gel. The double restriction enzyme digestion protocol is given in the table 2.7.

Plasmid that have the correct size insert were analyzed with Sanger sequencing.

Table 2.7 Double Digestion Restriction Enzyme Protocol

Component Volume (pl)
Nuclease-free water 9.1

10X FastDigest Green Buffer 2

FastDigest Nhel 0.2

FastDigest EcoRlI 0.2

Plasmid 4

Incubation at 37°C for 3 hours.
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2.2 Construction of ADGRE2(125) Isoform

To construct ADGRE2(125) isoform, first, untagged and tagged ADGRE2 were
truncated from the fifth EGF domain ADGRE2(5). The truncated part was amplified

with PCR

and ligated to pcDNA3.1(+). Primers and PCR conditions are given in

Table 2.8 and Table 2.9.

Table 2.8 Primer pairs to construct ADGRE2(5

Primer

Sequence

EMR2-5-F

GTTGTTGCTAGCcccaccatgGATGTGGACGAGTGCAGCTCC

EMR2-EcoRI-R GGATATCTGCAGAATTCGTTAACCGTGCTGGGTTTGGAGG

CGGCCGCCACTGTGCTGGATATCTGCAGAATTCctaCTTGTACAGCT

L-Eins-R CGTCCATGCC
CNLieR GGCCGCCACTGTGCTGGATATCTGCAGAATTCCaCGCCAGAATGE
GTTCGCACAGCCGC

Table 2.9 PCR conditions to amplify ADGRE2(5)

Component Volume (pl) | Final Concentration
5X Q5 Reaction Buffer 4 1x

2 mM dNTPs 2 200 uM of each
Forward Primer 1 0.5 uM
Reverse Primer 1 0.5 uM
Template* X 100 ng

Q5 High-Fidelity DNA Polymerase 0.2 0.02 U/ ulL

5X Q5 High GC Enhancer 4 1x
Nuclease-Free Water 7.8-x

98°C 30s

98°C 10s

58°C 30s 35 cycles

72°C 45

72°C 2m

4°C hold

*full-length ADGRE2, ADGRE2-L-mEGFP, ADGRE2-L-mCherry and ADGRE2-L-NLuc constructs were used
as template DNA.
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PCR products were purified with Thermo Scientific™ GeneJET PCR Purification
Kit. Purified PCR products and pcDNA3.1(+) plasmid were double digested with
Nhel and EcoRI enzymes. Double Digestion with restriction enzyme is given in the
Table 2.10.

Table 2.10 Double digestion protocol before ligation

Component Volume (pl)
10X FastDigest Green Buffer |4

FastDigest Nhel 1

FastDigest EcoRI 1

PCR product or vector 35

Incubation at 37°C for 3 hours.

After restriction enzyme digestion, products were run on 0.8% agarose gel and
extracted with Invitrogen™ PureLink® Quick Gel Extraction kit. Extracted
constructs were ligated between Nhel-EcoRI cut site in pcDNA3.1(+). Ligation
reaction was done with 1:3 molar ratio and protocol is given in Table 2.11.

Table 2.11 Ligation conditions

Component Volume (pl)
Nuclease-free water 17-(x+y)

10X T4 DNA Ligase Buffer 2

T4 DNA Ligase 1

Linearized vector X

Insert y

*Incubation at 22°C for 3 hours.

After ligation, 2 pl ligation mixture was transformed to DH5a competent E. coli

strain, and the following procedure was described in Section 2.1.
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ADGRE2(5) constructs were used as “cassette” for the insertional PCR to generate
ADGREZ2(125). The beginning of the sequence was amplified with PCR until the
end of the second EGF domain and added overhang sequence to insert the first two
domains into ADGREZ2(5) construct. The primers and PCR conditions are given in
Table 2.12 and Table 2.13. The same protocol is applied to construct ADGRE2(125)

as described in the previous section.

Table 2.12 Primer List to amplify first two EGF domain

Primer Sequence

_ CTCACTATAGGGAGACCCAAGCTGGCTAGCcccaccATGGGAGGCC
EMR2-125-ins-F | £
CTGCCCGGAGCTGCACTCGTCCACATCTTGACACGTGTTCTCGCT
CTC

EMR2-125-ins-R

Table 2.13 The first PCR to construct ADGRE2(125) isoform

Component Volume (pl) | Final Concentration
5X Q5 Reaction Buffer 4 1x
2 mM dNTPs 2 200 uM of each
Forward Primer 1 0.5 uM
Reverse Primer 1 0.5 uM
Template X 100 ng
Q5 High-Fidelity DNA 0.2 0.02 U/ L.
Polymerase
5X Q5 High GC Enhancer
) 4 1x
(optional)
Nuclease-Free Water 7.8-X
98°C 30s
98°C 10s
55-64°C  30s 35 cycles
72°C 5min
72°C 2m
4°C hold

*Full-length ADGRE2 construct were used as template
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2.3 Cell Culture

23.1 Maintenance of HEK?293 cells

Complete medium was prepared with 90% Dulbecco’s Modified Eagle Medium
(DMEM; ThermoFisher Scientific, USA), 1% Penicillin/Streptomycin (Pen/Strep;
ThermoFisher Scientific, USA), and 10% Fetal Bovine Serum (FBS; ThermoFisher
Scientific, USA). HEK293 cells were grown in this complete medium in a T25
culture flask at 37°C under humidified atmosphere conditions with 5% CO,. Cells
were maintained in aseptic conditions, protocols are performed in a laminar-flow and
all reagents were stored under sterile conditions. HEK293 cells were subcultured
twice a week. On the subculture day, the complete medium was removed and cells
were washed with pre-warmed 3 mL 1X Dulbecco’s Phosphate Buffered Saline
(DPBS, Biological Industries, Israel). Cells were detached from the surface of the
flask with pre-warmed 500 pl 1X TrypLE™ Express enzyme (ThermoFisher
Scientific, USA) and incubated at 37°C for 5 minutes. Cells were washed with 4 mL
pre-warmed complete medium to dilute the TrypLE™ Express enzyme and detached
cells were aspirated by pipetting. Cells were transferred to a 50 mL falcon tube and
centrifuged at 900 rpm for 5 minutes. The supernatant was removed and the cell
pellet was resuspended with pre-warmed 5 mL complete medium. Cells were
counted with a hemocytometer under ZEISS Axio Vert.Al inverted microscope
(Zeiss, Germany) before seeding to a new flask. 1 x 108 cells were transferred to the
new culture flask containing pre-warmed complete medium, the final volume of the

culture flask is 5 mL.

2.3.2 Transient Transfection of HEK?293 cells

The transient transfection was performed with Invitrogen™ Lipofectamine™ LTX

Reagent with PLUS™ Reagent as recommended by the manufacturer's protocol. The
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amount of reagents used and the number of cells is given in Table 2.14. The transient
transfection protocol was followed when the cells reached the confluency of at least
70%. The recommended amount of PLUS™ Reagent and DNA was mixed with
Opti-MEM™ Reduced Serum Medium with phenol red. At the same time, the
recommended amount of LTX Reagent was mixed with Opti-MEM. Opti-MEM with
LTX mixture was added to PLUS™-DNA and Opti-MEM mixture and incubated for
30 minutes at room temperature. During incubation, the complete medium was
removed and added pre-warmed Opti-MEM was added to the cells. The mixture was
gently added to the cells. Cells were incubated in the 5% CO> incubator for 3 hours.
Then, a complete medium was added and incubated for 48 hours in the CO;

incubator.

Table 2.14 Cell numbers and amounts of reagents used in transient transfection of
HEK293 cells.

DNA |PLUS LTX

Culture vessel Cells per well | Opti-MEM
) P (hg) |(L)  |(L)

35-mm glass bottom

dish 300000 100 pL 500ng |4 4
35-mm plastic dish | 300000 100 puL 500ng |4 4
96-well plate 10000 9.75 uL 50 ng 0.25 0.25

2.4 Western Blot Analysis

24.1 Cell Seeding and Transfection

HEK293 cells were seeded on a 35-mm plastic cell culture dish. Full-length
ADGRE2 and ADGRE2(125) constructs were transfected according to the

previously described section 2.3 and incubated for 48 hours.
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2.4.2 Cell Lysis and Sample preparation

After incubation of the cells, dishes were transferred on ice, and the complete
medium was removed. Dishes were washed with 500 pl cold 1X PBS. After that cells
were lysed with ice-cold 1X Radioimmunoprecipitation (RIPA) buffer (see
Appendix B). Lysates were transferred into cold microcentrifuge tubes and incubated
for 15 minutes on ice. Then, cell lysates were sonicated for 8 cycles that consist of
15 seconds pulse and 60 seconds pause. Samples were centrifuged at 15000 g and
4°C for 10 minutes. After the centrifuge, supernatants were slowly transferred to new
cold microcentrifuge tubes. The total protein concentration was determined with
Pierce™ BCA Assay Kit (Thermo Fisher Scientific, USA).

2.4.3 Sample loading and SDS-PAGE preparation

Cell lysates were diluted with 4X Laemmli buffer, and before loading, samples were
incubated at 37°C for 30 minutes. 20 ul of samples and 3 pul molecular weight marker
were loaded to SDS-PAGE which consists of 10 % separating and 4% stacking gels.
The components of the SDS-PAGE were given in Table 2.15. Samples were run at
100V until dye reached the bottom of the gel.

Table 2.15 SDS-PAGE components for 1 gel

Components (130ef;/c) Separating Components gﬁ; Stacking

40% Acrylamide/Bis | 1.5 ml 40% . . 196 puL
Acrylamide/Bis

1.5M Tris-HCI 0.5M Tris-HCI

oH8.8 1.5ml oH8.8 504 pL

10% SDS 60 pL 10% SDS 20 uL

H20 291 ml H20 1,27 ml

TEMED 3ulL TEMED 2 uL

10% APS 30 uL 10% APS 10 pL
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24.4 Protein Transfer

The SDS-PAGE gel was gently removed from the cassette and rinsed with Mili-Q®
ultrapure water. After that, it was transferred and incubated in a 1X transfer buffer
for 15 minutes. At the same time, the P\VDF membrane was soaked in methanol for
30 seconds to activate the membrane. Then, the membrane was incubated with first
Mili-Q® ultrapure water for 5 minutes, then 1X transfer buffer for 5 minutes on a
rocker-shaker. Protein transfer is done by using Hoefer Wet Transfer System (Hoefer
Inc, USA). One sponge and one Whatman paper were soaked in the ice-cold 1X
transfer buffer and placed in the black part of the cassette in the written order. The
incubated gel was placed onto the Whatman paper. The activated membrane was put
on the gel very carefully. One more soaked Whatman paper was placed onto the
membrane and air bubbles were removed with blot roller. Three more sponges were
soaked to 1X transfer buffer and placed onto the Whatman paper. The cassette was
transferred to the tank which was filled with ice-cold 1X transfer buffer. The wet

transfer was done at 4°C at a constant 400mA for 1 hour.

2.4.5 Antibody Probing

PVDF membrane was incubated with the blocking solution (see appendix B) for 1
hour at room temperature on a rocker after transfer. Then, the membrane was washed
with 1X TBST for 4 times with 10 minutes’ incubation time. After washing, the
membrane was incubated with HA-antibody (HA-Tag (F-7) 200 pug/ml (Santa Cruz
BT, USA) in 1X TBST at 4°C overnight on a rocker-shaker. On the following day,
the antibody was removed and the membrane was washed with 1X TBST 4 times
with 10 minutes’ incubation time. The membrane was incubated with SuperSignal™
West Pico Plus Chemiluminescent Substrate (Thermo Fisher Scientific, USA). The
membrane was imaged by using Bio-Rad ChemiDoc MP Imaging System (BioRad,
USA).
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2.5 BRET Assay

HEK?293 cells were seeded to a black 96-well microplate. The number of cells were
given in Table 2.14. 50 ng from each plasmid carrying NLuc or mEGFP tagged
receptors were co-transfected according to transfection protocol which is described
in Section 2.3.2. On the assay day, Furimazine (Promega, USA) was diluted to
1:1000 in pre-warmed Hanks' Balanced Salt Solution (HBSS; see Appendix for the
recipe). The medium was discarded from the wells, and 100 pl HBSS with
Furimazine solution was directly added to the cells. BRET was measured using
Mithras2 LB 943 Multimode Microplate Reader (Berthold Technologies, Germany).
NLuc emission was collected with the 460m70 filter and mEGFP emission was
collected 515m40 filter during measurement. Results were gathered from three

independent experiments done in triplicates.

2.6  Saturation BRET Assay

HEK?293 cells were seeded to a black 96-well microplate. The number of cells were
given in Table 2.14. The amount of NLuc-tagged constructs was kept constant at 10
ng, and cells were co-transfected with the increasing amount of mEGFP-tagged
constructs. The ratio of NLuc and mEGFP was 1:0, 1, 2, 4, 6, 8, 10, 16, 20 and the
total plasmid concentration was kept constant with the addition of an empty vector.
The transfection protocol was applied as described in Section 2.3.2. On the assay
day, Furimazine (Promega, USA) was diluted to 1:1000 in pre-warmed Hanks'
Balanced Salt Solution (HBSS; see Appendix see for the recipe). The medium was
discarded from the wells, and 100 pul HBSS with Furimazine solution was directly
added to cells. BRET was measured using Mithras2 LB 943 Multimode Microplate
Reader (Berthold Technologies, Germany). NLuc emission was collected with
460m70 filter and mEGFP emission was collected 515m40 filter during
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measurement. Results were gathered from three independent experiments done in

triplicates.

2.7  Competition BRET Assay

HEK?293 cells were seeded to a black 96-well microplate. The number of cells were
given in Table 2.14. The amount of Nluc-tagged receptor constructs and mEGFP-
tagged constructs were kept constant at 10 ng each and cells were co-transfected with
increasing amounts of untagged receptors with the ratio (1: 1: 0, 1, 2, 4, 6). For each
well, the total plasmid concentration was kept constant with the addition of an empty
vector. On the assay day, Furimazine (Promega, USA) was diluted to 1:1000 in pre-
warmed Hanks' Balanced Salt Solution (HBSS; see Appendix). The medium was
discarded from the wells, and 100 pul HBSS with Furimazine solution was directly
added to cells. BRET was measured using Mithras2 LB 943 Multimode Microplate
Reader (Berthold Technologies, Germany). NLuc emission was collected with the
460m70 filter and mEGFP emission was collected 515m40 filter during
measurement. Results were gathered from three independent experiments done in

triplicates.

2.8 FRET Assay

HEK?293 cells were seeded to a 35-mm glass bottom dish. The number of cells were
given in Table 2.14. 500 ng of the plasmid carrying mEGFP-tagged receptor
constructs were used as donors and 500 ng of plasmid with mCherry-tagged
constructs were used as acceptors, HEK293 cells were co-transfected which is
described in Section 2.3.2. On the assay day, live cells were imaged with Zeiss
LSM880 Laser Scanning Confocal Microscope equipped with a microscope
incubation chamber (PeCon, Erbach, Germany) and Zeiss 63%/1.4 Plan Apochrome
Oil DIC objective (Stem Cell Institute, Ankara University, Ankara, Turkey). For the

donor channel, MEGFP was imaged using an argon laser at 488nm and emission was
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collected between 493 — 586nm. For the acceptor channel, mCherry was imaged
using a helium-neon (He-Ne) laser at 594nm and emission was collected between
599 — 754nm. FRET was calculated from ROIs corresponding to the cell PM using
Zeiss Zen Black Software version 2.3 which contains the FRET tool “Zen Module
FRET plus Macro”. Number of selected ROIs were 25 (N=25). In this tool, FRET
analyses were calculated and normalized with Xia et. al. (2001) method. Donor and
acceptor parameters were calculated from the cells expressing only donor or only
acceptor.
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CHAPTER 3

RESULTS

3.1 Construction of bioluminescent or fluorescent-tagged receptors

mEGFP, mCherry, or NLuc tagged full-length ADGRE2 and ADGREZ2(125)
isoform receptors were constructed using insertional PCR which is explained in
Chapter 2.1. The first PCR products were used as primers for insertional PCR and
constructs were tagged from the C-terminal of the receptor (see Table 2.1, 2.2, and
2.3 for details and conditions). After PCR, template DNA was removed with the
Dpnl enzyme, and PCR products were directly used in E. coli transformation. 5
colonies were picked for colony PCR and the size of the PCR product was controlled
with 1% agarose gel (Figure 3.1, 3.2 and 3.3).

ADGRE2-55-L-1% ADGRE2-58-L-E ADGRE2-61-L-E
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Figure 3.1 Agarose gel image from colony PCR of mEGFP tagged on C-terminus of
ADGRE2 with a linker. The size of ADGRE2-L-mEGFP is 3228 base pair. The red
boxes indicate the correct size of DNA. The DNA ladder is Invitrogen™ 1 kb Plus
DNA Ladder.
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ADGRE2-L-mch- - _ ADGRE2-L-mch- ADGRE2-L-mch-— -
58°C 61°C 64°C

Figure 3.2 Agarose gel image from colony PCR of mCherry tagged on C-terminus
of ADGREZ2 with a linker. The size of ADGRE2-L-mCherry is 3213 base pair. The
red box indicates the correct size of the DNA. The DNA ladder is Invitrogen™ 1 kb
Plus DNA Ladder.

ADGRE2-L-NI-58°C ADGRE2-L-NI-61°C ADGRE2-L-NI-64°C

Figure 3.3 Agarose gel image from colony PCR of NLuc tagged on C-terminus of
ADGRE2 with a linker. The size of ADGRE2-L-Nluc is 3018 base pair. The red
boxes indicate the correct size of DNA. The DNA ladder is Invitrogen™ 1 kb Plus
DNA Ladder.
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From colony PCR results, colonies that have the correct insert size were inoculated
in LB broth overnight and plasmids were isolated. Full-length ADGRE2 constructs
were double digested with Nhel and EcoRI and loaded to 1% agarose gel. Gel
results are given in figure 3.4.

ADGRE2-L-EGFP ADGRE2-L- ADGRE2-L-N1
mch-61°C

Figure 3.4 Agarose gel image from after restriction cut (Nhel-EcoRl) of the selected
colonies according to colony PCR. The red boxes indicate the correct size of DNA.
The DNA ladder is Invitrogen™ 1 kb Plus DNA Ladder.

ADGRE2-L-mEGFP, ADGRE2-L-mCherry, and ADGRE2-L-NLuc plasmids were
used to construct tagged ADGRE?2(125) isoform. For that purpose, firstly, truncated
constructs ADGRE2(5) were generated from tagged full-length ADGRE2. cDNA of
ADGRE?2 was elongated from the fifth EGF domain with PCR and cloned to
pcDNA3.1(+) as described in section 2.2. Truncated constructs were transformed E.
coli and incubated overnight. Three colonies were picked for colony PCR and then

loaded to 1% agarose gel Figure 3.5
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Figure 3.5 Agarose gel image from colony PCR of truncated untagged and tagged
on ADGRE2. Colony PCR was done using sequencing primers; therefore, the size
of the plasmids is 1207 base pair. The red boxes indicate the correct size of DNA.
The DNA ladder is Invitrogen™ 1 kb Plus DNA Ladder.

Two of the colonies were inoculated in LB broth overnight and plasmids were
isolated. The size of ADGREZ2(5) truncated constructs was controlled with Nhel
and EcoRI double digestion and digested plasmid were loaded to 1% agarose gel
Figure 3.6

ADGRE2(5)-wt ADGRI!ZEZ(S )-L- ADGRﬁiZ(S)-L» ADGRE2(5)-L-mch

Figure 3.6 Agarose gel image from after restriction cut (Nhel-EcoRlI) of the selected
colonies according to colony PCR. The size of ADGRE2(5)-wt is 1839 base pair.
The size of ADGRE2(5)-L-mEGFP is 2556 base pair. The size of ADGRE2(5)-L-
NLuc is 2352 base pair. The size of ADGRE2(5)-L-mCherry is 2552 base pair. The
red boxes indicate the correct size of DNA. The DNA ladder is Invitrogen™ 1 kb
Plus DNA Ladder.
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Tagged ADGRE?2(125) isoforms were generated with insertional PCR. The sequence
from the beginning to the end of the second EGF domain was amplified with the first
PCR for insertional PCR. Amplified DNA was used as a primer and tagged
ADGREZ2(5) constructs were used as template DNA (see details in chapter 2.2). After

insertional PCR, template DNA was digested with Dpnl as previously described and

transformed to E. coli. Five colonies were picked for colony PCR figures 3.7, 3.8,
3.9, and 3.10.

Figure 3.7 Agarose gel image from colony PCR of untagged ADGRE2(125)
construct after insertional PCR. The size of ADGRE2(125)- untagged is 1585 base
pair. The red boxes indicate the correct size DNA. The DNA ladder is Invitrogen™
1 kb Plus DNA Ladder.

Figure 3.8 Agarose gel image from colony PCR of ADGRE2(125)-L-mEGFP
construct after insertional PCR. The size of ADGRE2(125)-L-mEGFP is 1585 base
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pair. The red boxes indicate the correct size of DNA. The DNA ladder is
Invitrogen™ 1 kb Plus DNA Ladder.

ADGRE2(125)-58-NL ADGRE2(125)-61-NL

e -
L
[ SRR ]

Figure 3.9 Agarose gel image from colony PCR of ADGRE2(125)-L-NLuc construct
after insertional PCR. The size of ADGRE2(125)-L-NLuc is 1585 base pair. The red
boxes indicate the correct size of DNA. The DNA ladder is Invitrogen™ 1 kb Plus
DNA Ladder.

Figure 3.10 Agarose gel image from colony PCR of ADGRE2(125)-L-mCherry
construct after insertional PCR. The size of ADGRE2(125)-L-mCherry is 1585 base
pair. The red boxes indicate the correct size of DNA. The DNA ladder is
Invitrogen™ 1 kb Plus DNA Ladder.
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Plasmids were verified with Sanger sequencing and verified plasmids were used in

the assays.

3.2 Confocal Images

HEK?293 cells were transfected with full-length ADGRE2-L-mEGFP tagged
construct or ADGRE2(125)-L-mEGFP tagged construct. The laser scanning
microscope images of the cells are given in Figures 3.11 and 3.12

mEGFP Bright Field Merged

Figure 3.11 Laser Scanning Confocal Microscope images of HEK293 cells
transfected with mEGFP tagged full-length ADGRE2 construct. The scale bar shows
S5 pm.
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mEGFP Bright Field Merged

A 4
Figure 3.12 Laser Scanning Confocal Microscope images of HEK293 cells

transfected with mEGFP tagged ADGRE2(125) construct. The scale bar shows 5
pm.

3.3 Western Blot Analysis

HEK293 cells were transfected with tagged full-length ADGRE2 and
ADGREZ2(125) isoform. Proteins were harvested with RIPA buffer and total protein
concentration was determined with BCA. For each construct, 20 mg protein was
loaded to SDS-PAGE which consist of 4% stacking and 10% separating gels.
Proteins were transferred to the PVDF membrane using wet transfer. The blot was
treated with a primary HA-tag antibody (Santa Cruz Biotechnology, USA) and
incubated overnight. The next day blot was imaged with SuperSignal™ West Pico
PLUS Chemiluminescent Substrate Figure 3.13.
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Figure 3.13 Western blot image of full-length ADGRE2 and ADGRE2(125) isoform
protein. The protein size of both NTF of full-length ADGRE2 and ADGRE2(125)
isoform is around 75 kDa. NTF and CTF together of the untagged full-length
ADGRE?2 and ADGRE2(125) isoform is 100 kDa, as expected. Moreover, the
protein size of tagged full-length ADGRE2 and ADGREZ2(125) isoforms are around
130 kDa which are seen in the blot between 100 kDa and 150 kDa.

34 BRET Assay

HEK?293 cells were co-transfected with 50 ng NLuc-tagged ADGRE?2 as a donor and
50ng mEGFP-tagged ADGRE2 as an acceptor to measure homo-oligomerization of
the receptor. The BRET pairs were full-length ADGRE2-L-Nluc & full-length
ADGRE2-L-mEGFP and ADGRE2(125)-L-Nluc & ADGRE2(125)-L-mEGFP. The
BRET ratio was calculated as the acceptor signal divided by the donor signal. Since
NLuc and mEGFP have overlapped emission spectra this causes bleed-through. For
calculating the netBRET signal, the bleed-through was calculated from the cells
expressing only the donor and later subtracted from the BRET ratio in cells co-
expressing BRET pairs. The data was gathered from three independent experiments
done in triplicates and analyzed by using one-way ANOVA in GraphPad Prism 8.
The netBRET is shown in Figure 3.14.
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Figure 3.14 BRET assay data for full-length ADGRE2 and ADGRE2(125) isoform.

3.5  Saturation BRET Assay

HEK?293 cells were co-transfected with 10 ng Nluc tagged ADGRE?2 as a donor, and
the amount of acceptor mEGFP tagged constructs was gradually increased. The ratio
between donor and acceptor was as follows: 1.0, 1:1, 1:2, 1:4, 1:6, 1:8, 1:10, 1:16,
1:20. The BRET ratio and netBRET were calculated as in the BRET experiments.
The calculated netBRET of the saturation BRET Assay is shown in Figure 3.15.
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Figure 3.15 Saturation BRET assay data for full length ADGRE2 and ADGRE2(125)
isoform.

Table 3.1 BRETmaxand Kgqvalues from Saturation BRET Assay

FL-ADGRE2 | ADGRE2(125)
BRE Tmax 0.1498 0.1618
Kad 3.463 1.127

3.6 Competition BRET Assay

HEK293 cells were co-transfected with 10 ng NLuc-tagged ADGRE2 10 ng
mEGFP-tagged ADGREZ2, and increasing amounts of untagged receptor. The ratio
between donor and acceptor was as follows: 1:1:0, 1:1:1, 1:1:2, 1:1:4, 1:1:6. The
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BRET ratio and netBRET were calculated as the same in the BRET assay. The
calculated netBRET of the competition BRET Assay is shown in Figure 3.16.

Competition BRET

0.107
0.08
= 0.06-
= 0.
e
2 0.04- FL-ADGRE2
0.02- ADGRE2(125)
0.00 . . . ]
0 2 4 6 8

[Cl/[A+D]

Figure 3.16 Competition BRET assay data for full-length ADGRE2 and
ADGRE2(125) isoform

3.7 FRET Assay

HEK293 cells were co-transfected with 500 ng of the plasmid carrying mEGFP
tagged construct as FRET donor and 500 ng of plasmid with mCherry tagged
construct as FRET acceptor. FRET assay was imaged using Zeiss LSM880 Laser
Scanning Confocal Microscope as described in section 2.8. For each construct, FRET

was calculated from ROIs corresponding to PM and normalized according to Xia et.
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al. (2001) method found as a macro in Zeiss Zen Black Software. Normalized FRET
(NrreT) values were analyzed with one-way ANOVA in GraphPad Prism 8. Nrret
for full-length ADGRE?2 was calculated as 0.112 + 0.0199. For ADGRE2(125) was
calculated as 0.133 + 0.0241. Nrret Of negative control was calculated as 0.0984 +
0.0124 and positive control was calculated as 0.216 + 0.0140. Normalized FRET
results are given with a bar graph in Figure 3.17 and corresponding cell images are

given in Figure 3.18.
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Figure 3.17 FRET assay data for full-length ADGRE2 and ADGRE2(125) isoform.
For the control group, co-transfected Gap43-mEGFP and Gap43-mCherry were used
as negative. For the positive control, tandem-linked Gap43-mEGFP-LVPR-mCherry
was used.
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Figure 3.18 Laser scanning confocal images from the FRET assay. The scale bar is
Sum.
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CHAPTER 4

DISCUSSION

Proper receptor trafficking, location, and signaling are important to understand the
mechanism of the receptor. However, fluorescent or bioluminescent protein tagging
could affect the folding, which could disturb its function. In this study, ADGREZ2 is
tagged after a small flexible linker (Gly-Ser-Ser-Gly) with fluorescent or
bioluminescent proteins on the C-terminus. In GPCRs considering the fluorescent
and bioluminescent protein size, C-terminus is a suitable position for tagging the
receptor. Furthermore, the ADGRE2 membrane targeting signal sequence is found
at the N-terminus of the receptor flowed with other protein domains hence tagging
the receptor on NTF might affect the localization or function of the receptor. Thus,
possible misfolding of the receptor was eliminated. Laser scanning confocal
microscope images show that the localization of the protein was not disrupted
fluorescent signal was mainly on the plasma membrane (PM). ADGRE2(125)
isoform was also localized at the (PM) as expected because this splice variant only
lacks the third and fourth EGF domain when compared to the wild-type receptor. It
is known that GPCR synthesis starts at the endoplasmic reticulum (ER) and receptors
transport to PM through Golgi (Dong et al., 2007). After that desensitized receptors
on the PM are internalized for degradation or recycling through endosomes (Hilger
et al., 2018). Therefore, the fluorescent signal is expected both on the plasma
membrane and various intracellular compartments; however, in the confocal images
most of the signal was detected predominantly from the (PM), and for both constructs
very little intracellular fluorescent signal indicating the proper trafficking of the

receptor constructs.

The expression of full-length ADGRE2 and ADGRE2(125) isoform was detected
using Western Blot Analysis. These constructs were tagged with HA-tag from N-
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terminus after the signal sequence and the receptor constructs were probed with anti-
HA antibody from the N-terminus. The NTF of full length and ADGRE2(125) was
detected around 75 kDa (Huang et al., 2018). In this study, both the full-length and
ADGRE2(125) were resolved in accordance with their NTF calculated molecular
weight detected around 75 kDa, ADGRE2(125) bands were resolved slightly lower
than the full-length receptor constructs as expected. Since the antibody is detected
from the N-terminus, this data is consistent with the literature. On the other hand,
untagged ADGRE?2 proteins were detected also around 100 kDa and 250 kDa. In a
previous study, the uncleaved receptor was also detected around 100 kDa, which
corresponds to the NTF and CTF part together (Lin et al., 2004), hence, indicating
that full-length receptor could also be detected in this western blot along with the
NTF fragments. On the other hand, higher bands with slightly lower 250 kDa protein
ladder might correspond to the receptor dimers. NLuc and mCherry tagged full-
length ADGRE2 constructs were detected around 150 kDa and 250 kDa. The
calculated molecular size of mEGFP and mCherry is around 30 kDa, and NLuc is
around 20 kDa. Therefore, 150 kDa bands should correspond to the tagged full-
length receptor. The bands above 250 kDa might either correspond to oligomeric
states of the receptor or the protein aggregates that did not run in the gel and stuck
in the upper part. For the ADGRE?2(125) isoform, the untagged, mEGFP, mCherry,
and NLuc-tagged proteins were detected around 75 kDa which corresponds to the
NTF of the receptor. However, around the 75 kDa protein ladder band, a slightly
faded band was resolved for the NLuc-tagged receptor. This result is probably due
to inefficient protein isolation. Also, protein bands were resolved under the 75 kDa
protein bands. This might be the phosphorylation of the ADGRE2(125) construct.
Untagged ADGRE?2(125) was also resolved as a band 100 kDa protein ladder.
Moreover, mEGFP, mCherry, and NLuc-tagged ADGRE2(125) constructs were also
resolved around 150 kDa which corresponds to the tagged uncleaved receptor
isoform. Also, ADGRE2(125) constructs, 250 kDa bands were resolved and these

are possibly corresponding to oligomeric forms of the receptor.
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In this study, we observed that BRET was significantly increased between
ADGREZ2(125) constructs when compared to full-length ADGRE?2 constructs. Since
both of the receptors were tagged from the same position, it is reasonable to propose
that the size of the N-terminus might affect the receptor oligomerization. It was
previously reported that the oligomerization of ADGRE2(125) isoform was driven
by 7-TM by using the co-immunoprecipitation method (Davies et al., 2007). Since
the BRET assay enables us to analyze these interactions in live cells, the receptor
behavior could be better studied in the cellular context. According to the results
reported in this study, the relatively bulkier NTF structure of full-length ADGRE2
might cause a decrease in BRET by destabilizing the 7-TM interactions of the

receptor.

Random collisions due to the high concentrations of BRET donor and BRET
acceptor may result in a biased signal called bystander BRET. A saturation BRET
assay was done to identify specific protein-protein interactions and also the data
gathered might give us clues about the oligomerization state of the receptor. In this
method, the amount of donor is kept constant but the amount of acceptor is gradually
increased. BRET is expected to increase hyperbolically as a result of gradually
increasing the acceptor stoichiometry and after some point, BRET values reached to
a plateau called BRETmax, if there is specific protein-protein interaction between the
pairs. In other words, all the donor molecules are saturated by the acceptor molecules
rather than an increase in random collisions. Data interpretation is done by checking
the BRETso value or dissociation constant Kq. These values indicate the halfway of
the BRETmax. If the protein(s) of interest is/are tend to oligomerize, it will saturate

faster; therefore, it reaches the BRETmax value at an early saturation.

Saturation BRET data for both the full-length  ADGRE2 constructs and
ADGRE2(125) constructs were curve fitted, and according to the results,
ADGRE2(125) measured a higher BRETmax value than full-length ADGRE2
constructs which supports BRET data, and indicates that ADGRE2(125) might be
found in a oligomeric state than full-length ADGRE2. Moreover, the Kqg value
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calculated for ADGRE2(125) oligomers is lower compared with the full-length
which indicates that 125 isoform was saturated faster and tend to form stronger
oligomers in the cell. However, only based on the Kq values, the oligomerization
state (dimer, trimer, tetramer or higher oligomer) of the receptor constructs cannot
be identified.

Competition BRET assay was done to support saturation BRET assay. In this assay,
the amount of donor and acceptor is kept constant while the amount of competitor or
untagged receptor concentration is gradually increased. In case of a specific protein-
protein interaction, increasing the stoichiometry the untagged receptor/competitor
would compete with the oligomeric complex resulting a decrease in BRET giving a
hyperbolic competition curve. Compared with saturation BRET, competition BRET
hyperbolic curves cannot be used to interpret the oligomeric states of the protein
complexes. In this study, ADGREZ2(125) isoform constructs resulted in a significant
hyperbolic curve compared with the full-length ADGREZ2. Even though full-length
ADGRE?2 did not give hyperbolic curve, the BRET was calculated to decrease with
the increasing amount of the untagged receptor. The reason might be that the full-
length ADGRE2 could form less stable oligomeric complexes but still remain as

dimers or higher oligomers.

FRET imaging was performed using ADGRE2 constructs using laser scanning
confocal microscope. Images were acquired using the same parameters and settings.
As a negative control group, cells co-expressing Gap43-mEGFP and Gap43-
mCherry were imaged. As a positive control group, Gap43-mEGFP-LVPR-Gap43-
mCherry was transfected and imaged. FRET data and cell images were given in
Figures 3.12 and 3.13. According to the data, ADGRE2(125) gave significantly
higher FRET compared with full-length ADGREZ2. These results are indicative of
the formation of oligomeric complexes both for ADGRE2 and ADGREZ2(125) on the
plasma membrane. These results are in accordance with the BRET data gathered in
this work. On the other hand, there was no statistically significant difference between
the full-length ADGREZ2 and the negative control, which might be due to the limited
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data set of the FRET method. Both saturation and competition BRET data along with
the FRET indicated that all ADGRE2 constructs form oligomeric complexes
however, the ADGRE?2(125) isoform functions as stronger oligomers. By nature,
FRET imaging is limited with the number of replicates and might result in a higher

experimental error due to the donor and acceptor bleed-throughs.
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CHAPTER 5

CONCLUSION

Oligomerization for some of the GPCRs was shown in previous years by using
biochemical and biophysical approaches. The receptor's oligomerization impacts its
maturation, signal transduction, and internalization of the receptor. One of the
adhesion GPCR, Lat-1 receptor, which is a homolog of Latrophilin receptor, is found
in dimers when it induces with a ligand. This might affect signaling; hence,
oligomerization of the aGPCRs should be studied to understand their working
mechanism. Since aGPCRs are also related to many diseases, comprehending the
signaling mechanism is important for discovering new therapeutics. This study aims
to understand the homo-oligomerization of ADGRE2 and ADGRE2(125) isoforms.
BRET and FRET methods were used to investigate homo-oligomerization.

In this study, ADGRE2 and ADGREZ2(125) were tagged from the C-terminus with
mMEGFP, mCherry, and NLuc fluorescent or bioluminescent proteins. Fluorescent-
tagged constructs were imaged with a laser-scanning confocal microscope to see the
localization of the receptor in the HEK293 cells. Based on confocal images, tagged
constructs were localized mostly on the plasma membrane, and also found on
intracellular compartments of the cell; therefore, trafficking and localization were
not affected. The expression of the receptor constructs was shown by using Western
Blot Assay. Only NTF, full-length (NTF-CTF), and possible receptor
oligomerization were resolved. The protein-protein interaction was measured using
BRET, saturation BRET, competition BRET, and FRET assays. BRET and FRET
assays indicated that netBRET and Nt significantly increase in ADGRE2(125)
isoform. This specific interaction was further proved with saturation and competition
BRET assays. According to the saturation BRET assay ADGRE2(125) had a lower
Kd value indicating a higher oligomeric state than full-length ADGRE2. The
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competition assay further confirmed that result since ADGRE2(125) had a

hyperbolic curve.

This study shows that ADGRE2 and ADGRE2(125) isoforms tend to homo-
oligomerization, but their homo-oligomeric level might differ. Since ADGRE2(125)
isoform has a shorter N-terminal fragment (NTF) because it lacks third and fourth
EGF-like domains, it might have a less bulky NTF structure than ADGRE2. The
bulky NTF structure might prevent the interaction of the C-terminal fragment. In the
future, these findings will help us to understand how oligomerization affects

signaling mechanisms.
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FUTURE STUDIES

ADGREZ2(125) isoform is the most studied receptor in ADGREZ2. There is no study
on the other two isoforms. Their tagging experiments are ongoing, and in the future,
the same methods will be performed to understand NTF's effect better. Moreover, to
identify how many of the receptors are found as dimer, trimer, or higher oligomeric

states, we are planning to perform Spatial Intensity Distribution Analysis (SPIDA).

Different activation mechanisms were proposed in aGPCRs, and one mechanism is
mechanical activation. Since ADGRE2 is related to autosomal dominant disease,
vibratory urticaria, and patients are sensitive to mechanical stimulus, other isoforms
might be activated with that mechanism. One missense substitution caused this
disease; currently, its experiments are all the isoforms and mutated receptors will be
studied with mechanical stimulus to understand whether oligomerization changes.
Further, when a mechanical stimulus is applied, the downstream will be examined

via NFAT reporter assay for all constructs.
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APPENDICES

A. Bacterial Medium Preparation

Luria-Bertani Broth (LB)

Table A. 1 Components of Luria-Bertani broth for 1 liter.

Component Amount
Tryptone 10 g
Yeast extract 5¢

NaCl 10 g

Components of LB are dissolved in water, and sterilize with autoclave at 121°C for

20 minutes.

LB agar with ampicillin is prepared with addition of 20 g/L Agar to LB mixture and
sterilize with autoclave at 121°C for 20 minutes. Then, the mixture is cool down and

ampicillin is added.
Super Optimum Broth with catabolite repression (SOC)

Table A. 2 Components of SOC in 1 liter

Component Amount
Tryptone 20
Yeast extract 05¢
NaCl 10 mL
KCI 2.5mL

Autoclave and add
1M MgCI2.6H20, 1M
MgS0O4.7H20 10 mL
2M glucose 10 mL
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B. Western Blot Solutions and Buffers

Radioimmunoprecipitation (RIPA) buffer

Table B. 1 Components of 5X RIPA buffer.

Components Amount
1M Tris-HCI (pH 8.0) 5ml

1 M NaCl 1.5ml
NP-40 1ml
SDS 01g
Sodium deoxycholate 05¢g

The volume of the RIPA buffer is completed to 20 ml with water; then, sterilized

using a filter with 0.22 pm pore size under aseptic conditions. Just before protein

lysis, protease inhibitors are added according to the following table:

Table B. 2 1X RIPA buffer with protease inhibitors

Components Amount | Final conc.
5SX RIPA 1ml 1X
1MDTT 5ul 1 mM

100 mM PMSF 25 ul 0.5mM

1 M Na B-glycerophosphate 250 ul {50 mM

0.5 M NaF 10 pl 1 mM
cOmplete™ ULTRA Tablets, Mini, EDTA-

free, EASYpack Protease Inhibitor Cocktail 12 |-

(Cat. no. 5892791001)

The volume of the 1X RIPA buffer is completed to 5 ml
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Laemmli (Sample) buffer

Table B. 3 Laemmli Sample Buffer components

Components Amount
SDS 0.8¢
1M Tris-HCI (pH 6.8) 2.5 ml
0.1% Bromophenol Blue 0.8 ml
Glycerol 4 ml

0.5 M EDTA 0.5 ml
-mercaptoethanol 2 mi

Running Buffer

Table B. 4 10X Running Buffer components in 1 Liter

Components Amount
Tris Base 30.3¢g
Glycine 144.1 g
SDS 10.0 g

pH of the buffer is adjusted to 8.3
Tris-buffered saline (TBS)

Table B. 5 Components of 10X TBS in 1 liter.

Components Amount
Tris-HCI 24 ¢
Tris base 560
NaCl 88 ¢
H20 800 ml

The pH is adjusted to 7.6.

500 ml of 1X TBS with Tween® 20 detergent (TBST) is prepared by mixing 500
ml of 1X TBS with 500 pl of Tween® 20.
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C. Coding Sequence of full-length ADGRE2 and ADGREZ2(125) constructs

Full-length ADGREZ2:

cccaccATGGGAGGCCGCGTCTTTCTCGTCTTTCTCGCATTCTGTGTCTGGCTGA
CTCTGCCGGGAGCTGAAACCCAGtacccctacgacgteccccgactacgecGACTC
CAGGGGCTGTGCCCGGTGGTGCCCTCAGGACTCCTCGTGTGTCAATGCCACCGCC
TGTCGCTGCAATCCAGGGTTCAGCTCTTTTTCTGAGATCATCACCACCCCCATGG
AGACTTGTGACGACATCAACGAGTGTGCAACACTGTCGAAAGTGTCATGCGGAAA
ATTCTCGGACTGCTGGAACACAGAGGGGAGCTACGACTGCGTGTGCAGCCCAGGA
TATGAGCCTGTTTCTGGGGCAAAAACATTCAAGAATGAGAGCGAGAACACGTGTC
AAGATGTGGACGAATGTCAGCAGAACCCAAGGCTCTGTAAAAGCTACGGCACCTG
CGTCAACACCCTCGGCAGCTACACGTGCCAGTGCCTGCCTGGCTTCAAGCTCAAA
CCTGAGGACCCGAAGCTCTGCACAGATGTGAATGAATGCACCTCCGGACAAAACC
CATGCCACAGCTCCACCCACTGCCTCAACAACGTGGGCAGCTATCAGTGCCGCTG
CCGCCCGGGCTGGCAACCGATTCCGGGGTCCCCCAATGGCCCAAACAATACCGTC
TGTGAAGATGTGGACGAGTGCAGCTCCGGGCAGCATCAGTGTGACAGCTCCACCG
TCTGCTTCAACACCGTGGGTTCATACAGCTGCCGCTGCCGCCCAGGCTGGAAGCC
CAGACACGGAATCCCGAATAACCAAAAGGACACTGTCTGTGAAGATATGACTTTC
TCCACCTGGACCCCGCCCCCTGGAGTCCACAGCCAGACGCTTTCCCGATTCTTCG
ACAAAGTCCAGGACCTGGGCAGAGACTACAAGCCAGGCTTGGCCAATAACACCAT
CCAGAGCATCTTACAGGCGCTGGATGAGCTGCTGGAGGCCCCTGGGGACCTGGAG
ACCCTGCCCCGCTTACAGCAGCACTGTGTGGCCAGTCACCTGCTGGATGGCCTAG
AGGATGTCCTCAGAGGCCTGAGCAAGAACCTTTCCAATGGGCTGTTGAACTTCAG
TTATCCTGCAGGCACAGAATTGTCCCTGGAGGTGCAGAAGCAAGTAGACAGGAGT
GTCACCTTGAGACAGAATCAGGCAGTGATGCAGCTCGACTGGAATCAGGCACAGA
AATCTGGTGACCCAGGCCCTTCTGTGGTGGGCCTTGTCTCCATTCCAGGGATGGG
CAAGTTGCTGGCTGAGGCCCCTCTGGTCCTGGAACCTGAGAAGCAGATGCTTCTG
CATGAGACACACCAGGGCTTGCTGCAGGACGGCTCCCCCATCCTGCTCTCAGATG
TGATCTCTGCCTTTCTGAGCAACAACGACACCCAAAACCTCAGCTCCCCAGTTAC
CTTCACCTTCTCCCACCGTTCAGTGATCCCGAGACAGAAGGTGCTCTGTGTCTTC
TGGGAGCATGGCCAGAATGGATGTGGTCACTGGGCCACCACAGGCTGCAGCACAA
TAGGCACCAGAGACACCAGCACCATCTGCCGTTGCACCCACCTGAGCAGCTTTGC
CGTCCTCATGGCCCACTACGATGTGCAGGAGGAGGATCCCGTGCTGACTGTCATC
ACCTACATGGGGCTGAGCGTCTCTCTGCTGTGCCTCCTCCTGGCGGCCCTCACTT
TTCTCCTGTGTAAAGCCATCCAGAACACCAGCACCTCACTGCATCTGCAGCTCTC
GCTCTGCCTCTTCCTGGCCCACCTCCTCTTCCTCGTGGCAATTGATCAAACCGGA
CACAAGGTGCTGTGCTCCATCATCGCCGGTACCTTGCACTATCTCTACCTGGCCA
CCTTGACCTGGATGCTGCTGGAGGCCCTGTACCTCTTCCTCACTGCACGGAACCT
GACGGTGGTCAACTACTCAAGCATCAACAGATTCATGAAGAAGCTCATGTTCCCT
GTGGGCTACGGAGTCCCAGCTGTGACAGTGGCCATTTCTGCAGCCTCCAGGCCTC
ACCTTTATGGAACACCTTCCCGCTGCTGGCTCCAACCAGAAAAGGGATTTATATG
GGGCTTCCTTGGACCTGTCTGCGCCATCTTCTCTGTGAATTTAGTTCTCTTTCTG
GTGACTCTCTGGATTTTGAAAAACAGACTCTCCTCCCTCAATAGTGAAGTGTCCA
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CCCTCCGGAACACAAGGATGCTGGCATTTAAAGCGACAGCTCAGCTGTTCATCCT
GGGCTGCACGTGGTGTCTGGGCATCTTGCAGGTGGGTCCGGCTGCCCGGGTCATG
GCCTACCTCTTCACCATCATCAACAGCCTGCAGGGTGTCTTCATCTTCCTGGTGT
ACTGCCTCCTCAGCCAGCAGGTCCGGGAGCAATATGGGAAATGGTCCAAAGGGAT
CAGGAAATTGAAAACTGAGTCTGAGATGCACACACTCTCCAGCAGTGCTAAGGCT
GACACCTCCAAACCCAGCACGGTTAAC

Full-length ADGRE2-L-mEGFP

cccaccATGGGAGGCCGCGTCTTTCTCGTCTTTCTCGCATTCTGTGTCTGGCTGA
CTCTGCCGGGAGCTGAAACCCAGtacccctacgacgtceccccgactacgeccGACTC
CAGGGGCTGTGCCCGGTGGTGCCCTCAGGACTCCTCGTGTGTCAATGCCACCGCC
TGTCGCTGCAATCCAGGGTTCAGCTCTTTTTCTGAGATCATCACCACCCCCATGG
AGACTTGTGACGACATCAACGAGTGTGCAACACTGTCGAAAGTGTCATGCGGAAA
ATTCTCGGACTGCTGGAACACAGAGGGGAGCTACGACTGCGTGTGCAGCCCAGGA
TATGAGCCTGTTTCTGGGGCAAAAACATTCAAGAATGAGAGCGAGAACACGTGTC
AAGATGTGGACGAATGTCAGCAGAACCCAAGGCTCTGTAAAAGCTACGGCACCTG
CGTCAACACCCTCGGCAGCTACACGTGCCAGTGCCTGCCTGGCTTCAAGCTCAAA
CCTGAGGACCCGAAGCTCTGCACAGATGTGAATGAATGCACCTCCGGACAAAACC
CATGCCACAGCTCCACCCACTGCCTCAACAACGTGGGCAGCTATCAGTGCCGCTG
CCGCCCGGGCTGGCAACCGATTCCGGGGTCCCCCAATGGCCCAAACAATACCGTC
TGTGAAGATGTGGACGAGTGCAGCTCCGGGCAGCATCAGTGTGACAGCTCCACCG
TCTGCTTCAACACCGTGGGTTCATACAGCTGCCGCTGCCGCCCAGGCTGGAAGCC
CAGACACGGAATCCCGAATAACCAAAAGGACACTGTCTGTGAAGATATGACTTTC
TCCACCTGGACCCCGCCCCCTGGAGTCCACAGCCAGACGCTTTCCCGATTCTTCG
ACAAAGTCCAGGACCTGGGCAGAGACTACAAGCCAGGCTTGGCCAATAACACCAT
CCAGAGCATCTTACAGGCGCTGGATGAGCTGCTGGAGGCCCCTGGGGACCTGGAG
ACCCTGCCCCGCTTACAGCAGCACTGTGTGGCCAGTCACCTGCTGGATGGCCTAG
AGGATGTCCTCAGAGGCCTGAGCAAGAACCTTTCCAATGGGCTGTTGAACTTCAG
TTATCCTGCAGGCACAGAATTGTCCCTGGAGGTGCAGAAGCAAGTAGACAGGAGT
GTCACCTTGAGACAGAATCAGGCAGTGATGCAGCTCGACTGGAATCAGGCACAGA
AATCTGGTGACCCAGGCCCTTCTGTGGTGGGCCTTGTCTCCATTCCAGGGATGGG
CAAGTTGCTGGCTGAGGCCCCTCTGGTCCTGGAACCTGAGAAGCAGATGCTTCTG
CATGAGACACACCAGGGCTTGCTGCAGGACGGCTCCCCCATCCTGCTCTCAGATG
TGATCTCTGCCTTTCTGAGCAACAACGACACCCAAAACCTCAGCTCCCCAGTTAC
CTTCACCTTCTCCCACCGTTCAGTGATCCCGAGACAGAAGGTGCTCTGTGTCTTC
TGGGAGCATGGCCAGAATGGATGTGGTCACTGGGCCACCACAGGCTGCAGCACAA
TAGGCACCAGAGACACCAGCACCATCTGCCGTTGCACCCACCTGAGCAGCTTTGC
CGTCCTCATGGCCCACTACGATGTGCAGGAGGAGGATCCCGTGCTGACTGTCATC
ACCTACATGGGGCTGAGCGTCTCTCTGCTGTGCCTCCTCCTGGCGGCCCTCACTT
TTCTCCTGTGTAAAGCCATCCAGAACACCAGCACCTCACTGCATCTGCAGCTCTC
GCTCTGCCTCTTCCTGGCCCACCTCCTCTTCCTCGTGGCAATTGATCAAACCGGA
CACAAGGTGCTGTGCTCCATCATCGCCGGTACCTTGCACTATCTCTACCTGGCCA
CCTTGACCTGGATGCTGCTGGAGGCCCTGTACCTCTTCCTCACTGCACGGAACCT
GACGGTGGTCAACTACTCAAGCATCAACAGATTCATGAAGAAGCTCATGTTCCCT
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GTGGGCTACGGAGTCCCAGCTGTGACAGTGGCCATTTCTGCAGCCTCCAGGCCTC
ACCTTTATGGAACACCTTCCCGCTGCTGGCTCCAACCAGAAAAGGGATTTATATG
GGGCTTCCTTGGACCTGTCTGCGCCATCTTCTCTGTGAATTTAGTTCTCTTTCTG
GTGACTCTCTGGATTTTGAAAAACAGACTCTCCTCCCTCAATAGTGAAGTGTCCA
CCCTCCGGAACACAAGGATGCTGGCATTTAAAGCGACAGCTCAGCTGTTCATCCT
GGGCTGCACGTGGTGTCTGGGCATCTTGCAGGTGGGTCCGGCTGCCCGGGTCATG
GCCTACCTCTTCACCATCATCAACAGCCTGCAGGGTGTCTTCATCTTCCTGGTGT
ACTGCCTCCTCAGCCAGCAGGTCCGGGAGCAATATGGGAAATGGTCCAAAGGGAT
CAGGAAATTGAAAACTGAGTCTGAGATGCACACACTCTCCAGCAGTGCTAAGGCT
GACACCTCCAAACCCAGCACGGTTGGCAGCAGCGGCGTGAGCAAGGGCGAGGAGC
TGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCA
CAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACC
CTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGA
CCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCA
GCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATC
TTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCG
ACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAA
CATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATG
GCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCG
AGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGA
CGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCAAGCTTAGC
AAAGATCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCG
CCGGGATCACTCTCGGCATGGACGAGCTGTACAAGtag

Full-length ADGRE2-L-mCherry

cccaccATGGGAGGCCGCGTCTTTCTCGTCTTTCTCGCATTCTGTGTCTGGCTGA
CTCTGCCGGGAGCTGAAACCCAGtacccctacgacgtcecceccgactacgecGACTC
CAGGGGCTGTGCCCGGTGGTGCCCTCAGGACTCCTCGTGTGTCAATGCCACCGCC
TGTCGCTGCAATCCAGGGTTCAGCTCTTTTTCTGAGATCATCACCACCCCCATGG
AGACTTGTGACGACATCAACGAGTGTGCAACACTGTCGAAAGTGTCATGCGGAAA
ATTCTCGGACTGCTGGAACACAGAGGGGAGCTACGACTGCGTGTGCAGCCCAGGA
TATGAGCCTGTTTCTGGGGCAAAAACATTCAAGAATGAGAGCGAGAACACGTGTC
AAGATGTGGACGAATGTCAGCAGAACCCAAGGCTCTGTAAAAGCTACGGCACCTG
CGTCAACACCCTCGGCAGCTACACGTGCCAGTGCCTGCCTGGCTTCAAGCTCAAA
CCTGAGGACCCGAAGCTCTGCACAGATGTGAATGAATGCACCTCCGGACAAAACC
CATGCCACAGCTCCACCCACTGCCTCAACAACGTGGGCAGCTATCAGTGCCGCTG
CCGCCCGGGCTGGCAACCGATTCCGGGGTCCCCCAATGGCCCAAACAATACCGTC
TGTGAAGATGTGGACGAGTGCAGCTCCGGGCAGCATCAGTGTGACAGCTCCACCG
TCTGCTTCAACACCGTGGGTTCATACAGCTGCCGCTGCCGCCCAGGCTGGAAGCC
CAGACACGGAATCCCGAATAACCAAAAGGACACTGTCTGTGAAGATATGACTTTC
TCCACCTGGACCCCGCCCCCTGGAGTCCACAGCCAGACGCTTTCCCGATTCTTCG
ACAAAGTCCAGGACCTGGGCAGAGACTACAAGCCAGGCTTGGCCAATAACACCAT
CCAGAGCATCTTACAGGCGCTGGATGAGCTGCTGGAGGCCCCTGGGGACCTGGAG
ACCCTGCCCCGCTTACAGCAGCACTGTGTGGCCAGTCACCTGCTGGATGGCCTAG
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AGGATGTCCTCAGAGGCCTGAGCAAGAACCTTTCCAATGGGCTGTTGAACTTCAG
TTATCCTGCAGGCACAGAATTGTCCCTGGAGGTGCAGAAGCAAGTAGACAGGAGT
GTCACCTTGAGACAGAATCAGGCAGTGATGCAGCTCGACTGGAATCAGGCACAGA
AATCTGGTGACCCAGGCCCTTCTGTGGTGGGCCTTGTCTCCATTCCAGGGATGGG
CAAGTTGCTGGCTGAGGCCCCTCTGGTCCTGGAACCTGAGAAGCAGATGCTTCTG
CATGAGACACACCAGGGCTTGCTGCAGGACGGCTCCCCCATCCTGCTCTCAGATG
TGATCTCTGCCTTTCTGAGCAACAACGACACCCAAAACCTCAGCTCCCCAGTTAC
CTTCACCTTCTCCCACCGTTCAGTGATCCCGAGACAGAAGGTGCTCTGTGTCTTC
TGGGAGCATGGCCAGAATGGATGTGGTCACTGGGCCACCACAGGCTGCAGCACAA
TAGGCACCAGAGACACCAGCACCATCTGCCGTTGCACCCACCTGAGCAGCTTTGC
CGTCCTCATGGCCCACTACGATGTGCAGGAGGAGGATCCCGTGCTGACTGTCATC
ACCTACATGGGGCTGAGCGTCTCTCTGCTGTGCCTCCTCCTGGCGGCCCTCACTT
TTCTCCTGTGTAAAGCCATCCAGAACACCAGCACCTCACTGCATCTGCAGCTCTC
GCTCTGCCTCTTCCTGGCCCACCTCCTCTTCCTCGTGGCAATTGATCAAACCGGA
CACAAGGTGCTGTGCTCCATCATCGCCGGTACCTTGCACTATCTCTACCTGGCCA
CCTTGACCTGGATGCTGCTGGAGGCCCTGTACCTCTTCCTCACTGCACGGAACCT
GACGGTGGTCAACTACTCAAGCATCAACAGATTCATGAAGAAGCTCATGTTCCCT
GTGGGCTACGGAGTCCCAGCTGTGACAGTGGCCATTTCTGCAGCCTCCAGGCCTC
ACCTTTATGGAACACCTTCCCGCTGCTGGCTCCAACCAGAAAAGGGATTTATATG
GGGCTTCCTTGGACCTGTCTGCGCCATCTTCTCTGTGAATTTAGTTCTCTTTCTG
GTGACTCTCTGGATTTTGAAAAACAGACTCTCCTCCCTCAATAGTGAAGTGTCCA
CCCTCCGGAACACAAGGATGCTGGCATTTAAAGCGACAGCTCAGCTGTTCATCCT
GGGCTGCACGTGGTGTCTGGGCATCTTGCAGGTGGGTCCGGCTGCCCGGGTCATG
GCCTACCTCTTCACCATCATCAACAGCCTGCAGGGTGTCTTCATCTTCCTGGTGT
ACTGCCTCCTCAGCCAGCAGGTCCGGGAGCAATATGGGAAATGGTCCAAAGGGAT
CAGGAAATTGAAAACTGAGTCTGAGATGCACACACTCTCCAGCAGTGCTAAGGCT
GACACCTCCAAACCCAGCACGGTTGGCAGCAGCGGCgtgagcaagggcgaggagg
ataacatggccatcatcaaggagttcatgcgcttcaaggtgcacatggagggctc
cgtgaacggccacgagttcgagatcgagggcgagggcgagggccgcecccctacgag
ggcacccagaccgccaagctgaaggtgaccaagggtggccccecctgeccttegect
gggacatcctgtcccctcagttcatgtacggctccaaggcecctacgtgaagcaccc
cgccgacatccccgactacttgaagctgteccttecceccgagggettcaagtgggag
cgcgtgatgaacttcgaggacggcggcgtggtgaccgtgacccaggactcectecce
tgcaggacggcgagttcatctacaaggtgaagctgcgcggcaccaactteccectce
cgacggccccgtaatgcagaagaagaccatgggctgggaggecteccteccgagegg
atgtaccccgaggacggcgccctgaagggcgagatcaagcagaggctgaagcectga
aggacggcggccactacgacgctgaggtcaagaccacctacaaggccaagaagcc
cgtgcagctgcccggcgcecctacaacgtcaacatcaagttggacatcacctcececac
aacgaggactacaccatcgtggaacagtacgaacgcgccgagggccgcecactcecea
ccggcggcatggacgagctgtacaagtag
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Full-length ADGRE2-L-NLuc

cccaccATGGGAGGCCGCGTCTTTCTCGTCTTTCTCGCATTCTGTGTCTGGCTGA
CTCTGCCGGGAGCTGAAACCCAGtacccctacgacgtecceccgactacgeccGACTC
CAGGGGCTGTGCCCGGTGGTGCCCTCAGGACTCCTCGTGTGTCAATGCCACCGCC
TGTCGCTGCAATCCAGGGTTCAGCTCTTTTTCTGAGATCATCACCACCCCCATGG
AGACTTGTGACGACATCAACGAGTGTGCAACACTGTCGAAAGTGTCATGCGGAAA
ATTCTCGGACTGCTGGAACACAGAGGGGAGCTACGACTGCGTGTGCAGCCCAGGA
TATGAGCCTGTTTCTGGGGCAAAAACATTCAAGAATGAGAGCGAGAACACGTGTC
AAGATGTGGACGAATGTCAGCAGAACCCAAGGCTCTGTAAAAGCTACGGCACCTG
CGTCAACACCCTCGGCAGCTACACGTGCCAGTGCCTGCCTGGCTTCAAGCTCARAA
CCTGAGGACCCGAAGCTCTGCACAGATGTGAATGAATGCACCTCCGGACAAAACC
CATGCCACAGCTCCACCCACTGCCTCAACAACGTGGGCAGCTATCAGTGCCGCTG
CCGCCCGGGCTGGCAACCGATTCCGGGGTCCCCCAATGGCCCAAACAATACCGTC
TGTGAAGATGTGGACGAGTGCAGCTCCGGGCAGCATCAGTGTGACAGCTCCACCG
TCTGCTTCAACACCGTGGGTTCATACAGCTGCCGCTGCCGCCCAGGCTGGAAGCC
CAGACACGGAATCCCGAATAACCAAAAGGACACTGTCTGTGAAGATATGACTTTC
TCCACCTGGACCCCGCCCCCTGGAGTCCACAGCCAGACGCTTTCCCGATTCTTCG
ACAAAGTCCAGGACCTGGGCAGAGACTACAAGCCAGGCTTGGCCAATAACACCAT
CCAGAGCATCTTACAGGCGCTGGATGAGCTGCTGGAGGCCCCTGGGGACCTGGAG
ACCCTGCCCCGCTTACAGCAGCACTGTGTGGCCAGTCACCTGCTGGATGGCCTAG
AGGATGTCCTCAGAGGCCTGAGCAAGAACCTTTCCAATGGGCTGTTGAACTTCAG
TTATCCTGCAGGCACAGAATTGTCCCTGGAGGTGCAGAAGCAAGTAGACAGGAGT
GTCACCTTGAGACAGAATCAGGCAGTGATGCAGCTCGACTGGAATCAGGCACAGA
AATCTGGTGACCCAGGCCCTTCTGTGGTGGGCCTTGTCTCCATTCCAGGGATGGG
CAAGTTGCTGGCTGAGGCCCCTCTGGTCCTGGAACCTGAGAAGCAGATGCTTCTG
CATGAGACACACCAGGGCTTGCTGCAGGACGGCTCCCCCATCCTGCTCTCAGATG
TGATCTCTGCCTTTCTGAGCAACAACGACACCCAAAACCTCAGCTCCCCAGTTAC
CTTCACCTTCTCCCACCGTTCAGTGATCCCGAGACAGAAGGTGCTCTGTGTCTTC
TGGGAGCATGGCCAGAATGGATGTGGTCACTGGGCCACCACAGGCTGCAGCACAA
TAGGCACCAGAGACACCAGCACCATCTGCCGTTGCACCCACCTGAGCAGCTTTGC
CGTCCTCATGGCCCACTACGATGTGCAGGAGGAGGATCCCGTGCTGACTGTCATC
ACCTACATGGGGCTGAGCGTCTCTCTGCTGTGCCTCCTCCTGGCGGCCCTCACTT
TTCTCCTGTGTAAAGCCATCCAGAACACCAGCACCTCACTGCATCTGCAGCTCTC
GCTCTGCCTCTTCCTGGCCCACCTCCTCTTCCTCGTGGCAATTGATCAAACCGGA
CACAAGGTGCTGTGCTCCATCATCGCCGGTACCTTGCACTATCTCTACCTGGCCA
CCTTGACCTGGATGCTGCTGGAGGCCCTGTACCTCTTCCTCACTGCACGGAACCT
GACGGTGGTCAACTACTCAAGCATCAACAGATTCATGAAGAAGCTCATGTTCCCT
GTGGGCTACGGAGTCCCAGCTGTGACAGTGGCCATTTCTGCAGCCTCCAGGCCTC
ACCTTTATGGAACACCTTCCCGCTGCTGGCTCCAACCAGAAAAGGGATTTATATG
GGGCTTCCTTGGACCTGTCTGCGCCATCTTCTCTGTGAATTTAGTTCTCTTTCTG
GTGACTCTCTGGATTTTGAAAAACAGACTCTCCTCCCTCAATAGTGAAGTGTCCA
CCCTCCGGAACACAAGGATGCTGGCATTTAAAGCGACAGCTCAGCTGTTCATCCT
GGGCTGCACGTGGTGTCTGGGCATCTTGCAGGTGGGTCCGGCTGCCCGGGTCATG
GCCTACCTCTTCACCATCATCAACAGCCTGCAGGGTGTCTTCATCTTCCTGGTGT
ACTGCCTCCTCAGCCAGCAGGTCCGGGAGCAATATGGGAAATGGTCCAAAGGGAT
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CAGGAAATTGAAAACTGAGTCTGAGATGCACACACTCTCCAGCAGTGCTAAGGCT
GACACCTCCAAACCCAGCACGGTTGGCAGCAGCGGCGTCTTCACACTCGAAGATT
TCGTTGGGGACTGGCGACAGACAGCCGGCTACAACCTGGACCAAGTCCTTGAACA
GGGAGGTGTGTCCAGTTTGTTTCAGAATCTCGGGGTGTCCGTAACTCCGATCCAA
AGGATTGTCCTGAGCGGTGAAAATGGGCTGAAGATCGACATCCATGTCATCATCC
CGTATGAAGGTCTGAGCGGCGACCAAATGGGCCAGATCGAAAAAATTTTTAAGGT
GGTGTACCCTGTGGATGATCATCACTTTAAGGTGATCCTGCACTATGGCACACTG
GTAATCGACGGGGTTACGCCGAACATGATCGACTATTTCGGACGGCCGTATGAAG
GCATCGCCGTGTTCGACGGCAAAAAGATCACTGTAACAGGGACCCTGTGGAACGG
CAACAAAATTATCGACGAGCGCCTGATCAACCCCGACGGCTCCCTGCTGTTCCGA
GTAACCATCAACGGAGTGACCGGCTGGCGGCTGTGCGAACGCATTCTGGCGtag

ADGRE2(125)

cccaccATGGGAGGCCGCGTCTTTCTCGTCTTTCTCGCATTCTGTGTCTGGCTGA
CTCTGCCGGGAGCTGAAACCCAGtacccctacgacgtecceccgactacgecGACTC
CAGGGGCTGTGCCCGGTGGTGCCCTCAGGACTCCTCGTGTGTCAATGCCACCGCC
TGTCGCTGCAATCCAGGGTTCAGCTCTTTTTCTGAGATCATCACCACCCCCATGG
AGACTTGTGACGACATCAACGAGTGTGCAACACTGTCGAAAGTGTCATGCGGAAA
ATTCTCGGACTGCTGGAACACAGAGGGGAGCTACGACTGCGTGTGCAGCCCAGGA
TATGAGCCTGTTTCTGGGGCAAAAACATTCAAGAATGAGAGCGAGAACACGTGTC
AAGATGTGGACGAGTGCAGCTCCGGGCAGCATCAGTGTGACAGCTCCACCGTCTG
CTTCAACACCGTGGGTTCATACAGCTGCCGCTGCCGCCCAGGCTGGAAGCCCAGA
CACGGAATCCCGAATAACCAAAAGGACACTGTCTGTGAAGATATGACTTTCTCCA
CCTGGACCCCGCCCCCTGGAGTCCACAGCCAGACGCTTTCCCGATTCTTCGACAA
AGTCCAGGACCTGGGCAGAGACTACAAGCCAGGCTTGGCCAATAACACCATCCAG
AGCATCTTACAGGCGCTGGATGAGCTGCTGGAGGCCCCTGGGGACCTGGAGACCC
TGCCCCGCTTACAGCAGCACTGTGTGGCCAGTCACCTGCTGGATGGCCTAGAGGA
TGTCCTCAGAGGCCTGAGCAAGAACCTTTCCAATGGGCTGTTGAACTTCAGTTAT
CCTGCAGGCACAGAATTGTCCCTGGAGGTGCAGAAGCAAGTAGACAGGAGTGTCA
CCTTGAGACAGAATCAGGCAGTGATGCAGCTCGACTGGAATCAGGCACAGAAATC
TGGTGACCCAGGCCCTTCTGTGGTGGGCCTTGTCTCCATTCCAGGGATGGGCAAG
TTGCTGGCTGAGGCCCCTCTGGTCCTGGAACCTGAGAAGCAGATGCTTCTGCATG
AGACACACCAGGGCTTGCTGCAGGACGGCTCCCCCATCCTGCTCTCAGATGTGAT
CTCTGCCTTTCTGAGCAACAACGACACCCAAAACCTCAGCTCCCCAGTTACCTTC
ACCTTCTCCCACCGTTCAGTGATCCCGAGACAGAAGGTGCTCTGTGTCTTCTGGG
AGCATGGCCAGAATGGATGTGGTCACTGGGCCACCACAGGCTGCAGCACAATAGG
CACCAGAGACACCAGCACCATCTGCCGTTGCACCCACCTGAGCAGCTTTGCCGTC
CTCATGGCCCACTACGATGTGCAGGAGGAGGATCCCGTGCTGACTGTCATCACCT
ACATGGGGCTGAGCGTCTCTCTGCTGTGCCTCCTCCTGGCGGCCCTCACTTTTCT
CCTGTGTAAAGCCATCCAGAACACCAGCACCTCACTGCATCTGCAGCTCTCGCTC
TGCCTCTTCCTGGCCCACCTCCTCTTCCTCGTGGCAATTGATCAAACCGGACACA
AGGTGCTGTGCTCCATCATCGCCGGTACCTTGCACTATCTCTACCTGGCCACCTT
GACCTGGATGCTGCTGGAGGCCCTGTACCTCTTCCTCACTGCACGGAACCTGACG
GTGGTCAACTACTCAAGCATCAACAGATTCATGAAGAAGCTCATGTTCCCTGTGG
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GCTACGGAGTCCCAGCTGTGACAGTGGCCATTTCTGCAGCCTCCAGGCCTCACCT
TTATGGAACACCTTCCCGCTGCTGGCTCCAACCAGAAAAGGGATTTATATGGGGC
TTCCTTGGACCTGTCTGCGCCATCTTCTCTGTGAATTTAGTTCTCTTTCTGGTGA
CTCTCTGGATTTTGAAAAACAGACTCTCCTCCCTCAATAGTGAAGTGTCCACCCT
CCGGAACACAAGGATGCTGGCATTTAAAGCGACAGCTCAGCTGTTCATCCTGGGC
TGCACGTGGTGTCTGGGCATCTTGCAGGTGGGTCCGGCTGCCCGGGTCATGGCCT
ACCTCTTCACCATCATCAACAGCCTGCAGGGTGTCTTCATCTTCCTGGTGTACTG
CCTCCTCAGCCAGCAGGTCCGGGAGCAATATGGGAAATGGTCCAAAGGGATCAGG
AAATTGAAAACTGAGTCTGAGATGCACACACTCTCCAGCAGTGCTAAGGCTGACA
CCTCCAAACCCAGCACGGTTAAC

ADGREZ2(125)- L-mEGFP

cccaccATGGGAGGCCGCGTCTTTCTCGTCTTTCTCGCATTCTGTGTCTGGCTGA
CTCTGCCGGGAGCTGAAACCCAGtacccctacgacgtecceccgactacgecGACTC
CAGGGGCTGTGCCCGGTGGTGCCCTCAGGACTCCTCGTGTGTCAATGCCACCGCC
TGTCGCTGCAATCCAGGGTTCAGCTCTTTTTCTGAGATCATCACCACCCCCATGG
AGACTTGTGACGACATCAACGAGTGTGCAACACTGTCGAAAGTGTCATGCGGAAA
ATTCTCGGACTGCTGGAACACAGAGGGGAGCTACGACTGCGTGTGCAGCCCAGGA
TATGAGCCTGTTTCTGGGGCAAAAACATTCAAGAATGAGAGCGAGAACACGTGTC
AAGATGTGGACGAGTGCAGCTCCGGGCAGCATCAGTGTGACAGCTCCACCGTCTG
CTTCAACACCGTGGGTTCATACAGCTGCCGCTGCCGCCCAGGCTGGAAGCCCAGA
CACGGAATCCCGAATAACCAAAAGGACACTGTCTGTGAAGATATGACTTTCTCCA
CCTGGACCCCGCCCCCTGGAGTCCACAGCCAGACGCTTTCCCGATTCTTCGACAA
AGTCCAGGACCTGGGCAGAGACTACAAGCCAGGCTTGGCCAATAACACCATCCAG
AGCATCTTACAGGCGCTGGATGAGCTGCTGGAGGCCCCTGGGGACCTGGAGACCC
TGCCCCGCTTACAGCAGCACTGTGTGGCCAGTCACCTGCTGGATGGCCTAGAGGA
TGTCCTCAGAGGCCTGAGCAAGAACCTTTCCAATGGGCTGTTGAACTTCAGTTAT
CCTGCAGGCACAGAATTGTCCCTGGAGGTGCAGAAGCAAGTAGACAGGAGTGTCA
CCTTGAGACAGAATCAGGCAGTGATGCAGCTCGACTGGAATCAGGCACAGAAATC
TGGTGACCCAGGCCCTTCTGTGGTGGGCCTTGTCTCCATTCCAGGGATGGGCAAG
TTGCTGGCTGAGGCCCCTCTGGTCCTGGAACCTGAGAAGCAGATGCTTCTGCATG
AGACACACCAGGGCTTGCTGCAGGACGGCTCCCCCATCCTGCTCTCAGATGTGAT
CTCTGCCTTTCTGAGCAACAACGACACCCAAAACCTCAGCTCCCCAGTTACCTTC
ACCTTCTCCCACCGTTCAGTGATCCCGAGACAGAAGGTGCTCTGTGTCTTCTGGG
AGCATGGCCAGAATGGATGTGGTCACTGGGCCACCACAGGCTGCAGCACAATAGG
CACCAGAGACACCAGCACCATCTGCCGTTGCACCCACCTGAGCAGCTTTGCCGTC
CTCATGGCCCACTACGATGTGCAGGAGGAGGATCCCGTGCTGACTGTCATCACCT
ACATGGGGCTGAGCGTCTCTCTGCTGTGCCTCCTCCTGGCGGCCCTCACTTTTCT
CCTGTGTAAAGCCATCCAGAACACCAGCACCTCACTGCATCTGCAGCTCTCGCTC
TGCCTCTTCCTGGCCCACCTCCTCTTCCTCGTGGCAATTGATCAAACCGGACACA
AGGTGCTGTGCTCCATCATCGCCGGTACCTTGCACTATCTCTACCTGGCCACCTT
GACCTGGATGCTGCTGGAGGCCCTGTACCTCTTCCTCACTGCACGGAACCTGACG
GTGGTCAACTACTCAAGCATCAACAGATTCATGAAGAAGCTCATGTTCCCTGTGG
GCTACGGAGTCCCAGCTGTGACAGTGGCCATTTCTGCAGCCTCCAGGCCTCACCT
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TTATGGAACACCTTCCCGCTGCTGGCTCCAACCAGAAAAGGGATTTATATGGGGC
TTCCTTGGACCTGTCTGCGCCATCTTCTCTGTGAATTTAGTTCTCTTTCTGGTGA
CTCTCTGGATTTTGAAAAACAGACTCTCCTCCCTCAATAGTGAAGTGTCCACCCT
CCGGAACACAAGGATGCTGGCATTTAAAGCGACAGCTCAGCTGTTCATCCTGGGC
TGCACGTGGTGTCTGGGCATCTTGCAGGTGGGTCCGGCTGCCCGGGTCATGGCCT
ACCTCTTCACCATCATCAACAGCCTGCAGGGTGTCTTCATCTTCCTGGTGTACTG
CCTCCTCAGCCAGCAGGTCCGGGAGCAATATGGGAAATGGTCCAAAGGGATCAGG
AAATTGAAAACTGAGTCTGAGATGCACACACTCTCCAGCAGTGCTAAGGCTGACA
CCTCCAAACCCAGCACGGTTAACGGCAGCAGCGGCGTGAGCAAGGGCGAGGAGCT
GTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCAC
AAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCC
TGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGAC
CACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAG
CACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCT
TCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGA
CACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAAC
ATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGG
CCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGA
GGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGAC
GGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCAAGCTTAGCA
AAGATCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGLCCGC
CGGGATCACTCTCGGCATGGACGAGCTGTACAAGtag

ADGRE2(125)- L-mCherry

cccaccATGGGAGGCCGCGTCTTTCTCGTCTTTCTCGCATTCTGTGTCTGGCTGA
CTCTGCCGGGAGCTGAAACCCAGtacccctacgacgtecceccgactacgeccGACTC
CAGGGGCTGTGCCCGGTGGTGCCCTCAGGACTCCTCGTGTGTCAATGCCACCGCC
TGTCGCTGCAATCCAGGGTTCAGCTCTTTTTCTGAGATCATCACCACCCCCATGG
AGACTTGTGACGACATCAACGAGTGTGCAACACTGTCGAAAGTGTCATGCGGAAA
ATTCTCGGACTGCTGGAACACAGAGGGGAGCTACGACTGCGTGTGCAGCCCAGGA
TATGAGCCTGTTTCTGGGGCAAAAACATTCAAGAATGAGAGCGAGAACACGTGTC
AAGATGTGGACGAGTGCAGCTCCGGGCAGCATCAGTGTGACAGCTCCACCGTCTG
CTTCAACACCGTGGGTTCATACAGCTGCCGCTGCCGCCCAGGCTGGAAGCCCAGA
CACGGAATCCCGAATAACCAAAAGGACACTGTCTGTGAAGATATGACTTTCTCCA
CCTGGACCCCGCCCCCTGGAGTCCACAGCCAGACGCTTTCCCGATTCTTCGACAA
AGTCCAGGACCTGGGCAGAGACTACAAGCCAGGCTTGGCCAATAACACCATCCAG
AGCATCTTACAGGCGCTGGATGAGCTGCTGGAGGCCCCTGGGGACCTGGAGACCC
TGCCCCGCTTACAGCAGCACTGTGTGGCCAGTCACCTGCTGGATGGCCTAGAGGA
TGTCCTCAGAGGCCTGAGCAAGAACCTTTCCAATGGGCTGTTGAACTTCAGTTAT
CCTGCAGGCACAGAATTGTCCCTGGAGGTGCAGAAGCAAGTAGACAGGAGTGTCA
CCTTGAGACAGAATCAGGCAGTGATGCAGCTCGACTGGAATCAGGCACAGAAATC
TGGTGACCCAGGCCCTTCTGTGGTGGGCCTTGTCTCCATTCCAGGGATGGGCAAG
TTGCTGGCTGAGGCCCCTCTGGTCCTGGAACCTGAGAAGCAGATGCTTCTGCATG
AGACACACCAGGGCTTGCTGCAGGACGGCTCCCCCATCCTGCTCTCAGATGTGAT
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CTCTGCCTTTCTGAGCAACAACGACACCCAAAACCTCAGCTCCCCAGTTACCTTC
ACCTTCTCCCACCGTTCAGTGATCCCGAGACAGAAGGTGCTCTGTGTCTTCTGGG
AGCATGGCCAGAATGGATGTGGTCACTGGGCCACCACAGGCTGCAGCACAATAGG
CACCAGAGACACCAGCACCATCTGCCGTTGCACCCACCTGAGCAGCTTTGCCGTC
CTCATGGCCCACTACGATGTGCAGGAGGAGGATCCCGTGCTGACTGTCATCACCT
ACATGGGGCTGAGCGTCTCTCTGCTGTGCCTCCTCCTGGCGGCCCTCACTTTTCT
CCTGTGTAAAGCCATCCAGAACACCAGCACCTCACTGCATCTGCAGCTCTCGCTC
TGCCTCTTCCTGGCCCACCTCCTCTTCCTCGTGGCAATTGATCAAACCGGACACA
AGGTGCTGTGCTCCATCATCGCCGGTACCTTGCACTATCTCTACCTGGCCACCTT
GACCTGGATGCTGCTGGAGGCCCTGTACCTCTTCCTCACTGCACGGAACCTGACG
GTGGTCAACTACTCAAGCATCAACAGATTCATGAAGAAGCTCATGTTCCCTGTGG
GCTACGGAGTCCCAGCTGTGACAGTGGCCATTTCTGCAGCCTCCAGGCCTCACCT
TTATGGAACACCTTCCCGCTGCTGGCTCCAACCAGAAAAGGGATTTATATGGGGC
TTCCTTGGACCTGTCTGCGCCATCTTCTCTGTGAATTTAGTTCTCTTTCTGGTGA
CTCTCTGGATTTTGAAAAACAGACTCTCCTCCCTCAATAGTGAAGTGTCCACCCT
CCGGAACACAAGGATGCTGGCATTTAAAGCGACAGCTCAGCTGTTCATCCTGGGC
TGCACGTGGTGTCTGGGCATCTTGCAGGTGGGTCCGGCTGCCCGGGTCATGGCCT
ACCTCTTCACCATCATCAACAGCCTGCAGGGTGTCTTCATCTTCCTGGTGTACTG
CCTCCTCAGCCAGCAGGTCCGGGAGCAATATGGGAAATGGTCCAAAGGGATCAGG
AAATTGAAAACTGAGTCTGAGATGCACACACTCTCCAGCAGTGCTAAGGCTGACA
CCTCCAAACCCAGCACGGTTAACGGCAGCAGCGGCgtgagcaagggcgaggagga
taacatggccatcatcaaggagttcatgcgcttcaaggtgcacatggagggctcecc
gtgaacggccacgagttcgagatcgagggcgagggcgagggccgcccctacgagg
gcacccagaccgccaagctgaaggtgaccaagggtggeccccecctgcececcttegectyg
ggacatcctgtccceccectcagttcatgtacggctccaaggecctacgtgaagcaccce
gccgacatccccgactacttgaagctgtecttecececcgagggcecttcaagtgggagce
gcgtgatgaacttcgaggacggcggcgtggtgaccgtgacccaggactcectcecct
gcaggacggcgagttcatctacaaggtgaagctgcgcggcaccaacttececcecctee
gacggccccgtaatgcagaagaagaccatgggctgggaggcctcecctceccgagcgga
tgtaccccgaggacggcgcecctgaagggcgagatcaagcagaggctgaagctgaa
ggacggcggccactacgacgctgaggtcaagaccacctacaaggccaagaagccc
gtgcagctgcccggcgcecctacaacgtcaacatcaagttggacatcacctcecccaca
acgaggactacaccatcgtggaacagtacgaacgcgccgagggccgeccactcececac
cggcggcatggacgagctgtacaagtag

ADGRE2(125)- L-NLuc

cccaccATGGGAGGCCGCGTCTTTCTCGTCTTTCTCGCATTCTGTGTCTGGCTGA
CTCTGCCGGGAGCTGAAACCCAGtacccctacgacgtecccgactacgecGACTC
CAGGGGCTGTGCCCGGTGGTGCCCTCAGGACTCCTCGTGTGTCAATGCCACCGCC
TGTCGCTGCAATCCAGGGTTCAGCTCTTTTTCTGAGATCATCACCACCCCCATGG
AGACTTGTGACGACATCAACGAGTGTGCAACACTGTCGAAAGTGTCATGCGGAAA
ATTCTCGGACTGCTGGAACACAGAGGGGAGCTACGACTGCGTGTGCAGCCCAGGA
TATGAGCCTGTTTCTGGGGCAAAAACATTCAAGAATGAGAGCGAGAACACGTGTC
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AAGATGTGGACGAGTGCAGCTCCGGGCAGCATCAGTGTGACAGCTCCACCGTCTG
CTTCAACACCGTGGGTTCATACAGCTGCCGCTGCCGCCCAGGCTGGAAGCCCAGA
CACGGAATCCCGAATAACCAAAAGGACACTGTCTGTGAAGATATGACTTTCTCCA
CCTGGACCCCGCCCCCTGGAGTCCACAGCCAGACGCTTTCCCGATTCTTCGACAA
AGTCCAGGACCTGGGCAGAGACTACAAGCCAGGCTTGGCCAATAACACCATCCAG
AGCATCTTACAGGCGCTGGATGAGCTGCTGGAGGCCCCTGGGGACCTGGAGACCC
TGCCCCGCTTACAGCAGCACTGTGTGGCCAGTCACCTGCTGGATGGCCTAGAGGA
TGTCCTCAGAGGCCTGAGCAAGAACCTTTCCAATGGGCTGTTGAACTTCAGTTAT
CCTGCAGGCACAGAATTGTCCCTGGAGGTGCAGAAGCAAGTAGACAGGAGTGTCA
CCTTGAGACAGAATCAGGCAGTGATGCAGCTCGACTGGAATCAGGCACAGAAATC
TGGTGACCCAGGCCCTTCTGTGGTGGGCCTTGTCTCCATTCCAGGGATGGGCAAG
TTGCTGGCTGAGGCCCCTCTGGTCCTGGAACCTGAGAAGCAGATGCTTCTGCATG
AGACACACCAGGGCTTGCTGCAGGACGGCTCCCCCATCCTGCTCTCAGATGTGAT
CTCTGCCTTTCTGAGCAACAACGACACCCAAAACCTCAGCTCCCCAGTTACCTTC
ACCTTCTCCCACCGTTCAGTGATCCCGAGACAGAAGGTGCTCTGTGTCTTCTGGG
AGCATGGCCAGAATGGATGTGGTCACTGGGCCACCACAGGCTGCAGCACAATAGG
CACCAGAGACACCAGCACCATCTGCCGTTGCACCCACCTGAGCAGCTTTGCCGTC
CTCATGGCCCACTACGATGTGCAGGAGGAGGATCCCGTGCTGACTGTCATCACCT
ACATGGGGCTGAGCGTCTCTCTGCTGTGCCTCCTCCTGGCGGCCCTCACTTTTCT
CCTGTGTAAAGCCATCCAGAACACCAGCACCTCACTGCATCTGCAGCTCTCGCTC
TGCCTCTTCCTGGCCCACCTCCTCTTCCTCGTGGCAATTGATCAAACCGGACACA
AGGTGCTGTGCTCCATCATCGCCGGTACCTTGCACTATCTCTACCTGGCCACCTT
GACCTGGATGCTGCTGGAGGCCCTGTACCTCTTCCTCACTGCACGGAACCTGACG
GTGGTCAACTACTCAAGCATCAACAGATTCATGAAGAAGCTCATGTTCCCTGTGG
GCTACGGAGTCCCAGCTGTGACAGTGGCCATTTCTGCAGCCTCCAGGCCTCACCT
TTATGGAACACCTTCCCGCTGCTGGCTCCAACCAGAAAAGGGATTTATATGGGGC
TTCCTTGGACCTGTCTGCGCCATCTTCTCTGTGAATTTAGTTCTCTTTCTGGTGA
CTCTCTGGATTTTGAAAAACAGACTCTCCTCCCTCAATAGTGAAGTGTCCACCCT
CCGGAACACAAGGATGCTGGCATTTAAAGCGACAGCTCAGCTGTTCATCCTGGGC
TGCACGTGGTGTCTGGGCATCTTGCAGGTGGGTCCGGCTGCCCGGGTCATGGCCT
ACCTCTTCACCATCATCAACAGCCTGCAGGGTGTCTTCATCTTCCTGGTGTACTG
CCTCCTCAGCCAGCAGGTCCGGGAGCAATATGGGAAATGGTCCAAAGGGATCAGG
AAATTGAAAACTGAGTCTGAGATGCACACACTCTCCAGCAGTGCTAAGGCTGACA
CCTCCAAACCCAGCACGGTTAACGGCAGCAGCGGCGTCTTCACACTCGAAGATTT
CGTTGGGGACTGGCGACAGACAGCCGGCTACAACCTGGACCAAGTCCTTGAACAG
GGAGGTGTGTCCAGTTTGTTTCAGAATCTCGGGGTGTCCGTAACTCCGATCCAAA
GGATTGTCCTGAGCGGTGAAAATGGGCTGAAGATCGACATCCATGTCATCATCCC
GTATGAAGGTCTGAGCGGCGACCAAATGGGCCAGATCGAAAAAATTTTTAAGGTG
GTGTACCCTGTGGATGATCATCACTTTAAGGTGATCCTGCACTATGGCACACTGG
TAATCGACGGGGTTACGCCGAACATGATCGACTATTTCGGACGGCCGTATGAAGG
CATCGCCGTGTTCGACGGCAAAAAGATCACTGTAACAGGGACCCTGTGGAACGGC
AACAAAATTATCGACGAGCGCCTGATCAACCCCGACGGCTCCCTGCTGTTCCGAG
TAACCATCAACGGAGTGACCGGCTGGCGGCTGTGCGAACGCATTCTGGCGtag
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