Distribution Agreement

In presenting this thesis as a partial fulfilment of the requirements for a degree from Emory
University, | hereby grant to Emory University and its agents the non-exclusive license to
archive, make accessible, and display my thesis in whole or in part in all forms of media, now or
hereafter now, including display on the World Wide Web. | understand that | may select some
access restrictions as part of the online submission of this thesis. | retain all ownership rights to
the copyright of the thesis. | also retain the right to use in future works (such as articles or

books) all or part of this thesis.

Jeffrey Chu April 8, 2020



Synaptic G Protein-Coupled Receptor BAI1 Regulation of Interacting Partners: Functional
Interaction of Brain Angiogenesis Inhibitor 1 (BAI1) with Murine Double Minute 2 (MDM2) & B-
Arrestin 2

By

Jeffrey Chu

Randy Hall
Adviser

Biology

Randy Hall

Adviser

John Hepler

Committee Member

Amanda Starnes
Committee Member

2020



Synaptic G Protein-Coupled Receptor BAI1 Regulation of Interacting Partners: Functional
Interaction of Brain Angiogenesis Inhibitor 1 (BAI1) with Murine Double Minute 2 (MDM2) & B-
Arrestin 2

By

Jeffrey Chu

Randy Hall

Adviser

An abstract of
a thesis submitted to the Faculty of Emory College of Arts and Sciences
of Emory University in partial fulfillment
of the requirements of the degree of
Bachelor of Science with Honors

Biology

2020



Abstract

Synaptic G Protein-Coupled Receptor BAI1 Regulation of Interacting Partners: Functional
Interaction of Brain Angiogenesis Inhibitor 1 (BAI1) with Murine Double Minute 2 (MDM2) & B-
Arrestin 2
By Jeffrey Chu

The objective of this thesis is to determine the nature of Brain Angiogenesis Inhibitor 1

(BAI1) association with Murine Double Minute 2 (MDM2) and B-Arrestin 2 and how the co-
expression of BAI1 with these proteins affects their respective post-translational modifications.
BAI1 is an adhesion G protein-coupled receptor (aGPCR) that is predominantly expressed in the
central nervous system and found mainly in neurons. Because BAI1 has been implicated in
learning and memory and pathologies such as cancer and schizophrenia, it is essential to map
out its crucial protein-protein interactions and post-translational modifications. The N-
terminus of adhesion GPCRs are known to be cleaved via autoproteolysis. To shed light on how
this might affect signaling, we generated 3 forms of the BAI1 receptor (BAI1 FL, ANT, and SL)
and found that removal of the BAI1 N-terminus resulted in an increase in G protein-dependent
signaling via the Rho-A pathway. Furthermore, we have found that MDM2, the E3 ubiquitin
ligase that is responsible for the ubiquitination and subsequent degradation of proteins such as
p53 and PSD-95, interacts to a greater degree with the truncated (and more active) forms of
BAI1. We have also performed studies involving B-Arrestin 2, a protein responsible for the
desensitization and internalization of overactive GPCRs and a known binding partner of both
MDM2 and BAI1. We have found that MDM2 and B-Arrestin 2 mutually facilitate each other’s
interaction with BAI1. In regard to post-translational modifications, we have discovered that
the presence of MDM2 enhances B-Arrestin 2-dependent ubiquitination of BAI1. We have also
found that B-Arrestin 2 enhances MDM2 self-ubiquitination, while BAI1 inhibits this process,
and that MDM2 co-expression increases ubiquitination of B-Arrestin 2. This thesis further
elucidates the interaction of MDM2 with BAI1 and provides evidence that MDM2 and BAI1
form a triple complex with B-Arrestin 2. Ultimately, this thesis maps and characterizes the
interactions between these key synaptic proteins, with the goal of enhancing the understanding
of the fundamental biology of these proteins and providing insights that may ultimately lead to
treatments of a wide range of pathologies.
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Introduction

G Protein-Coupled Receptors

G protein-coupled receptors (GPCRs) are a superfamily of 7 transmembrane protein
receptors that are found within a wide range of organisms, including mammals, plants,
microorganisms and invertebrates. They constitute one of the largest gene families in the
human genome with as many as 1,000 types encoded (28). GPCRs respond to a diverse range of
substances, including light, hormones amines, neurotransmitters, and lipids and thus are
heavily involved in many physiological processes. Because they are involved in so many
physiological processes, they are popular targets for therapeutic drugs. As many as one-third to
one-half of all marketed drugs act by binding to GPCRs (19). Prominent examples of GPCRs
include the beta-adrenergic receptor which binds epinephrine, prostaglandin E2 receptors
which bind inflammatory substances called prostaglandins, and rhodopsin which responds to
light signals that helps us see (7). GPCRs recognize many difference extracellular stimuli, but a
commonality is that they all signal through their heterotrimeric G proteins. Before agonist
stimulation of the GPCR, the Ga and G By subunits associate together at the receptor’s C-
terminus with a GDP attached to the Ga subunit . However, upon agonist stimulation, the GDP
is swapped for a GTP and the Ga subunit dissociates from the G By subunit. At this point, the
activated Ga and G By subunit can interact with various effectors such as enzymes and ion
channels and trigger downstream signaling cascades (7) Many GPCRs however, do not have

identified ligands and these receptors are termed orphan receptors.



Adhesion G Protein-Coupled Receptors

The largest family of orphan GPCRs is the adhesion GPCR (aGPCR) family. The adhesion
GPCR family is comprised of 33 heptahelical transmembrane proteins that constitute the
second largest family of GPCRs in humans (15). They are involved in a host of physiological
processes that included but not limited to neuronal development, angiogenesis, and immune
system regulation. Adhesion GPCRs are characterized by a large extracellular N-terminus and
intracellular C-terminus which are separated by the 7 transmembrane domains. A key feature
of the aGPCR’s N-terminus is the GPCR autoproteolysis-inducing domain (GAIN domain) which
contains the GPCR proteolysis site (GPS motif). The GPS motif is where autoproteolytic cleavage
of the N-terminus occurs which produces a cleaved fragment that can remain non-covalently
associated with the receptor for a period of time (34). The N-terminus cleavage is thought to be
a crucial activation step for many aGPCRs as many aGPCR truncated mutants that mimic post-
cleavage receptors, show increased constitutive activity. Furthermore, the N terminus of
aGPCRs are heavily glycosylated and contain various domains that aid in cellular adhesion and

other biological functions (35).

Brain Angiogenesis Inhibitor 1

Brain Angiogenesis Inhibitor 1 (BAI1) is an aGPCR that is one of three protein receptors
(4) that make up the BAI family. The BAI proteins are predominately expressed within the brain
(26) and they were originally discovered and studied because of their ability to inhibit
angiogenesis and tumor formation. They were initially identified in a screen for gene targets of

the tumor suppressor, p53 (26). BAI1 was specifically found to be down regulated in



glioblastomas through epigenetic factors (44) and independent of p53 expression (11). Upon
autoproteolytic cleavage at the GPS motif, BAI1 produces a 120 kDa N-terminus fragment called
Vstat120 (vasculostatin 120) which has been shown to exhibit antiangiogenic and
antitumorigenic properties (12). Restoration of BAI1 into tumors derived from gliomas and

renal cell carcinomas has also been shown to limit the growth these tumors (17, 41, 42, 13).

BAI1’s antitumorigenic properties traces back to well defined protein components in
the N-terminus, including thrombospondin type 1 repeats which can regulate angiogenesis (44)
and phagocytosis of apoptotic cells by macrophages (27). Other conserved domains across the
BAI1 family include the hormone-binding domain (HBD), the GPS motif within the GAIN domain,
the 7 transmembrane region, and the PDZ-binding motif which is a protein interaction module
at the C-terminus. Unlike BAI2 and BAI3, BAI1’s N terminus features an integrin-binding RGD)
(Arg-Gly-Asp) motif as well as five thrombospondin type 1 repeats while BAI2 and BAI3 only
have four thrombospondin type 1 repeats. The C-terminus of BAI1 also uniquely features a
proline-rich region (PRR) that binds to Src homology 3 (SH3) domains that are present on
proteins such as IRSp53 (14). Specifically, BAI1 is highly expressed in the cerebral cortex, the

hippocampus, the olfactory bulb, thalamic nuclei, and basal ganglia (16, 33, 25).

As with other orphan GPCRs, BAI1 does not have an identified ligand at present but does
exhibit constitutive coupling to the Ga12/13 signaling pathway that is enhanced by removal of
the receptor’s extracellular N-terminus (NT) (35). This was accomplished by constructing 3
receptor forms of BAI1: BAI1 FL (“full-length”), BAI1 ANT, and BAI1 SL (“stalk-less”). BAI1 FL

contains the entire N-terminus and exhibits baseline G protein-dependent signaling via the



RhoA pathway. BAI1 ANT lacks the N-terminus at the site where autoproteolytic cleavage
occurs and shows an increase in signaling compared to BAI1 FL. Lastly, BAI1 SL is a receptor
form that even lacks the stalk region that usually remains after autoproteolysis and exhibits an
even more drastic increase in signaling (15). However, it is important to note that only the BAI1

FL and ANT forms are physiologically relevant.

BAI1 is of special interest as it is enriched in the post-synaptic density (PSD) and is
associated with spatial memory. Previous studies have shown that BAI1 associates with the
postsynaptic density protein PSD-95, a key scaffold that helps anchor synaptic proteins and
stabilizes synaptic changes during long-term potentiation (34). Also, BAI1 knockdown (KD) has
been shown reduce spine density in hippocampal culture (36), while BAI1 knockout (KO) results
in hippocampal learning and spatial memory deficits as evidenced by the Morris water maze
test (45). All these studies suggest that BAI1 is a key regulator of synaptic plasticity and spine
stability. However, little is currently known about how exactly BAI1 regulates synaptic function
at the molecular level. Thus, it is crucial to determine the critical protein interactions of BAI1 as

well as the functional consequences of these interactions.

BAI1 Interacting Partners

One protein that BAI1 is known to interact with is Murine double minute 2 (MDM?2).
Oncoprotein MDM2 is widely known as a key negative regulator of p53, a tumor suppressor
protein that inhibits cell growth via growth arrest and apoptosis (20, 40, 37). Studies have
shown that mice that incurred homozygous deletions of MDM2 died at approximately day 5 of

embryogenesis while mice that possessed homozygous deletions of MDM2 and p53 were viable



and experienced normal development (10, 24). However, studies have also showed that
overexpression of MDM2 leads to the reduction of p53 and subsequent tumorigenesis (23). This
is partially due to MDMZ2’s function as a RING finger-dependent E3 ubiquitin ligase which
promotes the ubiquitination and degradation of p53 by the 26S proteasome (23, 9). Although
p53 is the most famous substrate of MDMZ2 ubiquitination, it most certainly is not the only one.
Other MDM2 ubiquitination targets include PSD-95 as well as MDM?2 itself via self-
ubiquitination (45, 38). Ubiquitination is a process that MDM2 helps facilitate by binding
ubiquitin protein to lysine residues of other proteins. The attached ubiquitin chains can target
the protein to the 26S proteasome for subsequent recycling and degradation (29). MDM2 also
interacts with various cellular proteins in addition to p53 that regulate the MDM2/p53
feedback loop. This can occur via changes in the stability of MDM?2, inhibition of the E3 ligase
activity of MDM2, or through changes in the cellular distribution of MDM2 (23, 9, 3, 5). For
example, ARF plays a role in MDMZ2 shuttling and distribution by sequestering MDM2 in the
nucleoli and preventing its export to the cytoplasm (39, 43). Another prominent example of a
protein that interacts with MDM2 to modulate is cellular distribution is BAI1. MDM2 has been
shown to interact with BAI1 at its VSV motif to prevent PSD-95 and p53 polyubiquitination and
degradation (45, 46). The VSV motif lies on the first intracellular loop of the receptor and may
allow BAI1 to sequester MDM2 to prevent MDM2 from carrying out its ubiquitination function.
This was elucidated within the context of medulloblastoma, one of the most common and
aggressive malignant brain tumors in children, as BAI1 is a tumor suppressor that is down
regulated in the pathology. It was shown that BAI1 knockout mice exhibit dramatically

accelerate tumor growth in a mouse model of medulloblastoma, with BAI1 binding to the



ubiquitin E3 ligase, MDM2 being critical for regulation of medulloblastoma growth by BAI1 (46).
This was attributed to BAI1 sequestering MDM2 in order to prevent MDM2 from ubiquitinating
and degrading the tumor suppressor, p53. These findings suggest that activators of BAI1 could

have potential as novel medulloblastoma therapies.

In addition to MDM2, BAI1 is also known to associate with the B-Arrestin 2 protein. B-
Arrestin 2 was originally identified as a protein involved in the desensitization of B-adrenergic
receptors (21, 1), but it is now known that recruitment is a prominent feature of highly active
GPCRs in general (15). Agonist binding to GPCRs usually result in receptor phosphorylation by G
protein-coupled receptor kinases (GRKs) which promotes B-Arrestin 2 association and receptor
uncoupling from its respective G proteins (18). The exact location of B-Arrestin 2 binding to
most GPCRs is not yet known but work on a handful of receptors has shown that determinants
of B-Arrestin interaction are typically located in the third cytoplasmic loop as well as the C-
terminus (18). B-Arrestin 2 is known to play a role in the endocytic process by interacting
proteins such as clathrin (6), N-ethylmaleimide—sensitive factor (NSF) (22), and Mdm2 (30) and
these interactions help facilitate GPCR desensitization and internalization into clathrin- coated
pits for subsequent recycling or degradation. Ultimately, B-Arrestin 2 and B-Arrestins in general

act as scaffolding proteins to physically link GPCRs to the cell’s endocytic processes.

In our lab, we have shown that B -Arrestin 2 has a baseline interaction with BAI1 FL, but
strongly interacts with the ANT version of BAI1. While our lab has also shown that BAI1
interacts with B-Arrestin 2 (15), the Lefkowitz lab at Duke and the Pei lab in China confirmed

that MDM2 interacts with B-arrestin 2 (30, 38). A previous study conducted using the opioid



GPCR demonstrated the ternary complex formation of the opioid receptor, MDM2, and -
arrestin 2 (38). Because of this precedent, we logically hypothesized that BAI1, MDM2, and -

Arrestin 2 similarly, form a ternary complex.

In the work described here, we investigated the association of MDM2 and B -Arrestin 2 with
BAI1. Because of MDMZ2's primary function as an E3 ubiquitin ligase and regulator of protein
stability, we also wanted to investigate the ubiquitination state of MDM2, B -Arrestin 2, and
BAI1. Previous studies have also shown that B2AR stimulation results in accumulation of
chromosomal DNA damage in both somatic and germ cells via B-arrestin-dependent
mechanisms. These mechanisms include AKT mediated phosphorylation and activation of
MDM?2 which directs MDM2 to the nucleus where it can carry out MDM2-mediated
ubiquitination and proteasomal degradation of p53 (8). Thus, in addition to ubiquitination state
we also wanted to investigate the effect of BAI1 and B -Arrestin 2 on the phosphorylation state
of MDM2 as these critical post-translational modifications play essential roles in protein
stability and localization. These binding partners would be crucial for understanding BAI1
regulation and cellular pathways in a manner that might facilitate the future development of

novel therapeutics for numerous pathologies.



Materials & Methods

Reagents

Complete Media: DMEM Incomplete Media (Gibco) + 10% FBS (Rockland) + 5% P/S
filtered. 0.05% Trypsin EDTA (Millipore Sigma). DNA plasmids: BAI1 FL, BAI1 ANT, BAI1 SL, myc-
MDM?2, HA B-Arrestin 2, FLAG B-Arrestin 2, HA Ubiquitin, Empty Vector, Luciferase, Renilla.
Mirus Transfection Reagent (Mirus TransIT-LT1). PEl reagent: Dispense 1g polyethylenimine
(PEI) (MW: 25000) into beaker and suspend in 900ml of water; Add HCL dropwise until pH is
<2.0; Stir until powder completely dissolve; Add NaOH until pH is 6.9-7.1; Add water until total
volume is 1L; Filter solution and aliquot into 1.5mL tubes to store at -20C. PBS 1X with calcium
(Fisher). RIPA 10X Lysis Buffer (Millipore Sigma). MYC-tagged agarose beads (Thermo). HA-
tagged agarose beads (Thermo). Opti-MEM (Gibco). Pre-mixed firefly reagent aliquot; Renilla
substrate; Renilla buffer (Promega). Protease Inhibitor (Thermo). Dimethyl sulfoxide (DMSO).
2X Laemmli Sample Buffer (BioRad). Intercept Blocking Buffer (Licor). Primary antibodies: BAI1
(ThermoFisher Scientific); HA (Cell Signaling Technology); MYC (Cell Signaling Technology); FLAG
(Cell Signaling Technology); GAPDH (ThermoFisher Scientific). Tris-glycine 4-20% 10 & 15 well
gradient gel (BioRad). 1X SDS Running Buffer (BioRad). Precision Plus Protein Dual Color
Standard (BioRad). Secondary Antibodies: Rabbit 800 and Mouse 680 (Licor). MG-132 (Sigma

Aldrich). Pierce N-ethylmaleimide (ThermoFisher Scientific).



Cell Culture/Splitting

The purpose of this technique is to split confluent cell plates for maintenance and for
other lab uses such as transfections, etc. Warm Reagents in 37C water bath. The 10 cm plate
should be confluent. Aspirate media off under the hood. Add 1 mL Trypsin and let the plate sit
in the incubator for 5 min. Add 9 mL of Complete Media to trypsinized cells and make sure they
lift off the plate. Triturate gently and plate cells into new dishes for (have 10 mL in each plate at

the very end). Mix.

Polyethylenimine (PEI) Transfection

The purpose of this technique is to insert DNA plasmid into the genome of the cells.
From a 10 cm confluent dish, aspirate media. Add 1ml trypsin and while cells are trypsinizing,
prepare 6 well plates. Add 2 mL complete media/well. Add 9 mL complete media and triturate
cells very gently to break them apart. Plate 800,000 cells/well. Gently tilt plate along length
and side of 6 well plate to spread them gently. Transfect cells roughly 40 hours after plating.
Warm Opti-MEM and thaw PEIl aliquot. Thaw DNA and add DNA, then PEl into 1.5 mL tubes.
Ratio of DNA to PEl is 1 ug DNA: 2 uL PEI. Add 100 uL Opti-MEM to each tube and vortex.
Incubate at room temperature for 15 min. During 15 min incubation period, remove complete
media from each well until the volume is 1.5 mL/well. Add transfection solution to the 6-well
plate. Roughly 24 hr after transfection, add 1 mL of complete media back to cells. Harvest 48 hr

after transfection.
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Mirus Transfection

The purpose of this technique is to insert DNA plasmid into the genome of cells. On day
1, plate cells 1:10 day before transfection. On day 2, transfect cells by first thawing out DNA
needed. Using 1.5 mL tubes, add reagents in this order: Add 750 ulL Incomplete Media (DMEM).
Add the DNA in the tube. Wait 5 min. Add 10 uL Mirus. Add 750 uL Incomplete Media (DMEM).
Tap 8-10 times to mix. Let it sit for 15 min. Add dropwise and mix gently. Let it transfect in the

incubator for 48 hr.

Dual-Glo Luciferase 96 Well Assay

The purpose is to insert DNA plasmid into the genome of cells and detect G protein-
dependent signaling via Rho-A pathway activation. On day 1, from a confluent 10 cm dish, add
1 mL of Trypsin and 9 mL of complete media. Pre-load each well with 75 uL of complete media.
Triturate cells to mechanically dissociate cells into solution. Pipette 50 uL of cell solution to
each well. On day 2, transfect the cells. Thaw out DNA and label tubes. Pipette DNA to each
tube. Create a master mix of DMEM, Firefly Luciferase, Renilla Luciferase. Pipette master mix to
each tube ~250 uL. Set for 5 min. Add 5 uL of Mirus to each tube condition and flick 8-10 times.
Let transfection solution sit at RT in hood for 30 min. Label wells on plate lid. Remove 80 ul of
media from each well to be transfected. Pipette 50 ulL of transfection solution to each well. Let
transfection sit for 48 hours. On day 4, read the plate. Thaw firefly luciferase reagent RT (use
only RT water, do not use warm water or incubator). Remove plate from incubator and allow to

sit on bench for up to 5 min to cool to RT. Pipette 75 ul of firefly substrate to each well (do not
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remove media). Let sit at RT for 10 min. Read plate and save data. Prepare Renilla reagent.
Calculate amount needed: 75 uL/well + 15% for pipetting error. Dilute green substrate 1:100 in
Stop and Glo buffer. For 10 conditions of 3 replicates, use 37.5 ul of green substrate and 3712.5
uL of buffer. Pipette 75 ulL to each well (do not remove any liquid from wells). Let plate sit for

10 min at RT. Read plate and save data.

Co-Immunoprecipitation Protocol

The purpose is to use antibody incubated agarose beads to pull down a specific protein
and the complex of proteins with which it associates. Make sure cells are confluent and aspirate
off media. Remove excess media by adding 1 mL of PBS 1X to side of plate and aspirate off.
Harvest cells in 500 uL RIPA 1X Buffer + Protease Inhibitor. Solubilize overnight in cold room
end-over-end. Centrifuge samples: 15000 rpm for 20 min at 4C. 22.5 uL 4x + 67.5 ul lysate
samples; 50 uL MYC beads or 15 uL HA beads (wash once with 1 mL of PBS 1X) + remaining
lysate samples. PD O/N. 8x washes in RIPA 1X buffer w/ 0.2% DMSO. Elute O/N at RT in 100 uL

2X Laemmli Sample Buffer.

Western Blot

The purpose of this technique is to detect the presence of proteins through the use of
antibodies. On day 1, run SDS-PAGE gel for 10 min at 120V, 50 min at 130V. Remove gel, rinse in
water, soak blotting paper and membrane in transfer buffer, prepare sandwich and complete

transfer. Ponceau stain if needed and use 0.1M NaOH to remove stain (rinse with water before
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and after NaOH). Block in blocking buffer (20g milk, 10mL HEPES in fridge, 50mL NaCl in fridge,
1mL Tween20, fill to 1L with water) or Intercept Blocking Buffer for 1hr on shaker. Primary
antibody overnight in cold room. On day 2, rinse 3x with 1X PBS-T. 2 PBS-T washes, 10 min. 1 hr
RT on shaker secondary antibody in milk solution. Rinse 3x with 1x PBS. 3 PBS washes and

image.
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Results

MDM_2 Exhibits Greater Association with Truncated Versions of BAI1

To assess whether MDM2’s interaction with BAI1 was activity state dependent, we
performed co-immunoprecipitation assays. The level of interaction between MDM2 and the 3
BAI1 receptor forms: BAI1 FL, BAI1 ANT, and BAI1 SL was assessed by coexpressing BAI1 FL,
BAI1 ANT, and BAI1 SL, and myc-tagged MDM?2 within HEK293T cells. As shown in Fig. 1, IP of
myc-MDM2 revealed a baseline level of interaction between BAI1 FL and myc-MDM2. However,
we witnessed a moderate increase in binding between BAI1 ANT and myc-MDM2 as well as a
slight increase in binding between BAI1 SL and myc-MDM?2. These data suggest that cleavage of
BAI1’s N-terminus, which increases receptor signaling activity, can modulate the interaction

between BAI1 and MDM2 (15).

MDM2 & 8 -Arrestin 2 may Mutually Facilitate each other’s Interaction with BAI1

From previous studies, we knew that MDM2 was able to bind B -Arrestin 2 and that
BAI1 was able to bind to both MDM2 and (3 -Arrestin 2 (15, 30, 38, 46). We wanted to assess
the relationship among these 3 proteins and determine whether these proteins might form a
ternary complex. To accomplish this, we first performed a co-immunoprecipitation assay in
which we IPed myc-MDM2. BAI1 FL and BAI1 ANT were coexpressed with myc-MDM?2 in the

presence or absence of coexpressed B -Arrestin. As shown in Fig. 2, in the presence of 8 -
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Arrestin 2, myc-MDM2 was able to moderately co-immunoprecipitate BAI1 FL and more
significantly co-immunoprecipitate BAI1 ANT. The increase in binding between BAI1 FL, ANT and

myc-MDM?2 suggests that B -Arrestin 2 can promote the interaction between BAI1 and MDM2.

We then took a different approach and performed another co-immunoprecipitation assay in
which we IPed using HA- B -Arrestin 2. Similar to the previous experiment, BAI1 FL and BAI1
ANT were coexpressed with HA B -Arrestin 2 in the presence of absence of coexpressed MDM?2.
As depicted in Fig. 3, in the presence of MDM2 , HA B -Arrestin 2 was able to significantly co-
immunoprecipitate BAI1 FL and BAI1 ANT. The increase in binding between BAI1 FL, ANT and B -
Arrestin 2 suggests that MDM2 can facilitate the interaction between BAI1 and (3 -Arrestin 2.
Ultimately, these findings suggest that both MDM2 and B -Arrestin 2 mutually promote each

other’s binding to BAI1.

BAI1 & 8 -Arrestin 2 Effect on MDM2 Ubiquitination Pattern

For all of our ubiquitination experiments we treated transfected HEK293T cells with 10
uM of MG-132 6 hours before harvest. We also harvested and washed the IP bead samples with
10 mM NEM. Because of MDM2 is an E3 ubiquitin ligase, we then wanted to assess how BAI1
and B -Arrestin 2 might affect MDM?2’s ubiquitination function. To accomplish this, we
conducted a co-immunoprecipitation assay in which we IPed using transfected HA tagged
ubiquitin. We assessed the level of protein ubiquitination by blotting for BAI1, myc-MDM?2, and

FLAG B -Arrestin 2.
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BAI1 FL and ANT were coexpressed with myc-MDM2 , FLAG B -Arrestin 2, and with both
myc-MDM?2 and FLAG B -Arrestin 2. As depicted in Fig. 4, BAI1 ubiquitination for both FL and
ANT did not increase with myc-MDM2 coexpression. However, BAI1 ubiquitination did increase
when BAI1 was coexpressed with FLAG B -Arrestin 2 and increased even more drastically when
BAI1 was coexpressed with both myc-MDM2 and FLAG B -Arrestin 2. These findings suggest

that the presence of MDM2 can enhance the B -Arrestin 2-dependent ubiquitination of BAI1.

As shown in Fig. 5, we expressed myc-MDM?2 in the presence and absence of FLAG B -
Arrestin 2 and found that B -Arrestin 2 promotes MDM2 self-ubiquitination. We saw this trend
even across the conditions in which myc-MDM2 was coexpressed with BAI1 FL and ANT. In
addition, we also wanted to assess how BAI1 might affect MDM2 self-ubiquitination. Myc-
MDM?2 was expressed in the presence and absence of BAI1 FL and ANT and we observed a
trend toward reduced MDM2 self-ubiquitination. As we saw that B -Arrestin 2 enhanced MDM?2
self-ubiquitination, we also wanted to assess the effect of BAI1 FL and ANT on MDM2 self-
ubiquitination when MDM2 was coexpressed with B -Arrestin 2. We found a similar trend in
which the presence of BAI1 inhibited MDM2 self-ubiquitination, with the presence of BAI1 ANT

exerting an even greater inhibitory effect.

In further studies, we wanted to determine the effect of MDM2 on B -Arrestin 2
ubiquitination levels. B -Arrestin 2 was expressed in the presence and absence of MDM2. As
shown in Fig. 6, we observed an increase in 3 -Arrestin 2 ubiquitination levels in the presence
of MDM2. This trend can also be seen in the presence of B -Arrestin 2 and BAI1 in the presence

and absence of MDM2. Lastly, we were curious to see how BAI1 affected MDM2-mediated
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ubiquitination of B -Arrestin 2. In these experiments, little difference was observed when § -
Arrestin 2 and MDM2 were coexpressed in the presence and absence of BAI1 FL, but we did
observe a clear reduction in B -Arrestin 2 ubiquitination levels when BAI1 ANT was co-

transfected.

BAI1 & 8 -Arrestin 2 Effect on MDM2 Phosphorylation

Because previous studies have linked GPCR and B -Arrestin 2 signaling pathways via AKT
mediated phosphorylation of MDM2, we proceeded to investigate how the presence of BAI1
and B -Arrestin 2 might affect the phosphorylation state of MDM2. HEK293T cells express a low
baseline level of endogenous MDM2, and to increase MDM2 over this low endogenous level we
transfected myc-MDM2 into every condition besides the first empty vector condition to assess
how transfected myc-MDM2 might affect total MDM2 levels. We coexpressed BAI1 FL, B -
Arrestin 2 with myc-MDM?2 individually and together. As shown in Fig. 7, we found that the
presence of B -Arrestin 2 drastically increased the phosphorylation level of MDM2. However,
we also found that in the first empty vector condition in which we did not transfect in myc-

MDM?2, that we observed close to no phosphorylated MDM2.
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Discussion

In our quantification of protein association in our co-IPs, we employed a semi-
guantitative method. Quantifying IPs is challenging due to variability in IP efficiency as well as
guestions as to how best to normalize the data. However, in the IPs in our study, we quantified
and averaged the proteins in the IP blots and normalized them to lysate levels of expression but
not any loading controls. Thus, we derived semi-quantitative estimates of the degree of protein
association within the context of the expression levels of the individual proteins. In addition,
we attempted to perform statistical analysis on the degree of protein interaction via unpaired t
tests. However, because we derived semi-quantitative estimates of protein interaction, we
want to acknowledge that the p values likely do not represent the true significance. Instead, we
want to draw attention and focus on the general trend of protein interactions. While we cannot
say to what degree one protein facilitates the interaction of another pair of proteins, we can

say that the trend appears to be an increase in protein association.

As the Van Meir lab demonstrated that MDM2 interacts with BAI1 at its VSV motif to
prevent PSD-95 and p53 polyubiquitination and degradation (45, 46), we initially wanted to
investigate whether the activity state of BAI1 (FL, ANT, SL) might have an effect upon
interaction with MDM2. We found through our Co-IP that MDM2 interacted with the BAI1 N-
terminus-truncated versions to a greater degree than BAI1 FL. The fact that MDM2 interacted
with BAI1 ANT and SL to a greater degree than with BAI1 FL suggests that the large extra-
cellular N-terminus as well as the stalk region from post-GPS cleave are not only unnecessary
but might aid in MDM2’s interaction with BAI1. This idea is further reinforced by the fact that

BAI1 ANT and SL appear to express at lower levels that BAI1 FL. Thus, the perceived increase in
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interaction between BAI1 ANT, SL with MDM2 may be even greater than meets the eye. Given
the higher receptor activity levels of BAI1 ANT and SL relative to FL, we interpret these co-IP

data to indicate that BAI1 interaction with MDM2 is dependent on receptor activity state.

Because other GPCRs have been known to form a ternary complex with MDM2 and B -
Arrestin 2, and because BAI1 is known to interact with both of these proteins, we hypothesized
that a ternary complex may form between BAI1, MDM2 and B -Arrestin 2. In our first
experiment to investigate these protein relationships, we conducted a co-IP in which we IPed
using myc-MDM2 to investigate the effect of B -Arrestin 2 on the BAI1-MDM?2 interaction. We
observed a slight increase in interaction between BAI1 FL and MDM2 in the presence of B -
Arrestin 2. In these experiments, BAI1 FL expression appeared relatively consistent, so we can
speculate that there was a real increase in the extent of interaction. In addition to BAI1 FL, we
also observed an increase in interaction between BAI1 ANT and MDM2 in the presence of f -
Arrestin 2. We noticed that in the absence of B -Arrestin 2, expression of BAI1 ANT appeared to
be slightly lower than with of B -Arrestin 2. However, because the fold increase of BAI1 ANT co-
IPed with B -Arrestin 2 compared to without B -Arrestin 2 was significantly greater than the
difference in BAI1 ANT expression, we can logically conclude that B -Arrestin 2 facilitated the

interaction between BAI1 ANT and MDM2.

We also conducted another co-IP in which we IPed using HA B -Arrestin 2 to investigate
the effect of MDM2 upon the BAI1- B -Arrestin 2 interaction. We observed a moderate increase
in the interaction between BAI1 FL and B -Arrestin 2 in the presence of MDM2. BAI1 FL

expression for the conditions with and without B -Arrestin 2 appeared to be relatively
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consistent throughout, reaffirming the apparent increase in interaction between BAI1 FL and B -
Arrestin 2 observed in the IP blots. Furthermore, we investigated how the presence of MDM2
affected the interaction between BAI1 ANT and B -Arrestin 2. We observed that in the presence
of MDM2, we saw a dramatic increase in the association between BAI1 ANT and  -Arrestin 2.
Examination of BAI1 ANT expression in the lysates revealed that the condition with only BAI1
ANT and B -Arrestin 2 exhibited higher expression than the condition that included MDM?2.
However, because we observed even greater BAI1 ANT co-IP in the condition with lower BAI1
ANT expression, this further strengthens the notion that MDM2 facilitates the interaction
between BAI1 ANT and B -Arrestin 2. Our two co-IPs suggest that MDM2 and B -Arrestin 2

mutually facilitate each other’s interaction with BAI1.

We have proposed three possible models by which this mutual facilitation may happen.
The first model as shown in Fig. 8a, we term as the “Stable Ternary Complex Model” in which all
three proteins come together and fit like a jig-saw puzzle. In such a model, all three proteins
would likely facilitate each other’s stability, but we do acknowledge that the model might not
be as simple as this. Thus, we also have proposed the “Conformation Change Model” as shown
in Fig. 8b, in which B -Arrestin 2’s binding to BAI1 at its C-terminus and MDMZ2’s binding to BAI1
at its VSV domain on the first intracellular loop alters BAI1’s conformation to make the other
protein’s respective binding locations more accessible. However, it is also possible that 8 -
Arrestin 2 and MDM?2 facilitate each other’s interaction with BAI1 by shuttling each other to
BAI1. This would be probable as B -Arrestin 2 is known to interact extensively with highly active
GPCRs and other studies have also shown that as 8 -Arrestin 2 undergoes constitutive

nucleocytoplasmic shuttling which enables it to distribute nuclear binding cargo such as MDM?2
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throughout the cytoplasm (2). We termed this model the “Recruitment and Hand-off Model” as

shown in Fig. 8c.

In our ubiquitination co-IP experiment where we IPed using transfected HA ubiquitin
and performed Western blotting to determine level of ubiquitination, we investigated a variety
of questions, including: how do MDM2 and B -Arrestin 2 affect BAI1 ubiquitination? How do
BAI1 and B -Arrestin 2 affect MDM2 self-ubiquitination? And how does BAI1 and MDM2 affect
B -Arrestin 2 ubiquitination? In regard to the first question, we found that co-transfection with
B -Arrestin 2 drastically increased the ubiquitination of both BAI1 FL as well as BAI1 ANT. We
noticed that once myc-MDM?2 was transfected alongside B -Arrestin 2, there was an even more
drastic increase in BAI1 FL and BAI1 ANT. This suggested that MDM2 may increase B -Arrestin 2
dependent ubiquitination of BAI1. This observation has not previously been reported, although
one study did show that B -Arrestin 2 can serve as an adaptor to recruit the E3 ligase, Nedd4, to
ubiquitinate the B2-adrenergic receptor (32). We interpret our data to mean that only in the
presence of B -Arrestin 2 is MDM2 able to be effectively recruited to ubiquitinate BAI1. The
ubiquitination we see when MDM?2 is not transfected could due to either endogenous MDM?2
or other endogenous E3 ligases. Although the expression levels of BAI1 FL and ANT across
conditions are not exactly equal, the dramatic differences in BAI1 ubiquitination likely render
this point moot. Our lab has previously reported that BAI1 ANT exhibits far greater
ubiquitination than BAI1 FL (15), and the present findings are consistent with that report given
that the total expression levels of BAI1 ANT are much lower than BAI1 FL, but yet IP with HA-

ubiquitin is greater for BAI1 ANT.
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In our investigation of the effect of BAI1 and B -Arrestin 2 on MDM2 self-ubiquitination,
we found that co-expression with B -Arrestin 2 increased while co-expression with BAI1 slightly
decreased MDM2 self-ubiquitination. Our finding that B -Arrestin 2 promotes MDM2 self-
ubiquitination is particularly interesting as a previous study had shown that the binding of -
Arrestin 2 to MDM2 suppressed the self-ubiquitination of MDM2 (38). However, this difference
in B -Arrestin 2 function might be attributed to the difference in cell type as the previous study
used Saos2 cells while we used HEK293T cells. Nevertheless, this modulation of MDM2 self-
ubiquitination by B -Arrestin 2 is crucial as it can indirectly regulate the stability of p53 and
other MDM2 substrates. Ultimately, this suggests that B -Arrestin 2 may serve as a point of
crosstalk between GPCR and tumorigenic pathways. We also observed a slight decrease in
MDM2 self-ubiquitination when BAI1 FL and ANT were coexpressed. Prior studies have
suggested that BAI1 functions to sequester MDM2 at its VSV motif to prevent PSD-95 and p53
polyubiquitination and degradation (45, 46). This sequestering function of BAI1 could result in
MDM2 no longer being physically able to ubiquitinate other MDM2 proteins. Another
possibility could be that the interaction between BAI1 and MDM2 alters MDM?2’s conformation

and thus inhibits its enzymatic activity as an E3 ubiquitin ligase.

We also found that MDM2 coexpression with B -Arrestin 2 increased B -Arrestin 2
ubiquitination while BAI1 coexpression (especially BAI1 ANT) reduced levels of B -Arrestin 2
ubiquitination. Our finding that co-expression with MDM2 increased B -Arrestin 2
ubiquitination was consistent with previous studies, which have repeatedly shown that MDM2
catalyzes arrestin ubiquitination (30). However, it is important to note that while MDM2

appeared to increase B -Arrestin 2 ubiquitination in the absence of BAI1 and in the BAI1 FL
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conditions, there appeared to be minimal change in BAI1 ANT condition. One possible
explanation as to why there might be less B -Arrestin 2 ubiquitination in the presence of BAI1
ANT is that the overactive version of BAI1 might require more B -Arrestin 2 to facilitate
desensitization and internalization of the receptor. Thus, it would be counterproductive for the
cell to ubiquitinate and degrade the much needed B -Arrestin 2. This ties into the last
conclusion that we made regarding B -Arrestin 2 ubiquitination, which is that BAI1 ANT reduced
B -Arrestin 2 ubiquitination when coexpressed with MDM2. The same explanation follows, in
that B -Arrestin 2 is needed to desensitize and aid in internalization of the overactive BAI1 ANT

receptor, and thus it is probable that its ubiquitination and subsequent degradation is inhibited.

In our study to investigate the effect of BAI1 and B -Arrestin 2 on the phosphorylation
state of MDM2, we found that in the empty vector condition, in which we did not transfect any
myc-MDM?2, we saw little to no phosphorylated MDM2. This was in contrast to the rest of the
conditions in which we transfected myc-MDM2 and saw substantial levels of phosphorylated
MDM2. The data suggests that the myc tag drastically increases the level of phosphorylation of
MDM2. It might be possible that the myc tag on the C-terminus of MDM2 prevents certain
phosphatases from binding and dephosphorylating MDM2. This idea could be tested in the
future by adding a phosphatase inhibitor to our cells and/or exploring the set of binding
partners for MDM2 in the absence and presence of the myc tag. Furthermore, we were
surprised to see that total MDM?2 levels appeared to be relatively unchanged even after
transfection of myc-MDM2. One potential explanation could be that the total MDM2 antibody
might only recognizes endogenous MDM2, if for example the myc tag on the MDM2 C-terminus

disrupts binding of the anti-MDM?2 antibody. This could lead to a perceived unchanged level of
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total MDM2 when in actuality, the increase is substantial. In regard to our experimental design
of serum starving the HEK293T cells, we hoped that that this would broadly reduce the baseline
of most signaling pathways. Thus, we hoped that if there was an effect of BAI1 and B -Arrestin 2
on Akt signaling, that it would appear more prominent. However, we did not notice any
substantial differences between serum and serum starved conditions. We did observe a
substantial increase in phosphorylation of MDM2 when B -Arrestin 2 was coexpressed. The
increase in MDM2 phosphorylation did not seem to be attributed to BAI1 specifically, as there
was minimal change in MDM2 phosphorylation in the presence of BAI1. Although the literature
does not report any direct mechanism by which B -Arrestin 2 can promote the phosphorylation
of MDM?2, it is conceivable that B -Arrestin 2 acts through other endogenous GPCRs in HEK293T

cells to promote the phosphorylation of MDM2 (8).

In terms of future directions, we would like to investigate what effect BAI1 and B-
Arrestin 2 have on phosphorylated MDM2 distribution. Via other GPCRs and B-Arrestin 2
mediated mechanisms, Akt could phosphorylate MDM2 and redirect MDM2 back to the
nucleus (8). Through immunocytochemistry, we could visualize to what extent this
phenomenon is occurring. We also plan on repeating the MDM2 phosphorylation experiment
with a phosphatase inhibitor to assess the level of endogenous MDM?2 phosphorylation. In
addition, we want to further clarify the BAI1, MDM?2, & B-Arrestin 2 relationship. Experiments
to date have IPed using myc-MDM2 and HA B-Arrestin 2, so the next step would be to IP with
the receptor and assess how MDM2 and B-Arrestin 2’s interaction with BAI1 affects BAI1's
interaction with B-Arrestin 2 and MDM2, respectively. In addition to BAI1, MDM2, and -

Arrestin 2, we also want to assess the post-translational modifications of proteins more directly
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involved in pathological conditions such as synaptic deficits and tumorigenic pathways. For
example, we plan to investigate how BAI1, MDM2, and B-Arrestin 2 affect the ubiquitination

state of PSD-95 and p53 as well as the phosphorylation state of p53.

In summary, our findings elucidate the nature of interaction between BAI1, MDM2, and
B -Arrestin 2 and the subsequent effects on their respective post-translational modifications,
specifically ubiquitination and phosphorylation. Our results identify BAI1 as a potential
regulator and target of MDM2 ubiquitination function that has wide ranging implications from
serving as a crosslink in p53 tumorigenic pathways to modulating synaptic stability and long-
term potentiation. Ultimately, BAI1’s diverse function within the brain marks it as an attractive
target for the understanding and potential treatment of a wide range of neurological

pathologies.
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Figure 1a. MDM2 interacts to a greater degree with fruncated forms of BAI1.
Co-IP studies were performed to investigate the association between BAI1 FL,
BAI1 ANT, BAI1 SL, and MDM2 in transfected HEK293T cells. Samples were

analyzed via SDS-PAGE followed by Western blot. The lysate blot data
demonstrate comparable protein expression levels across conditions.
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Figure 1b. MDM2 interacts to a greater degree with truncated forms of
BAI1. Quantification of BAI1 from co-IP to investigate the association
between BAI1 FL, BAI1 ANT, BAI1 SL, and MDM2. IP was normalized
to lysates. Triplicates were averaged and level of BAI1-MDM2
interaction was displayed as fold over BAI1 FL-MDMZ. (+/- S.EM
shown, BAI1 ANT p=0.08, BAI1 SL p=0.13 versus BAI1 FL, unpaired t
test)
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Figure 2a. B -Arrestin 2 increased association between MDM2 and BAI1. Co-IP studies
were performed to investigate the association between BAI1 FL, BAI1 ANT and MDM2 in
the presence and absence of § -Arrestin 2 in transfected HEK293T cells. Samples were
analyzed via SDS-PAGE followed by Western blot. The input blot data demonstrate

comparable protein expression levels across conditions.
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Figure 2b. § -Arrestin 2 facilitates BAI1 FL-MDM2 interaction. Quantification
of BAI1 from co-IP to investigate the association between BAI1 FL and MDM2
in the presence and absence of p -Arrestin 2. IP was nommalized to lysates.
Triplicates were averaged and level of BAI1 FL-MDM2 interaction was
displayed as fold over BAI1 FL-MDM2 baseline. (+/- §.E.M shown, Condition
with B -Arrestin 2 p=0.168 versus baseline, unpaired t test)
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Figure 2c. p -Arrestin 2 facilitates BAI1 ANT-MDM2 interaction.
Quantification of BAI1 from co-IP to investigate the association between
BAI1 ANT and MDM2 in the presence and absence of B -Arrestin 2. IP was
normalized to lysates. Triplicates were averaged and level of BAI1 ANT-
MDM2 interaction was displayed as fold over BAI1 ANT -MDM2 baseline.
(+/- S.E.M shown, Condition with [ -Arrestin 2 p=0.0667 versus baseline,
unpaired t test)
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Figure 3a. MDM2 increases association between B -Arrestin 2 and BAI1. Co-IP studies
were performed to investigate the association between BAI1 FL, BAI1 ANT and § -Arrestin 2
in the presence and absence of MDM2 in transfected HEK293T cells. Samples were
analyzed via SDS-PAGE followed by Western blot. The input blot data demonstrate

comparable protein expression levels across conditions.
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Figure 3b. MDM2 facilitates BAI1 FL- B -Arrestin 2 interaction.
Quantification of BAI1 from co-IP to investigate the association between
BAI1 FL and B -Arrestin 2 in the presence and absence of MDM2. IP was

normalized to lysates. Triplicates were averaged and level of BAI1 FL- B -

Arrestin 2 interaction was displayed as fold over BAI1 FL- j -Arrestin 2
baseline. (+/- S.E.M shown, Condition with MDM2 p=0.0731 versus
baseline, unpaired t test)
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Figure 3b. MDM?2 facilitates BAI1 ANT - B -Arrestin 2 interaction.
Quantification of BAI1 from co-IP to investigate the association between
BAI1 ANT and B -Arrestin 2 in the presence and absence of MDMZ2. IP was

normalized to lysates. Triplicates were averaged and level of BAI1 ANT - § -

Arrestin 2 interaction was displayed as fold over BAI1 ANT - B -Arrestin 2
baseline. (+/- S.E.M shown, Condition with MDM2 p=0.1852 versus
baseline, unpaired t test)
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Figure 4a. MDM2 presence increased [ -Arrestin 2 mediated ubiquitination of BAI1. Co-IP

studies were performed to investigate the level of ubiquitination of BAI1 FL and BAI1 ANT in
the presence and absence of MDM2 and B -Arrestin 2 in transfected HEK293T cells. IP was
conducted using transfected HA tagged ubiquitin. BAI1 protein was subsequently blotted for.
Samples were analyzed via SDS-PAGE followed by Western blot. The input blot data

demonstrate comparable protein expression levels across conditions.
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Figure 4b. MDM2 presence increases j3 -Arrestin 2 mediated
ubiquitination of BAI1 FL. Quantification of BAI1 from co-IP to investigate
the association between BAI1 FL and HA ubiquitin in the presence and
absence of MDM2 and B -Amestin 2. IP was normalized to lysates.
Triplicates were averaged and level of BAI1 FL ubiquitination was
displayed as fold over BAI1 FL ubiquitination baseline levels. (+/- S.E.M
shown, B1 FL + B-Arr.: p=0.0472, B1 FL + B-Arr. + MDM2: p=0.0790
versus B1 FL baseline, unpaired t test)
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Figure 4c. MDM2 presence increases p -Armrestin 2 mediated
ubiquitination of BAI1 ANT. Quantification of BAI1 from co-IP to investigate
the association between BAI1 ANT and HA ubiquitin in the presence and
absence of MDM2 and B -Arrestin 2. IP was normalized to lysates.
Triplicates were averaged and level of BAI1 ANT ubiquitination was
displayed as fold over BAI1 ANT ubiquitination baseline levels. (+- S.E.M
shown, B1 ANT + B-Am.: p=0.1072, B1 ANT + B-Arr. + MDM2: p=0.0802
versus B1 ANT baseline, unpaired t test)
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Figure 5a. MDM2 self-ubiquitination increases in the presence of f -Arrestin 2 and that it
decreases in the presence of BAI1. Co-IP studies were performed to investigate the level of
ubiquitination of MDM2 in the presence and absence of BAI1 and [ -Arrestin 2 in
transfected HEK293T cells. IP was conducted using transfected HA tagged ubiquitin. Myc
tagged MDM2 was subsequently blotted for. Samples were analyzed via SDS-PAGE
followed by Western blot. The input blot data demonstrate comparable protein expression

levels across conditions.
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Figure 5b. 3-Arrestin 2 presence increases MDM2 self-ubiquitination. Quantification of myc-MDM2 from co-IP to
investigate the association between myc-MDM2 and HA ubiquitin in the presence and absence of B -Arrestin 2. IP was
normalized to lysates. Triplicates were averaged and level of myc-MDM2 self-ubiquitination was displayed as fold over
myc-MDM2 self-ubiquitination baseline levels. (+/- S.E.M shown, MDM2 + B -Arr. 2: p=0.1075, MDM2 + B1 FL + B -Am.
2: p=0.085, MDM2 + B1 ANT + 8 -Arr. 2: p=0.0221 versus respective baseline, unpaired t test)
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Figure 5c. BAI1 presence decreases MDM2 self-ubiquitination. Quantification of myc-MDM2 from co-IP to
investigate the association between myc-MDM2 and HA ubiguitin in the presence and absence of BAI1. IP was
normalized to lysates. Triplicates were averaged and level of myc-MDM2 self-ubiquitination was displayed as
fold over myc-MDM2 self-ubiquitination baseline levels. (+/- S.E.M shown, MDM2 + B1 FL: p=0.0005, MDMz2 +
B1 ANT: p=0.5306, MDM2 + B1 FL + B -Arr. 2: p=0.4921, MDM2 + B1 ANT + B -Arr. 2: p=0.0001 versus
respective baseline, unpaired t test)
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Figure 6a. p-Arrestin 2 ubiquitination increases in the presence of MDM2 and that it
decreases in the presence of BAI1 ANT when MDM2 is coexpressed. Co-IP studies were
performed to investigate the level of ubiguitination of B -Arrestin 2 in the presence and
absence of BAI1 and MDM2 in transfected HEK293T cells. IP was conducted using
transfected HA tagged ubiguitin. FLAG tagged p -Arrestin 2 was subsequently blotted for.
Samples were analyzed via SDS-PAGE followed by Western blot. The input blot data
demonstrate comparable protein expression levels across conditions.
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Figure 6b. MDM2 presence increases FLAG P -Arrestin 2 ubiquitination levels. Quantification of FLAG B -
Arrestin 2 from co-IP to investigate the association between FLAG B-Arrestin 2 and HA ubiquitin in the
presence and absence of MDM2. |P was normalized to lysates. Triplicates were averaged and level off FLAG
[ -Arrestin 2 ubiquitination was displayed as fold over FLAG [ -Arrestin 2 ubiguitination baseline levels. (+/-
S.E.M shown, ( -Arr. 2 + MDM2: p=0.2005, B -Arr. 2 + B1 FL + MDM2: p=0.0841, § -Arr. 2 + B1 ANT + MDM2:
p=0.3011 versus respective baseline, unpaired t test)
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Figure 6¢. BAI1 ANT presence decreases FLAG @ -Arrestin 2 ubiquitination levels when
coexpressed with MDM2. Quantification of FLAG [ -Arrestin 2 from co-IP to investigate the
association between FLAG B-Arrestin 2 and HA ubiquitin in the presence and absence of
MDM2. IP was normalized to lysates. Triplicates were averaged and level off FLAG 8 -
Arrestin 2 ubiguitination was displayed as fold over FLAG 8 -Arrestin 2 ubiquitination
baseline levels. (+/- S.E.M shown, B -Arr. 2 + MDM2 + B1 ANT: p=0.0616, versus baseline,
unpaired t test)
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Figure 7a. Myc-MDM2 and B-Arrestin 2 increase phosphorylated MDM2 levels. Protein
expression studies were performed to investigate the affect of BAlI1 FL and B-Arrestin 2 on
phosphorylated MDM2 levels. The condition that lacked transfected myc-MDM2 exhibited
little to no phosphorylated MDM2.
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Figure 7b. B-Arrestin 2 presence increase phosphorylated MDM2 levels. Quantification of
phosphorylated MDM2 in the presence and absence of B-Arrestin 2 . Single replicate displayed as
fold over phosphorylated baseline levels.
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Figure 8a. “Stable Ternary Complex Mode." The first model by which MDM2 and
B -Arrestin 2 mutually facilitate each other’s interaction.
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Figure 8b. "Conformation Change Model." The second model by which MDM2
and B -Arrestin 2 mutually facilitate each other's interaction.
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Figure Bc. “Recruitment and Hand-off Model.” The third model by which
MDM2 and B -Arrestin 2 mutually facilitate each other's interaction.
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