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(B.S. Auburn University, 1981)
111 Typed Pages

Directed by Ellen N. Behrend

Prenylated Rab acceptor domain family member 1 (PRAF1), a transmembrane
Golgi apparatus protein, interacts with Dexras1, a corticotrophic protein that may play a
role in glucocorticoid-mediated inhibition of ACTH secretion. The purpose of this study
was to evaluate the effect of mutating PRAF1 on Dexras] interaction, PRAF1 and ACTH
localization, cell morphology, ACTH secretion, and processing and transcription of
POMC, the precursor of ACTH.

PCR and site-directed mutagenesis were used to generate the PRAF1 mutations
PRAF(54-175), PRAF(54-112), PRAF(N70T), PRAF(Y73A), and PRAF(V161A). Yeast
two-hybrid assay was used to assess Dexras1/PRAF1 mutant interaction. PRAF1(54-

112) did not interact with Dexras1, however PRAF(54-175) did.! The Dexrasl
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interaction was enhanced in the 3 point mutated proteins, PRAF(N70T), PRAF(Y73A),
and PRAF(VI161A).

AtT-20 cells were stably transfected with either empty vector (3X) or an
expression vector containing mutated or full-length (FL) PRAF1. Basal secretion, CRH-
stimulated secretion and the effect of dexamethasone (Dex) on stimulated secretion were
studied in wild type (WT) and transfected cells. In WT, and cells stably transfected with
3X- or FL-containing vectors, CRH increased ACTH secretion compared to basal, and
Dex inhibited this response. The response to CRH and Dex was significantly altered in
all cell lines stably transfected with a PRAF1 mutant construct.

Confocal microscopy revealed that PRAF1 and ACTH localization was altered in
all cell lines stably transfected with a PRAF1 mutant construct. Further, the Golgi
complex morphology was altered in 2 cell lines. Stable transfection of AtT-20 cells with
FL or a PRAF1 mutant increased POMC expression, which was not reflected by an
increase in ACTH-containing peptide. However, the ratio of ACTH/pre-ACTH and
ACTH/POMC was decreased in all cells stably transfected with a PRAF1 construct
except for PRAF(Y73A).

Our results demonstrate that PRAF1 mutations affect PRAF1/Dexrasl interaction,
PRAF1 and ACTH localization, Golgi complex morphology, ACTH secretion, and
POMC expression and processing. In addition, a PRAF1/Rab3A/VAMP2 interaction
may be vital for stimulated secretion of ACTH. Thus, the PRAF1/Dexras] interaction
may play a role in glucocorticoid-mediated inhibition of ACTH secretion in the

intermediate time frame.
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L. INTRODUCTION

The hypothalamic-pituitary-adrenocortical (HPA) axis is of central importance in
normal physiology and is also readily activated by a variety of stresses. Glucocorticoids
modulate cellular activity in almost all tissues and play particularly important roles in
energy mobilization, maintenance of vascular reactivity, water distribution, and other
metabolic functions including resistance or tolerance to stress. As a result, the level of
activity of the HPA axis is tightly regulated yet rapidly responsive to changing needs.

Normally, the HPA axis regulates systemic cortisol levels. Briefly, corticotrophin-
releasing hormone (CRH) is secreted from the hypothalamus and stimulates ACTH
release from the anterior pituitary.”> The adrenal glands respond to adrenocorticotropic
hormone (ACTH) by releasing cortisol, which then feeds back to the hypothalamus and
anterior pituitary to inhibit CRH secretion and ACTH release, respectively.*” In vivo, the
effect of glucocorticoids on HPA axis activity can be divided into early, intermediate, and
slow domains,® while in vitro studies of pituitary cells have shown that glucocorticoid
negative feedback generally operates in one of two time domains: early and delayed.®
The early feedback occurs within 0.5-3 hours of cellular exposure to glucocorticoids and
continues until the delayed feedback begins, approximately 9 hours after steroid
exposure.”® Early in vitro effects are the same as in vivo intermediate feedback, and will

be hereafter referred to as intermediate feedback.



Dysregulation of the HPA axis with increased and/or prolonged activation has
been implicated in a number of pathologies, including susceptibility to immune-mediated
arthritis in certain strains of rats (potentially related to deficient HPA axis activation
secondary to excessive negative feedback) and in humans, melancholic depression,
anorexia nervosa, obsessive-compulsive disorder, and panic anxiety.” Cushing’s disease,
one of the best characterized HPA axis diseases, was first described by Henry Cushing in
1932 as hypercortisolism resulting from basophilic adenomas of the pituitary.'®
Currently, Cushing’s disease accounts for approximately 70 — 80% of human patients
with endogenous hypercortisolism.'' Most cases are caused by a single ACTH-producing
pituitary adenoma, but others are caused by pituitary corticotroph hyperplasia, multiple
adenomas, or both.'*"* Symptoms include protein loss, adiposity, fatigue and weakness,
capillary fragility, and edema.

In an attempt to better understand the physiology of the normal feedback
mechanism, Kemppainen and Behrend utilized differential display using AtT-20 cells, a
murine corticotroph cell line, treated with dexamethasone (Dex) to identify
glucocorticoid-induced genes. As a result, Dexras1, a member of the Ras superfamily,
was isolated.'”” There is some evidence to indicate that Dexras] may be implicated in
corticotroph negative feedback, although the precise mechanism is unknown.'>'¢

Since one of the best ways to determine a protein’s function is to identify the
proteins with which it interacts, Dexrasl interactors were sought. A yeast two-hybrid
screen identified prenylated Rab accepter domain family member 1 (PRAF1) as a
potential Dexras] interactor.'” Further, amino acids 54-175 of PRA1 are necessary for

interaction with Dexasl, as is the prenylation of Dexrasl.! Other research identified



Rab3A and VAMP?2 as also interacting with PRAF1.'"® A Rab3A/VAMP?2 interaction
activates VAMP2 and activated VAMP2 is necessary for exocytosis.'® Thus, a
Dexras1/PRAF1 interaction could inhibit glucocorticoid-mediated inhibition of ACTH
secretion by affecting the interaction between PRAF1, Rab3A, and VAMP2.

Consequently, the interaction between Dexras1 and PRAF1 is of great interest for
furthering our understanding of how normal feedback inhibition works, as well as the
implications of abnormalities for illnesses such as Cushing’s disease. Accordingly, this
interaction was chosen for further research. There were four main objectives guiding this
study:

1. Determine the effect of full-length and 2 truncated forms of PRAF1 on PRAF1
localization and ACTH localization and secretion in AtT-20 cells.
2. Characterize the effect of PRAF1 point mutations on PRAF1 localization and

ACTH localization and secretion in AtT-20 cells.

3. Determine the effect of PRAF1 point mutations on interaction with Dexras].
4. Determine the effect, if any, of PRAF1 mutations on POMC transcription or
processing.
To achieve these objectives, immunohistochemistry, confocal microscopy, Western
blotting, IRMA, and yeast two-hybrid studies were utilized.

The results, reported in Chapter 4 of this dissertation, indicate that mutations in
PRAF1 affect PRAF1 and ACTH localization, ACTH secretion, POMC transcription,
and POMC processing. Some of the mutations were based on those tested by Gougeon et
al.,"’while others were based on previous results. The mutations were 2 truncated

versions: PRAF(54-175) and PRAF(54-112), and three induced point mutations:



PRAF(N70T), PRAF(Y73A), and PRAF(V161A). Of the mutations, only PRAF(54-112)
did not interact with Dexras] in the yeast two-hybrid assay, while amino acids 54-175 of
PRACfI are sufficient for interaction.' All 3 point mutations enhanced Dexras1/PRAF1
interaction.

The ACTH IRMA and Western Blots had similar results with regard to the
cellular response to CRH and Dexamethasone (Dex). In wild type (WT) AtT-20s and
those containing empty vector (3X) or full length (FL) PRAF1, CRH increased ACTH
secretion compared to basal concentrations, and Dex inhibited the CRH response.
However, in PRAF(54-175), PRAF(54-112), PRAF(N70T), neither CRH nor Dex
affected ACTH secretion. Cells transfected with PRAF(Y73A) responded to CRH, but
this response was not inhibited by Dex pretreatment. In contrast, cells transfected with
mutant PRAF(V161A) had a slight but significant increase in ACTH secretion compared
to vehicle treatment, but the opposite response to Dex as that of WT. PRAF1 mutations
also altered the overall amount of ACTH that was secreted into the media such that WT,
3X, FL, and PRAF(V161A) were within the same range, whereas PRAF(54-175),
PRAF(54-112), PRAF(N70T), and PRAF(Y73A) secreted significantly more. In the cell
lysates, the ACTH concentration was significantly higher in WT, 3X, and PRAF(N70T)
than in other cell types, and there was no significant difference between treatments within
a cell type. The Western blot results also showed that pre-ACTH was secreted into the
media of all stable transfectants, whereas pre-ACTH was detected in the lysates of all cell
types. In addition, in vehicle treated cells the ratio of ACTH to POMC and pre-ACTH

was significantly decreased in FL, PRAF(54-175), PRAF(54-112), and PRAF(Y73A)



compared to WT. However, the ratio of pre-ACTH to POMC was not significantly
different in any stable transfectant compared to WT.

The RT-PCR results for 3X stable transfectants revealed that stable transfection
does not alter POMC transcription. However, POMC transcription was significantly
increased in all other stable transfectants. In FL stable transfectants, POMC transcription
was approximately 3 fold higher than in WT and 3X cells, while in PRAF(54-112) and
PRAF(Y73A) POMC transcription was approximately 4 fold. Finally, in PRAF(V161A)
and PRAF(N70T) POMC transcription was approximately 5 and 6 fold, respectively.

The images obtained via confocal microscopy revealed that PRAF1 localized to
the Golgi complex in all cell lines except PRAF(54-112) and PRAF(54-175). In WT, 3X,
FL, PRAF(54-175) and PRAF(V161A), the ACTH signal was distributed throughout the
cytosol, but was limited to the Golgi complex in PRAF(54-112), PRAF(N70T), and
PRAF(Y73A).

These results demonstrate that PRAF1 mutations affect PRAF1/Dexrasl
interaction, PRAF1 and ACTH localization, ACTH secretion, POMC transcription, and
POMC processing. Thus, it seems likely that PRAF1 does play a role in glucocorticoid-
mediated inhibition of ACTH secretion. Two potential mechanisms by which PRAF1
mutations affect ACTH secretion and localization are: either the enhanced
Dexras1/PRAF]1 interaction inhibits the PRAF1/Rab3A/VAMP2 interaction, or since
PRAF1 mutations are known to affect interactions with SNARE complex proteins, '*'
this may be the mechanism by which ACTH secretion is affected. Another potential

mechanism might be that processing of proopiomelanocortin (POMC), the precursor to

ACTH, is inhibited.



I1. LITERATURE REVIEW
Cushing’s Disease: An Example of HPA Axis Dysregulation

Cushing’s disease is a medical condition characterized by excess secretion of
glucocorticoids that has devastating, potentially fatal, effects. In approximately 85% of
human and canine spontaneous Cushing's syndrome patients, the excess cortisol is a
result of excess ACTH release from a pituitary adenoma. This is accompanied by a
raised threshold for glucocorticoid negative feedback at the pituitary.***' Since cortisol
has numerous physiological effects, the clinical manifestations of Cushing's syndrome are
diverse and include obesity, glaucoma, osteoporosis and muscle atrophy, as well as the
more serious and life-threatening problems of hypertension, immunosuppression and
blood hypercoagulability.**** Seventy-one percent of human Cushing's patients
interviewed in one study reported that the disease "greatly" affected their life and 20%
said it affected their life "a lot."”

Many studies examining regulation of the HPA axis have focused on the positive
control of the system, identifying the neural inputs to hypothalamic stimulatory centers,
the mechanism by which hypothalamic peptides stimulate ACTH secretion, and the
adrenocortical release of glucocorticoids. Corticotrophs, however, serve a central
integrative function, balancing the level of stimulatory input (usually of hypothalamic
origin) with the amount of inhibitory signal (glucocorticoid feedback) to determine the

ultimate and appropriate amount of ACTH output. A precise determination of the



mechanism governing feedback inhibition may, therefore, lead to a better understanding
of the genesis of disorders in the HPA axis such as Cushing's disease.
There are many treatments for Cushing’s disease, including partial or total

24-26
However, each of these

hypophysectomy, pituitary irradiation, and drug therapies.
may lead to serious complications including severe morbidity and mortality. This
emphasizes the necessity for developing a new treatment approach for Cushing’s disease.
Molecular-based approaches have been used to treat many other diseases, including

27-35 .
However, in

leukemia, melanoma, colon cancer, lung cancer, and pituitary neoplasia.
order to produce an effective molecular-based treatment, it is first necessary to identify
potential targets and assess the viability of those targets.

To my knowledge, only one study has evaluated a molecular-based treatment for
Cushing’s disease.’® The study was performed in vitro in cells isolated from areas of
corticotrophic adenoma and hyperplasia found in a single patient. Liposome-coated
antisense oligonucleotides against the first 25 amino acid of POMC, which correspond to
ACTH, reduced ACTH secretion by >90%. However, follow up in vivo studies have yet
to be reported. Since ACTH excess is common to all lesions producing pituitary-
dependent Cushing’s disease, an effective treatment should address this common

problem. In order to do this, it is important to understand how normal corticotrophs

function.

The HPA Acxis and Negative Feedback

The HPA axis is responsible for regulating the secretion of glucocorticoid

hormones from the adrenal cortex. Both physiological and psychological stresses induce



the hypothalamus to release corticotrophin-releasing hormone (CRH) into the
hypophysial-portal system, which delivers blood, nutrients, and hypothalamic hormones
to the anterior pituitary. Stimulation of the pituitary by CRH results in the release of
adrenocorticotropic hormone (ACTH) into the general circulatory system. In the adrenal
glands, ACTH stimulates the secretion of cortisol into the bloodstream. The presence of
cortisol in the bloodstream provides feedback that inhibits further release of CRH and
ACTH and, consequently, cortisol secretion decreases. Because the end product, cortisol,
provides a limiting mechanism to inhibit further hypothalamic and pituitary secretion of

CRH and ACTH, respectively, the HPA axis is classified as a negative feedback system.

Cortisol-mediated inhibition of pituitary secretion of ACTH is normally classified
in two different ways, depending on whether the system is in vitro or in vivo. In vivo
there are 3 time frames. The fast response occurs within seconds to minutes of
glucocorticoid exposure and is activated in response to rising glucocorticoid levels.® The
intermediate response occurs within 0.5 hours, but the mechanism is unclear.® The slow
response takes hours to days and is due to an inhibition of POMC gene transcription
which results in a decrease in ACTH synthesis.® In vitro, the response may be early or
delayed. The fast and intermediate responses are both considered early responses

because there is virtually no difference between them.®73®

Therefore, for the purpose of
this discussion, fast and intermediate responses will be referred to as the intermediate

time frame of feedback.



ACTH Production in Corticotrophs

CRH has a stimulatory effect on ACTH secretion, whereas glucocorticoids have
an inhibitory effect. The actions of these 2 factors result in cyclic levels of systemic
ACTH and cortisol. This section will focus on the stimulatory side of the equation,
primarily CRH and the production of ACTH.

In addition to stimulating the regulated release of ACTH from corticotrophs,
CRH, a 41- amino acid peptide hormone, induces the synthesis of pro-opiomelanocortin
(POMC), the 31 kDa precursor of ACTH and many other biologically active proteins.
The idea that ACTH could have a precursor molecule was first proposed in 1971.%
While researching a case of ectopic ACTH syndrome resulting from a human thymic
tumor, Yalow and Berson identified a high molecular weight molecule that was
immunoreactive but biologically inactive. Treating this molecule with trypsin released
biologically active ACTH. This study triggered the search for an ACTH precursor, or
prohormone. ™

The studies in which POMC was identified and cloned were conducted in AtT-20
cells, a mouse corticotroph tumor cell line. Pulse-chase studies using labeled amino acids
were fundamental to discovering that POMC generates not only ATCH, but also
B-lipotrophin (LPH) and f—endorphins.***' POMC contains 8 pairs and 1 quadruplet of
basic amino acid that act as potential cleavage sites. Initial processing of POMC results
in the production of N-terminal peptide (NT), joining peptide (JP), ACTH, and
B—LPH.*** NT is further cleaved into y—melanocyte-stimulating hormones (MSH),

ACTH is cleaved into a—MSH and corticotrophin-like intermediate lobe peptide (CLIP),

and p-LPH is cleaved into B~MSH and the p—endorphins.** How much POMC is



cleaved is determined by the function of the end-product and by the tissue in which the
product is expressed. The end products also undergo chemical modifications including
glycosylation, amidation, phosphorylation, acetylation, and sulphation. Some of these

changes alter the function of the peptide and are therefore cell-specific.

Before POMC can be cleaved into biologically active products, the gene must
first be induced, the mRNA processed, and the nascent polypeptide directed into the
regulated secretory pathway. In response to stress, CRH induces POMC expression.*’
CRH binds specifically to CRH receptors, which are G-protein-receptors, on
corticotrophs ** and initiates the cyclic adenosine monophosphate (cAMP) signaling
pathway by activating adenylate cyclase (AC). AC converts adenosine triphosphate
(ATP) into cAMP.? Elevation of cAMP occurs in a time frame analogous to ACTH
secretion in response to stress.*® Further, ACTH concentrations increase in proportion to
CRH dosage” and this relationship is not affected by phosphodiesterase inhibitors,
suggesting that the increase in AC activity is the likely cause of the elevation in cAMP.*

Protein kinase A (PKA) is activated by cAMP* and is associated with calcium
influx into the cell.>*® Protein kinase A inhibitor (PKI) introduced into AtT-20 cells
blocks intracellular calcium elevation.*” PKI also inhibits ACTH release in response to

CRH stimulation.>*>!

Phorbol ester stimulation of ACTH release is not blocked by
PKI,’'and phorbol esters act through the protein kinase C second messenger system
rather than PKA.>!? Therefore, PKA must be involved in CRH-induced ACTH
secretion. PKA targets the cAMP Response Element Binding Protein (CREB) which,

once phosphorylated by PKA, increases the transcription of cAMP target genes, one of

which is POMC.
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POMC is also produced in non-pituitary tissues. In the brain, POMC is produced
in the arcuate nucleus and is cleaved into cerebral B—endorphins and aMSH, both of
which have biological functions in the brain.”*> The placenta also produces POMC,
although here a biological function has yet to be identified.’®” Finally, keratinocytes,
melanocytes, and dermal endothelial cells express POMC and MSHs, suggesting that
skin regulates its own pigmentation.”®*°

In humans, pituitary POMC expression occurs only in corticotrophs, whereas
other mammals also have an intermediate lobe that contains POMC-expressing
melanotrophs. In corticotrophs, mature POMC mRNA is translated into prePOMC
protein. The nascent polypeptide is then translocated through the membrane of the rough
endoplasmic reticulum (RER), where the signal peptide is cleaved.®!

Following translation, the nascent polypeptide must be directed into the secretory
pathway via translocation into the Golgi complex. Amino acids 1-26 of nascent POMC
have been identified as the critical secretory pathway signal residues.®* This region
contains a sorting motif containing Aspjo, Leu;;, Glu4, and Leu;s and is denoted as
DLEL.®" The structure is stabilized by 2 disulfide bridges in a conformation that is
critical for binding to carboxypeptidase E (CPE), a regulated secretory pathway sorting

61,63,64

receptor, and this motif does not appear to be cell specific. In addition,

glycosylation of POMC occurs as it travels through the Golgi complex.®>®
So far, 2 functions for CPE have been identified: 1) membrane-bound 55 kDa
CPE sorts proteins into the regulated secretory pathway; and 2) cytosolic 53 kDa CPE

cleaves basic residues from the C-terminus of peptides.®”®® Interaction between

membrane-bound CPE and the sorting signal of POMC results in packaging of both into

11



immature secretory granules.®” Once CPE and POMC are packaged into the secretory
granule, CPE undergoes autocleavage which removes the membrane binding domain and
results in the 53 kDa enzymatically active form.*® This form cleaves the sorting signal
from POMC.®

POMC is next cleaved between ACTH and —MSH to yield a 27 kDa ACTH
precursor (pre-ACTH) and B—~MSH.* This is the first step in producing mature ACTH,
although, there is some dispute as to whether or not this cleavage occurs before or after
POMC is packaged into acidifying secretory granules.”””" In 1987, Tooze et al.
determined that at least 25-30% of POMC is packaged into secretory vesicles prior to
being cleaved into ACTH and f—MSH, and that unprocessed POMC was located at the
cell periphery.®” These researchers theorized that sorting of POMC into secretory
granules prior to cleavage is the most likely interpretation and suggested that this
conclusion was supported by the finding that all 3 pituitary-based cleavage products are
present simultaneously in secretory granules of AtT-20s.°7? In addition, research
involving prohormone convertase 1 (PC1), the enzyme that cleaves POMC into ACTH
and B—MSH in corticotrophs, suggests that in AtT-20 cells POMC is packaged into

. . 7378
secretory granules prior to processing.”>”’

PC1 is most active when the pH is between
5.0 and 6.5, as is the case in acidifying secretory granules.””® As the pH of the Golgi
cisternae is neutral, PC1, if present, may not be active.

In contrast, Schnabel et al. suggested that cleavage of ACTH from POMC via
PC1 begins in the trans-most Golgi complex. In their study they used antisera that only

recognized POMC cleavage products and antisera against unprocessed POMC. Since

POMC cleavage products were found in the trans-most regions of the Golgi complex,

12



they concluded that cleavage of ACTH from POMC occurred prior to packaging into
secretory granules.”’ In support of this research, when chloroquine, a weak base that
dissipates pH gradients in organelles, is added to AtT-20 cells POMC processing is not
affected. Since, in this study, an acidic environment was not absolutely necessary for
PC1 cleavage activity, it was proposed that PC1, if present, could be active in the Golgi
complex.”

In an attempt to determine whether or not PC1 is present in the Golgi complex
and therefore determine the timing of ACTH cleavage from POMC, Tanaka et al.
performed a study to determine the localization of unprocessed POMC, JP, and PC1.*
Using immunofluoresence and immunogold electron microscopy, they localized PC1 to
the perinuclear region and the tips of cellular processes, JP to secretory granules and
cellular processes, and POMC to both Golgi cisternae, where condensing granules form,
and secretory granules. In addition, 3-[2,4-dinitroanilino]-3’amino-N-
methylpropylamine (DAMP) was used to determine the pH of intact AtT-20 cells. The
Golgi complex had a neutral pH whereas the pH of secretory granules ranged from 5.2 to
7.0, with lower granular acidity correlating with POMC positive granules near the Golgi
and higher acidity with JP positive granules near the tips of cellular processes. Since PC1
was not found in the Golgi cisternae, it appeared unlikely that cleavage of ACTH from
POMC began in the Golgi complex. Thus, Tanaka et al. suggest that in AtT-20 cells

POMC processing occurs mainly in acidifying secretory granules.®'

13



Rab3A and VAMP2

Over 63 different mammalian Rab proteins exist, however, most are restricted to
specialized cell types.*® Rab function is restricted by: 1) localization of each Rab to a
specific subcellular compartment, and 2) involvement in a specific transport step. Rabs
act as molecular switches, cycling between an inactive GDP-bound and active GTP-
bound states.* These changes in activity relate to reversible associations between Rabs
and their target membranes. Both the GDP/GTP switch and the membrane
association/dissociation cycle are critical for the proper functioning of Rab proteins.
Hence, to be fully active, a Rab protein must be both GTP-bound and membrane-
associated. Cycling of Rabs through GDP/GTP and membrane bound/unbound states
allows for both spatial and temporal control of Rab activity and several factors are
involved. Rabs are delivered to their target membranes by a Rab-GDP dissociation
inhibitor (RabGDI), where they are activated by specific guanine nucleotide exchange
factors (GEFs). Once activated, GTP-bound Rabs recruit effector molecules to the
membrane. GTP hydrolysis returns Rabs to an inactive state. GDP-bound Rabs are
extracted from the membrane by RabGDI, via formation of cytosolic complexes. Rabs
undergo multiple cycles of RabGDI-mediated membrane delivery and extraction. The
mechanisms by which Rabs regulate other proteins are not fully understood.

Vesicles traveling through the secretory pathway must accomplish several steps,
including budding, targeting, docking, and fusion. Soluble N-ethylmaleimide-sensitive
factor attachment protein (SNAP) receptors (SNARE) are known to regulate vesicle
fusion.* Synaptobrevins, also known as vesicle-associated membrane proteins

(VAMPs), associate with syntaxin and SNAP-25, both of which are target membrane
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proteins, to comprise a core complex whose formation is essential for membrane fusion.**
Rab effector proteins either interact directly with VAMPs or recruit other SNARE

regulators.®™

VAMP2, a member of the VAMP/synaptobrevin family, cycles between
an active and inactive state, which is regulated by Rab3A. ' Activation VAMP2 is
necessary for interaction with syntaxin, and to induce membrane fusion.* Syntaxin,
SNAP-25, synaptotagmin, and VAMP2 form a stable complex in order to facilitate
vesicle docking and fusion with the plasma membrane.’'*?

The function of Rab3A may be to inhibit random exocytosis. In several cell
types, Ca**-dependent exocytosis is inhibited by Rab3A overexpression.”*®” As with all
Rabs, Rab3A cycles between a vesicle-bound GTP form and a cytosolic GDP form.”
Upon stimulation via calcium influx, Rab3A is hydrolyzed and dissociates from
vesicles.” In fact, hydrolysis may be a rate limiting step in exocytosis.” However,
calcium influx is not enough to induce release of Rab3 A from vesicles, suggesting that

other regulatory proteins are involved with Rab3A recycling.” Indeed, Rab3A recycling

is dependent upon association GDI, but other regulatory proteins may also be involved.'”

Inhibition of ACTH Secretion in the Intermediate Time Frame
Studies have revealed how CRH stimulates the release of ACTH and that
glucocorticoids inhibit ACTH release, although the precise point(s) of inhibition in the
intermediate time frame has not yet been identified. Stimulation of type II glucocorticoid
receptors in corticotrophs appears to initiate feedback.'”" With regard to the intermediate
time frame, neither basal secretion of ACTH nor ACTH synthesis is affected.”” Since
basal secretion of ACTH is not affected in the intermediate time frame, Keller-Wood and

Dallman suggest that the total amount of ACTH stored at the plasma membrane and the
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releasable pool of ACTH are unaffected by glucocorticoid-induced inhibition.’ Indeed,
the intracellular pool of ACTH is not diminished by up to 9 hours of pretreatment with
Dexamethasone (Dex) nor does up to 4 hours of pretreatment affect either total protein
synthesis or ACTH synthesis.>’

Several studies have been conducted to determine the step or steps in stimulated
ACTH secretion that might be inhibited. The first step that might be inhibited is the
interaction between CRH and the CRH receptor, since glucocorticoids down-regulate the
cell surface expression of the CRH receptor. However, in AtT-20 cells, receptor
depletion does not begin until 4-6 hours after glucocorticoid exposure while intermediate
feedback begins after as little as 30 min and only half of the receptors were depleted after
30 hours.'” Further, complete suppression of ACTH secretion occurs within 24 hours of
glucocorticoid exposure.' Finally, a 3 week incubation of AtT-20 cells with Dex
reduces CRH receptor expression to a small percentage of its original amount without

affecting the ability of glucocorticoids to suppress stimulated ACTH secretion.'”

Last,
Dex does not inhibit secretagogue binding.”” Thus, glucocorticoid-mediated inhibition of
stimulated ACTH release in the intermediate time frame occurs at a site further along the
secretion pathway than the point of CRH/CRH receptor interaction.'®*

As mentioned previously, interaction of CRH with its receptor activates AC
which then converts ATP into cAMP. Either of these steps could be a target of
glucocorticoids in the intermediate time frame. However, although, oxytocin, phorbol

esters, maitotoxin, and potassium chloride stimulate ACTH secretion in corticotrophs

through non-cAMP mediated pathways, Dex inhibits ACTH secretion in response to
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49,50,103 Thus, Dex must inhibit ACTH secretion either at a site

these compounds.
downstream from AC and cAMP or independently of AC and cAMP.'**

As calcium influx is necessary for stimulated secretion, it is possible that
inhibition of ACTH secretion may result from any inhibition of the calcium influx into a
cell. Indeed, membrane depolarization, calcium channel agonists, and potassium channel

antagonists antagonize the early inhibition of stimulated ACTH secretion, '**!%%-108

STAI9-HLIL Byrthermore, in AtT-20 cells high conductance Ca®* -activated K -
channels (BK-channels) must be inhibited by PKA in order for stimulated ACTH

"2 In addition, Dex prevents PKA-induced BK-channel inhibition, but

secretion to occur.
other inhibitors of BK-channels overcome Dex-mediated inhibition of stimulated ACTH
secretion.''> In contrast, in rat anterior pituitary cell cultures glucocorticoids are still able
to inhibit stimulated ACTH secretion in the presence of BK-channel blockade. However,
since in rat pituitary cell cultures membrane depolarization via high concentrations of
extracellular KCl is able to significantly diminish corticosteroid inhibition to a level
similar to that in AtT-20 cells, glucocorticoid inhibition may be mediated by changes in
the cell membrane potential.''?

Since calcium influx is necessary for stimulated ACTH secretion, glucocorticoids
may act through calcium channel blockade. However, BayK8644, a calcium channel
agonist, failed to induce ACTH secretion in rat pituitary cell cultures that had been pre-

treated with Dex.'"

In addition, Dex inhibits the ability of CRH, potassium chloride, and
maitotoxin to stimulate ACTH secretion without affecting intracellular calcium

concentrations.”® Further, oxytocin-stimulated ACTH secretion in AtT-20 cells is

inhibited by pre-incubation with corticosterone without interfering with oxytocin-induced
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changes in free cytosolic calcium.''* Therefore, the blockade of calcium influx via
calcium channels does not appear to be the mechanism in glucocorticoid-induced
inhibition of ACTH secretion.

Other studies suggest that glucocorticoid-mediated inhibition of ACTH secretion
occurs later in the secretion pathways, i.e. at the plasma membrane. Filamentous actin (F-
actin) may produce a “barrier” at the plasma membrane that prevents ACTH secretion.
In support if this suggestion, in chromaffin and mast cells glucocorticoid treatment
stabilizes the actin cytoskeleton, as evidenced by a thickening of F-actin bundles and an

13118 1 addition, as revealed by

inability of cytochalasin to disrupt the F-actin bundles.
freeze-etch electron microscopy of AtT-20 cells, F-actin forms a 3-dimensional web-like
matrix near the membrane which seems to hold secretory vesicles near the plasma

membrane.'

Further, in AtT-20 cells, glucocorticoids are also able to stabilize F-actin
as well as inhibit ACTH release and both of these effects are overcome by exposing AtT-
20 cells to high concentrations of the actin-disruptors cytochalasin B and D."" Thus, the
links that hold secretory granules may need to be disrupted in order for stimulated release
of ACTH to occur.'”

Finally, protein synthesis is required for intermediate feedback. Dex-induced

inhibition of ACTH secretion is blocked by dichlorobenzimidazole ribofuranoside

48,104,113 8,37

(DRB), an inhibitor of mRNA transcription, actinomycin,120 cyclohexamide, " or

8104 which are inhibitors of protein synthesis. Therefore, synthesis of a

puromycin,
protein is necessary but what this protein is or how it acts is unknown. However, it is

plausible that this protein acts to stabilize protein-protein interactions within the F-actin
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network, or affects membrane polarization, or inhibits SNARE complex formation

thereby inhibiting stimulated ACTH release.

Dexrasl
Dexras! was first identified using differential display by Kemppainen and
Behrend in a screen designed to identify proteins whose expression is induced in AtT-20
cells by glucocorticoid exposure.'” Dex treatment of AtT-20 cells resulted in rapid up-
regulation of an mRNA encoding a novel protein structurally similar to the GTP-binding
proteins of the Ras superfamily. It was therefore named Dexras1 '° and is the prototypic
member of the Ras-related intermediate molecular weight, basic GTP-binding proteins (G

proteins). This group includes Dexrasl, the activator of G protein signaling 1 (AGS1),'*!

the Ras homologue enriched in striatum (Rhes),122

tumor endothelial marker 2 (TEM-
2),'* and Drosophila Dexras and is characterized by highly basic net isoelectric points
and molecular weights that fall between those of other Ras family members and the
heterotrimeric G protein o subunits.'®

The predicted protein structure of Dexras] contains several regions that are
conserved throughout the Ras superfamily, including a carboxy-terminal CAAX region,
G1 and G3 (phosphate binding loops that interact with GTP/GDP) and G2, G4 and G5

1316124 The G2 region is thought to be involved in effector

(guanine base binding loops).
binding.'” The carboxy-terminal region of Ras proteins is typically prenylated, a process
that is necessary for membrane localization for many Ras proteins'*®, and Dexras] is

predicted to undergo farnesylation.”> The predicted length of Dexras] is 280 residues,

longer than most Ras proteins, which generally consist of between 180 and 220 residues.
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BLAST analysis of the predicted protein sequence showed that Dexras]1 has the highest
homology with human Rap-2b."

Human and mouse Dexras] are similar in size, sequence, and organ expression,
although mouse Dexras] protein is one amino acid shorter than the human protein.'**'*’
At the nucleotide and amino acid level, human and murine Dexrasl cDNA are 90% and
97% homologous, respectively. Northern blot analysis of human tissues has shown that
while Dexras! is found in many tissues, expression concentrations are highest in the
pituitary gland.'”” In addition to human tissues, Dexras] expression is stimulated by
glucocorticoids in murine heart, kidney, and liver, and in HT-1080 cells, a human
fibrosarcoma cell line.'**'#*

The human homologue of Dexras1 was identified using a yeast-based screen
designed to detect proteins that activate heterotrimeric G-proteins in situations where the
receptor is unoccupied. The gene was named activator of G-protein signaling (AGS1)
and its protein product is thought to regulate heterotrimeric G-proteins.'*' Gpy release
from Gia is enhanced via direct interaction between Dexras1/AGS1 and Gi in vitro in
mammalian cells and Dexras1/AGS| preferentially binds GTP in vivo.''>!112%-131
Conformational changes in Dexras1/AGS1 associated with guanine nucleotide binding
and/or hydrolysis may unmask the regions that facilitate GDP release from Go.'*'
Alternatively, Dexras1/AGS1 may act to disrupt G-protein-coupled receptor signaling
complexes.**!*

Even though the exact role of Dexras]1 has not been elucidated, there is evidence

that it may function in intermediate feedback. G proteins are active in a variety of cell

regulatory processes including regulation of cell proliferation,'** gene transcription, >’
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136-138 139,140

mRNA stability and translation, cytoskeletal organization, peptide

141,142 143,144

trafficking, and secretion. In addition, Graham et al. hypothesized that
glucocorticoid-dependent inhibition of secretion from the cAMP-stimulated pathway is
regulated by Dexras1 and predicted that inhibition of cAMP-stimulated peptide hormone
secretion could be achieved by over-expression of a wild-type or constitutively active
Dexrasl protein in the absence of glucocorticoids. Indeed, cAMP-stimulated human
growth hormone secretion was significantly attenuated in the presence of a constitutively
active Dexras] mutant, suggesting that endogenous Dexras1 may participate in specific
aspects of glucocorticoid-dependent signal transduction.

However, with regard to intermediate feedback, the Dexras1/Gi interaction does
not seem to play a role. When CRH binds its receptor, the Gs subunit is activated

121
In

resulting in stimulated ACTH secretion.>*” Dexras] interacts with Gia., but not Gs.
addition, Dex is able to block secretion in response to several other ACTH secretagogues,
namely oxytocin, phorbol 12-myristate 13 acetate, maitotoxin, and KCl; the former 2
activate PKC and the latter 2 activate voltage-gated calcium channels.*'®® Consequently,
it is unlikely that Dexras1 blocks stimulated secretion via its interaction with Gic.
Indirect evidence indicates that Dexras] is involved in intermediate feedback. In
AtT-20 cells, Dexras] mRNA increased significantly after 30 minutes of Dex exposure,
peaked at 2 hours, and then declined rapidly. It was still above baseline 8 hours post-
exposure, but by 24 hours post-exposure the concentrations of Dexras] mRNA had

16,128

returned to baseline. This pattern of expression corresponds to the intermediate time

frame for feedback in corticotrophs.
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Unpublished studies also support a potential role for Dexrasl in intermediate
feedback. Since Dexras] has a proposed prenylation site, and prenylation is necessary
for Ras protein function, ACTH secretion and negative feedback were assessed in wild-
type AtT-20 cells and in AtT-20 cells stably transfected with either Flag-tagged full-
length Dexras] or Flag-tagged prenylation-deficient Dexras1 (R. Kemppainen,
unpublished data, 1998). CRH stimulated ACTH secretion from wild-type cells, and
stimulated secretion was significantly inhibited by Dex pretreatment. However, in cells
transfected with full-length Dexras1, CRH stimulated ACTH secretion to a level similar
to wild-type cells that had been pretreated with Dex. In addition, unlike the wild-type
cells, Dex pretreatment of these stable transfectants did not reduce CRH-stimulated
ACTH secretion. Cells transfected with prenylation-deficient Dexras1 had CRH-
stimulated secretion and a response to Dex similar to that of wild-type cells (R.
Kemppainen, unpublished data, 1998). Thus, it seems likely that Dexras1 protein is
involved in the Dex-induced inhibition of ACTH secretion and prenylation may be
required.

In addition to the heterotrimeric G-protein signaling pathway, Dexras] is involved
in other signaling pathways. Dexras] stimulates Elk1 transcription in transfected
HEK?293 and COS-7 cells via stimulation of ERK-1/2. In HEK293 and in AtT-20 cells,
c-Jun is also activated by Dexras1.'®'*'*7 Phosphorylation of c-Jun is typically via the
mitogen-activated protein kinase (MAPK) family, as is ERK1/2. Whether or not Dexrasl
interacts with Elk1 or c-Jun has not been determined; nor has the effect that these 2

proteins might have on intermediate feedback.
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Dexras1 may be an effector of nitric oxide signaling via interactions with
CAPON.'"" CAPON associates with neuronal nitric oxide synthase (nNOS) and may aid
in targeting of nNOS.'* Prenatal alcohol exposure is associated with restricted brain

S, 149151 hossibly due to altered Dexrasl

growth that is precipitated by decreases in nNO
expression.'”® However, to my knowledge a potential role of nitric oxide in pituitary
feedback has not been investigated.

In summation, Dexras] is involved in intermediate feedback and most likely acts
late in the ACTH secretion signaling pathway, but precisely where and how have yet to
be determined. Two mechanisms of inhibition have been proposed: (1) Dexras] interacts

with cytoskeletal elements or proteins to stabilize the cytoskeleton, and/or (2) Dexrasl

interacts with exocytotic proteins to inhibit secretion.'*®

Prenylated Rab Acceptor Domain Family Member 1 (PRAF1)

PRAF1 was isolated and characterized during studies designed to define the role
of Rabs in vesicle trafficking.'® Using a yeast two-hybrid screen with Rab3A as bait,
Martincic et al. identified a rat protein that interacts with both Rab3A and VAMP2 and
named it “prenylated Rab acceptor 17 or PRAL.'® Bucci and colleagues utilized a yeast
two-hybrid screen using canine Rab7 for bait and a human brain cDNA library to look for
Rab interactors.'” As a result, human PRA1 was isolated and characterized. The gene
for murine PRA1 has also been cloned and sequenced.'”® Since there are multiple
prenylated Rab acceptor domain family members,">* in 2006, the HUGO Gene

Nomenclature Committee determined that prenylated Rab acceptor domain family
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member 1 (PRAF1) would be the official name for PRA1. PRAF1 has also been called
prenylin and, in yeast, Yip3.

The exact function of PRAF1 is unknown; however, it localizes to the Golgi
complex, post-Golgi vesicles, synaptic vesicles, and endosomes, and may play a role in
vesicular trafficking throughout the cell.'”'*>'*® The cellular location of PRAF1 was
detected by indirect immunoflourescence, fusion of PRAF1 to Green Fluorescent Protein,
and co-localization studies with the Golgi marker mannosidase I1.'> Fenster et al.
conducted a flotation assay with lysed synaptosomes and found that PRAFI1 is associated

156

with synaptic vesicles. > PRAF1 was associated with Rab5-containing early endosomes

and Rab9-containing late endosomes and has been shown to incorporate these 2 Rabs into
liposomes in vitro.">®

Rat, mouse, and human PRAF1 are similar in size, sequence, and organ
expression. Human PRAF1 is a 185-residue protein with an estimated molecular weight
of 20.7 kDa."® Both rat and mouse PRAF1 are approximately 21 kDa.'®!**!>* The
deduced rat and human PRAF1 proteins are 95% homologous at the amino acid level.'”
With the exception of two amino acids, mouse PRAF1 protein is identical to that of

152
rats.

Both mouse and rat PRAF1 are expressed in placenta, pituitary gland, kidney,
testis, skeletal muscle, liver, lung, spleen, brain, heart, and stomach.'®1°%1%% The Golgi
membrane insertion signal may be located in the carboxy-terminus of PRAF1, as deletion
of up to 90 amino acids from the amino-terminus failed to abolish Golgi complex

localization, whereas deletion of the last ten amino acids of the carboxy-terminus did."*?

Residues 176-179 comprise a DXEE motif necessary for exit from the endoplasmic
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reticulum (ER)."*'® The DXEE region is also acidic and mutations that neutralize this
region result in the retention of PRAF1 in the ER."’
Structuraly, PRAF1 has hydrophilic amino-terminus (residues 1-78), linker region

161
Two

(residues 113-131), and relatively short carboxy-terminus (residues 166-185).
hydrophobic domains exist, HD1 (residues 79-112) and HD2 (residues 132-165), each of
which has two transmembrane regions (TM 1-4) that induce a fold in their hydrophobic
domain.'" As a result, when PRAF1 is associated with the Golgi complex all three
hydrophilic regions are expected to be found in the cytoplasm, where they are able to
interact with other cytoplasmic proteins. Virtually none of PRAF1 extends into the lumen
of the Golgi complex (Figure 1)."!

Because very little of the protein is actually in the lumen of the Golgi complex,
the PRAF1/Golgi membrane association may be unstable.'® In fact, PRAF1 is found in
both the cytosolic (15%) and membrane portions (85%) in cellular fractionation studies in
which PRAF1 was overexpressed.'® Whether as much as 15% of PRAF1 is cytosolic at
physiologic concentration is unknown. The carboxy-terminus (residues 166-185) is
critical for ER to Golgi transport of PRAF1 and may function in maintaining PRAF1 in a
soluble state, as deletion of this region causes PRAF1 to act as an integral membrane

. 162,163
protemn.

Thus, PRAF1, while predominantly membrane bound, may be able to
associate and disassociate from membranes.

PRAF1 may, in general, mediate vesicular trafficking through interactions with
Rab proteins,'>’ which are GTPases responsible for regulation of transport vesicle

141,142

docking and fusion. Rab proteins need to be activated (GTP-bound) and prenylated

for PRAF1 binding to occur, and PRAF1 probably acts as a Rab regulator, since a
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complete Ras effector domain is not required for interaction.'®'**!* In addition to
interacting with Rab3A, PRAF1 also binds to Rab4A and B, Rab5A and C, Rab 6, Rab7,
Rab 17, and Rab 22.5'%*'%° Rab4 proteins regulate endosomal fusion, while Rab5
proteins control clathrin-mediated endocytosis at the plasma membrane, guide early
endosome transport along microtubules, and are necessary for docking and fusion of

164168 Rab7 governs the late endocytic pathway.'® Given this apparent

transport vesicles.
lack of Rab specificity, the current theory is that PRAF1 association with Rab proteins is
limited by the sub-cellular localization of PRAFI, i.e. PRAF1 regulates the Rabs present
in the organelles with which PRAF1 interacts. In yeast, the exact function of Yip3, the
yeast homologue of PRAF1, is unknown. However, PRAF1/Yip3 interacts with the yeast
proteins Yiplp, Yptlp, and Ypt31p, the homologues of the mammalian proteins Rabl,
RablA, and Rabl1, respectively, which localize to the Golgi complex and are involved in
intra-Golgi vesicle trafficking.'>*!"

When associated with the Golgi complex, PRAF1 may be necessary for vesicle
formation as well as vesicle trafficking, possibly by interacting with SNARE proteins.
To determine the effect of PRAF1 mutations on cellular morphology and vesicle
trafficking, Chinese hamster ovary cells (CHO) were stably transfected with mutated
forms of PRAF1. Different cellular phenotypes were created which were grouped into
classes based on their Golgi morphology.” In CHO cells, wild type PRAF1 mainly
localized to the Golgi complex but class A cells retained mutant PRAF1 in the ER and
had inhibited intra-Golgi transport. PRAF1 mutants localized to a condensed Golgi

complex in class B cells, suggesting an inhibition of anterograde transport from the Golgi

complex. Class C cells exhibited Golgi complex and ER localization of PRAF1 mutants,
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along with the development of tubular structures that emanated from the Golgi complex.
The cellular phenotype also correlated with altered Rab3A/VAMP?2 interactions; PRAF1
mutations that resulted in class A or C phenotypes had decreased binding with Rab3 A
and VAMP2, whereas in class B cells, Rab3A and VAMP?2 had increased binding to
mutant PRAF1. Finally, all cells were co-transfected with PRAF1 and vesicular
stomatitis virus glycoprotein (VSVG), a viral envelope protein. VSVG transport to the
plasma membrane was either greatly diminished or completely inhibited in all cells
transfected with mutant PRAF1 and insertion of VSVG into the plasma membrane did
not occur in any cells transfected with a PRAF1 mutant, suggesting that functional
PRAF]1 is necessary for vesicular trafficking within the cell and fusion of transport
vesicles with the plasma membrane. "

There are several theories as to how PRAF1 and Rabs interact. First, PRAF1 may
bind to prenylated regions of the Rabs and aid in GTPase trafficking by masking Rab
hydrophobic regions."”” Second, PRAF1 may assist in the packaging of GTPases into
vesicles for transport to the plasma membrane by acting as a GTPase sorting protein in

157 oo .
Third, since

the Golgi complex and may shuttle Ras proteins to the plasma membrane.
PRAF]1 associates with guanine nucleotide dissociation inhibitor (GDI), disrupts
endosomal Rab/GDI complexes, and promotes Rab membrane association, PRAF1 may
serve as a GDI-displacement factor for Rab proteins. However, this role is most likely
utilized only when Rabs are tightly bound to GDIL.'**"**

As discussed earlier, Rab3A and VAMP?2 interact, resulting in the activation of
VAMP2, a necessary prerequisite for SNARE complex formation and exocytosis.”” As

assessed by a yeast two-hybrid assay, PRAFI interacts with Rab3A and VAMP2, and
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Rab3A and VAMP2 share the same 2 interaction sites on PRAF1 (residues 30-54 and
175-185)."® Therefore, Martincic et al. proposed a mechanism for the interaction of
VAMP2, Rab3A, and PRAF1, suggesting that in an unstimulated cell, PRAF1 is bound to
VAMP2."® Upon stimulation Rab3 A, which is an activator of VAMP2, binds to PRAF1,
releasing and activating VAMP2. Once activated, VAMP?2 interacts with syntaxin,
another exocytotic protein, resulting in fusion of the plasma and vesicular membranes
and exocytosis (Figure 2).'® Further, they proposed 2 possible mechanisms for the
PRAF1/Rab3A/VAMP?2 interaction. First, since Rab3A and VAMP2 bind to the same
segments of PRAF1, Rab3A and VAMP2 may compete for the same binding site on
PRAF1.'8 Indeed, when the molar concentration of Rab3A is twice that of PRAF1,
Rab3A disrupts the formation of a VAMP2/PRAF1 complex.'®® Alternatively, a
PRAF1/Rab3A interaction may cause a conformational change, resulting in a decreased
affinity of PRAF1 for VAMP2.'%

On the other hand, a Rab3A/PRAF1 interaction may act to inhibit Rab3A
activation and thus prevent premature VAMP2 activation. Full-length PRAF1 inhibits
the interaction between guanine dinucleotide protein dissociation inhibitor (GDI) and
Rab3A, as shown by extraction studies using PC12 microsomal membranes.'®> The
membrane vs. cytosolic localization of Rab3A is dependent upon the opposing action of
GDI and PRAF1, with PRAF1 favoring membrane association.'® Thus, PRAF1 may
regulate the interactions of Rab proteins with proteins in the SNARE complex, primarily
with VAMP2, possibly by inhibiting recycling of Rab3A.'*

Additional evidence suggests that PRAF1 may play a role in SNARE complex

formation. PRAF1 and Piccolo, a component of the presynaptic cytoskeletal matrix, co-
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localize and interact in the active zone of neurons."”® Since Piccolo contains a proline—
rich region that may interact with SH3 domains and a PDZ region that interacts with
other proteins, two theories for a PRAF1/Piccolo interaction have been proposed: (1)
Piccolo is part of a scaffold that aids in PRAF1 and VAMP2/t-SNARE interactions;
and/or (2) PRAF]1 transiently associates with Piccolo, unmasking Rab3A and/or VAMP2
to allow an interaction to occur and SNARE complexes to form.'®

PRAF]1 interacts with other Ras proteins including Ha-Ras, a GTP binding protein
with significant sequence homology to Dexrasl. Ha-Ras interacts with PRAF1 in a
prenylation-dependant manner and co-localizes with PRAF1 to the Golgi complex."’
Another Ras protein, RhoA, interacts with PRAF1 and also co-localizes with PRAF1 to
the Golgi complex. Finally, the Ras proteins TC21, and RaplA (in mammalian cells, but
not yeast) also bind to PRAF1."””” These findings provide further evidence that PRAF1

may function in the regulation of small GTPases.

PRAFT1 Interacts with Viral Proteins

PRAFT interacts with several viral proteins and may have protective effects
against viral infection. In addition to potential functions in vesicle formation and
trafficking, PRAF1 may play a role in protecting cells from Epstein-Barr virus, a member
of the Herpes viral family. Both rat and human PRAF1 interact with the Epstein-Barr
virus early gene protein BHRF1, a structural and functional homologue of the anti-
apoptotic protein Bel-2."”! BHRF1 localizes to mitochondria, where it inhibits apoptosis
signals from external stimuli and cell-signaling factors.'>'”* The regions of PRAF1 that

are important for interaction with BHRF1 are residues 30-53, which have a high arginine
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content, and residues 164-185, which have charged acidic glutamates in the sequence.'”!
As these are the same regions that interact with Rab3A and VAMP2, BHRF1 may
compete with these two proteins for binding to PRAF1.'!"! Full-length PRAF1 and
PRAF1 (30-185) both decrease the anti-apoptotic activity of BHRF1, whereas PRAF1 (1-
164) cannot bind BHRF1 and does not decrease the anti-apoptotic activity.'”' Since
PRAF]1 localizes to the Golgi complex, it may act to sequester BHRF1 to the Golgi
complex so that apoptosis cannot be inhibited.'”

PRAF]1 also interacts with the conserved cytoplasmic domain (CD) of lentiviral
envelope glycoproteins (gp41 CD) from human, simian, feline, and bovine
immunodeficiency viruses and equine infectious anemia viruses.'’* Since gp41 CD
interacts with multiple host factors, it may function in the regulation of viral replication.
Since the exact role of PRAF1 is still unknown, the function of a PRAF1/gp41 CD
interaction can only be the subject of speculation. However, based on PRAF1
localization and interactions with other proteins, a few possible roles for
PRAF1/retroviral glycoprotein interaction can be proposed. First, PRAFI may direct
nascent envelope glycoproteins to appropriate Golgi compartments, thus facilitating post-
translational modification of the proteins, such as glycosylation, cleavage and
palmitoylation.'”* Second, a gp41 CD/PRAF] interaction may serve to sort the
glycoprotein into transport vesicles bound for the basolateral plasma membrane, targeted
via a tyrosine-based sequence in the gp41 CD segment.'”*'” Third, PRAF1 may regulate
fusion of transport vesicles containing viral proteins with the plasma membrane via an
interaction with SNARE proteins.'”® Fusion of transport vesicles containing viral

proteins with host plasma membranes converts part of the plasma membrane into viral
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envelope and creates a target for the naked virion.'”>!7"!"®

In polarized cells infected
with a retrovirus, envelope glycoprotein is inserted into the basolateral membrane, the
site of virion release.'”

Finally, a yeast two-hybrid screen of a CV1 (African green monkey kidney) cell
cDNA library identified VP4 as a PRAF1 interactor.'® VP4, a 776-residue rotaviral

spike protein, is known to play a role in cell attachment, penetration, hemagglutination,

181-183 184,185

and virulence and is required for infectivity. VP4 may also aid in budding of

single-shelled capsids into the lumen of the ER, where maturation into double-shelled
capsids probably occurs.'**'*’

The function of a VP4/PRAF1 interaction is unknown. Since VP4 does not
associate with the Golgi complex but does associate with Golgi-derived lipid rafts on
post-Golgi vesicles,"™'* PRAF1 may recruit VP4 to lipid rafts.'® Localization of VP4
with lipid rafts aids in viral assembly and cell surface expression of VP4."" Taken
together, these data suggest that a VP4/PRAF1 association augments rotaviral assembly
and cell surface expression of VP4, possibly via PRAF1-mediated recruitment of VP4 to

areas of viral assembly localized to lipid rafts.'™®

Dexras1/PRAF1 Interaction
Glucocorticoid-induced inhibition of ACTH secretion during intermediate
feedback may be mediated via Dexras1, PRAF1, Rab3A, and VAMP?2 interactions.
Based upon the work of Martincic et al., it seems likely that in corticotrophs Dexrasl
interacts with PRAF1, thus preventing a VAMP2/Rab3A/PRAF]1 interaction. As a result,

activation of VAMP2 would not occur, VAMP2 and syntaxin would not be able to
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interact, and ACTH secretion would be blocked. Since Dexras1 does not bind to the
same sites on PRA1 as do Rab3A and VAMP2, Dexrasl inhibition of
Rab3A/VAMP2/PRA1 interaction may be indirect, i.e. binding of Dexrasl to PRAF1
blocks Rab3A/VAMP2 access to their binding sites on PRAF1. Alternately,
PRAF1/Dexras] interaction may result in a conformational change in PRAF1 which
results in an inability of Rab3A or VAMP?2 to recognize their binding sites on PRAF1.

It is also possible that Dexras1 inhibits POMC processing, thereby reducing the
amount of ACTH available for stimulated secretion. Inhibition of processing could be
accomplished by Dexras! inhibiting PRAF1/Rab3A interaction in the Golgi complex,
resulting in diminished vesicle formation and trafficking through the Golgi. Asa
consequence, POMC would not be processed into ACTH. Therefore, the hypothesis
examined in this study is that PRAF1 mutations will abolish the interaction with Dexrasl,
thus affecting not only PRAF1 localization, but also the localization and secretion of
ACTH and the processing of POMC.

In order to test this hypothesis, the research reported in this dissertation first
generated mutated and truncated versions of PRAF1: PRAF(54-175), PRAF(54-112),
PRAF(N70T), PRAF(Y73A), and PRAF(V161A). The mutated genes were then stably
transfected into AtT-20 cells. Finally, the effects of the mutations on Golgi morphology,
PRAF1/Dexras] interaction, and the ACTH secretion pathway were assessed via
confocal microscopy, Western blotting, yeast two-hybrid, RT PCR, cell function assays,
and ACTH IRMA. In addition, wild type (WT) AtT-20s and AtT-20s stably-transfected
with empty vector (3X) were also assessed in terms of their Golgi morphology and the

ACTH secretion pathway.
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AtT-20 Cells as a Model for Glucocorticoid Inhibition

Isolation of corticotroph cells is difficult because they 1) represent a minority in
whole pituitary cultures or dispersed cell cultures, 2) attempts to enrich cell cultures for
corticotrophs have proved less than optimal, and 3) almost all the cells in the pituitary

s 5,191
respond to glucocorticoids.™

Therefore, an alternative cell type that could be grown in
culture would be beneficial. Woods et al. evaluated the usefulness of AtT-20 cells, an
ACTH-secreting mouse pituitary tumor cell line that produces and secretes large amounts
of ACTH, for investigating early glucocorticoid inhibition. Using the secretagogues
CRH and phorbol esters to examine ACTH secretion, Woods et al. determined that
glucocorticoid-mediated inhibition of stimulated ACTH release was reliable in AtT-20
cells. Furthermore, the synthetic glucocorticoid, Dex, inhibited CRH-induced ACTH
release. Within 45 min, stimulated release was inhibited and strongly (80-90%)
suppressed at 2 hours. In addition, as in normal corticotrophs ACTH secretion from AtT-
20 cells increases in response to CRH in a dose-dependant manner,'** and glucocorticoid
inhibition of ACTH secretion in AtT-20 cells has an onset of action within minutes of
glucocorticoid exposure, is mediated by type II glucocorticoid receptors, and requires
mRNA and protein synthesis.””*1%4192

AtT-20 cells do differ from normal pituitary corticotroph cell in a few aspects.
Unlike normal corticotrophs, VP treatment of AtT-20 cells does not result in ACTH

secretion, even though AtT-20 cells express a VP receptor.'”

In addition, within 30 sec,
AtT-20 cells rapidly become refractory to somatostatin stimulation.'”* Further, AtT20

cells seem to have spontaneous electrical activity whereas in normal corticotrophs there
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are either no spontaneous calcium influxes, or the fluxes are rhythmic in nature.'*>'"°

However, although these cells do not quite function as normal cells, AtT-20 cells can

serve as an acceptable model for intermediate feedback.
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Figure 1. Membrane topology of PRAF1 and insertion into the Golgi membrane.

Membrane
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Numbers refer to amino acids. TM refers to the transmembrane regions (1-4).
Hydrophobic regions are residues 78-112 and 131-166. Hydrophilic regions are residues

1-77, 113-130, and 167-185. Adapted from Lin et al.'®!
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Figure 2. Proposed interaction of Rab3A, VAMP2, and PRAF1. VAMP?2 is bound to
PRAF1 (grey and black), which is inserted into the transport vesicle membrane and
oriented such that the hydrophilic regions of PRAF1 and VAMP?2 protein are in the
cytoplasm. When Rab3A associates with the transport vesicle membrane, the
PRAF1/VAMP2/Rab3A interaction disrupts PRAF1/VAMP?2 binding. As a result,
VAMP2 is activated (represented by a red star) and interacts with syntaxin. Docking and

fusion of the transport vesicle with the target membrane then follows.*
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III. MATERIALS AND METHODS

Cell Culture Protocol

Wild type AtT-20 cells (ATCC, Manassas, VA) were maintained in Dulbecco’s Modified
Eagle’s Medium (DMEM) supplemented with L-glutamine, 4500 mg glucose/L, 10% (v/v) fetal
calf serum (Life Technologies, Gaithersburg, MD), 5 mM Hepes (Invitrogen, Carlsbad, CA), and
antibiotic/antimycotic (final concentration: 100 units/mL penicillin, 100 ug/mL streptomycin,
0.25 ug/mL amphotericin B, Invitrogen). Stably transfected AtT-20 cells were maintained in
DMEM supplemented with L-glutamine, 4500 mg glucose/L, 5 mM Hepes, and 10% (v/v) fetal
calf serum and Geneticin (0.8 mg/mL, Life Technologies) (10%DMEM). All cell types were

grown in a humidified atmosphere of 5% C0,/95% air at 37 °C.

Generation and Cloning of PRAF1 Mutants
Subcloning techniques were used to construct the truncated PRAF1 mutant

vectors. Full length PRAF1 (FL PRAF1) and the 2 truncated constructs [PRAF(54-175)
and PRAF(54-112)] had been previously cloned into the pGAD vector (BD Biosciences
Clontech, Palo Alto, CA).l The pGAD vector, with inserts, and p3X-Flag-CMV-10
vector (Sigma-Aldrich, St. Louis, MO) were digested with EcoRI and BamH1 (New
England Biolabs, Beverly, MA) for 2 hrs at 37°C. The digested products were separated
by electrophoresis on a 1.2% agarose gel. The p3X-Flag-CMV-10 vector and PRAF1

inserts were eluted with the Zymoclean Gel DNA Recovery kit (Zymo Research, Orange,
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CA) and then purified with the Zymo DNA Clean and Concentrator kit (Zymo Research)
as per the manufacturer’s instructions. Each digested insert was ligated with the digested
vector (T4 DNA ligase, Promega, Madison, WI) as per the manufacturer’s instructions.
Ligated vectors were sequenced to confirm that there were no errors.

Three PRAF1 point mutations [PRAF(N70T), PRAF(Y73A), and PRAF(V161A)]
were induced using FL PRAF1 in pGAD as a template via PCR and the Quickchange
Site-directed Mutagenesis kit (Stratagene) as per the manufacturer’s instructions.
Primers utilized to introduce the desired point mutations were designed with the
Quickchange Primer Design program (Stratagene, LaJolla, CA) (Table 1). PCR
parameters were an initial denaturation at 94 °C for 5 min, followed by 25 cycles of 94°C
for 15 sec, 62°C for 30 sec, and 72°C for 60 sec, concluding with a single lengthening
step at 72°C for 5 min. The PCR products were digested with Dpn I restriction enzyme
for 1 hr at 37°C to remove the template vector. The resulting vectors were sequenced to
ensure they had the correct mutations. The mutated PRAF1 constructs were subcloned
into the p3X-Flag-CMV-10 vector as above.

Transformation and amplification of PRAF1 constructs. Each PRAF1-containing
vector was transformed into DH5a bacterial cells (New England Biolabs) using the
DH5a Subcloning efficiency kit (Invitrogen), as per the manufacturer’s instructions.
Bacteria were plated on imMedia AMP Agar (Invitrogen) for selection, and ampicillin
(100 png/mL) was used in LB media for positive selection during the clonal expansion.
Plasmids were recovered with the Zippy Plasmid Miniprep Kit [ (Zymo Research).

To create stably-transfected AtT-20 cells, wild type (WT) AtT-20 cells were transfected

with 4 g of p3X-Flag-CMV-7 vector itself or containing the gene for PRAF1, PRAF(54-
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112), PRAF(54-175), PRAF(N70T), PRAF(Y73A), or PRAF(V161A) using the

Lipofect AMINE Plus (Life Technologies) protocol as per the manufacturer’s instructions.
The cells were transfected at ~ 70% confluence. The day after transfection, trypsin was
added (0.15% trypsin in PBS, Invitrogen) followed by 3 mL of 10% DMEM and the cells
were triturated. Three mLs of cells were plated onto each of 4 culture dishes (150 x 15
mm Petri dishes) and 27 mL of 10% DMEM was added to each. The medium was
replaced with an equal amount of freshly prepared medium the following day.

Ten colonies from each plate were chosen for cloning. Each colony was isolated
via a cloning cylinder, 10 puL of 0.15% trypsin was added and the sample was incubated
at room temperature for 10 min, after which 200 pL of 10% DMEM was added to the
cylinder and triturated 10 times. The medium and cells were then transferred to a 48-well
plate. After 6 days, 4 clones with growth rates similar to WT AtT-20 cells were chosen
from each plate for transfer to 25 cm” flasks. After 2 passages, western blot was
performed to ensure that PRAF1 was strongly and equivalently expressed in each stably-

transfected cell line.

Yeast Two-Hybrid Assay
For yeast two-hybrid assay, the Matchmaker Two-Hybrid System 3 (Clontech,
Mountain View, CA) was used. Dexrasl, which had previously been cloned into the
pGBKT?7 bait vector,' and one of the pGAD-PRAF 1 construct vectors were co-
transformed into the AH109 strain of yeast (Clontech) using 0.5 pg of DNA of each
plasmid and the Frozen-EZ Yeast Transformation II kit (Zymo Research) as per the

manufacturer’s instructions. The appropriate positive and negative controls included
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with the kit were also transformed. For interaction analysis, transformed yeast were
plated on SD-YW (-trp/leu) plates containing X-a gal (Clontech), SD-YWH (-
trp/leu/his), and SD-YWHA (-trp/leu/his/ala) and then incubated at 30°C. The SD-YW
was used to ensure that both plasmids had been transformed into the cell. The other 2
deficient media were used to test whether or not interaction was abolished. After 5 days,
the number of colonies > 1 mm in diameter and the presence or absence of a color change
(indicating -galactosidase activity) were recorded. Finally, the plates were wrapped in

parafilm and stored at 4°C.

Cell Function Assay

Wild-type and stably transfected AtT-20 cells were plated in 48-well plates at a
density of 200,000 cells/mL and allowed to grow for 2 days. On the day of the study, the
media was changed to DMEM supplemented with 0.1% BSA (DMEM/BSA) and the
cells were incubated for 1 hr at 37°C. Media was removed and vehicle (Veh, 100 nM
EtOH in DMEM/BSA) or dexamethasone (Dex, 100 nM) were added to the cells,
followed by incubation for 2 hrs. Subsequently, media was again removed and Veh, CRH
(100 nM, Sigma-Aldrich) or Dex/CRH were added followed by incubation for 1 hr.
Following the final treatment, the media was collected from each well and centrifuged at
12,000 X g for 10min, and the supernatant stored until analysis at -20°C. The cells were
then washed briefly in 0.5 mL RIA buffer [0.1% Triton X-100, 250 KIU/mL Trasylol,
16.84 mg/mL Na,HPO47H,0, 4.74 mg/mL Na,EDTA2H,0, 0.2 mg/mL NaNs pH 7.4)]
and lysed for 30 min at 4°C in 0.2 mL RIA buffer. The lysates were transferred to 1.5

mL tubes and centrifuged at 14,000 x g for 10 min. The supernatant was removed and
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stored at -20°C. Functional studies on all cell types were repeated 5 times; in each
experiment, treatments were repeated in 4 wells.

In both media and cell lysates, ACTH concentration was determined using an
ACTH IRMA Assay kit (Scantibodies Laboratory, Santee, CA) as per the manufacturer’s
directions. There were 2 antibodies in the kit. The first recognized ACTH(1-16) and the
second recognized ACTH(24-39). Therefore, only mature ACTH was recognized in this
assay. To normalize the data for variations in cell number between wells and replicates,

the ACTH concentration in a sample was divided by the total protein concentration.

Western Blot

Western blotting was used to evaluate the relative concentrations of FL PRAF1
and all mutant constructs, plus POMC, pre-ACTH and ACTH in all cell types (n=4). To
ensure that the bands detected were the desired proteins, a Western blot was performed
where the anti-ACTH and anti-Flag primary antibodies were pre-incubated for 1 hr with
ACTH or FLAG-BAP. On each Western blot, a media sample and cell lysate from a
single representative well of each cell type was used. For cell lysates, 10 pg of total
protein were used whereas for media samples, 100 ug of total protein was loaded.
Acetone was added to each sample (4X volume) and the samples were incubated at -20
°C for 1 hr. Following incubation, the protein precipitate was concentrated via
centrifugation at 1,100 rpm for 8 min. The supernatant was removed and the pellet was
allowed to air dry for 10-15 min. The pellet was resuspended in 15 uL of loading buffer
(Tris-tricine with 0.05% B-mercaptoethanol diluted 1:2 in RIA buffer, Biorad) preheated

to 95 °C. The proteins were denatured by heating at 95 °C for 5 min. Flag-tagged BAP
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protein (Sigma-Aldrich) was used as a positive control in gels loaded with media
samples. In the gel used to analyze lysates samples, 10 mg of a 3T3 NIH mouse
embryonic cell lysate and 0.0125 mg of synthetic ACTH (combined into 1 sample)
served as the positive control. Samples were fractionated on Criterion 10-20%, 28 lane
gels (BioRad) and transferred to Immobilon-FL Transfer Membranes (Millipore,
Billerica, MA). Membranes were blocked with Odyssey Blocking Buffer (Li-Core
Biosciences, Lincoln, NB) diluted 1:1 in PBS (PBS/BB).

PRAF1 constructs were detected in both media and lysate samples using a
primary mouse anti-FLAG antibody (1:1,000, Sigma-Aldrich) followed by an
immunofluorescent goat anti-mouse secondary antibody (1:20,000 IRDye 800 CW, Li-
Cor Biosciences). POMC, pre-ACTH, and ACTH were detected with a rabbit anti-
ACTH primary antibody (1:400, generous gift from R. Kemppainen) followed by an
immunofluorescent anti-rabbit secondary antibody (1:20,000 IRDye 700 DX, Li-Cor
Biosciences). The rabbit anti-ACTH antibody detected all ACTH-containing peptides
including ACTH, pre-ACTH, and POMC. All antibodies were diluted in PBS/BB
supplemented with 0.1% triton X-100. Membrane washes were performed between each
antibody incubation for 3 x 5 min. The blots were incubated first in the rabbit anti-
ACTH antibody for 1 hr, followed by the mouse anti-FLAG antibody for 1 hr, and finally
incubated in a mix of the secondary antibodies for 1 hr.

The Odyssey Infrared Imaging System (Li-Cor Biosciences) was utilized for
image evaluation. The anti-rabbit secondary antibody was detected in the 700 channel
and the anti-mouse antibody in the 800 channel. Bands were detected using the Odyssey

software with integrated intensity and top/bottom background reduction. For
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standardization and statistical analysis, the intensity of the experimental bands was
divided by the intensity of the appropriate control band (calculated integrated intensity).
The control band for the ACTH-containing peptide image was the 30 kDa POMC band
from the lysate gel control lane (700 channel) and the control band for the PRAF1 image

was the 31 kDa PRAF1 band from the media gel control lane (800 channel).

RT PCR

AtT-20 cells were grown in 25 cm ? flasks until approximately 70% confluent.
The medium was aspirated from each flask, 500 uL of trypsin was added and the cells
were incubated at 37°C for 10-15 min. Cells were pelleted via centrifugation at 300 x g
for 5 min and the supernatant was removed. RNA was extracted using the RNeasy Kit
(Qiagen, Valencia, CA) as per manufacturer’s instructions. cDNA was synthesized using
the iScript 1* strand synthesis kit using 1 pug of total RNA (Bio-Rad, Hercules, CA) and
real-time PCR was performed on a mylQ real-time PCR detection instrument using
SYBR green supermix (Bio-Rad). The gene specific primers used in real-time PCR
were: mouse pro-opiomelanocortin (POMC, Accession # NM_008895) sense 5°-
cggccccaggaacageageagt and antisense, 5°-catctccccacaccgcectcttect. Polymerase chain
reaction using this primer pair with cDNA from AtT-20 cells yielded a single product of
the expected size; sequence analysis confirmed its identity. The thermocycler program
was as follows: an initial denaturation at 94°C for 2 min, followed by 35 cycles of 94°C
for 15 sec, 60°C for 30 sec and 68°C for 1 min. Melt curve analysis showed the presence
of 1 amplicon and no primer dimerization. PCR efficiency was determined by 10-fold

cDNA dilution followed by real-time PCR. Data were normalized to the housekeeping
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genes glyceraldehyde 3-phosphate dehydrogenase (GAPDH, Accession # NM_008084)
(sense 5’-gaggccggtgctgagtatgtcgtg, antisense 5’-tcggcagaaggggcggagat) and 2'-5'
oligoadenylate synthetase-like 2 (Oasl2, Accession # NM_ 011854 (sense 5°-
cagcgagcgagggatgttcag, antisense 5’-gcgcagttcccctccaaagtt. Expression of GAPDH and
Oasl2 in AtT-20 cells were not affected by short-term (exposure duration 2 hr or less)
treatment with dexamethasone or corticotropin-releasing factor (unpublished findings).
Data were analyzed using a modification of the delta delta Ct method as described by

Vandesompele, et. al."”

Confocal Microscopy

Wild-type and stably transfected AtT-20 cells were plated at 200,000 cells/mL on
8-well Permanox Lab-Tek chamber slides with covers (Nalg Nunc International,
Rochester, NY). Two hundred pL of cells was added to each well, and cells were grown
for 2 days.

On the day of the imaging, media was removed, and the cells were rinsed briefly
in 500 uL PBS. Cells were fixed in 10% paraformaldehyde in PBS for 15 min and
permeabilized in 0.2%Triton X-100 for 5 min. Image-it (Fisher Scientific) was added for
30 min for blocking and enhancement of immunofluoresence. Cells were then incubated
for 1 hr in the primary antibody mix, which consisted of chicken anti-ACTH (1:400,
Abcam, Cambridge, MA), rabbit anti-giantin (1:1,000, Covance, Berkeley, CA), and
mouse anti-Flag (1:700, Sigma-Aldrich) antibodies. The cells were washed 3 x 5 min in
PBS supplemented with 3% normal goat serum (PBS/NGS, Sigma-Aldrich) and

incubated for 1 hr in the secondary antibody mix, which consisted of Alexa-Fluor 488
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(goat anti-mouse), Alexa-Fluor 568 (goat anti-rabbit), and Alexa-Fluor 647 (goat anti-
chicken) (Molecular Probes, Carlsbad, CA) antibodies, all diluted 1:1,000 in PBS/NGS.
To ensure that autofluorescence of AtT-20 cells did not occur, 2 wells underwent the
entire immunoflourescence protocol except for the addition of antibodies as a preliminary
experiment. In addition, to ensure that cross-reactivity did not occur between the primary
antibodies and secondary antibodies from another species, each primary antibody was
incubated with each of the secondary antibodies from the non-matching species. Further,
each primary antibody was incubated with the AtT-20 cells without a secondary antibody
to ensure that the primary antibodies did not autofluoresce. Finally, each secondary
antibody was incubated with cells but without a primary antibody to ensure there was not
any non-specific interaction between the AtT-20 cells and the secondary antibodies. A
BioRad MRC 1024 Confocal Scanning Laser Microscope was used to view the slides and
confocal images of triple-labeled cells were obtained via the LaserSharp 2000 software
(BioRad). Alexa-Fluors 488, 568 and 647 were excited at 495 nm, 578 nm, and 650 nm

and emission wavelengths were collected at 510 nm, 519 nm and 668 nm, respectively.

Statistical Analysis
For cell function studies, the ACTH concentration in the media or lysate was
averaged for the 4 wells within a cell type that received the same treatment. The
averaged data from all replicates for each treatment and cell type combination were then
pooled, and a one-way ANOVA with Bonferroni adjustment for post hoc comparisons
was used to compare the amount of ACTH secreted in response to each treatment within

a cell type, e.g. the amount of ACTH secreted in response to vehicle, CRH, and
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Dex/CRH treatment was compared for WT cells, for 3X cells, etc. In addition, the
amount of ACTH secreted in response to vehicle, CRH, and Dex/CRH treatment for a
cell type was compared to what was secreted by WT cells. Significance was set at the
p<0.05 level.

For the Western blot data, the bands from the 700 channel (ACTH) lysate images
were used to determine the total concentration of ACTH-containing peptide for each
vehicle-treated cell type by combining the calculated integrated intensities for each band
within a lane on the lysate image. This total was then compared the same as for the cell
function assay, except 4 replicates were pooled (1 for each replicate image). The bands
from the lysate images were also used to determine the effects of PRAF1 mutations on
POMC processing by comparing ratio of ACTH/POMC, ACTH/pre-ACTH, and pre-
ACTH/POMC, again using the calculated integrated intensities with 4 replicates. Since
they both represent mature ACTH, the 13 and 6 kDa bands from the 700 channel media
images were combined and compared the same as for the ACTH IRMA. Significance
was set at the p<0.05 level.

For the PRAF1 images (800 channel), the calculated integrated intensities for all
bands within a lane on an image were combined. The averaged data from all replicates
for each treatment and cell type combination were then pooled, and a one-way ANOVA
with Bonferroni adjustment for post hoc comparisons was used to compare the amount of
PRAF1 expressed in cell type. Media and lysate images were compared individually.

Significance was set at the p<0.05 level.
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Construct

Forward Primer

Reverse Primer

FL PRAF1 | 5-CCCAGACATATGGCG |5-CCCAGAGGATCCTTACA
GCCCAGAAGGACCAG-3' | CAGGGTTCCATCTGCAG-3’
5-CCCAGAGAATTCATTC | 5-CCCAGAGGATCCCTATGC

PRAF(54-175) | TcGCGACCCCGCAATGT | AGGGCTCCATCTGGTGGAA
GGGA-3’ GGC-3’
5-CCCAGAGAATTCATTC | 5-CCCAGAGGATCCCAGATA

PRAF(54-112) | TcGCGACCCCGCAATGT | GAGAATGTAACAGGCGCC-3'
GGGA-3’
5-GCGCCTGGTACGCAC | 5-TTTGATTAATACTCCACG

PRAF(N70T) | cGTGGAGTATTAATCAAA | GTGCGTACCAGGCGC-3'
_3’
5-TGGTACGCAACGTGG | 5-

PRAF(Y73A) | AGGCTTATCAAAGCAACT | CACGTAGTTGCTTTGATAA
ACGTG-3' GCCTCCACGTTGCGTACCA-

3,
PRAF(V161A) | 5-GAGCCACGCTGGCAC | 5-GGAGCCTATGAGTGCCA

TCATAGGCTCC-3

GCGTGGCTC-3'

Table 1. Primers used to create PRAF1 constructs. For the constructs containing point
mutations, the specific mutations are in red.
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IV.  RESULTS
Yeast Two-Hybrid assay

The point mutations introduced into PRAF1 are within the region previously
identified as being necessary for interaction with Dexrasl.' Thus, it is possible that the
mutations could alter a Dexras1/PRAF1 interaction. A yeast two-hybrid assay was
utilized to assess this possibility. Yeast co-transformed with a vector containing the
Dexras1 gene and a vector containing PRAF(N70T), PRAF(Y73A), or PRAF(V161A)
grew on complete media, SD-YW, SD-YWH, and SD-YWHA plates and exhibited 3-
galactosidase activity (n=4, Table 1). The mutations enhanced the interaction, as
evidenced by growth on SD-YWHA. In addition, cells transformed with mutant PRAF1
had a consistently darker blue color generated by interaction between Dexrasl and the
mutant forms of PRAF1 compared to interaction between Dexras1 and FL (Table 1).
Interaction between PRAF(54-175) or PRAF(54-112) with Dexras1 were previously

assessed.!

Cell Function
In WT AtT-20 cells, CRH stimulates ACTH secretion and dexamethasone (Dex)
pre-treatment significantly inhibits CRH-induced ACTH secretion. PRAFI1 interacts with
Rab3A and VAMP2, proteins involved with vesicle docking and fusion.'® Mutations in

PRAF]1 inhibit or abolish interactions with Rab3A and VAMP2.'* Therefore, PRAF1
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mutations could alter the cellular response to CRH and Dex. To determine if this occurs,
WT AtT-20 cells and those stably-transfected with 3X, FL and all mutant versions of
PRAF1 were assessed for basal ACTH secretion as well as their ability to respond to
CRH and Dex.

Basal secretion of mature ACTH was significantly higher in PRAF(54-175),
PRAF(54-112), PRAF(N70T), and PRAF(Y73A) than in WT cells (Figure 1). With
respect to stimulated secretion, in WT cells, CRH significantly increased ACTH secretion
over vehicle treatment (p<0.001) and Dex significantly inhibited this response (p<0.001),
but ACTH secretion was still significantly higher than that from vehicle treated cells
(p=0.002) (Figure 1). Similar results were obtained with the 3X cells, indicating that
transfection did not affect the response to CRH or Dex, as well as in FL stable
transfectants (Figure 1). ACTH secretion was not altered by exposure to CRH or
CRH/Dex in PRAF(54-175), PRAF(54-112), and PRAF(N70T). In PRAF(Y73A), CRH
significantly stimulated ACTH secretion compared to vehicle (p=0.038), but Dex did not
inhibit CRH-stimulated ACTH secretion. In PRAF(V161A), CRH significantly
stimulated ACTH secretion compared to vehicle (p=0.016), but this was significantly less
than CRH-treated WT cells (p=0.004). Contrary to WT cells, however, Dex/CRH
treatment induced a significantly higher level of secretion compared to CRH treatment
(p=0.002).

For cellular ACTH concentrations, no significant difference was detected within a
cell type between the 3 treatments. However, in FL, PRAF(54-175), PRAF(54-112),
PRAF(Y73A), and PRAF(V161A), the ACTH concentration was significantly lower

compared to WT cells for all treatments (Figure 2).
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Western Blot

The rabbit anti-ACTH antibody used for the Western blot recognized all ACTH-
containing peptides, not just mature ACTH. POMC was identified as a 30 kDa band and
pre-ACTH as a doublet at 24-27 kDa. Two forms of ACTH were identified — 13 kDa
ACTH and 6 kDa ACTH — depending on the glycosylation pattern (Figure 3). Both 13
and 6 kDa ACTH were detected in cell lysates, but only the 6 kDa form was detected in
the media (Figure 3).

The calculated integrated intensity results of the Western blots of media samples
reflect the IRMA results with regard to ACTH secretion, i.e. CRH stimulated secretion
and Dex inhibited this response in WT, 3X, and FL. PRAF(54-175), PRAF(54-112), and
PRAF(N70T) did not respond to CRH. In PRAF(Y73A), CRH stimulated ACTH
secretion, however, Dex was not able to inhibit this response. Finally, in PRAF(V161A),
CRH stimulated secretion, but Dex/CRH treatment stimulated ACTH secretion even
further.

Interestingly, pre-ACTH was secreted by cells stably transfected with any form of
PRAF1 but not by WT and 3X cells. The overall concentration of ACTH-containing
peptides was not significantly different between cell types. However, the concentration
of ACTH significantly decreases in FL, PRAF(54-175), PRAF(54-112), PRAF(Y73A),
and PRAF(V161A), suggesting the processing of POMC was affected by the PRAF1
mutations (Figure 3, first table). To assess the processing, the ratios of the standardized
integrated values for ACTH to pre-ACTH, ACTH to POMC, and pre-ACTH to POMC

were calculated. The pre-ACTH/POMC ratio did not differ significantly between the cell
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types. However, the ACTH/POMC and ACTH/pre-ACTH ratios were significantly
lower in vehicle treated FL, PRAF(54-175), PRAF(54-112), and PRAF(Y73A) cells
compared to WT (p<0.001)(Figure 3, second table).

Full-length and mutant PRAF1 constructs were detected in both cell lysates and the
media, indicating secretion of PRAF1 from AtT-20 cells. PRAF1 bands were detected at
sizes that corresponded to either FL PRAF1 (~21 kDa) or the 2 truncated versions (~10
kDa). PRAF1 was always a single band in the media (Figure 4, top). In the lysates of
FL, PRAF(N70T), PRAF(Y73A), and PRAF(V161A), PRAF1 bands appeared as a
doublet, whereas in PRAF(54-175) and PRAF(54-112), PRAF1 was a single band
(Figure 4, bottom). No statistical difference was detected between cell types for the

amount of PRAF1 present in either the media or lysates (Figure 4).

POMC Expression
RT-PCR was used to determine if POMC transcription was altered in stable
transfectants compared to WT AtT-20 cells. Cells stably-transfected with FL, PRAF(54-
112), and PRAF(Y73A) had an approximately 3 fold increase in POMC mRNA over WT
while those transfected with PRAF(54-175) had an approximately 4 fold increase.
PRAF(N70T) and PRAF(V161A) had an approximately 6 and 5 fold increase,

respectively, in POMC transcription (Table 2).

Confocal Microscopy

In stably transfected CHO cells, PRAF1 mutations affect Golgi morphology,

result in altered cytoplasmic distribution of PRAF1 as well as retention of PRAF1 in the
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ER and perturb localization of vesicular stomatitis virus glycoprotein (VSVQ), a protein
used to assess intracellular transport.'”” Therefore, possible effects of PRAF1 mutations
on Golgi morphology and ACTH and PRAF1 localization in AtT-20 cells were assessed
via confocal microscopy. The location of PRAF1 in WT and 3X cells could not be
assessed, as any PRAF1 protein in these cells would not have had a FLAG tag; the
primary antibody used was anti-FLAG.

Golgi complex shape, size and position were similar to WT in 3X, indicating that
transfection itself does not alter the Golgi complex, as well as in FL cells. Only
PRAF(54-175) and PRAF(V161A) had altered Golgi structures. In PRAF(54-175), the
Golgi apparatus appeared to be expanded, or stretched, whereas in PRAF(V161A), the
Golgi apparatus appeared condensed (Figure 5).

In FL cells, ACTH and PRAF1 co-localized throughout the Golgi complex. In
addition, ACTH was detected at the cell periphery and PRAF1 in punctate regions in the
cytoplasm. In comparison, all other stably transfected AtT-20 cells had altered ACTH
and PRAF1 localization. In PRAF(54-175) and PRAF(54-112), ACTH and PRAF1 were
distributed throughout the cytoplasm and in the Golgi complex, but co-localization of
these two proteins within the Golgi appeared diminished compared to the FL stable
transfectant (Figure 5, merge view). In PRAF(Y73A), there was little to no ACTH in the
cytoplasm except immediately adjacent to the Golgi complex, but PRAF1 was distributed
throughout the cytoplasm. This was the same pattern for PRAF(N70T), except ACTH
was also located at the tips of cellular processes. For both of these mutants, co-
localization of ACTH and PRAF]1 still occurred mainly in the Golgi complex (Figure 5,

merge view). In PRAF(V161A), ACTH and PRAF1 appeared to be scattered throughout
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the cytoplasm with multiple areas of co-localization along the cell periphery. In
addition, compared to FL, ACTH/PRAF1 co-localization in the Golgi complex appeared
diminished and punctate in PRAF(V161A) rather than evenly distributed (Figure 5,

merge view).
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Dexrasl

B-

SD-YW SD-YWH SD-YWHA galactosidase
co-transformant .
activity
FL PRAF1 163 £ 15 109 + 26 ++
PRAF(N70T) 214 £ 28 158 +£ 14 68+ 12 +++
PRAF(Y73A) 287 £42 172 £ 27 72+ 18 +++
PRAF(V161A) 236 + 23 129+ 18 56+ 15 +++

Table 1. PRAF1 point mutations enhanced interaction with Dexras1. The values in the
table represent the mean + the standard deviation from 4 replicate yeast two-hybrid
assays. Growth on SD-YW plates signified that both plasmids were present within the
yeast. Growth on SD-YWH plates indicated the presence of an interaction between
Dexrasl and the PRAF construct. Growth on SD-YWHA suggested the interaction
between the 2 proteins is strong. Amount of 3-galactosidase activity also gauges

interaction strength.
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Figure 1. PRAF1 mutations significantly alter basal and stimulated secretion of ACTH
in stably transfected AtT-20 cells. ACTH concentration in the media from each well was
normalized for total protein concentration in the cell lysate from that well. Bars represent
the means of 5 replicates; error bars depict the standard deviation. Within a cell type,
different letter above vertical bars indicate significant difference in secretion. * =
Significant difference compared to WT for secretion in response to vehicle treatment.
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ACTH (Concentration in lysate
/ Total protein in lysate)
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PRAF
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Figure 2. PRAF1 mutations significantly decrease the concentration of ACTH in stably-
transfected AtT-20 cells. ACTH concentration in the lysate from each well was
normalized for total protein concentration in the cell lysate from that well. Bars represent
the means of 5 replicates; error bars depict the standard deviation. Treatment with CRH
or Dex/CRH treatments did not significantly affect cellular ACTH concentration in any
cell type. * = Significant difference compared to WT for cellular content vehicle-treated
cells.
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PRAF  PRAF PRAF  PRAF PRAF

WT 3X FL  (54-175) (54-112) (N70T) (Y73A) (V161A)
PRAF | PRAF | PRAF | PRAF | PRAF
Amount | WT | 3X | FL | 54475) | (54-112) | (N70T) | (Y73A) | (V161A)
poMc | 114 | 145% | 142x | 106x | 106x | 113t | 124x | 14be
041 | 040 | 025 | 023 0.39 0.41 0.54 0.66
pre- | 627+ | 624+ | 557+ | 540t | 533t | 604t | 655t | 7.96%
ACTH | 1.77 | 144 | 147 | 1.10 1,53 1.24 0.25 1.76
acTh | 451% | 432f | 234 | 221 | 251 | 3d6x | 322x | 4.i6x
121 | 082 | 0.24* | 0.31° 0.41* 0.74 0.22* 0.96
Ratio W | ax | eL | PRAF | PRAF [ PRAF | PRAF | PRAF

(54-175) | (54-112) | (N70T) | (Y73A) | (V161A)

ACTHto | 0.73+ | 0.72+ | 0.47+ 0.41% 0.48+ 0.55+ 0.49+ 0.54+
pre-ACTH | 0.05 | 0.07 | 0.08* 0.02* 0.10* 0.10 0.03* 0.11

Pre-ACTH | 5.92+ | 5.80+ | 5.24+ 5.23+ 511+ 5.60+ 5.52+ 5.99+
to POMC 115 | 0.10 | 1.38 0.81 0.04 0.93 0.84 1.75

ACTHto | 4.26% | 411+ | 2.22+ | 2.14% 2.49+ 3.06+ 2.67+ 2.80%
POMC 0.88 | 0.91 | 0.57* 0.26* 0.73* 0.58 0.25* 0.09

Figure 3. PRAF1 mutations affect processing of POMC in stably-transfected AtT-20
cells. Representative Western blots for detection of ACTH-containing peptides in media
(top) and lysate (bottom) samples are shown (n=4). Brackets denote the 3 lanes within a
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cell type; the first lane is media or lysate from vehicle treated cells, the second from
CRH treated cells, and the third from Dex/CRH treated cells. The red box encloses the
band used to standardize both blots. The values in the first table represent the mean of
the concentrations (amount) + the standard deviation from the Western blots of the
lysates of vehicle-treated cells (n=4). * = significantly different from corresponding
concentration in WT cells. The values in the second table represent the mean of the
ratios + the standard deviation from Western blots of cell lysates of vehicle-treated cells
(n=4). * = significantly different from corresponding ratio in WT cells.
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Figure 4. The concentration of PRAF1 was the same in all stable transfectants in both
the media and lysates. Representative blots for detection of PRAF1 peptides in media
(top) and lysate (bottom) samples are shown (n=4). PRAF1 was detected at sizes that
corresponded to either full length PRAF1 (~21 kDa) or the 2 truncated versions (~10
kDa). The FLAG tag on PRAF1 constructs was detected with an anti-FLAG antibody,
therefore wild type PRAF1 was not detected in these blots (WT and 3X lanes). See
legend of Figure 3 for explanation.
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WT 3X FL 54-175 | 54-112 | N70T | Y73A | V161A

P?ﬁc oo | 121 | 313 [ 437+ | 328+ | 617+ | 337+ | 484+
0 : 043 | 042% | 0.73% | 0.53% | 0.52% | 0.95% | 0.53*

changes
Table 2. PRAF1 mutations affect POMC gene transcription. The relative expression of

POMUC in the stable transfectants was compared to that of WT AtT-20 cells. Values
represent the mean of 3 replicates + the standard deviation. * = significantly different

from WT cells.
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Figure 5. PRAF1 mutations affect Golgi complex morpholgy as well as localization of
PRAF1 and ACTH in stably-transfected AtT-20 cells. Individually, the Golgi complex
appears red, ACTH appears blue, and FLAG-tagged PRAF1 appears green. Only
FLAG-tagged PRAF1 constructs were detected, so PRAF1 was not detected in the WT
and 3X cells. Areas of co-localization of the Golgi complex and ACTH appear pink; of
the Golgi complex and PRAF1 appear yellow; and of PRAF1 and ACTH appear light
blue. In the merge view, co-localization of all 3 appears white.
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V. DISCUSSION
How glucocorticoids inhibit stimulated ACTH secretion in the intermediate time
frame is unknown. What is known is that protein synthesis is involved, since inhibitors
of transcription and/or translation block glucocorticoid-mediated feedback ®!%%104120-19%8
In addition, dexamethasone (Dex) treatment upregulates Dexras] mRNA expression
within 30 minutes of exposure; the expression declines within 8 hours and returns to

baseline at 24 hours'>!®

, a timeline that would fit a protein involved in the inhibition of
stimulated ACTH secretion in the intermediate time frame. Further, constitutively active
Dexrasl is associated with inhibition of stimulated hormone secretion in both transiently
transfected AtT-20 and Cos-7 cells '® and stably transfected AtT-20 cells (R.J.
Kemppainen, unpublished data). Thus, Dexras] may play a role in intermediate
feedback.

One of the best ways to determine a protein’s mechanism of action is to identify
proteins with which it interacts. We propose that Dexras] may be involved in secretion,
as Dexras| interacts with PRAF1."'7'® PRAF1 also interacts with Rab3A and VAMP2
and may link them in the docking and fusion of secretory vesicles since: 1) Rab3 A

- 90,95-100
regulates secretion”

and inhibits adrenal gland neuroendocrine chromaffin and
PC12 cell secretion;*****; 2) the PRAF1/VAMP2 interaction is highly specific as
PRAF1 does not interact with other members of the VAMP family; 3) Rab3A and

VAMP?2 are involved in the docking and fusion of regulated secretory vesicles; and 4)
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amino acids 30-54 and 175-185 of PRAF1 are essential for interaction with both Rab3 A
and VAMP2."® Further, in Chinese hamster ovary (CHO) cells, PRAF1 mutations that
alter Golgi complex morphology and PRAF1 localization also inhibit transport of
vesicular stomatitis virus glycoprotein (VSVG), a protein used to assess vesicle transport
and protein insertion into the plasma membrane."

We first addressed whether PRAF1 mutations would affect interaction with
Dexrasl. Since amino acids 54-175 of PRAF1 are necessary for interaction with
Dexrasl,' we sought to determine whether point mutations that occur within this region
would affect PRAF1/Dexras] interaction. Accordingly, 3 PRAF1 point mutations,
PRAF(N70T), PRAF(Y73A), and PRAF(V161A), were chosen for this study. All of
these point mutations alter the PRAF1/ Rab3A/ VAMP2 interaction in CHO cells."”” In a
yeast two-hybrid assay, truncated PRAF(54-175) and full length (FL) PRAF1 interacted
with Dexrasl to a similar degree, whereas truncated PRAF(54-112) did not.'
PRAF(N70T) abolished interaction with both Rab3 A and VAMP2 while PRAF(Y73A)
abolished interaction with Rab3A but only diminished that with VAMP2." The third
mutation, PRAF(V161A), actually enhanced interactions with Rab3A and VAMP2." In
this study, the point mutations affected interaction with Dexras1; however, all 3 PRAF1
point mutations enhanced interaction with Dexras1 compared to FL (Table 1).

The PRAF1/Rab3A/VAMP2 interaction has been proposed to regulate docking,
fusion, and secretion.'®" Furthermore, in AtT-20 cells stably transfected with Rab3A
homologue, o-rab3, ACTH-containing secretory vesicle sequestration was diminished

144 .
The active

suggesting that Rab3 proteins are involved in secretory vesicle trafficking.
form of Rab3A, i.e. the GTP-bound form, Rab3A-GTP, may associate with PRAF1 and
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block the VAMP2/PRAF]1 interaction.'® Calcium influx into rat hippocampal neurons
and bovine chromaffin cells stimulates Rab3A-GTP hydrolysis to Rab-GDP,”*** and the
same may occur in AtT-20 cells. Rab-GDP would be removed by Rab-GDP dissociation
inhibitor (GDI),"*!1**2%277 a]lowing VAMP?2 to interact with PRAF1 and, consequently,
VAMP2 to become activated and docking and fusion to follow.'® After docking and
fusion, VAMP2 would dissociate from PRAF1 allowing for Rab-GTP to bind PRAF1
(Figure 1A and B)."®

We hypothesized that Dexras1 might interfere with a PRAF1/Rab3A/VAMP2
interaction, so we evaluated the effect, if any, of the enhanced PRAF1/Dexrasl
interaction on basal, stimulated, and Dex-inhibited ACTH secretion. Wild-type (WT)
AtT-20 cells and cells stably transfected with empty 3X-FLAG vector (3X) had a similar
level of basal ACTH secretion, response to CRH stimulation, and inhibition by Dex. In
WT and 3X stable transfectants, ACTH-containing peptide was detected along the cell
periphery and throughout the Golgi complex; ACTH-containing peptide distribution in
the cytoplasm was also similar in these 2 types of cells, indicating that stable transfection
was not responsible for the observed effects in the other cell lines created.

Our results indicate that an interaction of PRAF1 with VAMP2 may be necessary
for CRH-stimulated ACTH secretion in AtT-20 cells, although interaction with Rab3A is
not. Cells stably transfected with constructs for PRAF1 mutant proteins that do not
interact with VAMP2 — PRAF(54-175), PRAF(54-112) and PRAF(N70T) — did not
respond to CRH treatment, while cells transfected with constructs for mutant proteins
that do interact with VAMP2 — PRAF(Y73A) and PRAF(V161A) —did (Table 1). Since
PRAF(Y73A) protein does not interact with Rab3A, a PRAF1/Rab3A interaction must
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not be necessary for stimulated secretion to occur in AtT-20 cells and may be inhibitory.
In fact, in AtT-20 cells containing PRAF(V161A), stimulated ACTH secretion was
significantly less than in WT cells. The decrease could be due to Rab3A acting as an
inhibitor of a PRAF1/VAMP?2 interaction,'® as the interaction between Rab3A and
PRAF1(V161A) is enhanced."

Furthermore, our results indicate that a functional PRAF1/Rab3A/VAMP2
interaction may be necessary for Dex-mediated inhibition of stimulated secretion in the
intermediate time frame. Unfortunately, Dex-induced inhibition of stimulated secretion
was impossible to assess in PRAF(54-175), PRAF(54-112), and PRAF(N70T) stably
transfected cells as they did not respond to CRH. However, the mutant protein
PRAF(Y73A) interacted strongly with Dexras1 in our study and interacts weakly with
VAMP2," but not with Rab3A (Table 1)." Stimulated ACTH secretion from cells
stably transfected with this mutant was not inhibited by Dex pretreatment (Table 1),
possibly indicating that a PRAF1/Rab3A interaction is necessary for Dex-mediated
inhibition of CRH-stimulated ACTH secretion. PRAF(V161A) strongly interacts with
Rab3A, VAMP2,19 and, in our study, Dexrasl. In cells stably transfected with this
mutant, ACTH secretion was significantly increased by CRH. Paradoxically, though,
ACTH secretion was further significantly increased by pretreatment with Dex (Tablel).
The strong PRAF1(V161A)/Rab3A interaction may be a stronger inhibitor of the
PRAF1/VAMP?2 interaction. However, the enhanced PRAF1(V161A)/Dexras1
interaction may serve to disrupt the PRAF1(V161A)/Rab3A interaction, allowing for a
higher rate of Rab3A displacement compared to CRH treatment alone. As a result,

VAMP?2 activation would occur, and docking, fusion and secretion would follow.
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Alternatively, the PRAF1(V161A) protein could be interacting with other proteins
resulting in increased secretion in the presence of Dex.

We propose that, via interaction with PRAF1, Dexrasl inhibits stimulated ACTH
secretion by adding another step in the regulation of VAMP?2 activation. Given that
amino acids 54-175 of PRAF1 are necessary for the PRAF1/Dexras] interaction and
these regions are adjacent to those needed to interact with Rab3A and VAMP2,' Dexrasl
may transiently block Rab3A and VAMP2 access to PRAF1. Dexrasl may block
interaction either directly or, since the Dexras1 and Rab3A/VAMP?2 interaction sites do
not overlap, indirectly by inducing a conformational change in PRAF1 that inhibits
interaction with Rab3A and VAMP?2. In either case, Dexrasl would need to be removed
from PRAF1 for either Rab3A or VAMP?2 to interact with PRAF1, and, consequently,
when Dexras]1 is present, CRH-stimulated ACTH secretion would be slowed (Figure 2).
Alternately, Dexras1 may block PRAF1 interaction with Rab3A or VAMP?2 in a manner
that is not transient. However, the concentration of Dexrasl may not be high enough to
interfere with all the vesicles undergoing fusion with the plasma membrane.
Determining the relative concentrations of PRAF1, Rab3A, VAMP2, and Dexras] may
help elucidate which, if either, theory is correct.

Another possibility for Dexras1 inhibition of PRAF1/Rab3A/VAMP?2 interaction
might be that Dexras] binds Rab3A-bound PRAF1 and prevents GTP hydrolysis.
Finally, in HEK293 cells, PRAF1 inhibits the ERK1/2 pathway.'** Since Dexras]
stimulates ERK1/2 activation'*? and PRAF1 inhibits it, perhaps Dexras] exerts its effect

by blocking PRAF1-mediated inhibition of ERK1/2 activation. However, to our
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knowledge, ERK1/2 has not been associated with intermediate feedback, and future
studies would need to be performed to elucidate a role for ERK1/2.

Interestingly, FL and mutant PRAF1 proteins were secreted by cells stably
transfected with a PRAF1 construct. Since the antibody used to detect PRAF1 was
against the FLAG tag of the constructs, wild type PRAF1 was not detected. Therefore,
whether wild type PRAF1 is secreted or whether secretion from the stable transfectants
is due to PRAF1 overexpression was impossible to determine. To our knowledge,
secretion of PRAF1 has not previously been assessed or reported in any cell type.

As trafficking of VSVG, PRAF1 localization, and cellular morphology were
disrupted in CHO cells transfected with vectors containing PRAF1 point mutation
constructs'’, we hypothesized that PRAF1 mutations would affect ACTH localization
and secretion in AtT-20 cells and would alter localization of PRAF1 protein and cellular
morphology. Unfortunately, as the primary antibody used to detect PRAF1 was against
the FLAG tag of the PRAF1 constructs, the location of PRAF1 in wild type (WT) AtT-
20s and AtT-20s stably transfected with empty vector (3X) could not be assessed.

Localization of PRAF1 mutants in CHO cells and Golgi morphology were
different between CHO and AtT-20 cells when PRAF(Y73A) and PRAF(N70T) were
stably transfected. CHO cells stably transfected with a vector containing PRAF(N70T)
are characterized by retention of PRAF1 in the endoplasmic reticulum (ER) while in
those stably transfected with a PRAF(Y73A) vector, PRAF1 localizes to the ER, Golgi
complex, and dense tubular structures.” Further, in CHO cells stably transfected with
PRAF(N70T) and PRAF(H166A), a mutation expected to have effects similar to
PRAF(Y73A), mannosidase II (Man II), a resident Golgi protein, is dispersed around the
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nucleus and in punctate regions throughout the cytoplasm.'” The difference between the
appearance in AtT-20 cells and CHO cells may be due to the method of Golgi complex
localization, i.e. staining for Man II vs. giantin as in our study. Since Man II transits
through the Golgi complex and is then recycled from the trans to the cis face, dispersed
localization of Man II throughout the stably transfected CHO cells suggests that Man II
recycling was impaired.”” In comparison, giantin acts as a tethering protein which cross-
links the Golgi stacks and is not recycled through the Golgi complex.*®® Second, the
differences seen in PRAF1 distribution between AtT-20 and CHO cells may be due to
differences in the functions of PRAF1 in these cells. Lastly, it is possible that the tag
used on the PRAF1 construct — hemagglutinin in CHO cells vs. FLAG in our study —
may have influenced localization.

In cells stably transfected with full length (FL) PRAF1, PRAF1 and ACTH-
containing peptide were evenly co-distributed and co-localized in the Golgi complex and
ACTH-containing peptide was distributed along the plasma membrane in a pattern
comparable to that of WT and 3X. PRAF1 was also identified in a few punctate regions
in the cytoplasm in a pattern like that observed in CHO cells."” In accordance with
subcellular fractionation studies, punctate staining suggests association of PRAF1 with
intracellular vesicular membranes.'**

Our results regarding basal ACTH secretion and ACTH and PRAF1 localization
may indicate that a PRAF1/Rab3A interaction is necessary in AtT-20 cells for transit of
POMC/ACTH-containing secretory vesicles from the Golgi complex to the plasma
membrane via the regulated pathway. In murine synaptosomes, secretory vesicles travel

from the Golgi complex to the plasma membrane via the regulated pathway and Rab3A
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is essential for this activity.go’zog’210 Secretory vesicles enter the constitutive pathway by

A8 1o the same occurs in AtT-20 cells and

default if not associated with Rab3
not just Rab3 A but a PRAF1/Rab3A interaction is required for movement of secretory
vesicles, basal secretion of ACTH would be expected to be higher when the interaction
does not occur. PRAF(54-175) and PRAF(54-112) likely do not interact with Rab3A,
since the sites necessary for interaction'® have been deleted, and, indeed, basal ACTH
secretion was significantly higher in cells stably transfected with these constructs than in
WT cells. Further, these stably transfected cells had reduced co-localization of ACTH
and PRAF1 proteins in the Golgi complex compared to FL stable transfectants. PRAF1
is distributed in the cytoplasm in a punctate staining pattern in cell stably transfected
with PRAF(54-175) and PRAF(54-112) suggesting PRAF1 protein is associated with
intracellular vesicles. However, disrupted association of PRAF1 and ACTH-containing
peptide may suggest that PRAF]1 is not incorporated into ACTH-containing secretory
vesicles and, as a result, Rab3 A may not associate with secretory vesicle either.

Since secretion differed between the cell lines, we theorized that POMC
processing might be affected. Therefore, we assayed the effect of the PRAF1 mutations
on POMC processing by Western blotting of stably transfected AtT-20 cell lysates. We
first performed Western blotting to ensure that all cell lines were expressing equivalent
amounts of PRAF]1 protein, so that differences between cell lines could not be attributed
to variation in PRAF1. FL, PRAF(N70T), PRAF(Y73A), and PRAF(V161A) proteins
were detected as doublets on the Western blot of the lysates, while PRAF(54-175) and
PRAF(54-112) were single bands. PRAF]1 is predicted by sequence homology to
undergo post-translational modification (i.e. glycosylation or alkylation) in the region of
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amino acids 175-185.2' As PRAF(54-175) and PRAF(54-112) proteins do not include
the proposed sites for post-translational modification, only a single unmodified protein
band was seen whereas, the doublets may reflect the presence of both modified and
unmodified protein. Regardless, the amount of PRAF1 protein was not different
between cell lines.

With respect to ACTH-containing peptide, in vehicle-treated cells, the
ACTH/pre-ACTH and ACTH/POMC ratios and the amount of ACTH in FL, PRAF(54-
175), PRAF(54-112), and PRAF(Y73A) stable transfectants were significantly decreased
compared to WT (Table 1). The diminished ratio can be explained by a suppression of
POMC processing leading to increased amounts of POMC and pre-ACTH and decreased
mature ACTH concentration. A decrease in ACTH concentration could be due to
misrouting of secretory granules into either the constitutive pathway, where storage does
not occur, or into the degradation pathway. If POMC were misrouted into the
degradation pathway, elevated basal secretion would not be expected as occurs in these 3
cell types. Thus, our findings suggest that in our stable transfectants, POMC is directed
into the constitutive pathway.

In order for POMC processing to occur in secretory granules, POMC must be
packaged into granules that exit the Golgi complex and travel via the regulated pathway
to the plasma membrane. Rab3A is an important component of regulatory pathway-
targeted secretory vesicles as vesicles not associated with Rab3 A enter the constitutive

71.80.141211 pR AF1 may function as a Golgi complex GTPase sorting

secretory pathway.
protein responsible for the inclusion of Rab GTPases into secretory vesicles.'”’ Thus, if

PRAF1 and Rab3A do not interact, Rab3 A might not associate with secretory vesicles
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and misdirection of ACTH into the constitutive pathway could occur. Indeed, CHO cells
transfected with PRAF1 mutants that do not interact with Rab3 A have inhibited Golgi to
plasma membrane transport of secretory proteins.'” When POMC travels to the plasma
membrane via the constitutive pathway, cleavage into ACTH does not occur as
successfully, resulting in unprocessed POMC and, thus, decreased amounts of mature
ACTH arriving at the plasma membrane.”***'" Additionally, granules in the
constitutive pathway are not stored, providing another mechanism for decreased
intracellular ACTH concentrations.

Packaging of POMC into secretory granules also requires interaction with

61.63.64.213 N embrane-bound CPE has several functions vital

carboxypeptidase E (CPE).
to POMC processing. CPE is the Golgi complex receptor for nascent POMC and
translocates POMC into the Golgi complex.”"> CPE also guides POMC through the
Golgi complex and aids in the incorporation of POMC into secretory granules destined

for the regulated pathway.®" 464213

To our knowledge a PRAF1/CPE interaction has not
been investigated; however, if one exists and if the mutations in PRAF1 are disruptive to
that interaction, then intra-Golgi transport of POMC and packaging of POMC into
secretory granules of the regulated pathway could be inhibited by stable transfection
with mutant PRAF1.

The mutant PRAF(V161A) protein interacted strongly with Rab3A, but cells
stably transfected with this mutant still had decreased ACTH/POMC and ACTH/pre-
ACTH ratios and lower ACTH concentrations. In this cell line, the decreased ratios and

concentration might result from disrupted Rab recycling. GTP-bound Rabs are

associated with membranes, and after GTP hydrolysis, GDI associates with and removes
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GDP-bound Rabs from the membrane.'*'**"” As GDI and PRAF1 have opposite and
antagonistic roles with regard to Rab recycling,'®” the enhanced PRAF(V161A)/Rab3A
interaction could be strong enough to prevent GDI-mediated removal of Rab3A-GDP
from the Golgi membrane. As a result, in cells stably transfected with PRAF(V161A),
Rab3A recycling and, therefore, vesicle trafficking would be inhibited, and POMC
processing would be diminished. Indeed, in AtT-20 cells transfected with GTPase-
deficient o-rab3 mutants, secretory vesicles do not transit to the plasma membrane.'**

Interestingly, pre-ACTH was secreted into the media of all AtT-20 cells stably
transfected with a PRAF-containing vector. Likely, this is a reflection of the altered
POMC processing in the cells and increased intracellular concentrations of pre-ACTH.
Since the 3X stable transfectants did not secrete pre-ACTH, transfection alone does not
account for this activity.

The expression of POMC was at least 3 fold higher in cells stably transfected
with a PRAF1 construct compared to WT and 3X stable transfectants. However, the
degree of increase varied between cell types. PRAF1 overexpression in human
embryonic kidney cells inhibits gene transcription via the T cell factor (TCF)
transcription activator by binding to the TCF-signaling protein B-catenin.”'* Thus, if
PRAF]1 interacts with POMC transcription factors in AtT-20 cells, overexpression may
have an inhibitory effect on factors that block POMC expression or a stimulatory effect
on factors that increase POMC expression.

As determined by Western blot, the increase in POMC expression was not
reflected by an increase in the cellular concentration of ACTH-containing peptide. One

possible explanation is that POMC mRNA is degraded before or during translation.
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Through as yet undiscovered mechanisms, cells can sense the presence of excess
message and, in response, target nascent polypeptides associated with actively
translating polyribosomes via RNA silencing mechanisms such as microRNA (miRNA)
and small interfering RNA (siRNA). 212218 Binding of siRNA or miRNA to messenger
RNA forms a duplex that is either unable to be translated (miRNA/mRNA duplexes), or
is cleaved by endonucleases, thus the POMC mRNA is not fully translated. Alternately,
POMC mRNA may be translated, but export of nascent POMC protein from the
endoplasmic reticulum (ER) is interrupted and, as a result, the nascent polypeptide is
degraded. In yeast, Yip3, the homologue of PRAF1, interacts with the Rab homologue

219,220

Yiplp. Yiplp is required for both coatomer protein II (COP II) vesicle biogenesis

221
In

and, along with Yptlp, for packaging of proteins into COP II vesicles at the ER.
both yeast and mammals, COP II vesicles are responsible for transporting nascent
polypeptides from the ER to the Golgi complex, and disruption of this process due to
inefficient ER export results in rapid degradation of the nascent polypeptides.”**** If
PRAFT acts similarly in AtT-20 cells, PRAF1 mutations could decrease the
concentration of nascent POMC protein that arrives at the Golgi complex. As POMC
expression is not affected in the intermediate time frame of glucocorticoid-mediated

inhibition of stimulated ACTH secretion,??”***

the elevated POMC transcription may be
an artifact of PRAF1 overexpression and, therefore, may not be relevant.

Therefore, overall, our results may indicate that a PRAF1/Rab3A interaction may
be essential for secretory vesicle trafficking from the Golgi to the plasma membrane via
the regulated pathway. However, a PRAF1/VAMP2 interaction is likely not needed.

Further, a moderate level of PRAF1/Rab3A interaction may be necessary for normal
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intra-Golgi transport as a strong interaction was associated with inhibited intra-Golgi
transport.

The results of this study further support the theory that Rab3A is involved in
vesicular transport from the Golgi complex to the plasma membrane and that Rab3A
may function as an inhibitor of vesicle fusion. In addition, a PRAF1/VAMP2 interaction
may be vital for CRH-stimulated ACTH secretion, but a PRAF1/Rab3A interaction is
not. Finally, Dexrasl may inhibit PRAF1/Rab3A/VAMP?2 interaction, however, a
functional interaction between PRAF1/Rab3A/VAMP2 may be necessary for Dex-
induced inhibition of stimulated ACTH secretion in the intermediate time frame. Still,
other factors may be involved since a moderate level of interaction between PRAF1 and
Dexrasl, Rab3A, and VAMP2 results in WT-like functioning as in FL, whereas
enhanced interaction results in a paradoxical response to Dex treatment as in
PRAF(V161A). Our findings further suggest that a functional PRAF1/Rab3A
interaction may be vital for POMC processing, as intracellular ACTH concentration was
diminished in stable transfectants where the PRAF1 mutation abolished PRAF1/Rab3A
interaction.

The results of this research indicate that a PRAF1/Rab3A/VAMP2 interaction
may be vital for stimulated secretion of ACTH. In addition, a possible mechanism for
the role of Dexras1/PRAF1 interaction in the intermediate time frame of inhibition can
be proposed. Rab3A is believed to inhibit premature VAMP2 activation, potentially by
binding to PRAF1, thus blocking VAMP2 access.'® In rat hippocampal neurons and
bovine chromaffin cells, Rab3A-GTP is hydrolysed to Rab-GDP upon calcium
influx.”*® If the same occurs in AtT-20 cells, Rab3A would be hydrolyzed upon CRH-
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induced Ca*" influx. GDI removal of Rab3A would result in PRAF1/VAMP2
interaction and subsequent VAMP?2 activation. In the presence of Dexrasl, the rate of
CRH-stimulated secretion is reduced. Conceivably, when Rab3A is removed by GDI,
Dexrasl can bind PRAF1 and block VAMP2 access. If the PRAF1/Dexras] interaction
is transient or temporary, Dexras] can be displaced. When Dexrasl is displaced,
VAMP2 may then be able to interact with PRAF1 and become activated. Therefore, in
the presence of CRH even when Dexrasl is present, VAMP2 is still able to be activated,
although not at the same rate as CRH stimulation alone. Alternately, Dexras] may
strongly bind to PRAF1 and be hard to displace, but the Dexras1 concentration may be
low enough that it does not block all the sites of PRAF1/Rab3A/VAMP?2 interaction and,
therefore, some sites of interaction are still able to function and result in docking, fusion,

and secretion.
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Yeast two-hybrid ACTH Ratio in lysate vs. WT
secretion
CRH | Dex ACTH/ ACTH/ Pre-
Dexras1 | Rab3A | VAMP2 | vs. VS. | bomC pre- ACTH/
Veh | CRH ACTH | POMC
FL ++ ++ ++ A v v 7 NSD
PRAF * * NSD
(54-175) ++ — — No | N/A v v
PRAF * * NSD
(54-112) — — — No | N/A v v
PRAF NSD
(N70T) +++ — — No | N/A | NSD NSD
PRAF NSD
(Y73A) +++ — + M | NE v v
PRAF NSD
(V161A) +++ +++ +++ A A NSD NSD

Table 1. Summary of results from the yeast two-hybrid assay, the cell function assay
(ACTH secretion), and the ratios derived from the Western blots of the vehicle treated
lysates. + = presence of an interaction (strength of interaction estimated by number of
+); - = no interaction. * = assumed lack of interaction based on the deletions present and
published data.'® In the ACTH secretion columns, W = ACTH secretion significantly
decreased; A = ACTH secretion significantly increased; No = no significant change in
secretion; N/A = not assessable due to a lack of CRH response; NE = no effect, i.e. Dex

was unable to inhibit CRH-stimulated secretion. In the ratio columns, W = ratio

significantly decreased compared to wild type (WT) vehicle-treated cells; NSD = no

significant difference.
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Figure 1. Proposed mechanism for the role of PRAF1 (black), Rab3A, and VAMP2 in
stimulated ACTH secretion. A) Rab3A-GTP is bound to PRAF1 and blocks VAMP2
access. CRH-stimulated Ca2+ influx via voltage gated channels (brown ovals) induces
GTP hydrolysis and Rab-GDP is removed. B) Removal of Rab3A allows VAMP?2 access
to PRAF1 and activation of VAMP2. VAMP?2 interacts with syntaxin and docking and
fusion follows.'®
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Figure 2. Proposed mechanism for the role of Dexras1 in Dex-mediated inhibition of
stimulated ACTH secretion in the intermediate time frame. Dexrasl may inhibit both
VAMP?2 and Rab3A access to PRAF1 (black) by blocking the Rab3A/VAMP2 binding
sites on PRAF1. As ACTH secretion still occurs, Dexras] interaction with PRAF1 is
either transient, or the concentration of Dexrasl may not be high enough to block all
sites of membrane fusion.
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	The HPA Axis and Negative Feedback
	 Wild type AtT-20 cells (ATCC, Manassas, VA) were maintained in Dulbecco’s Modified Eagle’s Medium (DMEM) supplemented with L-glutamine, 4500 mg glucose/L, 10% (v/v) fetal calf serum (Life Technologies, Gaithersburg, MD), 5 mM Hepes (Invitrogen, Carlsbad, CA), and antibiotic/antimycotic (final concentration: 100 units/mL penicillin, 100 ug/mL streptomycin, 0.25 ug/mL amphotericin B, Invitrogen).  Stably transfected AtT-20 cells were maintained in DMEM supplemented with L-glutamine, 4500 mg glucose/L, 5 mM Hepes, and 10% (v/v) fetal calf serum and Geneticin (0.8 mg/mL, Life Technologies) (10%DMEM).  All cell types were grown in a humidified atmosphere of 5% CO2/95% air at 37 oC.
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