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1. INTRODUCTION

Although the original focus of the project was the relationship of Erbin to Erb2/Her2
signaling, the Erbin story has become not relevant to RbB2 signaling. The reason for this
is that recent studies suggest the Erbin-ErbB2 interaction is non-physiological and that
Erbin likely regulates p120-catenin

which shows ~1000-fold higher binding activity than that with ErbB2. In

light of this we have changed the focus of the project to study human Vps32 and Vps20
proteins, putative homologues of yeast proteins, which we hypothesize control ErbB2
receptor trafficking.

Ligand-induced down-regulation of mitogenic receptors, which involves receptor
endocytosis via clathrin-coated vesicles, is crucial in regulating mitogenic signals (1).
Sorting of endocytosed receptors is a complex, multi-step process that includes their
relocalization to the internal vesicles of late endosomes or multivesicular bodies (MVB),
from which they are then either recycled to the surface or targeted to lysosomes for
degradation. Thus, degradation by lysosomes plays an important role in down-regulating
many activated cell-surface receptors (1). One family of proteins, the class E vacuolar
protein-sorting (vps) proteins, is important for endosomal sorting as shown by vps
mutants that fail to transport newly synthesized hydrolases efficiently to the vacuole in
yeast (2). More recently, yeast studies identified three protein complexes termed
ESCRT-], -1I and-III (endosomal sorting complex required for transport) involved in
different stages of sorting ubiquitylated endosomal membrane proteins into the MVB
pathway (3,4). ESCRT I is involved in binding the ubiquitinylated cargo and activates
ESCRT-II, which then assembles the ESCRT III complex needed for membrane
association and sorting of the MVB cargo (3.4)

The yeast ESCRT-III complex is composed of at least four proteins, Snf7p, Vps2p,
Vps20p and Vps24p (4). The Vps20p-Snf7p subcomplex is associated with the MVB
membrane and may have an important role in sorting and/or determining the composition
of the MVB cargo. Snf7p is a relatively small, charged, coiled-coiled protein that was
originally identified genetically in a screen for mutants unable to sense glucose
concentration changes (5,6). Snf7p mutants also block endosome to vacuole trafficking,
resulting in structures resembling late endosomes (6). Consistent with a role for Snf7p in
MVB structure and/or function, a proteonomic yeast study showed that Snf7p interacted
with Vpsdp as well as Brolp (otherwise known as Npi3p and Vps31) (7). Brolp, a
scaffold protein containing an N-terminal Brol domain, is also involved in the MVB
sorting pathway (8). Brolp functions in the ubiquitin-dependent destruction of activated
cell surface receptors (9) and has been identified as a class E VPS protein (8). A large-
scale two-hybrid screen recently revealed that Snf7p also interacts with another Brol-
containing yeast protein, Rim20p (10). Rim20p is a scaffold protein required for the
proteolysis of the Rim101 transcription factor, which is involved in mediating pH
transcriptional responses to environmental pH changes in Sacharomyces cerevisiae (11).

Rim20p homologs, each with a highly conserved Brol domain, exist in a number of
different organisms including fungus (12,13), amphibians (14), mice (15,16) and humans
(13,17). The Rim20p homologue in fungus, Aspergillus nidulans, PalA protein, is also




involved in the assembly of a protease cleavage complex required for the processing of
transcription factors involved in alkaline pH adaptation (12,13). The mouse Rim20p
homolog, AIP1 (also known as ALIX). was originally identified in a yeast two-hybrid
screen as a protein interacting with ALG2, a protein involved in apoptosis (15,16). In
addition to an N-terminal Brol domain, the C-terminal 150 amino acids of AIP1 is
proline rich and can interact with the SH3 domains of several other proteins including
SETA/RUK (18,19) and endophilins (20). Overexpression of the AIP1 C-terminus has a
variety of biological affects including inhibiting cell death (15,18) and inducing
vacuolization (20). Finally, the function of the Brol domain in AIP1 and other Brol-
containing molecules is not known.

Here we have identified one of three human homologs of yeast Snf7p. Snf7-1 is 222
amino acids long and is 38% identical to yeast Snf7p. After testing Using affinity-
capture experiments, we show that the N-terminus of AIP1 was necessary and sufficient
for interacting with human Snf7-1. These results suggest the possibility that the
interaction of human Snf7-1 is likely to be biologically significant and may be involved
in regulating MVB function.

II. RESULTS

Identification of Human Homologies of Yeast Snf7p/Vps32 and Vps20

Using the human EST and NR databases we searched for human proteins homologous to
the yeast Snf7p. One of the cDNAs identified and sequence confirmed was found to
encode a protein of 222 amino acid residues (Fig. 1). Analysis of the nucleotide
sequences of the Snf7-1 clone confirmed that it contained a Kozak's consensus translation
initiation sequence 5' to the methionine start codon and an in frame stop codon (data not
shown). The predicted protein encoded by Snf7-1 is of similar size to yeast Snf7p and is
38% identical at the amino acid level over the entire molecule (Fig. 1). Comparison of
Snf7-1 with other related human proteins revealed at least two additional related
moloecules, Snf7-2 and Snf7-3. Snf7-2 and Snf7-3 were full length cDNAs and encoded
proteins of similar size (Fig. 1). All three human Snf7 homologs, like yeast Snf7p, have
amino acid sequences that are likely to fold into coil-coiled secondary structures within
these proteins (data not shown).

Examination of the EST database revealed that Snf7-1 is ubiquitously expressed (data not
shown) suggesting a potential general role in cellular function. Finally, additional
database searches revealed additional Snf7 homologies in fungus, fly, worms and plants.
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hSnf7-3 224 DI WAT* 233

Figure 1 Identification of Human Homologs of Yeast Snf7p.

Using BLASTp of human sequences within the NCBI protein database was used to find
the homologous sequences. Protein sequence analyses were performed using the AlignX
function of the VectorNTI Suite version 6.0.5 software (InforMax Inc.). A. Human
amino acids identical or conserved with Snf7p from Sacchromyces cerevisiae are shown
in dark and light shading, respectively. Three human Snf7p homologs were identified.

hSnf7-1 Interacts with AIP1, but not Vps20, Vps4-A or PalBH

In yeast, Snf7p interacts with multiple proteins including Vps4p, Rim13p (10), a calpain
protease and two different yeast Brol domain-containing proteins: Brol and Rim20
(11,13). Additionally, other studies show that Vps4p interacts with Brol and Rim20
(21). Inlight of these results and to determine if mammalian counterparts of these yeast
proteins interact in a similar fashion, we used an affinity capture approach to examine
protein-protein interactions. In these experiments, we produced epitope-tagged proteins
from expression vectors for : hSnf7-1; hVps20; AIP1, a human Brol domain-containing
homolog of yeast Rim20p and Brol (15,16); Vps4-A, a rat homolog of Vpsdp (22) ; and
PalBH (23), a mammalian calpain protease homolog of Rim13p. Western blot analysis
of Cosl cells transfected with these different mammalian expression vectors revealed that
these expressed proteins migrated as expected for their predicted molecular weights (See
Fig. 2). In our first set of experiments, we tested the ability of recombinant GST-hSnf7-
1, left immobilized to glutathione beads, to bind epitope-tagged proteins in Cos1 cell
extracts. In these experiments, we found that AIP1 interacted strongly with GST-hSnf7-1
but not with GST (Fig. 2). While hVps20, Vps4-A or PalBH were also expressed at
relatively high levels, these proteins did not interact with the immobilized GST-hSnf7-1
(Fig. 2). Experiments using GST-Vps4-A and GST-hVps20 bound to glutathione beads
also did not detect interactions with either hSnf7-1 or AIP1 (data not shown). These



results suggest that only one of the known homologous yeast interactions, the interaction
of hSnf7-1 with AIP1, could be confirmed to occur in mammalian cells using our GST-
affinity capture approach.

GST-Snf7-1
PalBH Input
GS T-Snf7-1
Vps20 Input
GS T-Snf7-1
ATIP1 Input
GS T-Snf7-1

GST-
GST-

Vps4A Input

PalBH Vps20 AlIP1 Vps4A

Figure 2 GST-capture experiments reveal that the Snf7-1-AIP1 interaction is
functionally conserved with the yeast Snf7p-Brol and Snf7p-Rim20 interactions.
Recombinant human GST-Snf7-1 was used to screen a several Epitope-tagged proteins
expressed in Cosl cells including: Vps family members (Vps20 and Vps4A), a Brol
containing protein (AIP1), and an atypical calpain protease (PalBH) to identify potential
binding partners. Of all proteins tested only AIP1 interacted with GST-Snf7-1.

The Interaction of hSnf-1 with AIP1 Requires the N-terminus of AIP1

In order to map the interaction between hSnf7-1 and AIP1, we attempted to generate
several additional AIP1 constructs including AIP1-N-Al; amino acid residues 1-445,
AIP1-N-A2; amino acids residues 1-208, AIP1-N-A3; amino acids residues 182-445, and
AIP1-C-Al; amino acid residues 436-869 and tested their ability to bind GST-Snf7-1.
We were only able to successfully express AIP1-N-Al and AIP1-C-Al in mammalian
cells (Fig. 3). Using these two AIP1 mutants in affinity capture experiments with
immobilized GST-Snf7-1 revealed that the N-terminus of AIP1 was both necessary and
sufficient for interacting with Snf7-1 (Fig. 3). In contrast, the C-terminus of AIP1 was
unable to bind hSnf7-1 (Fig. 3). In light of the fact that the region of AIP1 that interacts
with Snf7 contains a Brol domain, we also tested whether the Brol-containing protein
Rhophilin-2 could interact with GST-hSnf7-1. While Rhophilin-2 was highly expressed,
no interaction with GST-hSnf7-1 was detected (Fig. 3).
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Figure 3 The interaction of AIP1 with Snf7-1 requires the N-terminus of AIP1
Schematic representation of the AIP1 protein and mutants expressed as FLAG-tagged
proteins in Cos1 cells and used in GST-capture experiments. Respective positions in the
proteins are indicated. The stippled box indicates the position of the Brol domain, the
black box indicates a region conserved with Rim20/PalA homologs. The N-terminus,
containing the Brol domain, of AIP1 interacts with Snf7-1 in vitro. FLAG-tagged AIP1-
N-A1 and AIP1-C-Al were expressed in Cos1 cells overnight and subject to in vitro
binding with either GST- alone or GST-Snf7-1. Only the N-terminus of AIP1 (AIP1-N-
A1) was able to interact with GST-Snf7-1.

III. KEY RESEARCH ACCOMPLISHMENTS & REPORTABLE OUTCOMES
e Attended the 2002 ASCB Conference in San Fransico CA. and presented the
poster “The RhoA effector protein Rhophilin-2 interacts with o-actinin”

e Published: Peck, J. W., Oberst, M., Bouker, K. B., Bowden, E. & Burbelo, P. D.
The RhoA-binding protein, Rhophilin-2, regulates actin cytoskeleton
organization. J Biol Chem (2002), 277:43924-32.

e Received broad training in key microbiological techniques including: molecular
cloning, tissue culture, and recombinant protein production.

IV. CONCLUSIONS
Here we have identified and cloned several members of the mammalian family Vps

proteins including: hSnf7-1, AIP1, and hVps20. Using affinity-capture techniques, we
identified AIP1 as an interacting partner of hSnf7-1. Additionally we mapped this




interaction to the N-terminus of AIP] which contains a Brol domain. The interaction
between hSnf7-1 and AIP1 is consistent with interactions observed in yeast, suggesting
the possibility of additional Vps interactions are conserved from yeast to humans. These
results suggest the possibility that the interaction of human Snf7-1 is likely to be
biologically significant and may be involved in regulating MVB function. Future studies
are aimed at further exploring the biological significance of the AIP1-Snf7-1 interaction
with regards to receptor trafficking and degradation. Additionally we aim to identify and
characterize the functional significance of other possible Vps interactions that occur in
the mammalian system.
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