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The intracellular domain of amyloid precursor protein
interacts with flotillin-1, a lipid raft protein
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Abstract

Amyloid B (AB) is a pathological hallmark of Alzheimer’s disease (AD). It is derived from the amyloid precursor protein (APP) by
two sequential proteolytic cleavages, which also generate the APP intracellular domain (AICD). The precise cellular function(s) of AICD
still remain obscure. To elucidate the roles of AICD in the development of AD, a yeast two-hybrid system was used to screen a human
brain ¢cDNA library for proteins interacting directly with AICD. One of the potential AICD-interacting proteins identified from our
screening result is a lipid raft-associated protein, flotillin-1. The interaction was confirmed by glutathione S-transferase pull-down
and coimmunoprecipitation studies. Since lipid raft has been suggested to play an important role in signal transduction as well as the
pathogenic development of neurodegenerative diseases, it is proposed that flotillin-1 may recruit APP to lipid rafts and therefore partic-

ipate in the localization and processing of APP.
© 2006 Elsevier Inc. All rights reserved.
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Alzheimer’s disease (AD), especially the late-onset AD,
is a progressive neurodegenerative disorder often associat-
ed with elderliness. It is characterized by insoluble extracel-
lular amyloid plaques and intracellular neurofibrillary
tangles (NFTs) [1]. The major constituent of amyloid pla-
que, the AP peptide, is derived from the amyloid precursor
protein (APP) by two sequential proteolytic cleavages. In
addition to A, the aforementioned proteolytic processing
also generates the APP intracellular domain (AICD), the
extreme C-terminus of APP composed of 57-59 amino acid
residues. Recent evidences suggest that AICD forms com-
plexes with certain PTB domain-containing proteins such
as Fe65 and X11, which, in turn, interact with other pro-
teins (e.g., Tip60 and transcription factor CP2/LSF/LBP1
in the case of Fe65), and may play a signaling role ana-
logues to that of Notch or its intracellular domain (NICD)
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[2-8]. The precise cellular function of AICD, however, still
remains obscure.

To elucidate the roles of AICD in the pathogenic path-
way of Alzheimer’s disease, a yeast two-hybrid system was
used to identify its interacting partners. Our preliminary
screening result revealed that a lipid raft-associated pro-
tein, flotillin-1, was a potential AICD-interacting protein.
Lipid rafts (or the so-called caveolae-like microdomains)
are liquid-ordered membranous microdomains enriched
in cholesterol, glycolipid, and sphingolipid. It is generally
believed that lipid rafts are involved in many cellular pro-
cesses such as membrane sorting, trafficking, and signal
transduction, and have been implicated in the pathogenesis
of a number of human diseases, including Alzheimer’s dis-
ease (reviewed in [9-14]). It has been proposed that the
amyloidogenic processing of APP occurs predominantly
in lipid rafts [15,16]. This hypothesis is supported by the
observations that both y-secretase complex and BACE
are concentrated in lipid rafts, in which AP and a small
fraction of cellular APP are also present [15,17-26].
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Flotillin-1 has been used as a lipid raft marker protein
by many researchers since its first isolation from the
Triton X-100-insoluble membrane fraction [27]. In addi-
tion, it has been demonstrated that flotillin-1 is able to
form hetero-oligomeric complex with caveolins, the
major protein components of caveolae, and the expres-
sion of flotillin-1 could drive the formation of lipid rafts
in cultured cells [28]. Since the accumulation of flotillins
has been correlated with the progression of Alzheimer
pathology [29,16], whether flotillins are participating in
the partitioning of the macromolecules involved in the
processing of APP into lipid rafts is becoming an
increasingly important issue. Recent studies have shown
that caveolin-1 and -3 are physically associated with
APP, suggesting that caveolins may play an important
role in the proteolysis of APP [30,31]. Although a large
body of experimental work had indicated the presence
of APP in lipid raft (as previously mentioned), there
was no direct evidence that flotillin-1, just like
caveolin-1 or -3, interacts with APP. In this study, the
interaction of AICD with flotillin-1 was confirmed by
glutathione S-transferase (GST) pull-down and coimmu-
noprecipitation experiments. We also narrow the inter-
acting region of flotillin-1 to amino acid residues
189-282. Our results support the hypothesis that flotil-
lin-1 may recruit APP to lipid rafts and therefore be
involved in the localization and processing of APP.

Materials and methods

Yeast two-hybrid screening. The yeast two-hybrid screening was con-
ducted using Matchmaker GAL4 Two-Hybrid System 3 (Clontech, Palo
Alto, CA, USA) following the manufacturer’s instructions. DNA frag-
ment containing the coding sequence of the intracellular domain of
amyloid precursor protein (APP) (i.e., the C-terminal 59 amino acids of
APP) was PCR amplified from a human brain cDNA library (Clontech)
using primers designed based on a GenBank sequence (GenBank
Accession No. NM_201414) (forward primer: 5'-GGAATTCATAGCGA
CAGTGATCGTC-3, reverse primer: 5'-CGGGATCCTAGTTCTGCAT
CTGC-3’) and inserted into the pGBKT7 vector (Clontech) so that an
in-frame fusion protein GAL4-DNA-binding domain (DBD)-AICD can
be expressed and used as a bait in the two-hybrid screening. The sequence
of the candidate plasmid was verified by DNA sequencing (Core Facility,
College of Medicine, National Taiwan University). This plasmid
(pGBKT7-AICD) was transformed into yeast strain AH109 and the
transformants were selected using dropout medium lacking tryptophan
(SD/-Trp). AH109 harboring pGBKT7-AICD was then transformed with
a human brain cDNA library (in yeast expression vector pACT2)
(Clontech) and the cotransformants were selected on dropout medium
lacking tryptophan and leucine (SD/-Trp/-Leu). The selected cotransfor-
mants were replica-plated onto dropout medium lacking tryptophan,
leucine, adenine (SD/-Trp/-Leu/-Ade) as well as medium lacking trypto-
phan, leucine, adenine, and histidine, but supplemented with 5 mM 3-AT
(SD/-Trp/-Leu/-Ade/-His/3-AT) and allowed to grow until colonies
appeared. AH109 cotransformed with pGBKT7/pCL1 and pGBKT7-53/
pGADT7-T (all control plasmids were from Clontech) was used as posi-
tive controls, whereas the ones cotransformed with pGADT7/pGBKT7
and pGBKT7-Lam/pGADT?7-T were used as negative controls. Plasmids
isolated from the positive colonies were transformed into competent
Escherichia coli strain DH50 and plated onto ampicillin-containing LB
agar plates. The identities of the positive library plasmids were verified by
DNA sequencing (Core Facility, College of Medicine, National Taiwan

University), and the sequencing results were compared with the GenBank
non-redundant database using the BLAST programs from NCBI.

Yeast protein extraction and Western blotting. AH109 harboring both
pGBKT7-AICD and the AD/library plasmid of interest was grown in
50 mL of SD/-Trp/-Leu medium overnight at 30 °C. The cells were har-
vested by centrifugation (3000g for 5 min at 4 °C). Protein extraction was
conducted using the Y-PER yeast protein extraction reagent (Pierce,
Rockford, IL, USA) according to manufacturer’s suggestion. For Western
blotting analysis, proteins on the polyacrylamide gel were transferred to a
PVDF membrane (Pall, East Hills, NY, USA) and probed with either the
anti-APP C-terminal polyclonal antibody (AB5352, Chemicon, Temecula,
CA, USA) or the anti-HA monoclonal antibody (sc-7392, Santa Cruz
Biotechnology, Santa Cruz, CA, USA). Anti-HA antibody was used to
detect GAL4-AD fusion proteins since the pACT2 vector was specially
designed to express HA epitope-tagged fusion protein. For GAL4-AD-
FLOT1,37.427 encoded by pACT2-FLOT1,37 457, anti-flotillin-1 mono-
clonal antibody (clonel8, BD Biosciences Pharmingen, San Diego, CA,
USA) was used. The membrane was then incubated with anti-rabbit or
anti-mouse IgG HRP-conjugated antibody (Amersham Biosciences).
Proteins of interest (i.e., GST-AICD and flotillin-1) were visualized with
ECL™ Western blotting detection reagent (Amersham Bioscience) by
enhanced chemiluminescence method.

Yeast two-hybrid assay. All three further-truncated flotillin-1 con-
structs were derived from pACT2-FLOT1,37 457, which was identified by
yeast two-hybrid screening as described in the previous section. pACT2-
FLOT1|89427, pACTZ—FLOT1282427, and pACT2—FLOTl3gg427 were
generated by BamHI, Xmal, and Ncol digestion/re-ligation of pACT2-
FLOT1,37 427, respectively. The sequences of the candidate plasmids were
verified by DNA sequencing (Core Facility, College of Medicine, National
Taiwan University). The obtained further-truncated flotillin-1 construct
was then cotransformed with pGBKT7-AICD into yeast strain AH109.
The cell growth of the cotransformants was checked on dropout medium
(SD/-Trp/-Leu/-Ade and SD/-Trp/-Leu/-Ade/-His/3-AT) as described
previously. Again, AH109 cotransformed with pGBKT7/pCL1 and
pGBKT7-53/pGADT7-T was used as positive controls, whereas the ones
cotransformed with pPGADT7/pGBKT7 and pGBKT7-Lam/pGADT7-T
were used as negative controls.

GST-AICD expression and purification. Human AICD cDNA was
subcloned from pGBKT7-AICD (see previous section) into the pGEX4T-1
vector (Amersham Biosciences, Piscataway, NJ, USA) so that an in-frame
fusion protein GST-AICD can be expressed. The sequence of the candi-
date plasmid was verified by DNA sequencing (Core Facility, College of
Medicine, National Taiwan University). This plasmid (pGEX4T-1-AICD)
was transformed into Escherichia coli strain BL21 and the overexpression
of GST-AICD was induced by adding 0.2 mM isopropyl B-bp-thiogalac-
topyranoside (IPTG) into a liquid culture at an ODg of 0.4. The culture
was let grow for an additional 2 h. An empty plasmid pGEX4T-1 was used
to overexpress GST under similar culturing conditions. The E. coli cells
were harvested by centrifugation (6000g for 20 min at 4 °C) and lysed by
sonication in the presence of 0.3 mg/mL of lysozyme and 1x protease
inhibitor mixture (lysis buffer: 10 mM Tris-HCI, pH 7.4, 100 mM NacCl).
Both GST-AICD and GST were partially purified by affinity chroma-
tography (GSTPrep FF 16/10, Amersham Biosciences, elution buffer:
50 mM Tris—HCI, pH 8.0, and 10 mM reduced glutathione).

GST pull-down assays and Western blotting. Partially purified GST-
AICD and GST were immobilized on glutathione Sepharose 4B beads
(Amersham Biosciences) following manufacturer’s suggestion. SH-SYSY
cells were grown in a 1:1 mixture of Ham’s F12 nutrients and minimal
essential medium (MEM, GibcoBRL/Invitrogen, Carlsbad, CA, USA)
supplemented with 10% fetal bovine serum (FBS), 1 mM sodium pyruvate,
100 IU/mL penicillin, and 100 pg/mL streptomycin at 37 °C, 95% air and
5% CO,, and replaced with fresh media every two to three days until cells
became confluent. Cells were washed with phosphate-buffered saline (PBS,
2.7mM KCl, 137 mM NacCl, 10 mM Na,HPO,, and 1.4 mM KH,POy,,
pH 7.4), trypsinized with 0.05% trypsin/0.53 mM EDTA (GibcoBRL),
and lysed by brief sonication in 100 pL lysis buffer (50 mM Tris—-HCI, pH
7.4, 100 mM NacCl, 1% Triton X-100, 0.5% NP-40, 1 mM DTT, | mM
PMSF, and 1x protease inhibitor mixture). The cell lysate was obtained by
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centrifugation at 15,000g for 30 min at 4 °C and incubated with above
GST-AICD- or GST-immobilized glutathione Sepharose 4B beads for 2 h
at 4 °C with gentle agitation. The beads were washed with PBS. Proteins
bound to the beads were eluted by boiling in 1x Laemmli sample buffer for
Smin and were separated by 12% SDS-PAGE. For Western blotting
analysis, proteins on the polyacrylamide gel were transferred to a PVDF
membrane and probed with either the anti-APP C-terminal polyclonal
antibody (Calbiochem, San Diego, CA, USA) or the anti-flotillin-1
monoclonal antibody (clonel8, BD Biosciences Pharmingen). The
membrane was then incubated with anti-rabbit or anti-mouse IgG
HRP-conjugated antibody (Amersham Biosciences). Proteins of interest
(i.e., GST-AICD and flotillin-1) were visualized with ECL™ Western
blotting detection reagent (Amersham Bioscience) by enhanced chemilu-
minescence method.

Immunoprecipitation and Western blotting. Approximately 0.5 uL of
rabbit anti-APP C-terminal antibody (Calbiochem) or mouse anti-flotillin-1
monoclonal antibody (BD Biosciences Pharmingen) was incubated with
50 pL of 50% protein A Sepharose CL-4B beads slurry (Amersham Bio-
sciences) for 1 h at room temperature. The cross-linking reaction was initi-
ated by the addition of 6.5 uL of 5 mM disuccinimidyl suberate (DSS) and
the reaction mixture was incubated for 1 h at room temperature with gentle
agitation. Fifty microliters of TBS (25 mM Tris-HCI, pH 7.2, 150 mM
NacCl) was added to stop the reaction and wash off excess DSS. Unbound
antibodies were removed with 50 uL of 0.1 M glycine (pH 2.8). An appro-
priate amount of SH-SY5Y crude cell lysate prepared as described in the
previous section was incubated with the above antibody-conjugated protein
A Sepharose CL-4B beads for 1 h at 4 °C with gentle agitation. The beads
were washed with PBS. Proteins bound to the beads were eluted by boiling in
1x Tris-Tricine sample buffer (0.05 M Tris—HCI, pH 6.8, 12% glycerol, 4%
SDS, 0.1 MDTT, and 0.01% Coomassie R250) for 5 min and were separated
by 16% Tris-Tricine SDS-PAGE. For Western blotting analysis, proteins
transferred to a PVDF membrane were probed with either the anti-APP C-
terminal polyclonal antibody (Calbiochem) or the anti-flotillin-1 mono-
clonal antibody (clonel8, BD Biosciences Pharmingen) and were visualized

GAL4-DBD fusions

with ECL™ Western blotting detection reagent (Amersham Bioscience) by
enhanced chemiluminescence method.

Results and discussion
Identification of potential AICD-interacting proteins

To further elucidate the roles the intracellular domain of
amyloid precursor protein (AICD) might play in the path-
ogenic pathway of Alzheimer’s disease, a yeast two-hybrid
system was used to screen for proteins that may directly
interact with AICD. Approximately 3.5 x 10° independent
clones from a human brain cDNA library (in pACT2) were
screened with a bait plasmid, pGBKT7-AICD, which could
express an in-frame fusion protein GAL4-DNA-binding
domain (DBD)-AICD. About 400 potential positive colo-
nies out of approximately 1.5 x 10® cotransformants were
first identified on dropout medium lacking tryptophan, leu-
cine, and adenine (SD/-Trp/-Leu/-Ade). These colonies
were further checked by growth selection on medium lack-
ing tryptophan, leucine, adenine, and histidine, but supple-
mented with 5mM of 3-AT (SD/-Trp/-Leu/-Ade/-His/
3-AT), and 53 His" colonies were obtained. AD/library
plasmids isolated from these His" yeast colonies were char-
acterized by restriction enzyme digestion and sequence
analysis, and were reintroduced into pGBKT7-AICD- or
pGBKT7-containing AH109 cells to confirm the interac-
tions between bait and prey proteins (Fig. 1). Sequences
of the insert of the plasmids from the true positive clones

p i

GAL4-AD fusions

1 pGBKT7 pGADT7
2 pGBKT7-53 pGADT7-T

3  pGBKT7-Lam pGADT7-T

4  pGBKT7-AICD pGADT7

5 pGBKT7 PGADT7-FLOT 5, 407
6 pGBKT7-AICD PGADT7-FLOT 57 457

Fig. 1. Yeast two-hybrid analysis of the interaction of AICD with flotillin-1. Yeast AH109 cells were cotransformed with indicated plasmids (left). The
protein—protein interactions were checked by the growing conditions of the cotansformants on selective medium (SD/-Trp/-Leu/-Ade/-His/3-AT) (right).
pGBKT7-53 and pGADT7-T encode fusions between the GAL4-DBD and murine p53, and GAL4-AD and SV40 large T-antigen, respectively. pPGBKT7-
Lam encodes a fusion of GAL4-DBD and human lamin C. The construction of the plasmids used in the assays was described in detail under Materials and
methods. AH109 cotransformed with pGBKT7-53/pGADT7-T was used as a positive control since p53 is known to interact with SV40 large T-antigen,
whereas the ones cotransformed with pGADT7/pGBKT7 (both are empty vectors) and pGBKT7-Lam/pGADT7-T were used as negative controls.
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were compared with the GenBank non-redundant database
using the BLASTN program from National Center for Bio-
technology Information (NCBI). The partial sequences of
24 such plasmids were found to be identical to portions
of the open reading frame of nine different known proteins
(data not shown). Among those, three plasmids contained
fragments encoding the C-terminal 291 amino acids of
human flotillin-1 (FLOTI1, GenBank Accession No.
NP_005794), which was in the same reading frame as that
of GAL4-AD, therefore should be able to express an in-
frame GAL4-AD-FLOT1,37_4>7 fusion protein. A Western
blotting analysis was performed to verify that both GAL4-
DBD-AICD and GAL4-AD-FLOT1,37_4>7 were expressed
in the pGBKT7-AICD/pACT2-FLOT1 137-427 cotrans-
formed AH109 (Fig. 2). Fig. 2 shows that the bait and prey
fusion proteins were expressed at the expected sizes (~27.6
and ~50.7 kD, respectively) in the cotransformants but not
in the control (i.e., untransformed AH109). Yeast two-hy-
brid results from Fig. 1 suggest that flotillin-1 is a potential
AICD-interacting protein. Since neither AH109 harboring
both pGBKT7-AICD and pGADT7 nor that cotrans-
formed with pGBKT7 and pACT2-FLOT1,37_4,7 was able
to grow on selective medium, the interaction occurred only
in the presence of both AICD and flotillin-1;37_4>7 in the
form of fusion proteins.
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Fig. 2. Expression of the GAL4-DBD-AICD and GAL4-AD-FLOT1 3747
fusion proteins in yeast strain AH109 cotransformed with both pGBKT7-
AICD and pACT2-FLOT1,37.457. Protein extracts from the cotransfor-
mants were prepared as previously described and separated by 12%
SDS-PAGE. The predicted sizes of GAL4-DBD-AICD and GAL4-AD-
FLOT1 37 427 are ~27.6 and ~50.7 kD, respectively. For Western blotting
analysis, proteins on the polyacrylamide gel were transferred to a PVDF
membrane and probed with either the anti-APP C-terminal polyclonal
antibody (Calbiochem) (lower panel) or the anti-flotillin-1 monoclonal
antibody (clonel8, BD Biosciences Pharmingen) (upper panel). Cell
extracts from untransformed AH109 were used as a control.

AICD interacts with flotillin-1

To confirm the interaction between AICD and flotillin-1
as revealed by the yeast two-hybrid result, a glutathione
S-transferase (GST) pull-down assay was conducted
(Fig. 3). Partially purified GST-AICD or GST expressed
in E. coli was immobilized to glutathione Sepharose 4B
beads and then incubated with crude lysate from SH-
SYSY cells. Proteins bound to the glutathione Sepharose
beads were separated by SDS-PAGE and analyzed by
Western blotting using either the anti-APP C-terminal rab-
bit polyclonal antibody (Calbiochem) or the anti-flotillin-1
mouse monoclonal antibody (BD Biosciences Pharmin-
gen). As shown in Fig. 3, both GST-AICD and flotillin-1
were detected at the predicted sizes of ~33 and ~48 kD,
respectively (shown by arrowheads). Our results indicate
that GST-AICD, but not GST alone, is able to bind to
the full-length flotillin-1 (Fig. 3A).

The interaction was further verified by coimmunopre-
cipitation assays of lysate from SH-SYSY cells expressing
these proteins at endogenous levels. Cell lysate was immu-
noprecipitated with either anti-APP C-terminal antibody
or anti-flotillin-1 antibody and was analyzed by Western
blotting. Results shown in Fig. 4 reveal that flotillin-1
could be coprecipitated with APP and/or APP C-terminal
fragment(s) and vice versa. AICD, however, was not
detected in this study, probably due to its relatively low
level in vivo [2]. Although it is not yet clear whether other
parts of APP interact with flotillin-1 or not, the experi-
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Fig. 3. GST pull-down assays. GST-AICD or GST immobilized on
glutathione Sepharose 4B beads (Amersham Biosciences) was incubated
with crude lysate from SH-SYSY cells. Proteins bound to the glutathione
Sepharose beads or the proteins interacting with the beads were separated
by a 12% polyacrylamide gel and analyzed by Western blotting using
either the anti-flotillin-1 mouse monoclonal antibody (Clonel8, BD
Biosciences Pharmingen) (A) or the anti-APP C-terminal rabbit polyclonal
antibody (Calbiochem) (B). GST-AICD and flotillin-1 were detected at the
predicted sizes of ~33 and ~48 kD, respectively (shown by arrowheads).
(C) The Coomassie Blue-stained SDS—polyacrylamide gel depicting the
amounts of the protein samples (GST-AICD or GST) used in the
experiments.



270 T.-Y. Chen et al. | Biochemical and Biophysical Research Communications 342 (2006) 266-272

IP: anti-AICD
IP: anti-flotl

M, (kD)

2
£
-

WB: anti-APP-C-terminal

" «Flot1

WB: anti-flotl

201

< APP CTF
14.4

Lane 1 2 3

WB: anti-APP-C-terminal

Fig. 4. Coimmunoprecipitation of APP C-terminal fragment(s) (APP
CTF) and flotillin-1. Cell lysate from SH-SY5Y cells was immunoprecip-
itated with either anti-APP C-terminal antibody (lane 2, IP: anti-AICD) or
anti-flotillin-1 antibody (lane 3, IP: anti-flotl). Proteins bound to the
antibody-conjugated protein A Sepharose CL-4B beads (Amersham
Biosciences) were separated by 16% Tris-Tricine SDS-PAGE and
analyzed by Western blotting using either the anti-flotillin-1 mouse
monoclonal antibody (Clonel8, BD Biosciences Pharmingen) (middle
panel) or the anti-APP C-terminal rabbit polyclonal antibody (Calbio-
chem) (upper and lower panels). Aliquots of cell lysate were also loaded
directly onto the gels and analyzed by Western blotting (lane 1, input).
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ments described above suggest that AICD could at least
form a physical complex with flotillin-1 in intact cells
and in vitro, and it is very likely that this interaction is
direct.

Truncated flotillin-1 fusion protein lacking residues 1-282
does not interact with GAL4-DBD-AICD

As mentioned previously, it has been suggested that
AICD may play a signaling role. The PTB domain located
in the C-terminal half of Fe65 is responsible for its interac-
tion with AICD, presumably via interaction with the PTB
domain of AICD [2-4]. Other proteins not containing PTB
domain(s) have also been identified to be interacting with
AICD [32-34]. Flotillin-1 is not similar to any of these pre-
viously identified AICD-interacting proteins in terms of
primary structure. A conserved domain search (CD-search)
against the conserved domain database of NCBI using
human flotillin-1 as the query sequence [35,36] did not
reveal any structural resemblance to these proteins either.
Two putative conserved domains were identified from
CD-search (Fig. 5A). It is shown in Fig. 5 that the N-termi-
nal fragment of FLOT137_457 corresponds to the C-termi-
nus of the SPFH domain of Band_7 family (Pfam01145,
which ends at approximately the 185th amino acid residue
of the full-length flotillin-1) and contains portions of the
second hydrophobic domain of flotillin-1, whereas the rest
of the protein (FLOT137_457) corresponds to the flotillin

328 355

363 427

|:| pfam01145, SPFH domain 1-185

Il »1am03149, fiotillin family 190-363

|:| Hydrophobic regions 10-36, 134-151

|:| predicted a-helix, may form triple coil with other flotillins 328-355

B Yeast 2-hybrid
result

FLOT1157.427 I I +
137 427

I:I-()-I—:I'189-427 I I +
189 427

PO Lszan 282 42I7 )

FLOT Ly55.127 [ ] -
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Fig. 5. Schematic representations of the proposed structural elements of human flotillin-1 (FLOT1, GenBank Accession No. NP_005794) and the various
truncated forms of flotillin-1 used in the yeast two-hybrid assays. (A) Two putative conserved domains, pfam01145 and pfam03149, were identified from
CD-search as described in the text. In addition, two hydrophobic domains (positions 10-36 and positions 134-151) and an o helix that may be involved in
oligomerization or interaction with other proteins were also predicted from the primary structure of flotillin-1 [27]. (B) Yeast two-hybrid assays for the
interaction between the further-truncated flotillin-1 and AICD. Plasmid expressing GAL4-AD-FLOT1,3;_457 fusion protein (i.e., pACT2-FLOT1,37_427)
was obtained from the yeast two-hybrid screening. All three further-truncated flotillin-1 constructs were derived from pACT2-FLOT1 37 4,7 and were
cotransformed with pGBKT7-AICD into yeast strain AH109. The cell growth of the cotransformants was checked on dropout medium (SD/-Trp/-Leu/
-Ade/-His/3-AT) as described previously. A plus sign (+) indicates growth and a minus sign (—) indicates no growth on selective medium.
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family (Pfam03149) (Fig. 5A). To identify regions of flotil-
lin-1 important for its interaction with AICD, three further-
truncated flotillin-1 constructs (pACT2-FLOT1,39_457,
pACTZ—FLOT1282427, and pACT2-FLOTl3gg427,
Fig. 5B) were generated from pACT2-FLOTI 37457 and
cotransformed into AH109 cells with pGBKT7-AICD
for yeast two-hybrid assays. Growth selection results,
as shown in Fig. 5B, indicated that neither GAL4-AD-
FLOT1282,427 nor GAL4-AD-FLOT1388427 was Capable
of interacting with GAL4-DBD-AICD, whereas GAL4-
AD-FLOT1,59 457 remained to be able to interact with
GAL4-DBD-AICD, suggesting that the fragment con-
taining residues 189-282 of flotillin-1 was required for
the interaction. Previous studies have suggested that the
FLOT1,3;_19, fragment is important for the oligomeriza-
tion of other SPFH family proteins, e.g., stomatin [37],
and is probably important for the interaction between
flotillin-1 and neuroglobin [38]. On the other hand, olig-
omerization of flotillin-2, another flotillin family member
whose sequence shares 40% identity and 62% similarity
with flotillin-1, has been shown to be mediated by its
C-terminal region from amino acids 208 to 355, corre-
sponding to the amino acid residues 253-400 of flotil-
lin-1 [39]. The size of this region may be narrowed
down even further since it has been predicted from the
primary structure of flotillin-1 that an o helix positioned
within this region (residues 328-355, Fig. 5A) may be
involved in oligomerization or interaction with other
proteins [27]. It seems that FLOT1 g9 >3, does not over-
lap with either proposed oligomerization domain. More
experiments are being conducted to see whether the
interaction between flotillin-1 and AICD (or APP and
other proteolytic products of APP) interferes with the
oligomerization of flotillins, which has been suggested
to be involved in its raft association, probably in a man-
ner similar to that of caveolins [39-42].

The accumulation of flotillin-1 in human brain has been
suggested to be associated with the progression of AD
pathology [9-14]. Although there is growing evidence indi-
cating that partitioning of APP in lipid rafts may regulate
amyloidogenic processing and physiological function(s) of
APP, the issue of whether or not flotillin-1 interacts with
APP and therefore modulates the aforementioned parti-
tioning process as caveolin-1 or -3 does had not yet been
addressed. This is, to our knowledge, the first report that
demonstrates the direct interaction between AICD and flo-
tillin-1. Functional studies are in progress to further clarify
how the interaction between AICD (or APP and other pro-
teolytic products of APP) affects the localization and pro-
cessing of APP.
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