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Amyloid p (Ap) oligomers are presumed to be one of the causes of Alzheimer's disease (AD). Previously,
we identified the E693A mutation in amyloid precursor protein (APP) in patients with AD who displayed
almost no signals of amyloid plaques in amyloid imaging. We generated APP-transgenic mice expressing
the E693A mutation and found that they possessed abundant Ap oligomers from 8 months of age but no
amyloid plaques even at 24 months of age, indicating that these mice are a good model to study patho-
logical effects of Ap oligomers. To elucidate whether Ap oligomers affect proteome levels in the brain,
we examined the proteins and phosphoproteins for which levels were altered in 12-month-old
APPggo3a-transgenic mice compared with age-matched non-transgenic littermates. By two-dimensional
gel electrophoresis (2DE) followed by staining with SYPRO Ruby and Pro-Q Diamond and subsequent
mass spectrometry techniques, we identified 17 proteins and 3 phosphoproteins to be significantly chan-
ged in the hippocampus and cerebral cortex of APPgsgsa-transgenic mice. Coactosin like-protein, SH3
domain-bind glutamic acid-rich-like protein 3 and astrocytic phosphoprotein PEA-15 isoform 2 were
decreased to levels less than 0.6 times those of non-transgenic littermates, whereas dynamin, profilin-
2, vacuolar adenosine triphosphatase and creatine kinase B were increased to levels more than 1.5 times
those of non-transgenic littermates. Furthermore, 2DE Western Blotting validated the changed levels of
dynamin, dihydropyrimidinase-related protein 2 (Dpysl2), and coactosin in APPggg3a-transgenic mice.
Glyoxalase and isocitrate dehydrogenase were increased to levels more than 1.5 times those of non-
transgenic littermates. The identified proteins could be classified into several groups that are involved
in regulation of different cellular functions, such as cytoskeletal and their interacting proteins, energy
metabolism, synaptic component, and vesicle transport and recycling. These findings indicate that Ap
oligomers altered the levels of some proteins and phosphoproteins in the hippocampus and cerebral cor-
tex, which could illuminate novel therapeutic avenues for the treatment of AD.

© 2012 Elsevier Ltd. All rights reserved.
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1. Introduction

Alzheimer's disease (AD) is the most frequent neurodegenerative
disorder and the most common cause of dementia in the elderly (Lee
et al,, 2001). AD is neuropathologically characterized by abnormal
accumulation of extracellular amyloid plaques and intracellular
neurofibrillary tangles throughout cortical and limbic regions.
There are numerous, complex pathological changes in AD brain that
contribute to neural and synaptic degeneration, including
mitochondrial dysfunction, oxidative damage, and inflammation
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(Akiyama et al., 2000; Glenner and Wong, 1984; Nunomura et al.,
2001). Although the current amyloid cascade hypothesis (Hardy
and Selkoe, 2002) and tau hypothesis (Lee et al., 2001) provide
frameworks for studying AD pathogenesis, the detailed molecular
mechanisms that translate amyloid or tau accumulation into neural
damage and functional brain impairments are largely unknown. Re-
cently, diverse lines of evidence suggest that amyloid-beta (Ap) pep-
tides play more important roles in AD pathogenesis (Klein et al.,
2001; Li et al., 2009; Selkoe, 2002). Especially, soluble oligomers
of Ap could be a cause of synaptic and cognitive dysfunction in the
early stage of AD.

We previously identified the E693A mutation in amyloid pre-
cursor protein (APP) in patients with AD who displayed almost
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no signals of amyloid plaques in amyloid imaging (Tomiyama et al.,
2008). To address the relationship between Af oligomers and path-
ological features of AD, we generated APP transgenic mice express-
ing the E693A mutation, which enhanced Ap oligomerization
without fibrillization (Tomiyama et al., 2011). The APPggg3a-trans-
genic mice displayed age-dependent accumulation of intraneuro-
nal Ap oligomers from 8 months and showed impairment of
hippocampal synaptic plasticity and memory at 8 months, abnor-
mal tau phosphorylation from 8 months, glial activation from
12-18 months, and neuronal loss at 24 months, but no amyloid
plaques even at 24 months (Tomiyama et al., 2011). Thus, the AP-
Pegoza-transgenic mice might become a useful model to elucidate
AB oligomer-dependent pathways in AD pathology.

The APPggo3a-transgenic mouse model might provide a clue for
elucidating AD pathology to detect proteomic alteration caused by
AB oligomers in the brain. One of the most utilized approaches in
proteomics to quantify and identify proteins is 2DE and mass spec-
trometry (MS) Gorg et al., 2000). This proteomic approach as re-
vealed differential levels of proteins expressed in the brains of
AD patients (Sultana et al., 2007), mutant APP transgenic mice
(Shin et al., 2004), and mutant tau transgenic mice (Takano et al.,
2009). Using the 2DE and MS approach, we identified 17 proteins
and 3 phosphoproteins for which levels were altered in the
hippocampus and cerebral cortex of 12-month-old APPggo3a-trans-
genic mice compared with age-matched non-transgenic litter-
mates. These proteins might play pivotal roles in the early stage
of AD.

2. Experimental procedures
2.1. Materials

Sodium dodecyl sulfate, urea, thiourea, CHAPS, dithiothreitol,
iodoacetamide, bromo phenol blue, and RNase A and DNase [ for
SDS-PAGE or 2DE were all obtained from Wako Pure Chemical
Industries (Osaka, Japan). Source information for all other assay re-
agents and materials are incorporated into their respective assay
methods described below.

2.2. Animal subjects

Transgenic mice expressing human APPggs with the APPggosa
mutation under the mouse prion promoter (Tomiyama et al,
2011) were used. Heterozygous human APPggg3a-transgenic mice
and age-matched non-transgenic littermates were sacrificed at
12 months of age, and their hippocampi and cortices were isolated
on an ice-cold plate. Animal care and handling were performed
strictly in accordance with the Guidelines for Animal Experimenta-
tion at Kobe Gakuin University and Himeji Dokkyo University.
Every effort was made to minimize the number of animals used
and their suffering.

2.3. Sample preparation

The isolated hippocampus and cortex were transferred to a 1.5-
ml tube, centrifuged (15,000g, 5 min at 4 °C), resuspended in
100 pl of lysis buffer (7 M urea, 2 M thiourea, 5% CHAPS, 2% IPG
buffer [GE Healthcare UK Ltd., England], 50 mM 2-mercap-
toethanol, 2.5 pug/ml DNase I, 2.5 pg/ml RNase A), and disrupted
by sonication for 30s. Lysate was again centrifuged (15,000g,
30 min) to remove cellular debris, and the supernatant was recov-
ered for use in 2DE.

2.4. Two-dimensional electrophoresis

2DE was carried out by the method as previously described
(Otani et al, 2011) with minor modifications. Approximately
500 pg of protein was applied to ImmobilineDryStrip pH 3-10 NL
(7 cm) gels (GE Healthcare UK Ltd., England) and separated at
50V for 6 h, at 100V for 6 h, and at 2000 V for 6 h. The immobi-
lised pH gradient (IPG) strips were equilibrated for 15 min in
50 mM Tris/HCI (pH8.8), 6 M urea, 30% (v/v) glycerol, 1% SDS, and
1% (vfv) DTT, and then for 15min in the same buffer with
2.5% (wfv) iodoacetamide instead of DTT. After equilibration, the
IPG strips were set onto a 12.5% acrylamide gel and SDS—polyacryl-
amide gel electrophoresis was performed at 5 mA/gel for 7 h.

2.5. SYPRO Ruby staining

Proteins on SDS-polyacrylamide gels were detected using the
SYPRO Ruby Protein Gel Stain (Molecular Probes). Gels after 2DE
were fixed in a solution containing 10% acetic acid/50% methanol
for 30 min, then 7% acetic acid/10% methanol for 30 min. After fix-
ing, the gels were incubated in the undiluted stock solution of
SYPRO Ruby for 90 min, and destained with 7% acetic acid/10%
methanol for 30 min. After rinsing with H,O for 10 min, digital
images were acquired using a Fluorophorestar 3000 image capture
system (Anatech, Japan) with 470 nm excitation and 618 nm emis-
sion for SYPRO Ruby detection.

2.6. Pro-Q Diamond staining

Phosphoproteins on SDS-polyacrylamide gels were detected
using Pro-Q Diamond Phosphoprotein Stain (Molecular Probes).
Gels after 2DE were fixed in a solution containing 10% acetic
acid/50% methanol! for 30 min two times, and then the gels were
washed with MilliQ H,0 for 10 min twice. The gels were then incu-
bated in an undiluted stock solution of Pro-Q Diamond for 90 min,
and destained with three successive washes (30 min per wash) in
50 mM sodium acetate (pH 4.0), 20% (v/v) acetonitrile. Digital
images were acquired using the Fluorophorestar 3000 image cap-
ture system with 520 nm excitation and 575 nm emission for
Pro-Q Diamond detection.

2.7. Image analysis

Following image acquisition, 2D gel imaging and analysis soft-
ware Prodigy SameSpots (Nonlinear Dynamics, UK) version 1.0
was used for gel-to-gel matching and identifying differences be-
tween non-transgenic and mutant APP transgenic mouse samples.
Each of five sets of samples was represented by two independent
gels biological replicates of 2DE gels. The gel images were normal-
ized in the Prodigy SameSpots software to even out differences in
staining intensities among gels. ANOVA was performed with 95%
significance level to determine which proteins were differentially
expressed between the non-transgenic and mutant APP transgenic
mice. A minimum of 1.3-fold change was considered to identify the
increased proteins and 0.7-fold change for decreased proteins.

2.8. In-gel digestion and peptide extraction

In-gel digestion was performed in accordance with the method
of (Yokoyama et al., 2004). Protein spots in the gels stained with
SYPRO Ruby or Pro-Q Diamond were cut out and subjected to tryp-
sin digestion with porcine trypsin (Promega, Madison, WI, USA).
Briefly, gel pieces were washed, dehydrated, and diluted in
200 pl of 25 mM ammonium hydrogen carbonate with 5% ACN

17



M. Takano et al. / Neurochemistry International 61 (2012) 347-355 349

WT

Hippocampus ”

Cortex

p!

APP E6934 Mr (x1000)

3 | 10

Fig. 1. SYPRO Ruby-stained 2DE gels (pH range 3-10) for the hippocampus and cerebral cortex from non-transgenic and APPggg34-transgenic mice. To each gel, 500 pg of
protein was loaded for detection of protein expression. (A) Hippocampus of wild-type (or non-transgenic) littermates, (B) hippocampus of APPgegza-transgenic mice, (C)
cortex of wild-type (or non-transgenic) littermates and (D) cortex of APPgggoza-transgenic mice. Protein molecular mass standards (y-axis) and pHs (x-axis) are shown.

(v/v). Trypsin (5 pl, 10 ng/ul) was added and the digestion was
incubated for 10 h at 37 °C. After separation of supernatant, gel
pieces were washed again and then extracted with 50/50 ACN/
0.3% (v/v) trifluoroacetic acid for 10 min by sonication. The super-
natant was once again collected, mixed with the two fractions, and
evaporated under vacuum. The extracted peptides were then di-
luted in 5 Wl of 50/50 ACN/0.3% (v/v) trifluoroacetic acid.

2.9. Mass spectrometry analysis and protein identification

Mass spectra were recorded in positive reflection mode using a
MALDI-TOF MS/MS analyzer (ABI PLUS 4800, Applied Biosystems),
equipped with a delayed ion technology. The samples were dis-
solved in 5l of 50/50 ACN/0.3% (v/v) trifluoroacetic acid. For the
matrix, o-cyano-4-hydroxycinnamic acid (1 pg/pl: Wako Junyaku,
Osaka, Japan) dissolved in the same mixture was used. Analyte and
matrix were spotted consecutively in a 1:1 ratio on a stainless steel
target and dried under ambient conditions. All spectra acquired by
MALDI-TOF MS were externally calibrated with peptide calibration
standard II (Bruker Daltonics, Germany). An MS condition of 2500
shots per spectrum was used. Automatic monoisotopic precursor
selection for MS/MS was done using an interpretation method
based on the 12 most intense peaks per spot with an MS/MS mode
condition of 4000 laser shots per spectrum. Minimum peak width
was one fraction and mass tolerance was 80 ppm. Adduct tolerance
was (m/z) £ 0.003. MS/MS was performed with a gas pressure of
1 x 107 bar in the collision cell. Ambient air was used as collision
gas. Data analyses were performed using Data Explorer version 4.9
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(Applied Biosystems) software, and proteins were identified
through the search engine Mascot (www.matrixscience.com;
Matrix Science, Boston, MA) (peptide mass tolerance: 60 ppm;
MS/MS tolerance: 0.3 Da; maximum missed cleavages: 1) using
the protein database NCBInr. Proteins identified by MALDI-TOF
MS with a score of 79 or higher were considered significant
(p <0.05). Single peptides identified by MALDI-TOF/TOF MS/MS
with individual ions scores greater than 47 indicate identity or
extensive homology (p < 0.05).

2.10. 2DE Western Blotting

Approximately 100 pg of protein from mouse hippocampus was
applied to ImmobilineDryStrip pH 3-10 NL (7 cm) gel in first
dimension, and then the IPG strips were set onto a 10.0% acrylam-
ide gel and SDS-polyacrylamide gel electrophoresis was performed
at 5 mA/gel for 7 h in second dimension. The gels were transferred
onto PVDF membranes (Pall Corporation, Pensacola, FL, USA), in a
trans-blot electrophoresis transfer cell (Nihon Eido, Tokyo, Japan).
Western Blotting were performed by using monoclonal antibodies
against dynamin (diluted 1:1000, Cell Signaling, USA), polyclonal
antibodies Dpysl2, coactosin and voltage-dependent anion-selec-
tive channel protein 1 (VDAC) (diluted 1:1000, Cell Signaling,
USA). Peroxidase-conjugated antibody (diluted 1:5000, Abcam,
USA) was used as secondary antibody. The reaction was detected
by chemiluminescence with ECL reagents (Pierce Biotechnology,
USA). A semi quantitative analysis based on optical density was
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Fig. 2. Pro-Q Diamond-stained 2DE gels for the hippocampus and cerebral cortex from non-transgenic and APPggo3a-transgenic mice. To each gel, 500 jug of protein was
loaded for detection of protein expression, (A) Hippocampus of wild-type (or non-transgenic) littermates, (B) hippocampus of APPggosa-transgenic mice, (C) cortex of wild-
type (or non-transgenic) littermates and (D) cortex of APPggo3a-transgenic mice. Protein molecular mass standards (y-axis) and pHs (x-axis) are shown.

performed by Image] software (available at http://www.rsbweb.
nih.gov/ij).

3. Results

The levels of proteins and phosphoproteins in the hippocampus
and cerebral cortex of APPrggaa-transgenic mice were compared to
those of non-transgenic littermates. The altered levels of proteins
and phosphoproteins were quantified and identified from 2DE gels
using Prodigy SameSpots software for MALDI-MS/MS. We showed
representative 2DE gels stained with SYPRO Ruby and Pro-Q Dia-
mond for the hippocampus and cerebral cortex of non-transgenic
mice and APPggg3a-transgenic mice (Figs. 1 and 2) and the raw data
for the reproducibility of 2DE gels (Supplementary Fig. 1A-D).
There were approximately 350 spots in each SYPRO Ruby-stained
2DE gel from hippocampus and cortex of WT and APPggg3A-trans-
genic mice (Fig. 1A-D), and approximately 270 spots in each ProQ
Diamond-stained 2DE gel from hippocampus and cortex of WT and
APPgsg3a-transgenic mice (Fig. 2A-D). The indicated spots of 2DE
gels showed altered levels of proteins (Fig. 3), for which spots were
excised according to the Prodigy program. Comparing the intensity
of protein spots from the hippocampus and cerebral cortex of
APPggosa-transgenic mice to those of non-transgenic mice, the
levels of 70 protein spots {ANOVA < 0.05, fold > 1.3 or <0.7) and
17 phosphoprotein spots (ANOVA < 0.05, fold > 1.3 or <0.7) were
altered. Finally, the total 22 polypeptides were identified, including

15 polypeptides in SYPRO Ruby-stained gel from hippocampus (Ta-
ble 1), 7 polypeptides in SYPRO Ruby-stained gel from cortex (Ta-
ble 2), and 3 polypeptides in ProQ Diamond-stained gel from
hippocampus (Table 3). We also showed the raw data of spot
intensities about the reproducibility of their bioinformatic analysis
(Supplementary Fig. 2A-C).

3.1. Identification of altered proteins in APPgsg34-transgenic mice
hippocampus

Protein levels were significantly decreased for coactosin-like
protein, SH3 domain-bind glutamic acid-rich-like protein3, astro-
cytic phosphoprotein PEA-15 isoform 2, dual specificity protein
phosphatase 3, and phosphatidylethanolamine-binding protein,
and increased for dynamin, profilin-2, vacuolar adenosine triphos-
phatase subunit B, transketolase, Dpysl2, Atp5b protein and fascin
in the hippocampus (Table 1). To benchmark the proteomic analy-
sis, we chose VDAC and MDH 2 as common, non-regulated pro-
teins. Protein levels of VDAC and MDH 2 were not changed in the
hippocampus of APPggg3-transgenic mice, compared to non-trans-
genic mice (Table 1).

3.2. Identification of altered proteins in APPgeg34-transgenic mice
cortex

Protein levels were significantly decreased for profilin-2, LMW
phosphotyrosine protein phosphatase isoform 2, coactosin-like

19
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Fig. 3. A match set of the proteins differently expressed in APPEgg3a-transgenic mice brains by Prodigy. In SYPRO Ruby-stained gels, 15 spots were identified in the
hippocampus and 7 spots were in the cortex. Four spots were identified as phosphoproteins in the hippocampus in Pro-Q Diamond-stained gels. The numbers indicated,

correspond to the spot numbers in Tables 1-3.

protein and fatty acid-binding protein, and increased for creatine
kinase B type, isocitrate dehydrogenase and guanine nucleotide
binding protein in the cortex (Table 2).

3.3. Identification of altered phosphoproteins in APPgggs 4-transgenic
mice hippocampus

The significantly decreased phosphoprotein was vacuolar aden-
osine triphosphatase, and the significantly increased phosphopro-
teins were glyoxalase and isocitrate dehydrogenase in the
hippocampus (Table 3).

3.4. Validation of dynamin, Dpysl2, coactosin and VDAC levels by 2DE
Western Blotting

We performed 2DE Western Blotting as a validation experiment
for dynamin, Dpysl2 and coactosin as the altered proteins, and
VDAC as the unchanged protein (as control). Relative abundance
of each band measured by the optical density was evaluated by Im-
age] software. Relative abundance of dynamin was 100.0 £ 18.3 in
non-transgenic mice and 177.6 £ 15.6 in APPgeg3a-transgenic mice
(p < 0.05). Relative abundance of Dpysl2 was 100.0 £47.4 in non-
transgenic mice and 158.2+24.6 in APPggg3a-transgenic mice
(not significant). Relative abundance of coactosin was 100.0 £ 24.5
in non-transgenic mice and 27.9 + 16.9 in APPggg3o-transgenic mice
(p < 0.05). Relative abundance of VDAC was 100.0 £10.9 in non-
transgenic mice and 129.3+6.6 in APPggosa-transgenic mice
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(not significant). Thus, the increased levels of dynamin and Dpysl2,
the decreased levels of coactosin, and the unchanged level of VDAC
as control in APPggg3a-transgenic mice hippocampus were vali-
dated by 2DE Western Blotting.

4. Discussion

In this study, using 2DE coupled with MS, we identified 17 pro-
teins and 3 phosphoproteins that showed differential levels in AP-
Prso3a-transgenic mouse hippocampus and cortex. Furthermore,
some of these proteins were validated by 2DE Western Blotting
(Fig. 4). These proteins and phosphoproteins were classified into
several groups on a functional basis, by using MOTIF (http://
www.genome.jp/tools/motif/) database, as shown in Tables 4 and
5. Previous proteomics studies showed altered levels of metabo-
lism proteins, synaptic process, pH regulation, and antioxidant
functional proteins in brains of 3xTgAD and Tg2576 mice and the
hippocampus of AD patients (Martin et al., 2008; Shin et al,
2004; Sultana et al., 2007). However, as there were many amyloid
plaques in their brains, it was difficult to distinguish which levels
of proteins and phosphoproteins were altered by soluble Ap oligo-
mers or by insoluble AB fibrils. In contrast, the APPgggo3-transgenic
mice used in the present study were shown to exhibit only Ap oli-
gomer accumnulation even at 24 months of age. Therefore, the pro-
teomic alterations observed in APPggg3a-transgenic mice could be
attributable to AB oligomers, although we cannot exclude the
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Table 1
Differentially expressed proteins in APPpgo3a-transgenic mouse hippocampus when compared to non-transgenic littermates (n=5).
Spot Gl acc. No.  ldentified protein Theoretical  Practical Score  SC  Number of ANOVA  Fold
No. MW/pl MW (kDa)/ peptides increase/
pl decrease
1 487851 Dynamin 85329/ 85/7.1 250 5 3 0.004 23
5.97
2 159163110 Coactosin-like protein 16623/ 15/5.2 153 25 4 2.45E- 0.6
5.13 04
3 9506971 Profilin-2 15364/ 14/5.9 130 20 4 0.014 1.7
6.55
4 18017602  SH3 domain-bind glutamic acid-rich-like 10527/ 13/5.1 140 16 2 0.019 0.6
protein3 5.02
5 2142847 Astrocytic phosphoprotein PEA-15 isoform 2 15102/ 14/5.1 202 13 3 0.035 0.6
4.94
6 1184661 Vacuolar adenosine triphosphatase subunit B 56948/ 55/5.7 311 1 5 0.029 1.5
5.57
7 21312314  Dual specificity protein phosphatase 3 20687/ 20/6.0 236 17 2 0.002 0.7
6.07
8 6678359 Transketolasc 68272/ 65/8.6 126 8 3 0.007 1.4
7.23
9 84794552  Phosphatidylethanolamine-binding protein 20991/ 20/5.2 105 25 3 0.021 0.7
5.19
10 40254595  Dihydropyrimidinase-related protein 2 62638/ 70/6.3 382 10 5 0.017 14
5.95
11 40254595  Dihydropyrimidinase-related protein 2 62638/ 70/6.1 434 1 5 0.017 1.4
5.95
12 40254595  Dihydropyrimidinase-related protein 2 62638/ 70/6.4 540 16 6 0.009 1.3
5.95
13 40254595  Dihydropyrimidinase-related protein 2 62638/ 70/6.0 291 1 5 0.049 1.3
5.95
14 23272966  Atp5b protein 56632/ 12/5.2 496 14 6 0.032 1.3
524
15 113680348 Fascin 55215/ 50/6.8 129 10 3 0.017 1.3
6.44
16 6755963 Voltage-dependent anion-selective channel 30851/ 33/4.0 150 13 2 NS 1.0
protein 1 8.62
17 387129 Malate dehydrogenase 2 36625/ 35/6.0 101 12 3 NS 1.0
6.16

The proteins of mouse hippocampus were separated by 2DE and identified by MALDI-TOF MS/MS, following in-gel digestion with trypsin. The spots representing the
identified proteins are indicated in Fig. 3 and are designated with their gene ID accession numbers (Gl acc. No.) of Swiss Prot database. Score relates to the probability
assignment, theoretical molecular weight, and pl, and sequence coverage (SC) values are given. Score and sequence coverage were calculated by MASCOT search engine
(http://www.matrixscience.com). Data were analyzed by ANOVA. NS: not significantly differences.

Table 2

Differentially expressed proteins in APPggg3a-transgenic mouse cortex when compared to non-transgenic littermates (n=5).

Spot Gl acc. Identified protein Theoretical Practical MW Score SC Number of ANOVA Fold increase/
No. No. MW/pl (kDa)/p! peptides decrease

1 10946574 Creatine kinase Btype 42971/5.4 65/8.0 112 38 3 0.029 1.6

2 9963901  Profilin-2 16056/6.55 15/5.5 136 19 4 0.001 0.7

3 31542070 LMW phosphotyrosine protein 18636/6.3 18/6.0 100 17 5 0.031 0.7

phosphatase

4 19482160 Coactosin-like protein 16048/5.28 15/4.5 303 44 4 0.001 0.7

5 6753810 Fatty acid-binding protein 14810/6.11 13/6.0 114 32 3 0.003 0.7

6 18250284 Isocitrate dehydrogenase 40069/6.27 50/5.5 158 6 2 0.024 1.3

7 6680045  Guanine nucleotide binding protein ~ 38151/5.6 42/5.5 160 1 2 0.004 1,3

The proteins of mouse cortex were separated by 2DE and identified by MALDI-TOF MS/MS, following in-gel digestion with trypsin. The spots representing the identified
proteins are indicated in Fig. 3 and are designated with their gene 1D accession numbers (Gl acc. No.) of Swiss Prot database. Score relates to the probability assignment,
theoretical molecular weight, and pl, and sequence coverage (SC) values are given. Score and sequence coverage were calculated by MASCOT search engine (http://

www.matrixscience.com).

possibility that the alterations were induced by the overexpression
of human APP itself, which remains to be studied.

4.1. Cytoskeletal and their interacting proteins

Cytoskeletal proteins regulate several types of functions in neu-
rons. Several proteins involved in cytoskeletal and their interacting
proteins were affected in the mutant APP transgenic mice (Sultana
et al,, 2007). Actin is one of the major cytoskeletal proteins in

neurons, and the dynamics of its assembly are involved in many
aspects of cell motility, vesicle transport, and membrane turnover
(Kuhn et al., 2000). In the present study, coactosin-like protein and
profilin-2 were differentially expressed as actin-related proteins.
The significantly decreased coactosin-like protein being belongs
to the cofilin family protein (Minamide et al., 2000; Provost
et al., 2001), which is an actin-binding protein and critically con-
trols actin filament dynamics and reorganization by severing and
depolymerizing actin filaments (Whiteman et al., 2009). On the

21
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Table 3

Differentially expressed phosphoproteins in APPggg3a-transgenic mouse hippocampus when compared to non-transgenic littermates (n = 5).

Spot Gl acc. Identified protein Theoretical Practical MW Score  SC  Number of ANOVA  Fold increase/
No. No. MW/pl (kDa)/pl peptides decrease
1 19354350 Glyoxalase 20997/5.24 20/5.5 130 9 2 0.002 1.5
1184661 Vacuolar adenosine triphosphatase 56948/5.57 50/5.0 446 14 5 0.01 0.7
subunit B
3 18250284 Isocitrate dehydrogenase 40069/6.27 30/5.0 206 6 2 0.036 1.5
4 1184661 Vacuolar adenosine triphosphatase 56948/5.57 50/5.0 289 11 4 0.006 0.71

subunit B

The proteins of mouse hippocampus were separated by 2DE and identified by MALDI-TOF MS/MS, following in-gel digestion with trypsin. The spots representing the
identified proteins are indicated in Fig. 3 and are designated with their gene ID accession numbers (GI acc. No.) of Swiss Prot database. Score relates to the probability
assignment, theoretical molecular weight, and pl, and sequence coverage (SC) values are given. Score and sequence coverage were calculated by MASCOT search engine

(http://www.matrixscience.com).
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Fig. 4. Differentially expressed proteins validated by 2DE Western blotting for the hippocampus of non-transgenic and APPgge3a~-transgenic mice. (A) The levels of dynamin,
Dpysl2, coactosin and VDAC in individual samples of each group were detected. (B) Graphical representation of the semi quantitative analysis. (mean + S.E.M. of 0.D. of
bands). Data are presented as mean + S.E.M. ANOVA; *P < 0.05non-transgenic vs APPggasa-transgenic mice.

Table 4
Functions regulated by proteins that showed an altered expression in APPEgg3a-transgenic mouse hippocampus and cortex.

SyproRuby

Function Region Identified protein up/down

Cytoskeletal and their interacting proteins hip., cor. Coactosin-like protein down
hip. Profilin-2 up
hip. Fascin up
cor. Profilin-2 down

Metabolism hip. Transketolase up
hip. Atp5b protein up
cor. Creatine kinase Btype up
hip. Isocitrate dehydrogenase up

Synaptic component hip. Vacuolar adenosine triphosphatase subunit B up
hip. Dual specificity protein phosphatase 3 down
hip. Phosphatidylethanolamine-binding protein down
hip. Dihydropyrimidinase-related protein 2 up
cor. Fatty acid-binding protein down

Vesicle Transport hip. Dynamin up

and Recycling

Other hip. SH3 domain-bind glutamic acid-rich-like protein3 down
hip. Astrocytic phosphoprotein PEA-15 isoform 2 down
cor. LMW phosphotyrosine protein phosphatase isoform 2 down

The analysis of proteins function was by using MOTIF (http:/fwww.genome.jp/tools/motif/).

contrary, profilin-2, a subtype of profilin, was significantly in-
creased. Profilin binds to monomeric actin, thereby occupying an
actin-actin contact site; in effect, profilin sequesters actin from
the pool of polymerizable actin monomers (Birbach, 2008). Inter-
estingly, actin itself is known to link with tau and Ap. Tau induces
changes in the organization and stability of neuronal actin
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filaments, which in turn contribute to Alzheimer's-like neurode-
generation in Drosophila and mouse model systems for AD (Fulga
et al,, 2007). AB also enhances the neurotoxicity induced by tau-
mediated actin filament formation (Fulga et al., 2007). These obser-
vations join a growing body of evidence indicating that alterations
in the actin cytoskeleton may underlie the neuropathology of
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Table 5
Functions regulated by phosphoproteins that showed an altered expression in
APPggo3o-transgenic mouse hippocampus.

ProQ Diamond

Function Region Identified protein up/down
Metabolism hip. Glyoxalase up

hip. Isocitrate dehydrogenase up
Synaptic component hip. Vacuolar adenosine down

triphosphatase subunit B

The analysis of proteins function was by using MOTIF (http://[www.genome.jp/
tools/motif/).

Alzheimer’s disease and related fronto-temporal dementias in
humans.

4.2. Energy metabolism

Glucose metabolism is highly important as an energy source in
the brain, as the function of glucose in the brain has been consid-
ered solely related to ATP production (Vanhanen et al., 2006).
Energy metabolic enzymes affected AD and AD model mice in
the pathological processes (Hoyer, 2004). Our results showed sig-
nificant increases in the levels of transketolase, Atp5b, creatinekin-
ase B-type, and isocitrate dehydrogenase (Table 4), linking with the
TCA cycle and metabolic pathway. Similar results were described
in the proteome analysis of Tg2576 and 3xTgAD mouse brains
(Martin et al., 2008). Thus, it is implied that A oligomers could en-
hance just the phosphorylation levels for these proteins. Based on
our study in conjunction with previous reports, AB oligomers
might play a role in energy metabolism in AD.

4.3. Synaptic component

We identified four spots as Dpysl2, also known as collapsin re-
sponse mediator protein 2 (CRMP-2), in the hippocampus (Inagaki
et al., 2001). This protein inhibits axonal outgrowth and path-find-
ing through the transmission and modulation of extracellular sig-
nals, and Ap 40 oligomers also inhibited neurite outgrowth on
neuroblastoma SH-SY5Y cells, thereby suggesting that neurite out-
growth inhibited by AR may be initiated through a mechanism in
which AB increases CRMP-2 to interfere with tubulin assembly in
neuritis (Petratos et al., 2008). The protein level of Dpysi2 was in-
creased in APPggoaa-transgenic mice, which is consistent with the
results of Tg2576 mice (Martin et al., 2008). Based on our findings
in conjunction with previous reports, it is suggested that Ap oligo-
mers promote abnormal neurological changes of AD by increasing
Dpysl2.

4.4. Vesicle transport and recycling

Dynamin, a well studied neuron-specific mechanochemical
GTPase, pinches off synaptic vesicles, freeing them from the mem-
brane and allowing them to re-enter the synaptic vesicle pool to be
refilled for future release (Kelly et al., 2005). Our results in
APPgg93a-transgenic mice without plaque deposition are consistent
with previous findings that protein levels of dynamin were in-
creased in Tg2576 mice with plaque deposition (Shin et al,
2004), suggesting that dynamin may be increased irrespective of
AD stage.

5. Conclusions

In summary, we identified altered levels of some proteins and
phosphoproteins in APPggg3a-transgenic mouse hippocampus and
cortex. As mentioned above, APPgggsa-transgenic mice exhibit only

Ap oligomers in the brain, which makes them a good model to
investigate the pathological effects of AB oligomers avoiding the
influence of amyloid plaques. Thus, we concluded that the altered
levels of proteins and phosphoproteins expression we detected in
APPggo3a-transgenic mice were induced just by AP oligomers.
Our findings might provide a clue for investigation of the patho-
genesis of AD, especially the early stage of AD. Further study will
be required to elucidate the precise mechanisms underlying Ap oli-
gomer-induced proteomic alterations.
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We previously identified the E693A mutation in amyloid precursor protein (APP) in patients with
Alzheimer's disease (AD) and then generated APP-transgenic mice expressing this mutation. As these
mice possessed abundant AP oligomers from 8 months of age but no amyloid plaques even at 24
months of age, they are a good model to study pathological effects of amyloid B (AB) oligomers. The
two-dimensional fluorescence difference in gel electrophoresis (2D-DIGE) technology, using a mixed-
sample internal standard, is now recognized as an accurate method to determine and quantify proteins.
In this study, we examined the proteins for which levels were altered in the hippocampus of 12-month-
old APPgggsa-transgenic mice using 2D-DIGE and liquid chromatography-tandem mass spectrometry
(LC-MS/MS). Fourteen proteins were significantly changed in the hippocampus of APPggg3a-transgenic
mice. Actin cytoplasmic 1 (3-actin), heat shock cognate 71 kDa, 'y-enolase, ATP synthase subunit (3, tubu-
lin 3-2A chain, clathrin light chain B (clathrin) and dynamin-1 were increased. Heat shock-related 70 kDa
protein 2, neurofilament light polypeptide (NFL), stress-induced-phosphoprotein 2, 60 kDa heat shock
protein (HSP60), a-internexin, protein kinase C and casein kinase substrate in neurons protein 1 (Pacsin
1), a-enolase and (-actin were decreased. Western blotting also validated the changed levels of HSPGO,
NFL, clathrin and Pacsin 1 in APPggg3a-transgenic mice. The identified proteins could be classified as
cytoskeleton, chaperons, neurotransmission, energy supply and signal transduction. Thus, proteomics
by 2D-DIGE and LC-MS/MS has provided knowledge of the levels of proteins in the early stages of AD
brain.

© 2012 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

hypothesis [15] provide frameworks for studying AD pathogene-
sis. Recently, diverse lines of evidence suggest that AR peptides

AD is neuropathologically characterized by abnormal accu-
mulation of extracellular amyloid plaques and intracellular
neurofibrillary tangles throughout cortical and limbic regions.
Although the current amyloid cascade hypothesis [6] and tau

E-mail address: shogo@himeji-du.ac.jp (S. Matsuyama).

0304-3940/$ - see front matter © 2012 Elsevier Ireland Ltd. All rights reserved.
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play more important roles in AD pathogenesis [13,16,20]. Espe-
cially, soluble oligomers of AR could be a cause of synaptic and
cognitive dysfunction in the early stages of AD. To address the rela-
tionship between AP oligomers and pathological features of AD,
we generated APP transgenic mice expressing the E693 A mutation,
which enhanced AP oligomerization without fibrillization [25]. It
might provide a clue for elucidating AD pathology caused by AP
oligomers to analyze the APPggg3 4 -transgenic mice.
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One of the most utilized approaches in proteomics to quan-
tify and identify proteins is two dimensional gel electrophoresis
(2DE) and mass spectrometry (MS) [5]. Proteomic approaches were
most widely based on methods using differential expression on 2D-
PAGE gels, or more recently 2D chromatography, followed by mass
spectrometry protein identification. Compared to these conven-
tional analyses, 2D-DIGE has higher reproducibility and sensitivity
because of its internal standard design which minimizes gel-to-gel
variation, improves spot matching, reduces number of gels needed,
and permits quantitative analysis of small sample amounts.

In this study, we studied the altered expression of proteins
in the hippocampus of APPggo3a-transgenic mice using 2D-DIGE
and LC-MS/MS approach. This approach revealed that the levels
of at least 14 proteins were altered in the hippocampus of 12-
month-old APPggg3 5 -transgenic mice. These findings suggest that
AR oligomers might cause synaptic and cognitive dysfunction by
affecting the expression of these proteins in the hippocampus.

2. Experimental procedures
2.1. Materials

Sodium dodecyl sulfate, urea, thiourea, CHAPS, dithiothreitol,
iodoacetamide, bromophenol blue, and RNase A and DNase | for
SDS-PAGE or 2DE were all obtained from Wako Pure Chemical
Industries (Osaka, Japan). Source information for all other assay
reagents and materials are incorporated into their respective assay
methods described below.

2.2. Animal subjects

Transgenic mice expressing human APPggs with the APP EG93 A
mutation under the mouse prion promoter were used [25]. Het-
erozygous human APPggg3-transgenic mice and age-matched
non-transgenic littermates were sacrificed at 12 months of age,
and their hippocampi were isolated on an ice-cold plate. Animal
care and handling were performed strictly in accordance with the
Guidelines for Animal Experimentation at Kobe Gakuin University
and Himeji Dokkyo University. Every effort was made to minimize
the number of animals used and their suffering.

2.3. Protein labeling with CyDyes

Equal amounts of total protein from 4 hippocampi of APPggg3a -
transgenic mice or age-matched non-transgenic littermates were
separately pooled. Protein samples were labeled with CyDyes (GE
Healthcare, Piscataway, NJ), as per manufacturer’s instructions. In
brief, 50 g of total protein from each sample was mixed in a tube
and labeled with Cy2 minimal dye, and 50 p.g protein taken from
the mix was used as an internal standard on each gel for the three
subsequent 2DE and image analysis. In parallel, 50 pg protein from
each sample was labeled with either Cy3 or Cy5, and the dyes
scrambled within each group to avoid possible dye bias. As a result,
one replicate was Cy3 labeled proteins and another replicate was
Cy5 labeled proteins. Two replicates (Cy3 and Cy5 labeled samples)
were mixed, divided and applied each three independent gels. The
sample volumes were adjusted to 18 pL with labeling buffer (7M
urea, 2 M thiourea, 4% CHAPS, 30 mM Tris), followed by addition of
1 L dye (working solution) to each individual sample. The samples
were left on ice for 30 min in the dark, followed by adding 1 p.L of
10 mmol/L lysine to stop the reaction.

2.4. 2D electrophoresis and image analysis

One sample from each of the CyDye groups was mixed together
and adjusted to final concentrations of 1% DTT, 1% IPG buffer

at a total volume of 350 pL with lysis buffer (7M urea, 2M
thiourea, 4% CHAPS) and was used to 24cm pH 4-7 IPG strips
(non-linear; GE Healthcare, Piscataway, NJ) overnight. First dimen-
sion isoelectric focusing (IEF) was carried out with IPGphor Il (GE
Healthcare, Piscataway, NJ). Second dimension SDS-PAGE was per-
formed by mounting the IPG strips onto 20 x 26 cm 12.5% DIGE gels
(GE Healthcare, Piscataway, NJ) using Ettan DALT six Large Elec-
trophoresis System (GE Healthcare, Piscataway, NJ) and running
the gels at 16 mA/gel for the initial hour and 25 mA/gel at 25 °C con-
stantly until bromophenol blue reached the bottom of the gel. The
lysates were labeled at the ratio of 50 p.g proteins: 400 pmol Cy3 or
Cy5 protein-labeling dye (GE HealthcareBiosciences) in dimethyl-
formamide according to the manufacturer’s protocol.

In summary, three analytical gels were completed in total, run-
ning 25 g of pooled reference sample labeled with Cy2, along
with two samples (25 g each), one labeled with Cy3 and the other
labeled with Cy5. Gels selected for picking were stained with Deep
purple (GE Healthcare, Piscataway, NJ). Approximately 1100 spots
were matched across all three analytical gels. The analytical gel was
picked using an automated robotic system, Ettan Spot picker (GE
Healthcare, Piscataway, NJ). The pick list was created based on the
Deep purple image. 2 mm gel plugs were picked, washed, reduced
and alkylated, and then digested with trypsin, and the resulting
peptides were extracted. Gel trypsinization was performed as pre-
viously described [24].

2.5. LG/MS/MS identification

Trypsinized peptides were analyzed by nano LC/MS/MS on a
ThermoFisher LTQ Orbitrap XL. In brief, 30 mL of hydrolysate was
loaded onto a 5 mm 675 mm ID C12 (Jupiter Proteo, Phenomenex)
vented column at a flow-rate of 10 mL/min. Gradient elution was
conducted on a 15¢cm by 75mm ID C12 column at 300 nL/min. A
30min gradient was employed. The mass spectrometer was oper-
ated in a data-dependent mode, and the six most abundant ions
were selected for MS/MS. Mass spectrometry results were searched
using Mascot (www.matrixscience.com). Samples were processed
in the Scaffold algorithm using DAT files generated by Mascot.
Parameters for LTQ Orbitrap XL data require a minimum of two
peptide matches per protein with minimum probabilities of 90% at
the protein level.

2.6. Western blotting

Approximately 25 p.g of protein from mouse hippocampus was
applied to a 12.5% acrylamide gel and SDS-polyacrylamide gel
electrophoresis was performed at 17.5mA/gel for 2h in second
dimension. The gels were transferred onto PVDF membranes (Pall
Corporation, Pensacola, FL, USA), in a trans-blot electrophoresis
transfer cell (Nihon Eido, Tokyo, Japan). Western blotting was per-
formed by using monoclonal antibodies against -actin (diluted
1:1000, Cell Signaling, USA) and clathrin (diluted 1:250, Abcam,
USA), polyclonal antibodies HSP60, NFL, voltage-dependent anion-
selective channel protein 1 (VDAC) (diluted 1:1000, Cell Signaling,
USA) and Pacsin 1 (diluted 1:500, Millipore, USA). Peroxidase-
conjugated antibody (diluted 1:5000, Abcam, USA) was used
as secondary antibody. The reaction was detected by chemi-
luminescence with ECL reagents (Pierce Biotechnology, USA). A
semi quantitative analysis based on optical density was performed
by Image] software (available at http://www.rsbweb.nih.gov/ij).

3. Results and discussion
The 2D-DIGE gels of the hippocampi from wild type and

APPggg3 o -transgenic mice pools were shown as Fig. 1. Two repli-
cates of each pooled sample were run, labeling one replicate with
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Fig. 1. 2D-DIGE gel image of fluorescence-labeled hippocampal proteins of non-transgenic and APPggys s -transgenic mice. (A) Analysis of the proteome of non-transgenic
mice hippocampi with Cy3 Dye. (B) APPggas 4 -transgenic mice hippocampi with Cy5 Dye. (C) Merged. (D) Fourteen protein spots identified from non-transgenic and APPggos 4 -
transgenic mice hippocampi by LC/MS/MS. Black numbers with white circles indicate proteins that are listed in Table 1.

Cy3 (Fig. 1A) and one replicate with Cy5 (Fig. 1B), resulting in
three analytical gels. The 2D-DIGE comparative analysis of the wild
type and APPggg3 4 -transgenic mice revealed significant 74 spots
(Fig. 1C). These spots were investigated by LC-MS/MS (Fig. 1D).
Finally, fourteen proteins were identified as shown in Table 1.
These proteins are classified into several groups that are involved
in cytoskeletal, chaperone, energy metabolic, vesicle transport and
signaling proteins (Table 2).

Spot nos. 1, 3 and 4 were identified as heat shock-related 70 kDa
protein 2, stress-induced-phosphoprotein 1 and HSP60, respec-
tively. The stress-induced-phosphoprotein 1 is the co-chaperone
and thought of the function in regulation of interaction with Hsp70
and Hsp90 [10]. HSP6O is the chaperonin which is implicated in
mitochondrial protein import and macromolecular assembly and
may facilitate the correct folding of imported proteins [9]. The
amounts of heat shock-related 70 kDa protein 2, stress-induced-
phosphoprotein 1, and HSP60 were significantly decreased. On the
contrary, spot no. 9 which was identified as heat shock cognate
71 kDa protein was significantly increased. This protein is also the
chaperone and acts as a repressor of transcriptional activation [8].
Thus, AP oligomers might contribute to changing the expression of
the chaperons.

Spot nos. 8, 10-12 and 16 were identified as actin, and spot
nos. 15 and 17 were identified as tubulin 3-2A chain. Actin is one
of the major cytoskeletal proteins in neurons, and the dynamics of
its assembly are involved in many aspects of cell motility, vesicle
transport, and membrane turnover [14]. Actin itself is known
to link with AP, which enhances the neurotoxicity induced by

27

tau-mediated actin filament formation [4]. The four spots of actin
but not no. 12 and those of tubulin were significantly increased.
Thus, AP oligomers might lead to increasing the amounts of actin
and tubulin.

Spot nos. 5 and 2 were identified as a-internexin and NFL,
respectively, which are known as neuronal intermediate proteins
[2,18]. The amounts of a-internexin and NFL were significantly
decreased. Thus, the decreased amounts of NFL and internexin
might raise neural dysfunction in the hippocampus of AD.

Spot nos. 7 and 13 were identified as «-enolase. Spot nos. 14
and 19 were identified as y-enolase and ATP synthase subunit
BB, respectively. Enolase is a multifunctional protein as glycolytic
enzyme, belonging to a novel class of surface proteins [11]. ATP
synthase is a key role enzyme that provides energy for the cell
to use through the synthesis of ATP [1]. The amount of a-enolase
was significantly decreased, but the amounts of y-enolase and ATP
synthase subunit 3 were significantly increased. Interestingly, the
levels of a-enolase and ATP synthase subunit e« mitochondrial pro-
teins significantly increased in the hippocampus of J20 Tg mice with
amyloid deposition [19]. The amyloid deposit enhanced the expres-
sion of energy metabolic proteins [22]. Combined with our findings,
both AR oligomers and amyloid deposition might play an impor-
tant role in the change of energy metabolic proteins as c-enolase,
v-enolase and ATP synthase subunit (3.

Spot no. 20 was identified as dynamin. Dynamin, a well stud-
ied neuron-specific mechanochemical GTPase, pinches off synaptic
vesicles, freeing them from the membrane and allowing them to
re-enter the synaptic vesicle pool to be refilled for future release
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Table 1
Identified proteins from differentially expressed in the hippocampus of APPggg3 4 -transgenic mice when compared to non-transgenic littermates.
Spot no.  Protein ID Fold (APP/WT) t-Test Accession Coverage #Peptides Predicted MW (kDa) Calc.pl  Score
1 Heat shock-related 70 kDa protein 2 -1.32 0.040 P14659 26.22 23 69.6 5.67 625.70
2 Neurofilament light polypeptide -1.48 0.002 PO8551 39.96 43 61.5 4.64 1004.84
3 Stress-induced-phosphoprotein 1 -1.44 0,002 Q60864 16.21 9 62.5 6.80 157.49
4 60 kDa heat shock protein -1.36 0.013 P63038 52.71 71 60.9 6.18 1916.39
5 Alpha-internexin -1.34 0.023 P46660 42.66 39 55.7 5.27 1119.47
6 Protein kinase C and cascin kinase —1.48 0.023 Q61644 28.34 15 50.5 5.24 356.92
substrate in neurons protein 1 '
7 Alpha-enolase -1.32 0.000 P17182 3433 24 47.1 6.80 474,21
8 Actin, cytoplasmic 1 1.51 0.003  P60709 25.87 14 41.7 548 231.79
9 Heat shock cognate 71 kDa protein 1.35 0.015 P63017 12.54 16 70.8 5.52 319.85
10 Actin, cytoplasmic 134 0.004 P60709 2427 13 41.7 548 279.37
11 Actin, cytoplasmic 1 1.38 0.022 P60709 15.47 7 41.7 5.48 243.14
12 Actin, cytoplasmic 1 -1.56 0.013  P60709 2267 12 41.7 5.48 131.57
13 Gamma-enolase 1.33 0.005 P17183 20.05 13 473 5.11 237.25
14 ATP synthase subunit beta 1.40 0.047  P56480 23.60 18 56.3 534 356.19
15 Tubulin beta-2A chain 1.31 0.021 Q13885 14.83 13 499 4.89 313.07
16 Actin, cytoplasmic 1 1.47 0.002 P60709 693 3 41.7 548 97.01
17 Tubulin beta-2S chain 1.44 0.009 Q13885 11.46 5 499 4,89 118.50
18 Clathrin light chain B 1.68 0.005 P09497 8.30 3 25.2 4.64 95.06
19 ATP synthase subunit beta 1.46 0.013  PO6576 16.64 16 56.5 5.40 283.06
20 Dynamin-1 1.40 0.006 Q05193 9.61 13 973 717 242.16

Mass spectrometry protein identification of 2D-DIGE spots of interest and statistical analysis using t-test between wild type mice and APPggg3 5 -transgenic mice gels (P <0.05).
The proteins of mouse hippocampus were separated by 2DE and identified by LC MS/MS, following in-gel digestion with trypsin. The spots representing identified proteins
are indicated in Fig. 1D and are designated with their ID accession numbers of Swiss Prot database. Score relates to the probability assignment. Score and sequence coverage
were calculated by MASCOT search engine (http://www.matrixscience.com).

Table 2
Functions regulated by proteins that showed an altered expression in APPEggs 4 -transgenic mouse hippocampus.
Function Identified protein Up/down
Cytoskeletal and their interacting proteins Neurofilament light polypeptide Down
Alpha-internexin Down
Actin, cytoplasmic 1 Up/down
Tubulin 3-2A Chain Up
Chaperone and their interacting proteins Stress-induced-phosphoprotein 1 Down
60 kDa heat shock protein Down
Heat shock cognate 71 kDa protein Down
Energy metabolic proteins Alpha-enolase Down
Gamma-enolase Up
ATP synthase subunit beta Up
Vesicle transport and recycling Dynamin-1 Up
Clathrin light chain B Up
Signaling proteins Protein kinase C and casein kinase substrate in neurons protein 1 Down

The analysis of proteins function was done by using MOTIF (http://www.genome.jp/tools/motif/).

[12]. The amount of dynamin was significantly increased. Our find- increased irrespective of AD stage. Also, spot no. 6 was identified as
ings in APPggg3a-transgenic mice without plaque deposition are Pacsin 1. The Pacsin 1 is colocalized, oligomerized and bound with
consistent with previous findings that protein levels of dynamin dynamin, and both proteins participate in synaptic vesicle endo-
were increased in Tg2576 mice with plaque deposition [21], sug- cytosis [17]. The amount of Pacsin 1 was significantly increased.
gesting that the release of neurotransmitter is affected by dynamin Taken together, Pacsin 1 and dynamin enhanced by A oligomers

Wild  APPesoas 200+
HEPE() s

am— ,
NFL - ] wild

Clathrin — Bl APP:ss

100
Pacsin 1 eeme——

arbitary units

0.

HSP80 NFL  Clathrin Pacsin 1 B-Actin  VDAC

Fig. 2. Differentially expressed proteins validated by Western blotting for the hippocampus of non-transgenic and APPggg34-transgenic mice, (A) The levels of HSP60, NFL,
clathrin, Pacsin 1, B-actin and VDAC in individual samples of each group were detected. (B) Graphical representation of the semi quantitative analysis (mean + SEM of 0.D.
of bands). Data are presented as mean + SEM (n=4) t-test; *P<0.05 vs. APPggg34-transgenic mice.
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might change the function of synaptic vesicle in the hippocampus
of AD.

Spot no. 18 was identified as clathrin, which is known as the
major protein of the polyhedral coat of coated pits and vesicles [7].
The amount of spot no. 18 was significantly decreased. APP was
associated clusters of clathrin-coated vesicles and endosomes [3].
Thus, AB oligomers might inhibit the vesicle formation by clathrin.

In addition, we performed a validation experiment for HSP60,
NFL, clathrin, Pacsin 1 and B-actin as the altered proteins, and VDAC
as the unchanged protein (as control) [23]. The increased levels of
clathrin, the decreased levels of HSP60, NFL, and Pacsin 1 and the
unchanged level of B-actin and VDAC in APPggg3 5 -transgenic mice
hippocampus were validated by Western blotting (Fig. 2).

In summary, we identified the altered levels of 14 proteins
in APPggg3a-transgenic mice hippocampus using 2D-DIGE and
LC-MS/MS approach. This approach elucidated the pathological
effects of AR oligomers on hippocampus. Our findings might
provide a clue for investigation of the hippocampus of AD early
stage.
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