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I. Background

Oxidative stress imparted by reactive oxygen species (ROS') is
implicated in the pathogenesis of Alzheimer’s disease (AD). Given that
amyloid 5 (AB) itself generates ROS" that can directly damage proteins,
elucidating the functional consequences of protein oxidation can enhance
the understanding of the process of AB-mediated neurodegeneration. In
the present study, the identification of targets of AB-induced oxidative
stress was carried out by employing a biocytin hydrazide/streptavidin
affinity purification methodology followed by two-dimensional liquid
chromatography tandem mass speteomety (LC MS/MS) coupled with
SEQUEST  bioinformatics. olgiresi
glucuronyltransferase (GICAT-P) was ideniied as 5 carbonylated target
‘which was further investigated due to ts involvement in the biosynthesis
of HNK-1, a carbohydrate epitope expressed on cell adhesion molecules
and implicated in modulating the effectiveness of synaptic transmission
in the brain
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Our results suggest that the carbonylation of GICAT-P is a result of AB-
induced oxidative stress since the expression of HNK-INCAM is
inversely related to the concentration of AR added to the culture media.
Although the expression of HNK-I/NCAM was reduced, the level of
NCAM expression was not found to vary with respect to AB
concentration. - Assessment of the tissue-level expression of HNK-1 via
immunohistochemical  methods  revealed  decreased  HNK-1
immunoreactivity in hippocampal and cortical brain regions exhibiting
AB plaque deposition in 12 month-old Tg2576 mice.

1t has been demonstrated that GleAT-P -/~ mice deficient in the HNK-1
carbohydrate epitope exhibit defects in functions of the nervous system
such as aberrant long term potentiation (LTP) and hippocampus-
dependent spatial learing (Yamamoto et al., J Biol Chem, 277:27227-
31,2002). Considering that AD is party characterized by progressive
remory impairment and disordered cognitive function, our data can be
reconciled with results from other in vivo studies (Senn et al. Mol Cell
Neurosci, 20:712-29, 2002; Strekalova et al, Mol Cell Neurosci,
17:1102-13, 2001) which have demonstrated that HNK-1 modulates
synaptic plasticity and is critically involved in memory consolidation,

I1. Methods

*Affinity purification of carbonylated proteins by
and streptavidin methodology

Protein identification by

Iysate fom
database searching using

c
Albtreated newrons

SEQUEST algorithm
Suepavidin immobiized
on sarose beads
Two-dimensional liguid
It Sole i Canitugaion — chromatography tandem
. mass spectrometry (LC-
Bioeyin MS/MS)
Hydrande
Supernaant Biotinyaed
continingnon- procins Wash bead e,
Hiotinyated boundto alkylte and dieest
potens beads provins

“MTT reduction assay

+Western blot

“Immunohistochemistry

II1. Results

4. HNK-1 protein immunoreactivity is reduced in frontoparietal cortex
brain region of 12 month-old Tg2576 mice, relative to age-matched
wild-type control mice.
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Anti-HNK-1  antibody  (brow
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neuronal  membranes  and
dendris - (amrows)  whereas
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to the plasma membrane in
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Levels of MTT reduction were auan fied and are expressed as percentages of
control values (means =SEM: n = 3). *p<0.01 compared with control value;
*p=0.005 compared with control vlue (Sudent's 103

2. Identification of a glucuronyltransferase (GIcAT-P) peptide
by LC-MS/MS.
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armsic 5. HNK-1 immunoreactivity is reduced in cortical and hippocampal
brain regions exhibiting AB plaque deposition in Tg2576 mice at 12
months of age.
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Identified b-, x-, y-, and z-ions resulting from fragmentation of the peptide with the
charge retained on the N- terminus (b-ions) or C-terminus (x-, y- and -ions) are
indicated. * indicates an ion that has lost an ammonia molecule (NH,). © indicates ) )
an ion that has lost a water molecule (H,0). Frontoparietal
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3. AB leads to the down-regulation of HNK-1/NCAM expression e O (P i

in primary neurons. 6. HNK-1 immunoreactivity decreases with increasing AB deposition in

ABI-40 (1M) ABI-42 (xM) Tg2576 mice.
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Immunoblot analysis of INK-1/NCAM (145 and 170 kDa). To control for protein fw
expression, the immunoblot was  stripped and re-probed with an_ anti-actin HH
monoclonal antibody (43 kDa). in
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Bands from immunoblots were quantified by densitometric analysis and are expressed - -

as values relative to control (1o pep! led). Data represent mean: for three OB

inepedont el prepraions. Sl signisne was s wing Sudnt's (6 Ioverse corclaion between AB sccumiaion nd the mumber of
HNK-1 positive cells. The line represents the results of a regression
analysis.

IV. Conclusions
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“Glucuronyltransferase (GIeAT-P), an enzyme involved in the biosynthesis
of HNK-1, was one of the carbonylated proteins identified by our biocytin
hydrazide/streptavidin affinity methodology and LC-MS/MS.

“Increasing amounts of AB, added exogenously to the culture media of
primary cortical neurons, significantly decreased HNK-1 expression.

“HNK-1 immunoreactivity was decreased in cortical and hippocampal
brain tissue of  transgenic mouse model of AD.

*A potential consequence of Af-mediated oxidation of GICAT-P s the
impairment of its enzymatic function, thereby disrupting HNK-1
biosynthesis and possibly adversely affecting synaptic plasticity.

«Considering that AD is parlly characterized by progressive memory
impairment and disordered cognitive function, the data from our in vitro
studies can be reconciled with results from other in vivo studies which have
demonstrated that HNK-1 modulates synaptic plasticity and is critically
involved in memory consolidation.

>Portions of this work will appear as a manuscript entitled *Reduced neuronal
expression of synaptic transmission modulator HNK-1/Neural cell adhesion
molecule (NCAM) as a potential consequence of AB-mediated oxidative stress:
a proteomic approach" - Journal of Neurochemistry in press
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