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Increasing evidence suggests an important role
of mitochondrial dysfunction in the pathogenesis of
Alzheimer’s disease. Thus, we investigated effects
of acute and chronic exposure to increasing con-
centrations of amyloid � (A�) on mitochondrial
function and nitric oxide (NO) production in vitro
and in vivo. Our data demonstrate that PC12 cells
and HEK cells bearing the Swedish double muta-
tion in the amyloid precursor protein (APPsw), ex-
hibiting substantial A� levels, have increased NO
levels and reduced ATP levels already under basal
conditions. Extracellular treatment of PC12 cells
with comparable A� concentrations only leads to
weak changes, demonstrating the important role of
intracellular A�. In 3-month-old APP tg mice,
which exhibit no plaques but already detectable A�
levels in the brain, the reduced ATP levels can also
be observed showing the in vivo relevance of our
findings. Moreover, we could demonstrate that APP
is accumulated in mitochondria of APPsw PC12
cells. This accumulation might be directly involved

in the impairment of cytochrome C oxidase activity
and depletion of ATP levels in APPsw PC12 cells.
In addition, a pronounced decrease in mitochon-
drial membrane potential and increased Smac re-
lease in APPsw PC12 cells compared to control
cells can be observed after secondary insult. APPsw
HEK cells, which produce 30-fold increased A�
levels compared to APPsw PC12 cells, and 3-month-
old APP tg mice show already under basal conditions
a significantly decreased mitochondrial membrane
potential. Based on our findings, we suggest a hy-
pothetical sequence of pathogenic steps linking
mutant APP expression and amyloid production
with enhanced NO production and mitochondrial
dysfunction.
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It has been previously described by several groups
that poly(ADP-ribose) polymerase-1 (PARP-1) and

the product of the tumor suppressor gene p53 form
tight complexes. We investigated which domains of
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human PARP-1 and of human wild-type p53 are in-
volved in this protein-protein interaction. We gen-
erated baculoviral constructs encoding full length
or distinct functional domains of both proteins. Ba-
culovirally expressed wild-type p53 was post-
translationally modified. Full length PARP-1 was
simultaneously co-expressed in insect cells with
full length wt p53 protein or its distinct truncated
fragments and vice versa. Reciprocal immunopre-
cipitation of Sf9 cell lysates revealed that the cen-
tral and carboxy-terminal fragments of p53 were
sufficient to confer binding to PARP-1, whereas the
amino-terminal part harboring the transactivation
functional domain of p53 was dispensable [Wêsier-
ska-G¹dek et al., J Cell Biochem, 2003]. On the other
hand, the amino-terminal and central fragments of
PARP-1 were necessary for complex formation
with p53 protein. Since the carboxy-terminal region
of p53 harbors the nuclear export signal (NES), its
binding to PARP-1 could affect the nuclear export
and stability of p53 protein.

As the most important features of p53 protein
are regulated by phosphorylation, we addressed the
question whether its phosphorylation is essential
for binding between the two proteins. Baculovirally

expressed wild-type p53 was post-translationally
modified. At least, six distinct p53 isomers were re-
solved by immunoblotting following two-dimensional
separation of baculovirally expressed wt p53 pro-
tein. Using specific phosphoserine antibodies, we
identified phosphorylation of baculovirally expres-
sed p53 protein at five distinct sites. To define the
role of p53 phosphorylation, pull-down assays us-
ing untreated and dephosphorylated p53 protein
were performed. Dephosphorylated p53 failed to
bind PARP-1 indicating that complex formation be-
tween both proteins is regulated by phosphoryla-
tion of p53 [Wêsierska-G¹dek et al., J Cell Bio-
chem, 2003]. The marked phosphorylation of p53
at Ser392 observed in unstressed cells suggests that
the phosphorylated carboxy-terminal part of p53
undergoes complex formation with PARP-1 result-
ing in masking of the NES and thereby preventing
its export. The functional significance of the inter-
action between both proteins was investigated un-
der two different conditions: inactivation of PARP-1
and overexpression of PARP-1. Our results unequi-
vocally show that the presence of PARP-1 regulates
the basal level of wt p53 in unstressed cells.
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Inflammatory reaction can be induced by ele-
ments of microorganisms, by improper protein de-
posits, by factors released from dying cells. The im-
portant role in cell damage observed in acute and
long-standing inflammation is played by nitric oxide
(NO), by its reaction with superoxide radical, form-
ing reactive oxidizing species, such as peroxynitrite,
that damage macromolecules, including DNA and
evoke mitochondrial permeability. NO is produced
mainly by inducible isoform of NO synthase (iNOS).
However, little is known about the involvement of
constitutive isoforms of NOS (cNOS) during brain
inflammation. The aim of our study was to analyze
the expression and activity of particular isoforms of
NOS and their roles in oxidation of macromolecules
and mitochondrial function in the brain during lipo-
polysaccharide (LPS)-evoked inflammation.

Mice C57BL/6 were injected ip with LPS
(1 mg/kg) alone or together with NOS inhibitors:
7-nitroindazole (7-NI; 25 mg/kg), N�-nitro-L-argi-
nine (NNLA; 30 mg/kg) or with PARP-1 inhibitor,
3-aminobenzamide (3-AB; 30 mg/kg; iv). Carbonyl
groups, thiobarbituric acid reactive substances
(TBARS) and nicotinamide adenine dinucleotide
(NAD) concentration were determined using spectro-

photometric methods and correlated with the level
of poly(ADP-ribose) (PAR) and with translocation
of apoptosis inducing factor (AIF) using immuno-
chemical methods. Alterations of gene expression
for particular isoforms of NOS were analyzed by
RT-PCR method.

Our results indicated that LPS enhanced NOS
activity in substantia nigra 6 h after injection, but
this enzyme activity alteration was not significantly
changed in the other brain parts. Systemic LPS ad-
ministration induced transcription of the gene for
iNOS, and had no effect on gene expression for
neuronal NOS (nNOS) and endothelial NOS
(eNOS). LPS activated free radical-dependent cas-
cades, lipid peroxidation and DNA damage, and in
consequence PAR polymerase, leading to PAR ac-
cumulation, depletion of NAD, and release of AIF
from mitochondria and its translocation into nu-
cleus. Inhibitors of constitutive isoforms of NOS
and iNOS inhibitor reduced alterations evoked by
LPS. These results suggest that cNOS, in spite of
iNOS, participate in the cascade leading to mito-
chondria oxidative damage.
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Nitric oxide (NO), the gaseous free radical mes-
senger, is involved in neurotransmission and in

brain plasticity. Alterations of NO relase and NO-
regulated processes play an important role in brain
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aging and neurodegenerative disorders. Our previ-
ous results indicated that total Ca��/calmodulin-
dependent NO synthesis increased in aged cerebral
cortex and cerebellum comparing to adult, while
inducible NO synthase (iNOS) expression was not
detected.

The aim of the present study was to determine
the activity and expression of endothelial NOS
(eNOS) in different parts of the rat brain during ag-
ing and amyloid-� toxicity. The radiochemical, im-
munochemical and RT-PCR methods were used.

The activity of eNOS was determined in the
presence of 7-nitroindazole, an inhibitor of neu-
ronal isoform of NOS (nNOS), using radioactive
L-arginine as a substrate. eNOS activity signifi-
cantly decreased in the cerebellum and was lower
in the other aged brain parts comparing to adults.
However, eNOS mRNA level was enhanced in all
investigated aged brain parts to 140–190% of the
value in adults. Significant increase was observed

in the cerebral cortex and cerebellum. The higher
level of mRNA is probably an adaptive response to
lower NOS activity. The immunochemical reaction
for eNOS protein was unchanged in aged brain
parts comparing to adults. These results suggested
that a post-translational modification of the enzyme
occured in the aged rat brain. Age-related distur-
bances of protein synthesis efficiency and quality
should be also taken into consideration. A change
in the sensitivity of NOS isoforms to amyloid �
peptides was observed. The alternations of eNOS
activity and expression may significantly influence
neuronal survival and function during aging and
neurodegeneration. The lower eNOS activity in
aged tissue may affect the signal transduction pro-
cesses along the NO/cGMP/PKG pathway.
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Reactive oxygen and nitrogen species play an
important role in brain aging and in ischemia/reper-
fusion (I/R) injury [Chalimoniuk et al., J Neurosci
Res, 1998; Jêœko et al., Neurochem Int, 2003]. Ni-
trosative and oxidative stress can initiate a protein,
lipid and DNA oxidation and, in consequence,
make them lose their physiological functions. Re-
cent evidence indicates the involvement of free
radicals in alteration of �-synuclein (ASN) that be-
longs to a larger family of molecules, including
�-synuclein (BSN), �-synuclein and synoretin. The
functions of the ASN and other members of this
family are poorly understood, however, several
lines of evidence suggest its role in synaptic vesi-
cles cycling, vesicular transport, neuronal plastic-
ity, survival and chaperoning [Alves da Costa, Curr
Mol Med, 2003]. In this study, we investigated
ASN mRNA and protein expression in different
brain parts of adult (4-month-old) and aged (24-
month-old) rats and determined its subcellular lo-
calization. Moreover, we evaluated the effect of

oxidative/nitrosative stress evoked by 5-min of
forebrain ischemia on ASN immunoreactivity in
different subcellular fractions from CA1 subfield of
gerbil hippocampus. ASN mRNA expression was
assayed by RT-PCR technique with specific prim-
ers and its immunoreactivity was assessed by West-
ern blot analysis.

The results indicated that ASN mRNA expres-
sion in adult animals was similar in the brain cor-
tex, hippocampus and striatum and significantly
lower in the cerebellum comparing to the brain cor-
tex. Simultaneously determined protein expression
in the homogenate from the same brain regions
showed that ASN immunoreactivity in the brain
cortex, hippocampus and striatum was the same but
it was significantly lower in the cerebellum by
about 70% comparing to the other brain parts. ASN
protein level was the same in synaptic plasma
membranes (SPM) and cytosol in each brain part.
ASN mRNA expression significantly decreased in
aged striatum and cerebellum by 39% and 47%, re-
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spectively, and tended to decrease in aged brain
cortex and hippocampus comparing to adult. Aging
significantly lowered protein expression exclusive-
ly in SPM from the brain cortex, hippocampus and
cerebellum by 39%, 24% and 65%, respectively. In
cytosolic fraction from aged brain, ASN immuno-
rectivity decrease slightly but not statistically sig-
nificantly comparing to adult. Aging had no effect
on BSN immunoreactivity. Moreover, the results
indicated that ASN immunoreactivity decreased by
40% in SPM from CA1 layer of gerbil hippocam-

pus during 4 days of reperfusion after 5-min ische-
mia and increased in cytosol and nuclear fraction.

It is possible that ASN translocates from plasma
membranes to nucleus during oxidative/nitrosative
stress evoked by I/R injury. Free radicals generated
during brain aging and reperfusion after ischemia
could be responsible for the ASN alterations that
may promote cell neurodegeneration.
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Poly(ADP-ribose) polymerase (PARP-1, EC

2.4.2.30) is a nuclear enzyme involved in DNA re-

pair, gene expression and cell cycle. The last data

have indicated that PARP is the new nuclear target

for signal transduction evoked by depolarization

and receptors stimulation. However, overstimula-

tion of PARP leads to depletion of �NAD� and ATP

and to cell death. Our data indicated that amyloid �

peptides (A�25-35, A�1-40) in a concentration-

dependent manner (1–25 �M) enhanced PARP ac-

tivity. Nitric oxide and other free radicals are in-

volved in A�-induced DNA damage and PARP ac-

tivation observed exclusively in the hippocampus.

The aim of these studies was to investigate the role

of A� peptides in cholinergic and glutaminergic

receptor-dependent signal transduction into PARP-1.

Activation of cholinergic receptor in the hippocam-

pus by 1 mM carbachol (nonhydroxylable analog

of acetylcholine) and GTPxS (100 �M) enhanced

PARP activity by about 100% comparing to non-
stimulated conditions. This receptor coupled to G
protein regulated phospholipase C through degra-
dation of phosphatidylinositol(4,5)bisphosphate-
transduced signal into PARP-1 in nucleus. Inhibitor
of inositol(1,4,5)trisphosphate (IP�) receptor, TMB-8
(10 �M) eliminates this receptor-induced enhance-
ment of PARP activity. A� peptides at 25 �M de-
creased cholinergic receptor-mediated IP� forma-
tion and Ca signaling into nucleus by free radicals-
related mechanism. Moreover, these A� peptides
affected NMDA, glutaminergic receptor response
in the hippocampus. Our data indicated that A�
peptides significantly influenced basal and recep-
tor-regulated PARP activity that may have a signifi-
cant consequences in alteration of gene expression
and cell function.
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