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Abstract

Ethanol induces neuronal cell injury and death by dysregulating several signaling events that are
controlled, in part, by activation of MAPK/ERK1/2 and/or inactivation of its corresponding
phosphatase, PP1. Recently, we have purified a novel protein of 38 kDa in size, p38SJ, from a
callus culture of Hypericum perforatum, which belongs to an emerging DINGG family of proteins
with phosphate binding activity. Here, we show that treatment of neuronal cells with p38SJ
protects cells against injury induced by exposure to ethanol. Furthermore, pre-treatment of
neuronal cells with p38SJ diminishes the level of the pro-apoptotic protein Bax and some events
associated with apoptosis such as caspase 3 cleavage. In addition, by inducing stress, alcohol can
elevate production of reactive oxygen species (ROS) that leads to a decrease in the activity of
superoxide dismutase (SOD). Our results showed that p38SJ restores the activity of SOD in the
ethanol treated neuronal cells. These observations provide a novel biological tool for developing
new approaches for preventing neuronal cell death induced by ethanol and possibly treament of
neurological disorders associated with alcohol abuse.
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INTRODUCTION

Alcohol abuse is associated with multiple neurological and behavioral deficits including
neuropathy and encephalopathy, cerebellar degeneration, cognitive changes, and impairment
in judgment and memory (for review see Alderazi and Brett 2007; Brun and Andersson
2001; Brust 2008; Johnson et al., 1986). Ethanol damages the nervous system and causes
neuronal cell injury by affecting several signal transduction pathways, including MAPK
(Sanna et al, 2002, Logrip 2008). Activation of MAPK by ethanol is receptor-dependent.
Among the receptors affected by ethanol are GABA receptors (Lee et al, 2007a, Ueno
2001). It has been shown that the cellular effects of ethanol that occur via modulating the
PKA and CREB transcription pathways are activated through GABA receptors (Criswell
and Breese, 2005); increased expression of PKA and CREB was observed following ethanol
treatment (Pandey et al., 2001).
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Earlier studies have demonstrated that ethanol can cause neuronal cell death through
oxidative stress (Antonio et al., 2008; Haorah et al., 2008a; Heaton et al., 2002, 2003; Lee et
al., 2007; Ramachandran et al., 2003; Watts et al., 2005). Recent studies have also indicated
increased levels of ROS in the CNS of alcoholics, probably due to the metabolism of ethanol
(Haorah et al., 2008a). Alcohol-induced oxidative stress in brain has been studied
extensively as a novel pathway of neurodegeneration associated with alcohol abuse (Haorah
et al., 2008a and b). Many well-developed studies point at the importance of activation of
kinases and inhibition of phosphatases in cell injury caused by ethanol-induced oxidative
stress in the brain (Haorah et al., 2005, 2007, 2008b; Lohmann 2004). The potential
mechanisms leading to induction of oxidative stress and alcohol-induced ROS production,
and thus to neuronal injury are not fully understood.

Recently we identified a novel 38 kDa protein, p38SJ, from an in vitro cultivated callus
culture of Hypericum perforatum and cloned its partial cDNA, p27SJ. p27SJ belongs to the
DINGG family of proteins, as it contains a conserved sequence DINGG at the N-terminus
(Darbinian et al., 2008; Perera et al., 2008). p27SJ exhibits the capacity to modulate
expression of viral and cellular genes including HIV-1, MCP-1 (Darbinian-Sarkissian et al.,
2006; Mukerjee et al., 2008),

In humans, a peptide containing DINGG was first identified in synovial fluid and was found
to be part of a larger protein known as p205 synovial T-cell stimulating protein (Blass et al,
1999; Hain et al, 1996). Subsequent studies led to the identification of another member of
the human DINGG family with growth-promoting effects in normal and tumor cells (Adams
et al, 2002; Belenky et al, 2003; Morales et al, 2006). In addition to human tissue, DINGG
proteins have been isolated from various fungi, animal and plant tissues, and exhibit close
homology with Pseudomonas proteins (for review see Ahn et al, 2007; Berna et al, 2002,
2008; Chen et al, 2007; Lewis and Crowther, 2005; Moniot et al, 2007; Pantazaki et al,
2007; Riah et al, 2000; Scott and Wu, 2005).

Here we demonstrate that the treatment of neuronal cells with p38SJ protects them from
ethanol-induced apoptosis.

MATERIALS AND METHODS

Cell culture

Microscopy

Rat cortical neurons were propagated following enzymatic and mechanical treatment of
Sprague Dawley rat embryonic tissue at day 17 (E17) using TrypleExpress enzyme
(Invitrogen, Carlsbad, CA) at 37 °C for 10 min, followed by three washes with Hibernate E
medium. After mechanical treatment of tissue with a fire-polished glass Pasteur pipette,
single cell suspension was diluted with culturing medium and cells were plated on poly-D-
lysine-coated 60 mm dishes at a density of 2.5 x 108/plate and cultured in 3 ml Neurobasal
medium containing B27 supplement, 0.25 mM Glutamax, and 0.25 mM L-glutamine
(allfrom Invitrogen). Cells were maintained at 37 °C in a humidified incubator containing
7% CO,.

Phase contrast images of neuronal cells were visualized with an inverted Olympus
fluorescence microscope using IPLAB software. Contrast and brightness were adjusted
equally for all images using Adobe Photoshop version 5.5.
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Plant extract preparation

One hundred milligrams of dried H. perforatum were dissolved in 1 ml of lysis buffer
containing 30 mM Tris (pH 7.4), 167 mM NacCl, 0.1% Nonidet P-40 and protease inhibitors
cocktail (Sigma, St. Louis, MO USA). Cell debris was removed by centrifugation at 14,000
rpm for 5 min at 4 °C. Total soluble proteins from the callus were centrifuged at 10,000 rpm
for 5 min and the supernatant was recovered and fractionated through 3, 30 and 50 kDa
MilliPore Microcon filters (Millipore, Billerica, MA USA), to separate the 38 kDa protein
from the low molecular weight proteins and other plant organic components. The purity of
the 38 kDa protein was determined by SDS-PAGE.

Preparation of protein extracts and immunoblot analysis

For preparation of whole cell protein extracts, following treatment with ethanol and/or
p38SJ, cells were washed with cold phosphate-buffered saline (PBS) and solubilized in lysis
buffer containing 50 mM Tris (pH 7.4), 150 mM NacCl, 0.1% Nonidet P-40, and 1% protease
inhibitors cocktail (Sigma, St. Louis, MO USA). Cell debris was removed by centrifugation
at 10,000 rpm for 5 min at 4 °C. Fifty micrograms of protein were resolved in Laemmli
sample buffer and fractionated by 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE). For Western blot analysis, protein samples were resolved by
SDS-PAGE and after transfer to membrane, reacted with specific antibodies and the proteins
visualized with the enhanced chemiluminescence detection system ECL+ according to the
manufacturer’s instructions (GE Healthcare, Piscataway NJ), and exposed to X-ray film.

Caspase-GLO 3/7 assay

Apoptosis was determined by analysis of activation of caspase-3 using the substrate DEVD-
aminoluciferin from Caspase-Glo™ 3/7 assay kit (Promega, Madison, W1, USA), according
to the manufacturer’s instruction. Luminescence was recorded on a Turner Designs
Luminometer TD-20/20 Data were analyzed using Excel software.

Methylthiazoletetrazolium (MTT) assay

For the methylthiazoletetrazolium (MTT) assay, we used a cell proliferation kit (MTT)
according to the manufacturer’s protocol (Roche, Indianapolis, IN USA). Cells were plated
onto 96-well plates in triplicate in two sets at a density of 15,000 cells/well and pre-
incubated with p38SJ (for 2 hours) then co-incubated with ethanol. After 24 hours, 10 pl
MTT (5 mg/ml) were added to the wells (final concentration, 0.5 mg/ml) for 4 h, and the
reaction was stopped by the addition of 100 pul of solubilization solution. Viable cells with
active mitochondria cleave the tetrazolium ring into a visible dark blue formazan reaction
product, which was quantified by spectrophotometry in a microplate reader at 570 nm with a
reference wavelength of 650 nm. The relative cell viability (percent) was determined as the
ratio of average absorbance for treated cells to that for mock, untreated cells.

Superoxide Dismutase (SOD) activity assay

Antibodies

To measure SOD activity in primary neurons, following treatment with p38SJ for two hours
and ethanol, cytosolic fraction was prepared and incubated with Xantine Oxidase Solution
for 1 hour at 37 °C. Absorbance was read at 490 nm to generate superoxide anions. The
activity of SOD is determined as the inhibition of chromagen reduction. In the presence of
SOD, superoxide anion concentration is reduced, yielding less colorimetric signal. SOD
activity was shown in %.

Antibody specific for phospho-p44/42 mitogen-activated protein kinase (MAPK/Erk1/2),
anti-p44/42 MAPK, rabbit polyclonal, and anti-GRB2 rabbit polyclonal antibodies were
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purchased from Cell Signaling Technologies (Danvers, MA). Anti-caspase-3 rabbit
polyclonal and anti-Bax antibodies were obtained from Santa Cruz Biotechnology Inc.
(Santa Cruz, CA, USA).

RESULTS AND DISCUSSION

To examine the effect of ethanol on neuronal cells, we prepared primary cultures of rat
neurons, and examined cell viability in response to ethanol treatment. As shown in Figure
1A, increasing the concentration of ethanol results in decreased viability of neuronal cells.
At 250 mM ethanol treatment, approximately 40% of the cells were dead and the remaining
cells showed reduced levels of arborization and processes (Fig. 1B). Examination of pro-
apoptotic proteins revealed the induction of BAX and increased levels of caspase 3. Figure 1
illustrates quantitative analysis of Bax (Panel C) and cleaved caspase 3 (Panel D) as
determined by immunoblot assay. To evaluate the ability of p38SJ to protect neuronal cells
from apoptosis upon ethanol treatment, cells were incubated with highly purified p38SJ
(Fig. 2A) for 24 hours prior to analysis of cell viability and cleavage of caspases. As shown
in Fig. 2, treatment of cells with p38SJ drastically improved the amount of arborization of
the ethanol treated cells (Panel B) and cell viability (Panel C), and decreased the level of
cleavage of caspase 3 (Panel D), indicating that p38SJ has neuroprotective activity in
response to ethanol treatment.

Next, we investigated the effect of p38SJ on oxidative stress in neuronal cells. To this end,
we determined the activity of superoxide dismutase (SOD) in cells incubated with p38SJ
prior to ethanol treatment. To measure SOD activity in primary neurons, we utilized the
OxiSelect SOD Activity Assay system (Cell Biolabs, San Diego, CA). Data from SOD assay
indicate that ethanol induces oxidative stress in neurons by inhibiting SOD activity (Fig.
3A). p38SJ was able to prevent ethanol-induced oxidative stress, and restore SOD activity in
ethanol treated cells. Under identical experimental conditions, results from MTT cell
metabolism/activity assay showed restoration of cells by p38SJ in ethanol treated cells (Fig.
3B) and a decrease in the caspase 3 activity as evaluated by Glo assay (Fig. 3C).

In light of earlier studies pointing to the capacity of ethanol to dysregulate signaling events
involving phosphorylation of ERK1/2 (Glotin et al., 2006; Ku et al., 2007; Lee et al., 2006;
Luo et al., 2006; Zhuang et al., 2007), we examined the levels of phosphorylated and total
ERKZ1/2 in neuronal cells upon treatment with ethanol. As seen in Fig. 4A, ethanol treatment
induces phosphorylation of ERK1/2 (pERK1/2) with no major impact on the total level of
ERKZ1/2. As before, the level of BAX and cleaved caspase were increased upon ethanol
treatment. Treatment of these cells with p38SJ reduced the level of the phosphorylated form
of pERK1/2, had no impact on the total level of ERK1/2, and significantly decreased levels
of BAX and cleaved caspase 3. These observations indicate that p38SJ has the ability to
inhibit ethanol-induced phosphorylation of ERK1/2 and activation of apoptotic pathways.
The decrease in phosphorylation of ERK1/2 may reduce the level of the pro-apoptotic BAX
and caspase 3.

Hypericum perforatum, also known as St John’s Wort, has received special attention due to
its pharmacological properties (Diwu 1995; Roth 2004; Wagner 1994,). Extracts from this
plant contain active secondary metabolites including hypericin, a photosensitive red-colored
naphthodianthron which is a bioactive compound that can act as a kinase inhibitor.
Hypericum perforatum extracts contain other flavonoids such as rutin, with a free radical
scavenging activity, and a potential antioxidant activity (Saija et al., 1995). While these
secondary metabolites have been intensively investigated, the spectrum of proteins found in
Hypericum perforatum still remains very poorly understood. Recently we identified a
DINGG family protein named p38SJ and have cloned its truncated protein, p27SJ
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(Darbinian et al., 2008; Darbinian-Sarkissian et al., 2006; Perera et al., 2008). p38SJ has a
phosphate binding domain similar to bacterial DINGG protein, yet the importance of this
binding in the biological activity of p38SJ remains to be established. Our results presented
here show that p38SJ inhibits the phosphorylated form of ERK1/2, an event that is seen
upon the treatment of neurons with alcohol. Earlier studies have demonstrated that ethanol
and reactive oxygen species (ROS) produced by ethanol modulate intracellular signaling
pathways including mitogen-activated protein kinase (MAPK) cascades. Evidently, ethanol
causes activation of all three MAPKS, including ERK, p38MAPK, and JNK; and ROS
accumulation (Ku et al., 2007). ERK1/2 signalinghas differential effects on cell physiology
such that the persistent activation of ERK1/2 promotes cell death mediated by oxidative
stress, while inhibition of ERK1/2 leads to cell survival (Glotin 2006; Lee 2006; Luo 2006;
Zhuang 2007). Our results show that inhibition of ERK1/2 phosphorylation by p38SJ
promotes cell survival in ethanol treated cells as evidenced by the reduced levels of pro-
apoptotic proteins. Our recent studies demonstrate that p27SJ, a variant of p38SJ with a C-
terminal deletion, has a phosphatase activity, and its presence can dysregulate signaling
events that control cell proliferation (Darbinian et al., 2009). Thus, one can envision a model
in which p38SJ, by enforcing its phosphatase activity most likely on ERK1/2 and others,
interferes with signaling pathways that are involved in ethanol-mediated neuronal cell death.
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Figure 1. Effect of ethanol on neuronal cell morphology and apoptotic pathways

(A) Cell viability assay in rat primary neurons, incubated with increasing concentrations of
ethanol (from 25 to 250 mM). Equal numbers of cells were plated in duplicate, and then
incubated with ethanol. Cell viability was evaluated by Trypan blue exclusion assay. Bar 1
represents untreated cells set as 100%. (B)Phase images (magnification 200x) of neuronal
cells incubated in the absenceand presence of 250 mM ethanol. (C)Quantification of the
differences in Bax levels as determined by densitometric analysis of the band corresponding
to Bax (as determined by Western blot assay) that was normalized to the level of Grb2. (D)
Quantification of the differences in cleaved caspase 3 after being normalized to the level of
Grb2.
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Figure 2. Effect of p38SJ on neuronal cell injury by ethanol

(A)SDS-PAGE illustrating highly purified p38SJ that was obtained upon size fractionation
of crude protein extracts from the callus culture of St. John’s Wort (Darbinian-Sarkissian et
al., 2006). The position of the p38SJ is shown by an arrow.(B) Phase images of neuronal
cells incubated with ethanol (250 mM) and/or p38SJ (300 ng/ml). Reduction in number of
neurons and neuronal processes caused by ethanol was reversed in the presence of p38SJ.
(C) Cell viability assay in rat primary neurons pre-incubated with the increasing
concentrations of p38SJ, as indicated in Figure 2B, for 2 hours and then treated with ethanol.
Equal numbers of cells were plated in duplicate, and cell viability was evaluated by Trypan
blue exclusion assay. Lane 1 contains untreated cells set as 100%. (D) p38SJ prevents
caspase-3 cleavage in ethanol-treated neuronal cells. Cell lysates prepared from untreated,
pre-treated with p38SJ for 2 hours prior to ethanol treatment, and ethanol-treated cells at 24
hours of incubation were analyzed by immunoblot analysis for cleaved caspase-3. Equal
loading was verified by using anti-tubulin antibody. Bar graphs demonstrate the quantified
density of bands, presented as a histogram for cleaved caspase-3, normalized to tubulin.
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untreated control (bar 1).(B)Cell viability determined by MTT assay.(C)Caspase-3 activity
determined by Caspase-3/7 assay.
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Figure 4. Disruption of ERK 1/2 and its phosphorylated form by p38SJ

(A) Expression of ERK1/2 and proteins involved in apoptosis in ethanol treated neuronal
cells. Western blot analysis for ERK1/2 and phospho-Erk 1/2 in rat primary neuronal cells
after treatment with 100 and 250 mM ethanol for 24 h. The level of total ERK1/2 and Grb2
expression serve as a control for protein loading. (B). Effect of p38SJ on ERK1/2
phosphorylation in cells incubated with ethanol. Western blot analysis for ERK1/2 and
phospho-ERK1/2 in the neuronal cells upon exposure to ethanol for 24 h after pre-treatment
of cells with p38SJ for 2 h.
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