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lead to a better understanding of the molecular mechanisms responsible for ap-
optotic cell clearance. If the clearance process is impaired, apoptotic cells may
progress to secondary necrosis, resulting in release of harmful cellular contents
and tissue inflammation. (IUPUI Membrane Biosciences Signature Center
grant.)

2409-Pos
Lipid-Induced Up-Regulation of Acyl-CoA Synthetase 5 Promotes Apopto-
sis in Human Hepatoctes
Andrea Reinartz1,2, Christopher A. Haynes2, Ruth Knuechel1,
Alfred H. Merrill, Jr.2, Nikolaus Gassler1.
1RWTH Aachen University Hospital, Aachen, Germany, 2Georgia Institute
of Technology, Atlanta, GA, USA.
Long chain acyl-CoA synthetases (ACSL) activate fatty acids for utilization by
numerous metabolic pathways. Of the five mammalian ACSL isozymes known,
ACSL5 is the only one located on mitochondria and thought to be involved in
apoptosis. Fatty acids up-regulate ACSL5 and increase apoptosis susceptibility
in human hepatocytes, thus, we hypothesize that ACLS5 is a promoting factor
in hepatocellular lipoapoptosis. To investigate this mechanism, we have used
immunochemical techniques and RNA interference as well as liquid chroma-
tography, tandem mass spectrometry (LC-MS/MS). Fatty acid uptake led to
up-regulation of ACSL5 expression and enzymatic activity in primary hepato-
cytes, HepG2 cells and steatotic liver. Over-expression of ACSL5 decreased
HepG2 cell viability and increased susceptibility to TRAIL and TNFa, whereas
knock down of ACSL5 reduced apoptosis susceptibility in fatty-acid treated
HepG2 cells. Apoptosis sensitisation was accompanied by enhanced caspase-
3/7 activity, but was not associated with up-regulation of DR4, DR5 or TNF-
R1. By applying lipidomic techniques, we determined the effect of ACSL5
on the cellular amounts and subspecies of fatty acyl-CoAs as well as on sphin-
golipids, the downstream metabolites that are known to be important regulators
of cell death and survival. High ACSL5 activity in HepG2 cells increased syn-
thesis of long-chain acyl-CoAs by 50%, and enhanced ceramide and sphingo-
myelin levels by 2 to 3 fold. These results indicate that steatosis-induced up-
regulation of ACSL5 increased apoptosis susceptibility in human hepatocytes
and that alterations in sphingolipid metabolism might contribute to ACSL5-me-
diated apoptotic effects. We propose that ACSL5 could play a role in promoting
fatty acid-induced lipoapoptosis in hepatocytes as an important mechanism in
fatty liver-related disorders.
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Previous experiments with cultured lymphoma cells demonstrated that secre-
tory phospholipase A2 (sPLA2) distinguishes healthy cells from those that
are dying by apoptosis or necrosis. This distinction depends on cell membrane
properties including the amount of negative charge at the bilayer surface and
the strength of interactions among neighboring phospholipids. These results
raised two important questions. 1) Does the enzyme’s ability to distinguish
healthy and dying cells apply to normal human leukocytes? 2) Does sPLA2 dif-
ferentiate between normal and tumor cells? These questions were addressed by
comparing membrane properties and susceptibility to hydrolysis among cul-
tured transformed leukocytes and freshly-isolated human neutrophils and lym-
phocytes. Membrane properties were assessed by flow cytometry, merocyanine
540 fluorescence spectra, trimethylammonium diphenylhexatriene fluorescence
anisotropy, and two-photon scanning microscopy with laurdan. Similar to the
behavior of transformed cells, normal human leukocytes resisted hydrolysis
by sPLA2. Upon addition of a calcium ionophore, ionomycin, the cells became
vulnerable to hydrolysis, again analogous to the results observed with tumor
cells. However, several important quantitative distinctions were observed.
First, the various types of normal leukocytes responded differently to the en-
zyme; lymphocytes exhibited significantly greater rates of hydrolysis by
sPLA2 compared to granulocytes. Second, hydrolysis was substantially slower
in normal cells compared to transformed cells. Third, the time required for ion-
omycin to induce cells to be attacked by sPLA2 was greater in normal compared
to transformed cells. Likewise, changes in membrane physical properties fol-
lowing ionomycin treatment were more subtle in normal cells than they were
in transformed cells. These results suggest the possibility that sPLA2 could
function as a therapeutic ally during cancer chemotherapy to assist with the de-
mise of tumor cells.
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Some isoforms of secretory phospholipase A2 (sPLA2) distinguish between
healthy and damaged or apoptotic cells. This distinction reflects differences
in membrane physical properties. Since various sPLA2 isoforms respond differ-
ently to properties of artificial membranes such as surface charge, they should
also behave differently as these properties evolve during a dynamic physiolog-
ical process such as apoptosis. To test this idea, S49 lymphoma cell death was
induced by glucocorticoid (6-48 h), thapsigargin (3-4 h) or calcium ionophore.
Rates of membrane hydrolysis catalyzed by various concentrations of snake
venom and human groups IIa, V, and X sPLA2 were compared after each treat-
ment condition. The data were analyzed using a model that evaluates the ad-
sorption of enzyme to the membrane surface and subsequent binding of sub-
strate to the active site. Results were compared temporally to changes in
membrane biophysics and composition. Under control conditions, membrane
hydrolysis was confined to the few unhealthy cells present in each sample. In-
creased hydrolysis during apoptosis and necrosis appeared to reflect substrate
access to adsorbed enzyme for the snake venom and group X isoforms corre-
sponding to weakened lipid-lipid interactions in the membrane. In contrast, ap-
optosis promoted initial adsorption of human groups V and IIa concurrent with
phosphatidylserine exposure on the membrane surface. However, this observa-
tion was inadequate to explain the behavior of the groups V and IIa enzymes
toward necrotic cells where hydrolysis was reduced or absent. The response
to endoplasmic reticulum stress (thapsigargin) was intermediate between that
observed for glucocorticoid and ionomycin. Thus, a combination of changes
in cell membrane properties during apoptosis and necrosis capacitates the
cell for hydrolysis differently by each isoform.
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VDAC is proposed to control metabolic cross-talk between mitochondria and the
cytosol, as well as apoptotic cell death. It has been suggested that apoptosis is
modulated by the oxidation state of VDAC. Since cysteine residues are the major
target for oxidation/reduction, we verified whether one or both VDAC1 cysteine
residues are involved in VDAC1-mediated transport or apoptosis activities. To
assess the function of the VDAC1 cysteines in channel activity and to probe cys-
teine topology, with respect to facing the pore or the bilayer, we used thiol-mod-
ifying agents; membrane permeable N-ethyl-maleimide (NEM); bulky, charged
5-fluorescein-maleimide (5-FM) and cross-linking reagent bis[maleimido]-
ethane (BMOE). Bilayer-reconstituted VDAC conductance was decreased by
5-FM but not by NEM, while 5-FM had no effect on NEM-labeled VDAC con-
ductance. BMOE formed dimeric VDAC1, suggesting that a VDAC1 cysteine
residues is exposed and available for cross-linking. The results suggest that
one of the VDAC1 cysteine residues faces the VDAC pore while the second is
oriented toward the lipid bilayer. The positions of VDAC1 Cys127 and
Cys232 with respect to the membrane and channel pore, were considered in light
of proposed VDAC1 topology models. Mutated VDAC1 in which Cys127 and
Cys232 were replaced by alanines showed channel activity as of native
VDAC1 and when expressed in cells was localized to mitochondria. As with
over-expression of native rVDAC1, cysteine-less rVDAC1 induced apoptotic
cell death and underwent oligomerization upon apoptosis induction. The results
suggest that the two cysteine residues are not required for VDAC1 oligomeriza-
tion or apoptosis, as induced by H2O2, As2O3 or selenite, ROS producing agents.
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Apoptosis is regulated by a cascade of intracellular biochemical reactions.
However, plasmamembrane bound ion channels are also essential for the apo-
ptotic process. In previous studies we and other have found that K, Cl and Na
channels of different types are upregulated early in the apoptotic process. Fur-
thermore, block of these channels prevent or delay the apoptosis, suggesting
a critical role of the channels in the apoototic process. In the present investiga-
tion we examined whether ion channels are upregulated in oocytes from the
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