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Abstract Leukotriene A

 

4

 

 (LTA

 

4

 

) is a chemically reactive
conjugated triene epoxide product derived from 5-lipoxygen-
ase oxygenation of arachidonic acid. At physiological pH,
this reactive compound has a half-life of less than 3 s at
37

 

�

 

C and 

 

�

 

40 s at 4

 

�

 

C. Regardless of this aqueous instabil-
ity, LTA

 

4

 

 is an intermediate in the formation of biologically
active leukotrienes, which can be formed through either in-
tracellular or transcellular biosynthesis. Previously, epithelial
fatty acid binding protein (E-FABP) present in RBL-1 cells
was shown to increase the half-life of LTA

 

4

 

 to 

 

�

 

20 min at
4

 

�

 

C. Five FABPs (adipocyte FABP, intestinal FABP, E-FABP,
heart/muscle FABP, and liver FABP) have now been exam-
ined and also found to increase the half-life of LTA

 

4

 

 at 4

 

�

 

C
to 

 

�

 

20 min with protein present. Stabilization of LTA

 

4

 

 was
examined when arachidonic acid was present to compete
with LTA

 

4

 

 for the binding site on E-FABP. Arachidonate has an
apparent higher affinity for E-FABP than LTA

 

4

 

 and was able
to completely block stabilization of the latter. When E-FABP
is not saturated with arachidonate, FABP can still stabilize
LTA

 

4

 

.  Several lipoxygenase products, including 5-hydroxy-
eicosatetraenoic acid, 5,6-dihydroxyeicosatetraenoic acid, and
leukotriene B

 

4

 

, were found to have no effect on the stability
of LTA

 

4

 

 induced by E-FABP even when present at concen-
trations 3-fold higher than LTA

 

4

 

.
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Leukotrienes are a family of biologically active metabo-
lites of arachidonic acid known to play a role in a number

 

of different pathophysiological processes. The biosynthe-
sis of leukotrienes is initiated by the activation and translo-
cation of cytosolic phospholipase A

 

2

 

 (cPLA

 

2

 

) to the nuclear
envelope (1). Once cPLA

 

2

 

 is activated, it can release arachi-
donic acid from the 

 

sn

 

-2 position of membrane phospho-
lipids (2). The leukotrienes are formed via the dioxygen-
ation of arachidonic acid by the enzyme 5-lipoxygenase
(5-LO) (3). This enzyme, which in resting cells is either
cytosolic or nucleoplasmic, depending upon the cell type,
translocates to the nuclear envelope after cell stimulation
(4, 5). After translocation, 5-LO acts together with 5-LO-acti-
vating protein (FLAP), which is thought to function by pre-
senting nonesterified arachidonic acid to 5-LO (6, 7).

After free arachidonate is presented to 5-LO, the enzyme
can catalyze two separate enzymatic reactions (8). The first
reaction involves the stereospecific addition of molecular
oxygen to carbon-5 of arachidonic acid to form 5-(

 

S

 

)-hydro-
peroxyeicosatetraenoic acid (5-HpETE). The second reac-
tion involves the conversion of 5-HpETE into the chemically
reactive, conjugated triene epoxide leukotriene A

 

4

 

 (LTA

 

4

 

).
LTA

 

4

 

 is then substrate for two discrete enzymes that form
the biologically active leukotrienes. LTA

 

4

 

 hydrolase can con-
vert LTA

 

4

 

 into leukotriene B

 

4 

 

(LTB

 

4

 

), a chemotactic factor
for human neutrophils, (9) and leukotriene C

 

4

 

 synthase can
convert LTA

 

4

 

 into the cysteinyl leukotrienes (leukotrienes
C

 

4

 

, D

 

4

 

, and E

 

4

 

), which are myotropic agents (10). Alterna-
tively, this epoxide intermediate can react with water rapidly
at physiological pH with a half-life of less than 3 s at 37

 

�

 

C

 

Abbreviations: cPLA

 

2

 

, cytosolic phospholipase A

 

2

 

; diHETE, dihy-
droxyeicosatetraenoic acid; EET, epoxyeicosatrienoic acid; FABP, fatty
acid binding protein; FLAP, 5-lipoxygenase-activating protein; HETE,
hydroxyeicosatetraenoic acid; HpETE, hydroperoxyeicosatetraenoic
acid; LTA

 

4

 

, leukotriene A

 

4

 

; LTB

 

4

 

, leukotriene B

 

4

 

; TEA, triethylamine;
5-LO, 5-lipoxygenase.
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(11). This chemical reaction results in the formation of a
carbocation intermediate and a number of products, in-
cluding inactive LTB

 

4

 

 isomers such as 5,12-dihydroxyeico-
satetraenoic acid (5,12-diHETE) and 5,6-diHETE (12).

We recently discovered that in RBL-1 cells, a rat baso-
philic leukemia cell line often used to study leukotriene
biosynthesis and biochemistry, a cytosolic protein can sta-
bilize LTA

 

4

 

. This protein was identified as the epithelial
fatty acid binding protein (E-FABP) (13). There is increas-
ing evidence that the FABP family may be involved in the
intracellular trafficking of eicosanoid lipid mediators. Re-
cent work has shown that E-FABP can bind to the 5-LO prod-
ucts 5-HpETE and 5-hydroxyeicosatetraenoic acid (5-HETE)
with reasonably high affinity (14). Epoxyeicosatrienoic ac-
ids (EETs), products of cytochrome P450 metabolism of
arachidonic acid, have also been found to be ligands for
other FABPs (15). Other recent investigations have shown
that EETs can be bound to heart FABP or intestinal FABP,
remaining protected from hydrolysis when soluble ep-
oxide hydrolase is added to the buffer (16).

FABPs are a family of low molecular mass (

 

�

 

15 kDa)
proteins that have high binding affinity for various fatty
acids (17). The members of this family have between 20%
and 70% sequence identity; however, they all share similar
tertiary structure: 10 antiparallel 

 

�

 

-strands linked by hydro-
gen bonds to form a 

 

�

 

-barrel (18). The FABP family has
long been studied for its involvement in fatty acid trans-
port in a number of different tissues (19). This protein fam-
ily has been suggested to be involved in the solubilization
of fatty acids in the aqueous environment within the cyto-
plasm and in the facilitation of transport of fatty acids into
the cell by sequestering free fatty acids in the cytosol (20).

Our recent finding that E-FABP was a LTA

 

4

 

-stabilizing
protein in RBL-1 cells led us to investigate the interaction
between E-FABP and other FABP family members with
LTA

 

4

 

 in more depth. In addition, the binding between
E-FABP and LTA

 

4

 

 was examined further by using other fatty
acids and lipoxygenase products as competitors for the
LTA

 

4

 

 binding site on E-FABP.

MATERIALS AND METHODS

 

Materials

 

All eicosanoids were obtained from Cayman Chemical Co. (Ann
Arbor, MI). LTA

 

4

 

-free acid was prepared as previously described
(21). Histidine-tagged FABPs were prepared as previously described
(22). These His-tagged FABPs included mouse adipocyte FABP
(mA-FABP), mouse epithelial FABP (mE-FABP), human heart/mus-
cle FABP (hH/M-FABP), rat intestinal FABP (rI-FABP), and rat liver
FABP (rL-FABP). In addition, non-histidine-tagged rat epithelial
FABP (rE-FABP) was prepared as previously described (14). Tri-
ethylamine was purchased from Aldrich Chemical Co. (Milwau-
kee, WI). All other solvents and reagents were HPLC grade and
purchased from Fisher Scientific (Fair Lawn, NJ).

 

LTA

 

4

 

 stabilization assays

 

To determine the chemical half-life of LTA

 

4

 

, 500 ng of the free
acid was added to 250 

 

�

 

l of buffer or protein solution and incu-
bated at 4

 

�

 

C; the resulting concentrations of organic solvents in
the incubation mixture were 0.2% methanol and 0.16% acetone.

Aliquots (50 

 

�

 

l) were removed at various time points between 2
and 30 min and added to ethanol (100 

 

�

 

l) containing 100 ng of
an internal standard, which was either 15-oxo-ETE or 20-triflu-
oro-LTA

 

4

 

. This sample was centrifuged and then added to 150 

 

�

 

l
of 10 mM triethylamine (TEA) to bring it up to initial conditions
for HPLC. A reverse-phase XTerra MS column (2.1 

 

�

 

 50 mm, 3.5

 

�

 

m C18; Waters Corp., Milford, MA) was used at a flow rate of
200 

 

�

 

l/min with a linear gradient using mobile phase A consist-
ing of 10 mM triethylamine at pH 11 and mobile phase B consist-
ing of acetonitrile-methanol (65:35, v/v) containing 10 mM
triethylamine (TEA). The gradient started at 30% B for initial
conditions and increased to 80% B in 5 min. These samples were
analyzed using either an in-line photodiode array or a triple qua-
drupole mass spectrometer (described below). In either case, the
log ratio of the peak area of LTA

 

4

 

 to the peak area of its internal
standard versus time was plotted and the half-life was calculated
using the slope of the resulting line.

Assessment of stabilization capacity (units of protein activity)
was used to determine differences in protein stabilization during
competition assays. For these assays, LTA

 

4

 

 free acid (100 ng) was
added to either buffer or protein fraction (50 

 

�

 

l). For competi-
tion assays, various concentrations of the competitor lipid were
mixed with LTA

 

4

 

 before addition to the protein or buffer. Each
sample was allowed to incubate at 4

 

�

 

C for 20 min, then ethanol
(100 

 

�

 

l) containing 100 ng of 15-oxo-ETE was added. The sam-
ple was brought to initial HPLC conditions by the addition of
150 

 

�

 

l of 10 mM TEA, and the ultraviolet absorbance (280 nm)
from LTA

 

4

 

 and 15-oxo-ETE was determined at their correspond-
ing retention times. Units of protein activity were defined as 10
times the ratio of milliabsorbance units of LTA

 

4

 

/milliabsorbance
units of 15-oxo-ETE after the subtraction of the same ratio mea-
sured in buffer in the absence of protein. It is difficult to assess
the actual amount of LTA

 

4

 

 that was available for association with
FABP in this assay because of two complicating factors. The first
problem is the chemical reactivity of this eicosanoid, which im-
mediately begins to degrade when added to an aqueous solution
of the FABP. Immediate mixing was used to minimize this prob-
lem. Second, it was found that 

 

�

 

6 

 

�

 

 2% of the added LTA

 

4

 

 be-
came associated with the polypropylene reaction tube because of
the extreme lipophilicity of LTA

 

4

 

 (data not shown). However,
based on the quantity of LTA

 

4

 

 eluting from the HPLC column in
this stabilization assay (as assessed from a standard curve relative
to the 15-oxo-ETE internal standard), a value reported as 300 units/
mg corresponds to 

 

�

 

30% recovery of the initially added LTA

 

4

 

.

 

Displacement of bound arachidonic acid

 

To preload E-FABP with arachidonic acid, the protein was in-
cubated for 15–30 min with 20 

 

�

 

M arachidonic acid. The protein
was then subjected to size-exclusion chromatography on a desalt-
ing column (Econo-Pac

 

®

 

 10DG Disposable Desalting Column; Bio-
Rad Laboratories, Hercules, CA) to remove the free arachidonate
from the buffer solution and then tested for stabilizing activity.
LTA

 

4

 

 (9 

 

�

 

M) was then added to the arachidonate-preloaded
E-FABP (4.5 

 

�

 

M), and the units of stabilization were determined
as described above. The extent of arachidonate remaining associ-
ated with the E-FABP was assessed by repeating the binding and
gel-filtration steps using [

 

3

 

H]arachidonate of a known specific
activity and determining the bound arachidonate in the eluted
E-FABP by scintillation counting.

 

Mass spectrometry

 

For the LTA

 

4

 

 half-life experiments analyzed by mass spectrom-
etry, the HPLC effluent was introduced into a Sciex API-3000 (PE-
Sciex, Thornhill, Ontario, Canada), and the samples were ana-
lyzed as previously described (23).
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RESULTS

 

Stabilization of LTA

 

4

 

 by FABP family members

 

Previously, we had reported that the E-FABP, also known
as the keratinocyte lipid binding protein, was present in
RBL-1 cells and could protect LTA

 

4

 

 from rapid hydrolysis
with water (13). To ascertain whether this phenomenon
was specific for E-FABP, we tested the ability of FABPs from
various tissues and species to carry out this same function
(

 

Fig. 1

 

). Most of the FABPs that we tested were His-tagged,
so any interference by the His tag on the process of LTA

 

4

 

stabilization was investigated. The rE-FABP (4.5 

 

�

 

M) and
the His-tagged mE-FABP (4.5 

 

�

 

M), which have 92% sequence
identity, were tested for their ability to increase the half-
life of LTA

 

4

 

 (9 

 

�

 

M) (Fig. 1). There was no difference be-
tween the half-life of LTA

 

4

 

 incubated with the His-tagged
mE-FABP (17.2 

 

�

 

 0.76 min) or with rE-FABP (14.9 

 

�

 

 2.0
min); both proteins were able to increase the half-life of
LTA

 

4

 

 by at least 25-fold over buffer alone, which contained
an identical amount of ethanol and acetone added as the
vehicle to dissolve the free acid LTA

 

4

 

 used for these half-
life assays (Fig. 1).

The other proteins tested were also His-tagged, includ-
ing the mA-FABP, the mE-FABP, the hH/M-FABP, the rI-
FABP, and the rL-FABP. When the concentration of FABP
was held constant at 4.5 

 

�

 

M, the half-life of LTA

 

4

 

 was exam-
ined at 4

 

�

 

C in the buffer solution (Fig. 1). Under these
conditions, the half-life of LTA

 

4

 

 in buffer (in the absence
of any FABP) was less than 45 s; however, all of the FABPs
were able to stabilize LTA

 

4

 

 to a half-life of greater than 10
min. The epithelial FABP from both mouse and rat seem
to have a slightly greater ability to stabilize LTA4, but this
difference was not statistically significant.

In separate experiments, LTA4 (9 �M) was added to horse
myoglobin (4.5 �M), which has a molecular mass of 16,900
Da, similar to the FABPs, but a completely dissimilar ter-

tiary structure. There was no difference in the half-life of
LTA4 in the presence of this protein relative to buffer con-
trols (Fig. 1), supporting the hypothesis that the stabiliza-
tion effect of E-FABP was specific rather than a nonspe-
cific protein effect.

Competition assays
To examine the binding between LTA4 and E-FABP in

further detail, competition assays between LTA4 and other
lipids were performed. These assays were carried out with
target lipids and LTA4 at 9 �M added together to E-FABP
at 4.5 �M. Arachidonic acid has been reported to be one
of the highest affinity ligands for E-FABP, with a dissocia-
tion constant of 318 � 14 nM (14).

In those experiments in which arachidonate (15 �M)
was in excess of LTA4 (9 �M) in the competition experi-
ment, there was a complete loss of any evidence of LTA4
stabilization (Fig. 2). When arachidonate (7.5 �M) was
similar to the concentration of LTA4 (9 �M), there was
also little suggestion that any stabilization of LTA4 oc-
curred. Only when the arachidonate was reduced to less
than 3.8 �M was there any stabilization of LTA4, suggest-
ing that LTA4 competed very poorly for E-FABP binding
with arachidonic acid but that when a sufficient number
of empty sites remained, LTA4 could enter the binding
cavity and be sequestered in a region protected from the
aqueous environment.

Many studies of fatty acid binding to these FABP pro-
teins use techniques in which equilibrium conditions exist
to measure a dissociation constant. However, little is known
about the rates at which fatty acids enter or leave the bind-
ing cavity. Nevertheless, the investigation of LTA4 stabiliza-
tion by FABP is in fact somewhat different from such mea-
surements and more likely follows the competition of this
triene epoxide with other fatty acids such as arachidonate
for entry into the binding cavity. Although the arachi-
donate can freely enter and leave in a dynamic manner that

Fig. 1. Stabilization of leukotriene A4 (LTA4) by various members
of the fatty acid binding protein (FABP) family as measured by an in-
crease in the half-life of LTA4 (9 �M) by 4.5 �M FABP and by 4.5 �M
horse myoglobin. The proteins tested were non-His-tagged recom-
binant rat epithelial FABP (rE-FABP) and the His-tagged recombi-
nant proteins mouse epithelial FABP (His-mE-FABP), mouse adipo-
cyte FABP (His-mA-FABP), human heart/muscle FABP (His-hH/
M-FABP), rat intestinal FABP (His-rI-FABP), and rat liver FABP (His-rL-
FABP). Results are reported as averages of four experiments � SEM.

Fig. 2. Stabilization of LTA4 (9 �M) by 4.5 �M rE-FABP in the pres-
ence of increasing concentrations of arachidonic acid (3.8, 7.5, and
15 �M) measured by the amount of LTA4 remaining after 20 min at
4�C in a standard assay (see Materials and Methods). Results are re-
ported as averages of four experiments � SEM.
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can be estimated by an equilibrium binding constant,
once LTA4 leaves the protective binding cavity it would be
rapidly hydrolyzed by water to 6-trans-LTB4, 6-trans-12-epi-
LTB4, and several 5,6-diHETEs. Therefore, a slightly dif-
ferent study was performed in which an initial equilib-
rium of arachidonic acid with E-FABP was established only
to be followed by the addition of LTA4. For this study,
arachidonate (20 �M) was incubated on ice with E-FABP
for 30 min, then the free arachidonic acid was removed by
a rapid gel-filtration column. Based upon results from sep-
arate experiments in which radiolabeled arachidonate was
added as a tracer, the concentration of arachidonate asso-
ciated in the gel filtration fraction containing E-FABP was
only slightly more than half of the assumed concentration
of protein, equivalent to 2.3 �M. This suggested that rapid
dissociation of the arachidonate had occurred while on
the column, which became efficiently trapped by the gel-
filtration column (Fig. 3). In fact, the gel-associated radio-
labeled arachidonate was not efficiently eluted until the
column was injected with fatty acid-free BSA. When the
gel-separated E-FABP (4.5 �M) containing 2.3 �M arachi-
donate was incubated with 9 �M LTA4, the LTA4 was stabi-
lized to 330 � 7 LTA4 units/mg E-FABP (Fig. 3), a value

similar to that seen when E-FABP (4.5 �M) was mixed
with a mixture of 3.8 �M arachidonate simultaneously
with 9 �M LTA4 (Fig. 2).

The striking stabilization of LTA4 by various FABP pro-
teins suggested that this family could play a central and
previously unrecognized role in leukotriene biosynthesis
within the cell. Therefore, various 5-LO products were ex-
amined as potential binding partners to assess whether or
not these products could reduce the extent of LTA4 stabil-
ity, as did arachidonate (Fig. 4). The 5-LO product 5(S)-
HETE had been previously shown to have rather low affin-
ity for E-FABP (1,560 � 115 nM) (14), but other LTA4
hydrolysis products, such as 5,6-diHETE and leukotriene
B4 (LTB4), had not been previously examined. The stabil-
ity of LTA4 induced by E-FABP was only slightly decreased
by 5-HETE, and then only when present at relatively high
concentrations of 10 or 30 �M. In sharp contrast, arachi-
donate at 15 �M completely abolished the LTA4 stability
in this same series of experiments. When either 5,6-diHETE
or LTB4 was added to this competition assay for LTA4 sta-
bility, there was no evidence for any effect even when a
greater than 3-fold higher molar ratio of each dihydroxy-
eicosanoid was used (Fig. 4). LTA4 remained highly stable
in these assays. These results suggest that the products of
LTA4 that result from either enzymatic or nonenzymatic
hydrolysis of the triene epoxide do not effectively com-
pete for the FABP cavity that stabilizes LTA4.

DISCUSSION

Stabilization by FABPs
FABPs are found in the cytosol of most cells; however,

the tissue distribution of the FABP family members varies
(24). Only A-FABP and E-FABP have been shown to be ex-
pressed in cells of the myeloid lineage, which can produce
LTA4 (25, 26), and perhaps these FABPs play a role in fa-
cilitating the distribution of LTA4 within these cells. The
other FABP family members could still play some role in

Fig. 3. Analysis of rE-FABP preequilibrated with [3H]arachidonate.
Separation of unbound arachidonate was carried out by a gel-filtra-
tion column using phosphate-buffered saline elution, with collec-
tion of void column fraction (3.3 ml), total protein fraction (4 ml),
or 1 min fraction (0.75 ml). After washing with a total of two col-
umn volumes and collecting sequential 0.75 ml fractions, 2 mg of
BSA was added (1 mg/ml) to the column followed by elution of the
corresponding void volume and protein fraction as above. Aliquots
of each fraction were taken for the determination of radioactivity
content by scintillation counting. The inset shows results from the
assay of LTA4 stabilization of the preequilibrated and gel filtration-
purified E-FABP (4.5 �M) calculated to contain 2.3 �M arachi-
donate from the radioactivity tracer studies. Results are reported as
the average of four experiments � SEM.

Fig. 4. Competition for E-FABP (4.5 �M) binding between LTA4
(9 �M) and various eicosanoids at concentrations of either 10 or 30
�M as determined by LTA4 stability. Experiments with arachidonate
were carried out at 15 �M. Results are reported as averages of four
experiments � SEM. diHETE, dihydroxyeicosatetraenoic acid;
HETE, hydroxyeicosatetraenoic acid; LTB4, leukotriene B4.
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the biosynthesis of leukotrienes by stabilizing LTA4 in ac-
ceptor cells for transcellular biosynthesis. Even though
many of the details of the process of transcellular biosyn-
thesis have yet to be elucidated, it is now well established
that the LTA4 produced in the neutrophil or other cell types,
such as the monocyte, can appear within other cell types
in which conversion into the biologically active leuko-
trienes takes place (27). Hepatocytes, which express l-FABP
(28), have been shown to be able to synthesize cysteinyl
leukotrienes when they are provided exogenous LTA4 or
when they are coincubated with monocyte-derived Kupffer
cells and stimulated (29, 30). Aortic endothelial cells, which
express the heart or muscle FABP (31), can also convert ei-
ther exogenous or neutrophil-derived LTA4 into leuko-
triene C4 (32, 33).

Even though the primary amino acid sequences of the
members of the FABP family differ extensively, all of the
family members share a similar tertiary structure, which
consists of 10 antiparallel �-strands forming a �-barrel
(18). This �-barrel structure forms an internal, water-
filled cavity that differs widely among the family members
and that accounts for the majority of the sequence differ-
ences between the various family members (34). To pro-
long the half-life of LTA4, the FABP would need to protect
the acid-labile epoxide from hydrolysis by water by bind-
ing LTA4 in a manner that would place the epoxide in a
hydrophobic region of the binding pocket. Because of the
differences in the binding pocket amino acids, it is some-
what surprising that every member of the FABP family
that was tested was able to stabilize the half life of LTA4 in
a similar manner, but this suggests that the conjugated
triene and epoxide moiety of LTA4 is held in a region
not readily accessible to water within the binding cavity.
It should be noted that for each FABP evaluated, X-ray
crystal structures with bound fatty acids have been deter-

mined; these indicate that for each species, the bound
lipid is held in a structurally ordered environment in a re-
gion with crystallographically defined water molecules. As
such, the exclusion of disordered water from the region
surrounding the epoxide may be an inherent general
property of FABPs as a component of their lipid binding
character.

Competition assays
Although some of the LTA4 produced by 5-LO could be

bound by FABPs and protected from hydrolysis, the remain-
ing unbound LTA4 would be hydrolyzed into its major
nonenzymatic products, 5,6-diHETE and the 6-trans-LTB4
isomers (also called 5,12-diHETEs). These downstream
metabolites of LTA4, including the enzymatic product LTB4
and the nonenzymatic hydrolysis product 5,6-diHETE,
were not able to inhibit the stabilization of LTA4 by E-FABP
even at high concentrations (Fig. 4). If LTA4 were being
transported through the cytosol to LTA4 hydrolase by a
FABP, neither the LTB4 produced by this enzyme nor the
nonenzymatic hydrolysis products of LTA4 would likely
compete for binding with the LTA4. The only lipoxygen-
ase product that could compete with LTA4 for its binding
site on E-FABP was 5-HETE (Fig. 4); however, this com-
pound only decreased the stabilization of LTA4 by 33%,
and even then only when at very high concentrations.

The concentration of free arachidonic acid within cells
is tightly controlled by restricting the release of arachi-
donate and also by rapid reesterification of free arachi-
donate into the phospholipids (35, 36). When cells are
stimulated, for example, by an influx of free calcium ions,
cPLA2 cleaves arachidonic acid from the phospholipids,
creating high localized concentrations of free arachidon-
ate (1). Under these conditions, 5-LO is also stimulated,
so LTA4 is also produced within the cell (37). In those ex-

Fig. 5. Schematic diagram of the proposed role of FABP in leukotriene biosynthesis. The FABP picks up free arachidonate (AA) and deliv-
ers it to 5-lipoxygenase-activating protein (FLAP), which can present it to 5-lipoxygenase (5-LO). 5-LO then converts arachidonate into
LTA4, which can be picked up by the newly unoccupied FABP and delivered to the biosynthetic enzymes for the bioactive leukotrienes.
cPLA2, cytosolic phospholipase A2; LTC4, leukotriene C4.
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periments in which arachidonate was added at the same
time, it was able to completely abolish any stabilization
of LTA4 (Fig. 2). One possible explanation for this effect
of arachidonate could be the highly lipophilic charac-
ter of both arachidonate and LTA4, as mentioned above.
An association complex could be formed that would pre-
vent LTA4 from entering the FABP cavity but still not suffi-
ciently protecting LTA4 from the aqueous environment,
so that hydrolysis occurred. However, these experiments
suggest that the capture of LTA4 is independent from any
dynamic association of arachidonate or movement of this
polyunsaturated fatty acid in and out of the FABP binding
cavity and only requires the availability of an empty site
in proximity to LTA4 to enable capture. In these competi-
tive assays in which E-FABP was initially equilibrated with
arachidonic acid before the addition of LTA4, the separa-
tion of free arachidonate from the E-FABP resulted in a
preparation containing only 2.3 �M arachidonate and 4.5
�M E-FABP. Using the previously published dissociation
constant (14), one can estimate �40% E-FABP containing
arachidonate in an association complex with 60% empty
E-FABP lipid binding sites available with which LTA4 could
quickly associate. The level of stabilization of LTA4 by this
preparation (Fig. 3) was very similar to that when 3.75 �M
arachidonate and 4.5 �M E-FABP were incubated with
LTA4 (Fig. 2). For these latter conditions, the amount of
arachidonate-associated E-FABP could be calculated as
66%, leaving 33% available to quickly associate with LTA4.

These data suggest that the LTA4 produced when a cell
is stimulated could be captured by the FABP that had lost
the bound arachidonate (or any other fatty acid) within
the binding site of the FABP and then be stabilized for
subsequent biochemical processing (Fig. 5).

FABPs appear to have a high binding affinity for both
LTA4 and arachidonic acid, although the true binding af-
finity for LTA4 is difficult, if not impossible, to measure by
the techniques used here. This protein family could aid in
the production of bioactive leukotrienes, possibly via the
following model (Fig. 5). Upon cell stimulation, cPLA2
and 5-LO are translocated to the nuclear envelope. Active
cPLA2 would release arachidonic acid from the membrane
phospholipids, and this arachidonate would be bound by
a FABP and transported to the 5-LO/FLAP protein com-
plex, in which the arachidonic acid could be presented
to 5-LO by FLAP, thus leaving the FABP binding pocket
empty. 5-LO would then convert the arachidonate into LTA4,
which could be picked up by the newly emptied FABP. This
LTA4-bound FABP would then be the vehicle delivering
this epoxide intermediate to cytosolic LTA4 hydrolase for
conversion to LTB4. The LTA4/FABP complex could also
protect the LTA4 long enough so that it could participate
in transcellular metabolism by presenting LTA4 to the
plasma membrane compartment.

In conclusion, six FABPs were shown to have the ability
to stabilize LTA4 to a half-life �20 times greater than that
in buffer alone. This chemically unstable intermediate was
further shown to be able to compete effectively for FABP
binding with various lipoxygenase products. Although the
role of these FABPs in leukotriene biosynthesis has not

been widely recognized, it is possible that they can play a
role in assisting the distribution of the reactive chemical
intermediate, LTA4, throughout the cytosol, where it can
be enzymatically converted into biologically active leuko-
trienes. It is also possible that FABPs could be important
in stabilizing LTA4 transferred from one cell to another,
resulting in the transcellular biosynthesis of bioactive leu-
kotrienes in those cells that lack 5-LO but express one
member of this family of important lipid binding pro-
teins.
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