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Abstract—Human polymorphonuclear leukocytes (PMN) stimulated with the Ca-ionophore A23187 or
opsonized zymosan not only release marker enzymes of specific granules but secrete 5-lipoxygenase
activity as well. In the presence of BSA cells incubated with [*C]AA were able to synthetize 5-HPETE
but failed to produce 5-HETE, LLTB,, and its w-oxidation metabolites. Subcellular fractionation studies
by differential and isopycnic equilibrium density centrifugation demonstrated main lipoxygenase activity
in particulate fractions consisting of specific granules, but not in cytosolic fractions. These results suggest
the association of 5-lipoxygenase with specific granules. 5-lipoxygenase released from the cells upon
appropriate stimulation reached its peak activity after 10 min and was then rapidly inactivated. It appears
that the intermediate 5S-HPETE may be generated extracellularly but has to re-enter the intracellular

space for further metabolization.

The highly complex metabolism of arachidonic acidi
(AA) leads to a variety of biologically active com-
pounds, such as prostaglandins and thromboxanes
via the cyclooxygenase pathway {1, 2], and hydroxy-
eicosatetraenoic acids (HETEs) and leukotrienes
(LTs) via the lipoxygenase enzymes [3-5]. Upon
appropriate stimulation free arachidonic acid is
released from membrane phospholipids [6] and may
be oxygenated at Cs-position by a 5-lipoxygenase
leading to 5-hydroperoxyeicosatetraenoic acid (5-
HPETE). 5-HPETE is either converted by a dehy-
drase to leukotriene A, (LTA,) or by a glutathione
peroxidase to the corresponding mono-hydroxy-
eicosatetraenoic acid 5S-HETE. LTA, can be trans-
formed by an epoxide hydrolase to leukotriene B,
(LTB,), or via a glutathione S-transferase catalyzed
reaction to leukotriene C,, which is further metab-
olized to the leukotrienes D, and E, by a y-glutamyl-
transpeptidase and a dipeptidase respectively. w-
oxidation of LTB, leads to 20-hydroxy- and 20-car-
boxy-LTB,. LTB, is a potent chemotactic and
chemokinetic agent towards polymorphonuclear
neutrophil granulocytes (PMN), monocytes and
macrophages [7-10].
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It stimulates leukocyte adhesion to vascular endo-
thelium and increases vascular permeability [11, 12].
LTC,, LTD4 and LTE,, known as slow reacting
substance of anaphylaxis (SRS), cause broncho-con-
striction and cardiovascular effects [12]. Though the
AA-metabolism of many cell types from various
species has been studied thoroughly, little is known
about the location of the enzymatic reactions leading
from free AA to the leukotrienes. There is also
little information about cell-cell interactions during
leukotriene biosynthesis. In previous publications
[13-14] we presented evidence that y-glutamyl-
transpeptidase and dipeptidase activity were associ-
ated with microsomes and specific granules, whereas
glutathione S-transferase activity was localized
within the cytoplasm. It was the purpose of the
present investigation to localize the 5-lipoxygenase
from human PMN on a subcellular level and to
characterize the distribution of the enzymatic reac-
tions initiating the leukotriene pathway.

MATERIALS AND METHODS

Reagents. Reagents used were from the following
sources: [“C]JAA (sp. act. 60 mCi/mmol), [PH]12-
HETE (sp. act. 120 Ci/mmol), Radiochemical
Center, Amersham, England; ["H]LTB, (sp. act.
150 Ci/mmol), [*H]5-HETE (sp. act. 150 Ci/mmol),
New England Nuclear, Dreieich, FRG; phosphat-
idylcholine, phosphatidyl-ethanolamine, phosphat-
idylinositol, zymosan A, melittin, Ca-ionophore
A23187, esculetin, caffeic acid, nor-dihydroguai-
aretic acid (NDGA), indomethacin, quinacrine,
ATP, Micrococcus lysodeicticus, phenolphtalein glu-
curonic acid, o-tolidin, NADH, pyruvate, heparin,
Sigma, Taufkirchen, FRG; BSA, Serva Heidelberg,
FRG; Macrodex 6% (w/v), Knoll, Ludwigshafen,
FRG; sodium metrizoate solution 75% (w/v),
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Nyegaard, Oslo, Norway; BW755C was a gift
obtained from Dr. Peskar, Ruhr-Universitit
Bochum, FRG.

Buffer. Unless stated otherwise the buffer used
throughout all experiments consisted of 0.12M-NaCl/
0.01M-Na,HPO,/0.003M-KH,PO, pH 7.4 (referred
to as PBS).

Preparation of PMN. Heparinized blood
(3000 U/ml) of healthy donors was separated on a
Ficoll-metrizoate cushion (45 min at 4° and 400 g)
followed by dextran sedimentation [15]. After
removal of platelets by repeated washing with PBS,
erythrocytes were lysed by hypotonic exposure of
the cell suspension to 0.3% (w/w) NaCl. Isotonicity
was readjusted with 1.5% (w/w) NaCl. The cells
were washed twice with PBS to remove the NaCl.
Cell viability (exclusion of trypan blue) and purity
were checked routinely and accounted for more than
97% pure and intact PMN.

Preparation of opsonized zymosan. Zymosan A
(2 mg/sample) was suspended in 5 ml PBS and boiled
for a few seconds. 15 ml PBS were added and the
suspension was centrifuged for 10 min at 4° and 3000
rpm. The pellet was washed twice with PBS, sus-
pended in 5ml of human serum and incubated at
37° for 30 min. After centrifugation the pellet was
washed twice with PBS.

Determination of marker enzymes and protein.
Lysozyme (EC 3.2.1.17), pB-glucuronidase (EC
3.2.1.31), myeloperoxidase (EC 1.11.1.7), lactate
dehydrogenase (LDH, EC 1.1.1.27), alkaline (EC
3.1.3.1) and acid (EC 3.1.3.2) p-nitrophenylphos-
phatases, and protein were determined as was pre-
viously described in detail [16].

Lipoxygenase assay. The reaction mixture for
intact cells contained 1 x 10’ PMN, indomethacin
(0.1 uM), 2 mM CaCl, and labelled AA (2.8 uM) in
a total volume of 600 ul PBS according to the various
procedures described under results. Prior to stimu-
lation the cells were preloaded with labelled AA for
30 min at room temperature; non-incorporated AA
was removed by repeated washing with PBS. Alter-
natively labelled AA and stimulus were added simul-
taneously. If cellular fractions or cell-free super-
natants were assayed, the reaction mixtures were
supplemented with 1 mM ATP [17]. For entrapping
of fatty acids and fatty acid derivatives within the
extracellular space BSA (4 mg/ml) was added to the
reaction mixture. The reaction was performed at 37°
and terminated by adding 2 ml of acidified methanol
{(0.01% acetic acid, v/v). Denaturated protein and
cell debris were removed by centrifugation, and the
clear supernatants were extracted twice with 3.5 ml
of chloroform. To minimize losses of radioactive
material that was poorly extractable with methanol,
the pellet was additionally extracted with 1 ml of
chloroform/methanol 2:1 (v/v) [18]. The losses of
radioactivity within the final pellet and the aqueous
phase determined by liquid scintillation counting
accounted for 4-5% (Packard Tri-Carb Liquid Scin-
tillation Spectrometer 3255, external standard-
ization). The pooled extracts were evaporated
to dryness under nitrogen, the residues were dis-
solved in 80 ul of chloroform and spotted on a
silica gel thin layer plate (250 um, Kieselgel 60,
Merck, Darmstadt, FRG). AA, 5-HETE, LTB,,
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phosphatidylcholine (PC), phosphatidylethanol-
amine (PE), and phosphatidylinositol (PI) served as
references. The plates were developed once with
solvent system 1 (ethylacetate/2,2,4-trimethylpen-
tane/acetic acid/water, 55:25:10:50, v/v, organic
phase) [19]. Solvent system 2 (chloroform/meth-
anol/acetic acid/water, 90:10:1:0.65, v/v) was used
for re-chromatography of LTB, and S5-HETE.
Solvent systems 3 (chloroform/methanol, 100:2,
v/v) and 4 (chloroform/methanol/acetic acid/
water, 100:60:16:7, v/v) were used combined for
one-dimensional separation of the phospholipid frac-
tion [20]. Non-labelled phospholipids were visualized
by staining with Coomassie blue [21]. Radioactivity
was detected with an ISOMESS Radio-Diinnschicht-
Analysator IM3000 (Isotopenmefgerite GmbH,
Straubenhardt, FRG).

Identification of [*C] AA products. The synthesis
of [C] AA metabolites identified as 5S-HETE, 5-
HPETE, LTB,-isomers, and w-oxidation products
was completely inhibited by known inhibitors of
lipoxygenase activity, such as BW755C (30 ug/ml),
esculetin (0.5 mM), caffeic acid (0.1 mM) and
NDGA (0.1 mM). The cyclooxygenase inhibitor
indomethacin (0.1 uM) did not show any effect. IDs
values obtained by dose-response curves correlated
well with those published elsewhere [22-24].

5-HETE and LTB, were further characterized by
co-chromatography with authentic [*H]5-HETE and
[*HJLTB, with solvent system 1 and re-chroma-
tography with solvent system 2. Incubation of stimu-
lated PMN with synthetic [°’H]LTB, showed a single
product by TLC analysis with a r; that was indis-
tinguishable from the r; of the ["*C]JAA product
identified as w-oxidation products. No attempts were
made to separate 20-hydroxy- and 20-carboxy-LTB,
by TLC. Although TLC was not suitable for the
separation of LTB, from its isomers, this analytic
system allowed the separation and quantitation of
free AA, HPETE, mono- and di-HETEs, w-oxi-
dation products of LTB,, and phospholipids in a
single step procedure. For identification of 5-HPETE
PMN labelled with ["*C]AA were stimulated with
the Ca-ionophore in the presence of 0.02% (w/v)
NaBH,. By reduction with NaBH, the [*C]A A prod-
uct identified as 5-HPETE was shifted to co-chroma-
tography with 5-HETE [17]. S-HPETE (r;=0.78 =
0.01 S.E.M., N = 8) chromatographed clearly sep-
arated from [*H}12-HETE (r; = 0.74 = 0.01 S.E. M.,
N = §; solvent system 1).

The [1*C]AA products identified as phospholipids
could not be abolished by inhibitors of lipoxygenase
but of phospholipase A, activity (quinacrine 1 mM).
After TLC analysis with solvent system 1 radio-
activity corresponding with the assumed phospho-
lipid fraction was scraped off the plates and eluted
with chloroform/methanol/water (65:40:9.5 v/v)
[25]. One dimensional re-chromatography with sol-
vent systems 3 and 4 revealed three principal prod-
ucts co-chromatographing with authentic phos-
phatidylcholine (r;=0.31; up to 37% of the total
phospholipid labelled after 50min time of
incubation), phosphatidylethanolamine (r; = 0.75;
22%), and phosphatidylinositol (r;=0.52; 40%).
Saponification of the assumed phospholipid fraction
with methanolic KOH (1 mM) at —20° overnight



Localization of 5-lipoxygenase within human polymorphonuclear leukocytes

revealed two labelled products co-chromatographing
with authentic AA and 5-HPETE by TLC with
solvent system 1.

Enzyme release. PMN (1 X 107 per sample sus-
pended in PBS (final volume 600 ul) supplemented
with 2 mM CaCl, were incubated at 37° with the Ca-
ionophore, or opsonized zymosan (2 mg) according
to the various procedures described under results.
After incubation the cells were removed by cen-
trifuging at high speed for 5sec (Eppendorf cen-
trifuge 5414). The clear supernatants were assayed
for enzyme activities. Unless stated otherwise the
amount of enzyme released is given as percentage of
the enzyme content related to an equal number of
sonicated cells. Because sonicated PMN exhibited
less lipoxygenase activity than the supernatants
obtained with non-cytotoxic degranulation, the
release of lipoxygenase activity is expressed as total
extracellular activity and not as percentage release.

Subcellular fractionation. 1% 10° PMN were
homogenized in a cooled Potter Elvehjem teflon
homogenizer (Braun Melsungen, Melsungen, FRG,
20 m], clearance 0.095-0.115 mm) driven by a drilling
machine at 200 rpm. Cell breakage was controlled by
staining aliquots with toluidine blue. 80-100 strokes
were sufficient to break about 95% of the cells. Prior
to homogenization the cells were suspended in a
hypotonic medium (0.1 M sucrose in Tris—-HCI,
SmM, pH 7.4). Isotonicity was readjusted with
0.54 M sucrose after homogenization.
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Cell fractionation by differential centrifugation
was carried out by centrifuging the whole hom-
ogenate at 4° and 400 g, 3000 g, 20,000 g for 15 min,
and 200,000¢ for 60min in a Christ centrifuge
(Christ, Osterode, FRG), and a Beckman ultra-
centrifuge model L8-70 (Beckman Instruments, Palo
Alto, U.S.A.) using a SW40 rotor. Four particulate
fractions [1-4], and one final supernatant [5] were
obtained. For isopycnic equilibrium density cen-
trifugation a 400 g supernatant was layered on top of
a linear sucrose gradient (19-54%, w/v) and centri-
fuged at 4° and 100,000 g for 12 hr, using a Beckman
ultracentrifuge and a SW40 rotor. The enzyme activi-
ties of the subcellular fractions were calculated from
specific activity; the sum of enzyme activities within
all fractions of a homogenate was taken as 100%
[16].

RESULTS

Metabolization of [“ClAA: effect of BSA

Human PMN stimulated with the Ca-ionophore
A23187 (5.7 uM) for 10 min at 37° in the presence of
indomethacin (0.1 uM) converted exogenously
added [*C]AA to at least five isotopically labelled
products as could be detected by TLC. These prod-
ucts were identified as phospholipids (PI, PC, PE,
r;=0.0), 20-hydroxy- and 20-carboxy-LTB, (r;=
0.24), LTB, and its isomers (r = 0.57), 5-HETE (r; =
0.72) and 5-HPETE (r; = 0.78). In the absence of

30— Phospholipid 20-0H-/COOH~-LTB, , LTB, + isomers
. 20 20}
L
- /‘/.
= 201 / 15— . Y
ol . *
s | /
I /. 10 ". 10 \o
e | I
'"g 10 ¥ l \C—.
o L]
= 5 54
: I
®
+ | | i} 1 (I | | _J
5 0 20 40 60 0] 20 40 60 o} 20 40 60
N
- O 5-HETE 30~ 5-HPETE AA
[
*é 80
2 .
5]
o 20 »B [Xe] ™
é’ .
s I\ wolt
o . 1
2 of- \ x
=
20
L]
e Yt
| L~ oo —? t J
[¢] 20 40 60 o] 20 40 60 0] 20 40 60

Time of incubation [min]

——eo Control

-0 Albumin trap

Fig. 1. Kinetics of [“C]AA metabolization by human PMN stimulated with the Ca-ionophore A23187
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indomethacin no additional products were gener-
ated. Thus under the chosen conditions no cyclo-
oxygenase transformation of ["*C]AA had occurred.
In contrast to human PMN, mixed suspensions of
human lymphocytes, monocytes and basophilic gran-
uloctyes, or rat peritoneal cells synthetized cyclo-
oxygenase products in good yields when stimulated
under the same conditions (unpublished results).
PMN as a poor source for cyclooxygenase products
were already described [26]. Kinetic experiments
demonstrated a rapid conversion of [“CJAA. 20-
hydroxy- and 20-carboxy-LTB, accumulated as the
only products, together with an increase of radio-
activity in the phospholipid fraction (Fig. 1). The
time-dependent decrease in LTB,/LTB-isomers and
S-HPETE was most likely to be due to the trans-
formation to w-oxidation-products and LTB,/5-
HETE, respectively. 5-HETE, but not LTB, or one
of its isomers underwent reesterification into
phospholipids, as was demonstrated by hydrolysis
of the phospholipid fraction. Reesterification of 5-
HETE was already described {27, 28]. 75-90% of
labelled metabolites appeared in the supernatants
of stimulated cells; labelled phospholipids remained
with the pellet. PMN preloaded with [“C]AA prior
to stimulation generated the same metabolic pattern
(qualitatively as well as quantitatively) as compared
to cells receiving labelled AA and stimulus simul-
taneously (data not shown). More dramatic changes
were observed when AA and its metabolites were
immobilized in the extracellular space using bovine
serum albumin (BSA, 4 mg/ml) as albumin trap [29]
(Fig. 1). In the presence of albumin the synthesis of
S-HETE, LTB,, its isomers and w-oxidation prod-
ucts was significantly reduced, whereas 5-HPETE
accumulated in the extracellular space. Again pre-
loading of cells with labelled AA and simultaneous
addition of substrate and stimulus led to the same
metabolic pattern (data not shown). Since the incor-
poration of exogeneously added [“C]AA into
phospholipids was reduced only by 80% in the pres-
ence of BSA (Table 1), it was difficult to exclude
that in spite of the albumin trap a part of the [*C]-

Table 1. Incorporation of exogenously added [“C]AA into
phospholipids by non-stimulated PMN in the presence and
absence of BSA (4 mg/ml). Radioactivity was determined
by liquid scintillation counting, the amounts of labelled
phospholipid by TLC. The authenticity of the label with
[“C]AA was confirmed by hydrolysis with methanolic KOH
followed by TLC analysis as described under Materials and
Methods. Data are given as % of the total radioactivity
that was present in the reaction mixture

Radioactivity recovered from

Time of the cell pellet (phospholipid fraction)
incubation % of total radioactivity

(min) with BSA without BSA

5 1.5 11.8

10 2.6 18.2

15 3.0 20.3

25 4.1 214

35 4.9 19.6

45 5.0 20.1
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Fig. 2. Demonstration of 5-lipoxygenase activity within
cell-free supernatants obtained from human PMN stimu-
lated with various concentrations of the Ca-ionophore
A23187 for 20 min. (A) marker enzymes of specific (lyso-
zyme), azurophilic granules (lysozyme, S-glucuronidase),
and cytoplasm (LDH); (B) 5-lipoxygenase activity as was
represented by the amounts of 5S-HPETE and 5-HETE
synthetized from added [“C]AA. For elimination of the
endogenous AA-release, the cells were pre-incubated with
the phospholipase inhibitor quinacrine for 10 min at 0° prior
to stimulation. For details as to the calculations see under
Material and Methods. Each dot represents the mean value
of four experiments with S.E.M. ranging (A) from 6 to 9%
and (B) from 8§ to 12%.

AA had entered the cells for metabolization. Thus
these results suggest that either the precursor 5-
HPETE or AA itself was released from the cells
upon stimulation. The second possibility implicates
extracellular lipoxygenation of AA, a process that
would require secretion of 5-lipoxygenase from
stimulated cells.

Granular enzyme release

During subsequent experiments supernatants of
PMN stimulated with opsonized zymosan (2 mg/ml)
or the Ca-ionophore A23187 were assayed for lip-
oxygenase and marker enzyme activities. Depending
on the concentration of stimulus and the duration of
incubation PMN release the granular marker enzyme
lysozyme. Peroxidase and p-glucuronidase were
hardly detectable (Figs. 2 and 3), suggesting the
secretion of specific, but not of azurophilic granules.

Release of granular enzymes was non-cytotoxic as
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Fig. 3. Time dependent release of enzymes from human
PMN by stimulation with opsonized zymosan (2 mg/600 ul).
(A) marker enzymes of specific (lysozyme), azurophilic
granules (Iysozyme, peroxidase, $-glucuronidase) and cyto-
plasm (LDH); (B) 5-lipoxygenase activity as was repre-
sented by the amounts of 5-HPETE and 5-HETE syn-
thetized from added [“C]AA. Each dot represents the
mean value of three experiments with S.E.M. ranging from
5to 10%.

indicated by low levels of the cytoplasmic marker
enzyme LDH within the supernatants. The increase
in lysozyme activity correlated with an increase in 5-
lipoxygenase activity as was indicated by the con-
version of added [C]AA to 5-HPETE as principal
product and minor amounts of 5-HETE. LTB, and
its w-oxidation metabolites were hardly detectable.
The conversion of [*C]AA by cell supernatants was
completely inhibited by known lipoxygenase inhibi-
tors at the given concentrations (BW755C 30 ug/ml,
esculetin 0.5 mM, caffeic acid 0.1 mM and NDGA
0.1 mM). No effects were expressed by the cyclo-
oxygenase-inhibitor indomethacin (0.1 uM). Kinetic
studies with the Ca-ionophore or opsonized zymosan
as stimuli demonstrated a maximum of 5-lipoxy-
genase within the supernatants after 10 min followed
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by a steady decrease at later times. This pattern
strongly suggested a rapid inactivation of the S-lip-
oxygenase soon after it was released from the cells.
Autocatalytic inactivation of lipoxygenase by its
hydroperoxide product was previously reported by
Rapoport et al. [30]. We therefore assumed that
blocking of the endogenous AA-metabolism by
inhibiting AA-release from phospholipids might
increase the 5-lipoxygenase activity detectable in the
supernatants. Pre-incubation of PMN with the phos-
pholipase inhibitor quinacrine (0.5 mM) for 10 min
at 0° prior to stimulation with the Ca-ionophore led
to a twofold increase in lipoxygenase activity within
the supernatants as compared to the control (Fig. 3).
The inactivation of the 5-lipoxygenase was neither
abolished nor was its peak actively shifted.

Subcellular fractionation studies

The data presented so far suggest the localization
of 5-lipoxygenase within a secretory compartment.
Subcellular fractionation studies were carried out
for a more detailed analysis. Human PMN were
homogenized and subjected to differential centri-
fugation (see Materials and Methods). Biochemical
analysis revealed that fraction 1 (400 g pellet) mainly
contained intact cells and large cell fragments, frac-
tion 2 (3000 g pellet), and fraction 3 (20,000 g pellet)
azurophilic granules, fraction 4 (200,000 g pellet)
specific granules and microsomes and fraction 5
(200,000 g supernatant) cytoplasm. The highest
amount of lipoxygenase activity was detected within
the fraction containing specific granules and micro-
somes (200,000 g pellet) (Fig. 4). Low amounts of
lipoxygenase activity were detectable within the cyto-
plasmic fraction. By isopycnic equilibrium density
centrifugation of a 400 g supernatant main lipoxy-
genase activity was recovered from fractions with
a density ranging from 1.13-1.18 g/ml (Fig. 5). In
accordance with Bretz and Baggiolini [31] the bio-
chemical analysis revealed that these fractions mainly
contained specific granules.

DISCUSSION

The accumulation of polymorphonuclear leuko-
cytes at the site of inflammation is a characteristic
feature for most tissue injuries. The active con-
tribution of PMN to the inflammatory response is
mediated by the secretion of granular bound
enzymes, by generation of superoxide anions, and
by the synthesis of lipid mediators of inflammation
derived from AA via the lipoxygenase pathway (for
reviews see [32,33]). It has been proposed by
numerous authors that discrete elements of the
inflammatory response are interdependently related
to each other. In the past a direct evaluation of the
interrelationship between degranulation and leuko-
triene biosynthesis was difficult since precise infor-
mations about the subcellular localization of the
enzymes for leukotriene biosynthesis were lacking.

Our data suggest that the 5-lipoxygenase of human
PMN is associated with a secretory compartment. In
the presence of BSA human PMN stimulated with
the Ca-ionophore or opsonized zymosan converted
labelled AA to 5S-HPETE but failed to synthetize
LTB,, its isomers and w-oxidation metabolites, even
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if the cells were preloaded with labelled AA. The
possibility of a direct interference between BSA and
the stimulus seems to be most unlikely. If the con-
centration of the stimulus is decreased, the amounts
of all metabolites derived from added [“C]JAA were
reduced at the same rate, whereas 5-HPETE alone

30

accumulated in the presence of BSA. Accumulation
of the intermediate 5-HPETE within the extra-
cellular space by entrapping with BSA suggests that
either 5-HPETE has been synthetized intracellularly
with subsequent secretion, or lipoxygenation of AA
has taken place extracellularly.
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As was previously reported by Goldstein et al.
{34] and Gallin et al. [35], human PMN release the
enzyme content of their specific, but not of azur-
ophilic granules upon stimulation with the Ca-ion-
ophore A23187 or opsonized zymosan. Qur data
demonstrated that secretion of the specific granular
content was paralleled by a release of 5-lipoxygenase
activity. Conversion of [“C]AA by cell-free super-
natants correlated well with the concentration of the
stimulus and the duration of incubation. The lack of
temporal correlation between lysozyme release and
the appearance of 5-lipoxygenase at early times of
stimulation was most likely to be due to a higher
sensitiveness of the lipoxygenase assay. Low levels
of LDH activity indicated that the release of enzyme
activity was due to secretion and not to cell damage.
Cell-free supernatants obtained from stimulated cells
converted [*CJAA to one principal product that
appeared to be S-HPETE. Evidence was presented
as such that: (1) inhibitors of lipoxygenase, but not
of cyclooxygenase activity inhibited conversion of
labelled AA by supernatants, (2) in the presence of
NaBH, supernatants converted AA to a product co-
chromatographing with S-HETE and (3) 5-HPETE
accumulated as principal product when ['“C]AA was
converted by cell free supernatants as well as by
intact cells in the presence of BSA. Thus, it can be
concluded that lipoxygenation of AA released from
stimulated cells may occur extracellularly. It
appeared that for metabolization of 53-HPETE into
LTB, the intermediate has to re-enter the intra-
cellular space.

The Ca-ionophore A23187 is not as specific for
the release of specific granules as other stimuli. How-
ever, our assumption that the 5-lipoxygenase may be
associated with specific granules is strongly sup-
ported by subcellular fractionation studies. Dif-
ferential and equilibrium density centrifugation of
cell homogenates strongly suggested the association
of 5-lipoxygenase activity with particulate fractions
which consisted mainly of specific granules, as was
indicated by the presence of the marker enzyme
lysozyme in the absence of peroxidase and f-glu-
curonidase. Hardly any lipoxygenase activity was
detectable within the cytoplasmic fractions. These
results are in contrast to those published by other
authors. Unfortunately the various results are dif-
ficult to compare to each other since the cell sources
and methods chosen for cell breakage and frac-
tionation vary from author to author. Ochi et a/. [17]
and Hamasaki and Tai [36] localized lipoxygenase
activity within the cytosolic fraction of guinea pig
polymorphonuclear granuloctyes and RBL-1 cells
respectively. The cell breakage was carried out by
sonication; the 105,000 ¢ supernatant was defined
as cytosolic fraction. A bimodal distribution of 12-
lipoxygenase within the cytosol (105,000g super-
patant) and microsomes was reported by Yokoyama
et al. [37] for the rat lung, and for human platelets
by Nugteren [38], Ho ez al. [39], and Lagarde ef al.
[40]. Chang et al. [41] and Yoshimoto et al. [42]
demonstrated 12-lipoxygenase activity in the cytosol
(105,000 g supernatant) of rat platelets and porcine
PMN, respectively. Contradictory results might arise
from the fact that sonication is often used for cell
breakage. This method is not as suitable for the
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preparation of intact granules as compared to the
Potter-Elvehjem homogenization procedure. In pre-
vious papers [13, 14] we demonstrated that y-glu-
tamyltranspeptidase and dipeptidase activity were
also associated with microsomes and specific
granules, whereas glutathione S-transferase was
localized in the cytoplasm. The physiological sig-
nificance of enzyme release upon stimulation remains
still unclear at the present state of investigation.
One function of 5-lipoxygenase release could be the
cooperation with other cell types. Cell—cell inter-
actions during AA metabolism were already pro-
posed by several authors, e.g. metabolization of
platelet-derived AA and 12-HETE to LTB,, 5-
HETE and 5,12-diHETE, respectively by human
PMN [43,44], activation of human PMN 5-lip-
oxygenase by platelet-derived 12-HPETE [45], syn-
thesis of prostacyclin from platelet-derived endo-
peroxides by human endothelial cells [46] and
conversion of PMN-derived LTA, into LTB, by
human erythrocytes [47]. One might suggest that by
extracellular lipoxygenation of AA the precursor 5-
HPETE is provided to cell types lacking 5-lip-
oxygenase activity.

Another aspect of enzyme secretion could be the
control of the enzymatic activity itself. Our data
indicate that the lipoxygenase is rapidly inactivated
after release from the cells. Autocatalytic inac-
tivation by its hydroperoxide product alone [30]
might not account for this phenomenon, because
elimination of the endogenous A A-release by a phos-
pholipase inhibitor did not prevent the enzyme from
inactivation. Alternatively, Rapoport et al. [30] sug-
gested that the lipoxygenase is highly susceptible to
aerobic inactivation at 37° even without the presence
of a hydroperoxide. Thus, once the enzyme is
released it may become accessible for oxygen attack
restricting its time dependent activity.
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