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12-Lipoxygenase from rat basophilic leukemia cells was purified about 300-fold by protein-HPLC in a single run.
Maximal 12-lipoxygenase activity was observed at pH 7.5, while the enzyme became almost inactive at pH 6 and 9.
Although Ca?* was not essential for 12-lipoxygenase activity, the partially purified enzyme was stimulated approx.
2-fold in the presence of 0.1-5.0 mM Ca’*. Contrary to 5-lipoxygenase from RBL-1 cells, 12-lipoxygenase was not

inactivated by preincubation with Ca®* for 1-10 min, nor was it stimulated by 0.1-10 mM ATP.

Rat Basophilic Leukemia (RBL-1) cells have been
shown to possess 12-lipoxygenase activity [1-3]. Re-
cently, we reported the separation of 12-lipoxygenase
from 5-lipoxygenase by protein-HPLC [4]. The enzyme
was shown to convert arachidonic acid into 12(S)-
HETE and linoleic acid into 13(S)-H(P)OD. Optimal
12-lipoxygenase activity was observed at 10 ° C, while at
37°C 12-lipoxygenase was very rapidly inactivated by
low concentrations (10-100 nM) of its product, hy-
droperoxy fatty acid. Linoleic acid was found to be a
substrate for 12-lipoxygenase but not for 5-lipo-
xygenase from RBL-1 cells. Therefore, 12-lipoxygenase
activity in the cytosolic fraction can be studied without
interference of simultaneously formed 5-lipoxygenase
products by using linoleic acid as a substrate. 12-Lipo-
xygenase from RBL-1 cells resembles 12-lipoxygenases
from bovine and porcine leukocytes, which can also
utilize linoleic acid as a substrate [5-7], in contrast to
12-lipoxygenase from bovine and human platelets [8].

RBL-1 cells (Flow Laboratories, U.K.) were grown
in stationary tissue culture flasks in RPMI 1640 medium
(Gibco, Grand Island, NY, U.S.A.) supplemented with
10% foetal bovine serum, penicillin (100 IU/ml),
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streptomycin (100 wg/ml), L-glutamine (2 mM), and
amphotericin (10 pwg/ml). Cells were collected, cen-
trifuged (10 min, 2000 X g, room temperature), and
washed with phosphate-buffered saline (PBS, 0.9%
(w/v) NaCl in 8.6 mM phosphate buffer, pH 7.4).
After cell disruption 12-lipoxygenase was partially puri-
fied from the 20000 X g cell supernatant as described
before [4] with one modification; no phosphatidyl-
choline (PC) was added to buffers. Briefly, cell super-
natant was brought to 50% saturation with 100% satu-
rated ammonium sulfate (pH 7.1) and the protein
precipitate was resuspended in buffer B (20 mM Tris-
HCI (pH 7.1), 50 mM NaCl, and 5% ethylene glycol),
dialyzed, centrifuged, and injected onto a TSK DEAE-
SPW anion-exchange HPLC column (7.5 X 75 mm) with
a poly-ol Si 300 gel filtration HPLC guard column,
preequilibrated at 0° C with buffer B at a flow rate of
0.5 ml/min. The highest 12-lipoxygenase activity eluted
in the pass-through fractions. Protein concentrations
were determined according to Bradford [9].

The enzyme assay was carried out in PBS (cell
supernatant) or buffer B (purified fractions). The
amount of 13-H(P)OD formed upon incubation with
linoleic acid (99%, Fluka AG, Buchs, Switzerland)
during 30 min was used as a measure of lipoxygenase
activity. The enzyme assay was performed at 10° C and
pH 7.5 in a final volume of 500 w1 containing 60 uM
linoleic acid, 1 mM Ca?*, and 5% ethylene glycol,
unless otherwise indicated. Incubations were stopped
by the addition of 500 wl methanol and formed 13-
HPOD was reduced to 13-HOD by the addition of
reduced glutathione (final concentration 5 mM; Sigma
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Chemicals, St. Louis, MO, U.S.A.). Prostaglandin B,
(Sigma) was added as an internal standard for HPLC
analysis. 13-HOD was extracted with octadecyl solid-
phase extraction columns (Baker, Deventer, The
Netherlands) and analyzed with reversed-phase HPLC
as described before [4]. The identity of 13-HOD was
confirmed by ultraviolet detection and by co-elution
with 13-HOD prepared by incubation of linoleic acid
with soybean lipoxygenase-1 at pH 9.0 [10]. 13-HOD
was quantified by relating peak areas to that of the
internal standard prostaglandin B,. Molar absorption
coefficients used are: 28650 M~! cm~! at 280 nm for
prostaglandin B, and 25000 M~! cm ™! at 237 nm for
13-HOD [11].

12-Lipoxygenase from RBL-1 cell supernatant was
partially purified in a single run, using a TSK DEAE-
SPW anion-exchange HPLC column with a poly-ol Si
300 gel filtration HPLC guard column. In our previous
report [4] sonicated PC (type III-E; Sigma) was added
to buffer B (final concentrations: 100 pg/ml during
dialysis and 20 pg/ml during elution) to improve re-
covery of 5-lipoxygenase activity [12,13]. Following this
procedure, purification of 12-lipoxygenase was only
about 30-fold (Table I). However, when sonicated PC
was left out from buffer B, recovery of 12-lipoxygenase
activity was strongly improved, resulting in an almost
300-fold purification (Table I). To investigate if part of
the 12-lipoxygenase was bound tightly to the column in
the presence of sonicated PC, a linear gradient of
50-400 mM NaCl in buffer B was applied to the
column to elute 5-lipoxygenase [4], followed by an
injection of 1 ml of a 2 M NaCl solution. However, the
resulting protein eluate did not contain any 12-lipo-
xygenase activity. In order to exclude that a direct
inactivation of the enzyme by sonicated PC was in-
volved, cell supernatant (Fig. 1A) or partially purified
enzyme (Fig. 1B) was preincubated for 5 min with
sonicated PC and subsequently incubated with linoleic
acid. In both cases only a slight reduction in enzyme
activity was observed at the concentration of sonicated
PC previously used in elution buffer. Since both pro-
files seem to be similar, this slight reduction in enzyme
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Fig. 1. Effect of added sonicated PC on 12-lipoxygenase activity.
20000X g Supernatant of RBL-1 cells (A) or partially purified
12-lipoxygenase (B) was incubated with 60 uM linoleic acid for 30
min at 10 °C in the presence of 1 mM Ca?*. (C) Protein precipitate
of 20000 X g supernatant was preincubated without sonicated PC or
with 100 pg/ml sonicated PC, diluted to 20 wg/ml sonicated PC,
and incubated with 60 wM linoleic acid for 30 min at 10°C in the
presence of 1 mM Ca?*. Circles and bars represent mean values of
duplicate experiments with one enzyme preparation.

Partial purification of 12-lipoxygenase from RBL-1 cells with and without sonicated PC being added to buffers

Fractions were assayed for 12-lipoxygenase activity for 30 min at 10 °C and pH 7.5 in the presence of 60 M linoleic acid, 1 mM Ca?*, and 5%
ethylene glycol. The reaction mixtures were analyzed by reversed-phase HPLC as described in [4).

Sample Total protein Total activity Specific activity Purification Yield
(mg) (nmol) (nmol /mg) (-fold) (%)

20000 X g supernatant 81.8 (77.7) 28.9 (30.1) 035 (0.39) 1 (1) 100 (100)
0-50% precipitate 50.1 (45.5) 26.2 (28.6) 0.52 (0.63) 15 @1.6) 91 (9%
DEAE ion-exchange

pass-through

Fraction 10-16 min 0.296 (0.337) 0.89(18.8) 3.02 (55.6) 8.5(143.7) 3.1 (62)

Fraction 12-14 min 0.041 (0.050) 042 (54) 10.17 (108.4) 28.8 (280.8) 14 (18)

Values given in parentheses are those obtained in the absence of sonicated PC.



activity may be caused by incorporation of linoleic acid
into PC aggregates and /or micelles, thereby reducing
the amount of substrate available for the enzyme.
However, this can not explain the substantially lower
recovery of 12-lipoxygenase activity observed when son-
icated PC is added during purification. To investigate a
possible time-dependent inactivation of 12-lipo-
xygenase by PC during dialysis and subsequent cen-
trifugation, the protein precipitate was preincubated at
100 wg/ml sonicated PC for various time periods and
diluted to 20 ug/ml sonicated PC prior to enzyme
assay (Fig. 1C). After preincubation with sonicated PC
for 90 min a decrease in 12-lipoxygenase activity of
about 50% was observed. However, after 90 min in the
absence of sonicated PC, 12-lipoxygenase activity was
decreased to the same extent. Therefore, the recovery
of 12-lipoxygenase activity after column elution seems
to be decreased substantially by the presence of 20
wng/ml sonicated PC in the elution buffer. It remains
unclear what sort of interaction during column elution
causes this decrease.

At 10°C 12-lipoxygenase was found to have maxi-
mal activity at pH 7.5, while the enzyme became almost
inactive at pH 6 and 9. A similar profile was reported
for 5-lipoxygenase from RBL-1 cells [14] and the same
pH optimum was also reported for 12-lipoxygenases
from porcine leukocytes [7] and from bovine leukocytes
and platelets [15]. Only 12-lipoxygenase from human
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uterine cervix was reported to have a pH optimum of
6.5 [16].

It is known that when RBL-1 cells are lysed in the
presence of 0.05-10 uM Ca?™, 5-lipoxygenase becomes
associated with the particulate fraction, thereby losing
its activity [17]. Addition of EGTA prior to cell lysis
prevents this association. Moreover, addition of EDTA
prior to cell lysis improves recovery of 5-lipoxygenase
activity in cell supernatant [1,12], probably by binding
Ca’* from endogenous sources and /or by inhibiting
metal ion-dependent proteolysis [13]. Although 5-lipo-
xygenase does require Ca?* for optimal activity [1,13],
in cell supernatant the enzyme was shown to become
inactivated rapidly by preincubation with 1 mM Ca?*.
A decrease in activity of 90% was observed within 1
min [17].

Our experiments confirm these observations for 5-
lipoxygenase from RBL-1 cells (data not shown). By
contrast, we did not observe a decrease in 12-lipo-
xygenase activity after preincubation with 1 mM Ca?*
for 1-10 min nor an improved recovery of 12-lipo-
xygenase activity by adding EDTA prior to cell lysis.

To further investigate Ca?>* dependence of 12-lipo-
xygenase activity, cell supernatant was incubated with
linoleic acid at increasing Ca’* concentrations. We
found that 12-lipoxygenase was stimulated about 2-fold
at 0.2-5.0 mM Ca?* (Fig. 2A). As the enzyme was also
found to be active in the absence of added Ca2", it
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Fig. 2. Effect of added Ca®* to 20000 X g supernatant of RBL-1 cells (A) or partially purified 12-lipoxygenase (B) when incubated with 60 uM

linoleic acid for 30 min at 10 ° C. Circles represent mean values of duplicate experiments with one enzyme preparation. Effect of added ATP to

20000 g supernatant of RBL-1 cells (C) or partially purified 12-lipoxygenase (D) when incubated with 60 ©M linoleic acid for 30 min at 10°C.
Circles represent values of duplicate experiments with one enzyme preparation.
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appears that Ca2" is nonessential for 12-lipoxygenase
activity. Similar results were obtained by Hamasaki and
Tai [3], who used arachidonic acid as substrate and
observed an almost 3-5-fold stimulation in the pres-
ence of 0.5-5.0 mM Ca?*. However, since 12-lipo-
xygenase activity, observed without adding Ca®*, might
be induced by low levels of Ca’?* from endogenous
sources, cell supernatant was incubated with linoleic
acid at increasing concentrations of either EDTA or
EGTA. We found that 12-lipoxygenase activity was not
affected by the addition of either EDTA or EGTA (0.1
nM-10 mM). Moreover, also with partially purified
12-lipoxygenase, which should be Ca’?* free, addition
of Ca®* was found to be nonessential for 12-lipo-
xygenase activity (Fig. 2B). The observed stimulation of
12-lipoxygenase activity was in the same order of mag-
nitude as was observed for cell supernatant.

The 2-fold stimulation of 12-lipoxygenase activity by
0.2-5.0 mM Ca?* (Fig. 2B) was not affected by the
simultaneous addition of ATP (Sigma). This is in sharp
contrast to the effect on 5-lipoxygenase activity. In the
presence of both Ca?* and ATP, 5-lipoxygenase activ-
ity was reported to be increased about 300-fold com-
pared to either Ca®* or ATP alone [13]. We found that
12-lipoxygenase was not stimulated by ATP alone. Us-
ing cell supernatant, even a decrease in 12-lipo-
xygenase activity of 60% was observed upon incubation
in the presence of 5-10 mM ATP. As 12-lipoxygenase
activity observed in the absence of added ATP might
be induced by low levels of ATP from endogenous
sources, cell supernatant was treated with alkaline
phosphatase from calf intestinal mucosa immobilized
on beaded agarose (Sigma) at a concentration of 2
U/ml at pH 8.0 for 15 min at 20°C, to remove
possibly endogenous ATP. Alkaline phosphatase was
removed by centrifugation (5 min, 200 X g, 4° C). How-
ever, no change in 12-lipoxygenase activity was ob-
served after this treatment. ATP also did not stimulate
partially purified 12-lipoxygenase. At the same ATP
concentrations a larger inhibition of 12-lipoxygenase
activity was observed in cell supernatant than in par-
tially purified enzyme preparations. It is reasonable to
suggest that the inhibition of 12-lipoxygenase in cell
supernatant may be caused by ATP-dependent proteo-
lysis of the enzyme.

In conclusion we found that Ca** and ATP were
not essential for 12-lipoxygenase activity, although ad-
dition of Ca?* could stimulate the enzyme activity
about 2-fold. Moreover, 12-lipoxygenase in cell super-
natant was not inactivated by preincubation at 1 mM
Ca?*; addition of EDTA prior to cell lysis did not
improve recovery of 12-lipoxygenase. This in sharp
contrast to the behaviour of 5-lipoxygenase, which was
shown to be dependent on both Ca?* and ATP for
optimal activity. Addition of EDTA prior to cell lysis
improved recovery of 5-lipoxygenase activity and in cell

supernatant 5-lipoxygenase was rapidly inactivated by
preincubation at 1 mM Ca2*,

12-Lipoxygenases from various other sources were
reported to be independent of Ca?*, e.g, 12-lipo-
xygenases from rat platelets [3], bovine platelets, [5,15],
bovine leukocytes [15], and porcine leukocytes [7]. So
far no activation of human platelet 12-lipoxygenase by
Ca’* has been reported either. Only 12-lipoxygenase
from human uterine cervix was reported to be stimu-
lated about 2-fold in the presence of 1 mM Ca?* and 2
mM ATP [16], but it remained unclear whether this
stimulation would occur also in the presence of 1 mM
Ca’* alone, like we observed for 12-lipoxygenase from
RBL-1 cells.

In addition to well known physiological functions of
13-HOD and 12-HETE [18-20] it was recently re-
ported that 12-HETE may also be involved in the
induction of heat shock proteins in human leukocytes
[21], once more emphasizing the biological importance
of 12-lipoxygenase.
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