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ABSTRACT: 5-Lipoxygenase (5-LO) catalyzes the formation of 5-hydroperoxy-eicosatetraenoic acid (5-
HPETE) and leukotriene A(LTA,) from arachidonic acid. Following a rise in intracellular calcium,
5-LO translocates to a membrane where it reacts with arachidonic acid via an 18 kD protein (FLAP). In
vitro studies using a vesicle system of phosphatidylcholine (PC) and purified 5-LO were conducted under
varying concentrations of PC and calcium. At high PC concentrations, 5-LO patrtitioned onto the vesicle
containing arachidonic acid, resulting in product formation in the absence of calcium. Addition of calcium
increased the initial rate of the reaction with a small increase in product accumulation. Dilution experiments
in the absence of calcium at high PC concentrations indicated that binding of 5-LO to the vesicles is
rapidly reversible. Inthe presence of calcium, this binding is much more favorable than without calcium.
Stimulation of 5-LO activity by dithiothreitol (DTT) was more pronounced at high PC concentrations
than at low PC concentrations. The requirement for ATP for maximal activity was independent of vesicle
concentration. Inhibitors that functioned in the conditions of low PC with calcium present also inhibited
under high PC without calcium. In the presence of PC and calcium and without substrate, the enzyme
was unstable and was rapidly and irreversibly inactivated. In high PC without calcium, the enzyme was
much more stable but it was still subject to turnover-dependent inactivation. Fluorescence energy-transfer
experiments confirmed the kinetic findings that 5-LO could bind to the vesicle in the absence of calcium.
These results show that in the absence of calcium, 5-LO can reversibly bind to the vesicle containing
arachidonic acid and produce the same amount of product by a similar mechanism as observed with low
PC and calcium. Calcium likely causes a conformational change that increases the affinity of the enzyme
for the vesicle, but it is not strictly required for enzymatic activity and has no effect on the function of
the catalytic site.

5-Lipoxygenase (5-LO)is a 78 kD protein responsible and in human alveolar macrophag@} (Upon translocation
for the oxidation of arachidonic acid to 5-hydroperoxyeico- to the membrane and in the presence of FLAP, leukotriene
satetraenoic acid (5-HPETE) and subsequent conversion ofproduction occurs. Without FLAP, in these cell systems no
5-HPETE to leukotriene A(LTA,) as the first two steps of  5-lipoxygenase activity is observed. This translocation from
the leukotriene biosynthesis pathwdy ?). 5-Lipoxygenase  the cytosol to the membrane can be inhibited by quinoline
activity in cell-free preparations is highly calcium dependent inhibitors such as MK-8868). It has been shown that MK-
and is stimulated by ATP, dithiothreitol (DTT), and phos- 886 binds to FLAP and prevents 5-lipoxygenase from
phatidylcholine 8, 4). In intact cells the enzyme is also binding to the membranel().
calcium and ATP dependent and has the additional require- |njtially it was postulated that FLAP was essential for

ment for a leukocyte protein (5-lipoxygenase activating translocation by binding 5-LO to the membrane via a
protein, FLAP) found in the membran®)( “docking” mechanism 11). It was considered that drugs

5-LO has been shown to translocate from the cytosol or such as MK-886 were binding to a site on FLAP which
the nucleus to the nuclear membrane with ionophore chal- mediated the interaction of FLAP with 5-lipoxygenase and
lenge in human peripheral blood leukocyt&, (n RBL- hence were blocking a proteiprotein interaction. However
2H3 cells [7), in the human myeloid cell line HL-608], it was shown from immunoblot analysis of osteosarcoma
cells expressing only 5-LO and no FLAP that 5-LO still
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gresser@merck.com. _ stimulation 2). As expected, MK-886 did not inhibit this

* Abbreviations: 5-LO, 5-lipoxygenase; 5-HPETE, 5(S)-hydroper-  F| AP-independent translocation as the inhibitor was specific
oxy-64rans8,11,14eis-eicosatetraenoic acid; LTAleukotriene A; for FLAP. No product was observed with the FLAP-free
FLAP, 5-lipoxygenase activating protein; AA, arachidonic acid; PC, :

L-a-phosphatidylcholine; 13(S)-HPODE, 13(S)-hydroperoxgi€11- cell system, consistent with the absolute requirement for
trans-octadec dienoic acid; ATP, adenosine triphosphate; DTT, dithio- FLAP for enzyme activity.

threitol; EDTA, ethylenediaminetetraacetic acid; D-B¥(5-dimeth-

ylaminonaphthalene-1-sulfonyl)-1,2-dihexadecansiyglycero-3- Although FLAP was ruled out as necessary for translo-

phosphoethanolamine. cation, the requirement for calcium for 5-LO to be found in
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the membrane fractions has remain&8)( Even in studies  arachidonic acid were prepared by evaporating under argon
in which calcium ionophore challenge was replaced by IgE/ a solution of 4Q:L (100 mg/mL in ethanol) egg-PC and 10
antigen stimulation, an increase in calcium concentration wasuL (0.32 M in ethanol) peroxide-free arachidonic acid and
still observed concomitant with 5-LO translocation to the resuspending with sonication (2 min) in 200 (0.05 M,
membrane 14). pH 7.4) K-phosphate buffer containing 0.1 mM EDTA.

The requirement for calcium in cell-free systems with low  Determination of 5-Lipoxygenase Agty. The standard
phospholipid concentration has correlated well with the cell- 5-| O assay mixture contained 0.05 M K-phosphate buffer,
based studieslf). Calcium in micromolar concentrations pH 7.4, 0.2 mM ATP, 0.1 mM EDTA, 0.1 mM DTT,410
under micromolar phosphatidylcholine (PC) concentrations 4. 20 mg/mL PC containing 16 mM AA, and-€0.3 mM
has been observed to be required for 5-lipoxygenase activityCaCh. The enzyme was added to 1 mL of the assay mixture
(4). Under low calcium concentrations extended lag phasesand the production of product, 5-HPETE, was followed
were observed in the time course for 5-HPETE production, spectrophotometrically at 238 nm. The initial rate and
consistent with the activation requirement of calciu#). ( plateau (total product formed) were measured, and the total
Studies with hydrophobic-binding columns have shown that activity was calculated from the plateau using= 23 000
human 5-LO binds to a hydrophobic column only in the M~lcm! (]_6) The Kinacivaion rate was estimated assuming
presence of calcium. (Percival, M. D., unpublished results.) a first-order decay of the enzyme activity as previous|y

The first indication that 5-LO may not absolutely require described ).
calcium for activity was the observation that a small amount £ 0rescence Energy Transfer Experimentéesicles (10
of product was always produced in the absence of calcium mM, 7.7 mg/mL PC) containing 10% D-57 were prepared
in the cell-free system with low phosphatidylcholine vesicle by evaporating under argon a solution of egg-PC 420
concentration. This residual activity suggested that 5-LO 13 mM, 100 mg/mL) and D-57 (26L, 10 mM in ethanol)
could bind to the arachidonic acid-containing vesicles without .4 rediluting into 26QiL ethanol. Energy-transfer experi-
calcium. o ments for translocation were conducted gsinl mLsolution

To explain this residual activity, we have postulated that containing 0.1 mM EDTA, 2QM PC (10% D-57) in 0.05
the enzyme can bind to the vesicle containing arachidonic ), K-phosphate buffer, pH 7.4. 5-LO (&g) and various

acid without calcium. Calcium alters the binding affinity amqaunts of calcium were added and the fluorescence was
of the enzyme for the membrane or vesicle. The effect of immediately read with excitation at 283 nm (slit width 5

calcium on the activity of 5-LO could be due entirely to nm) and emission at 515 nm (slit width 10 nm) on a Perkin-
tighter biridin_g of the enzyme to the vesicles, qrthere could Elmer LS50B luminescence spectrophotometer. The %
be an activation due to changes at the catalytic site as well.f,grescence was calculated on the basis of the fluorescence
In this study we asked whether 5-LO activity was mayimum obtained at 0.3 mM calcium. To the same cell
dependent only on an altered catalytic activity induced by \,55 then added 20M AA. The initial rate was measured
calcium or on the equilibrium concentration of the enzyme spectrophotometrically at 238 nm, and after the reaction
vesicle system complex. To determine the calcium require- .o5-heq completion it was quenched with methanol (250
ment, the effect of various concentrations of phosphatidyl- The total amount of 5-HPETE product formed was measured
choline with and without calcium on enzyme aCtiVity was by HPLC (6535 CH3CN:H20, 0.1% HOAc, NovaPak C18
studied. In this investigation we find that calcium is not  colymn). Activity was calculated using total product forma-
required for in vitro 5-LO activity but affects the partitioning tion, as the initial rate data was not accurate at calcium

of the enzyme between the vesicle surface and the aqueouggncentrations below zM. The actual calcium concentra-

phase. tion in the reaction mixture was measured by fura-2
MATERIALS AND METHODS fluorescence titration using the kit provided by Molecular
Probes Inc.

Materials. Peroxide-free arachidonic acid (AA) was
purchased from Cayman Chemical (Ann Arbor, Ml). 13- RESULTS
(S)-HPODE was purchased from BIOMOL Research Labo-
ratories (Plymouth Meeting, PA)L-a-phosphatidylcholine The Effect of Vesicle Concentration on 5-LO Aiti in
Type llI-E (PC): from egg yolk, adenosiné-Biphosphate the Absence of CalciumThe rate of the 5-LO reaction has
(disodium salt, ATP), calcium chloride, dithiothreitol (DTT), been shown to be dependent on the ratio of arachidonic acid
ethylenediaminetetraacetic acid (EDTA), and potassium t0 phospholipid rather than on the bulk arachidonic acid
phosphate buffer were purchased from Sigma Chemical (St.concentration17). Therefore, for proper comparisons the
Louis, MO). N-(5-dimethylaminonaphthalene-1-sulfonyl)- molar fraction of arachidonic acid was kept constant in all
1,2-dihexadecanoyrglycero-3-phosphoethanolamine (tri- €xperiments.
ethylammonium salt, D-57) and fura-Il calcium titration kit The effect of increasing vesicle concentration under
were purchased from Molecular Probes Inc. (Eugene, OR).constant molar fraction of arachidonic acid without calcium
Human 5-LO was obtained from a baculovirus/insect cell was investigated. 5-Lipoxygenase was added to standard
expression system and purified to apparent homogeneitybuffer containing ATP, DTT, and EDTA with various
using affinity chromatography on an ATRgarose column  concentrations of PC vesicles containing a constant molar
(4. To remove ATP, the enzyme was desalted on a fraction of arachidonic acid. The results (Figure 1) show
Pharmacia fast desalting column using 50 mM Tris-HCI, pH an increase in 5-LO activity as the vesicle concentration
8.0, and 0.1 mM EDTA as buffer. increases. At high vesicle concentration (Figure 1, line d),

Preparation of Arachidonic Acid-Containing Vesicles. the total 5-HPETE formed was the same as the standard 5-LO
Phosphatidylcholine vesicles, 20 mg/mL, containing 16 mM assay conducted under low PC conditions with calcium
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Ficure 1: Effect of vesicle concentration on 5-LO activity in the 0.05
absence of calcium. Aliquots from a stock solution of vesicles - B

containing arachidonic acid ([P& 27 mM, [AA] = 16 mM) were

added to 1 mL of standard reaction buffer less calcium. The reaction 0.04 \
was initiated with 1 nM active 5-LO, and the production of = r
5-HPETE followed at 238 nm; (a) control with calcium (0.3 mM), é‘ 0.03 b \
16 ug/mL PC, (b) 27ug/mL PC, (c) 135ug/mL PC, (d) 270ug/ = 5
mL PC, (e) 54Qug/mL PC. & . \
_ _ , . o 2 002 \
(Figure 1, line a) as previously optimized)( Inactivation ~ i \
during the time course of the enzyme reaction still occurred A i \
under high PC without calcium, although the rate of 0.0l \
inactivation was slower under these conditions than under i \
the standard conditions with low PC and calcium. LTA 0 _-\\~ .
levels were also measured at the end of the reaction by HPLC ) i
(18) at high PC concentrations (2Q@/mL PC, 160uM Low Medium High
arachidonic acid, 0 or 0.3 mM calcium), and no significant 12 ug/ml 100 pg/ml 200 pg/ml
change was observed with and without calcium present (dataFlGURE 2: Effect of calcium on 5-LO activity in low, medium,
not shown). and high vesicle concentration. The activity of 5-LO was measured

The Effect of Calcium on 5-LO Aetly under Various under low (12ug/mL), medium (10Qug/mL), and high (20Qug/
Vesicle ConcentrationsTo characterize any activation due ML) PC concentrations with constant molar ratio of AA (1.6 PC:

; ; B L AA\) in standard reaction buffer with and without calcium (0.3 mM).
to calcium alone, the effect of calcium on 5-LO activity under The reaction was initiated by addition of 1 nM active 5-LO, and

low (12 ug/mL), medium (10Qug/mL), and high (20Qug/ the total production (Plot A) and initial rate (Plot B) of 5-HPETE
mL) PC with constant molar fraction of arachidonic acid was produced was followed at 238 nm.

studied. The results from the time courses are shown in
Figure 2A and 2B as measurements of the total product reducing inhibitory oxidation product4d®) from either the
formed (plateau) and the initial rate, respectively. At low PC or the arachidonic acid.
PC concentration, calcium causes a 10-fold increase in the High Vesicle Concentration: Effect of ATH.he stimula-
activity of the enzyme as measured by initial rate. As the tion of 5-LO by ATP has been reported many timé} the
concentration of vesicle increases, the stimulation by calcium extent of stimulation usually being on the order of 2-fold
is less and the differences in both the plateaus and initial (4). This activation has been reported to be dependent on
rates with and without calcium become neglible. Note that the presence of calcium9). To test whether ATP stimula-
higher PC/arachidonic acid concentrations with calcium result tion does require calcium, the activity of desalted 5-LO with
in significant rate decreases. and without ATP under high PC and no calcium conditions
High Vesicle Concentration: Effect of DTTt has been  was measured. Under these conditions a maximal stimula-
previously shown that the presence of DTT and EDTA tion (Figure 4) of approximately 2-fold was observed at 0.2
stimulates 5-LO activity by about 20% under low PC mM ATP, indicating that calcium does not need to be present
conditions with calcium presend), To characterize the  for ATP stimulation.
activity of 5-LO under conditions of high PC without High Vesicle Concentration: Effect of 13-HPODKi-
calcium, the enzyme’s activity with and without DTT was netic lags have been observed for both the soybean 15-LO
measured. As shown in Figure 3, the activation of 5-LO by (20—22) and the human 5-LO2@). This lag is believed to
DTT is dependent on vesicle concentration. In the absencebe due to the time required for the enzyme to be oxidized
of DTT, 5-LO maintains about 80% of its activity when the from the inactive reduced Fe(ll) form to the active oxidized
vesicle concentration is kept low (Figure 3, line b versus Fe(lll) form. Addition of fatty acid hydroperoxides will
line a), while at high concentration of vesicle in the absence oxidize the enzyme rapidly to the active Fe(lll) form and
of DTT, 5-LO maintains only about 25% of the activity reduce or eliminate the initial la@4). The time course for
observed in the presence of DTT (Figure 3, line d versus product formation under high PC conditions without calcium
line c). This suggests that DTT may be activating 5-LO by is shown in Figure 5 and shows this kinetic lag. Addition



8030 Biochemistry, Vol. 37, No. 22, 1998 Skorey and Gresser

C 0.1
0.14 - L
E onzf E o008 |
o0
Q ol §
= [ 0.06
S 008 S I
Q L O u
=] 3 Q L
£ 006 5 004 |
— L Ne) L
o E —
2 0.04 5 [
r w -
< - < 0.02
0.02 < I
v 3
0 OL...n...Ll....|._...
0 1 2 3 4 5 6 7 8 0 5 10 15 20
Time (min) Time (min)

Ficure 3: Effect of DTT on 5-LO activity in low and high vesicle  Ficure 5: Effect of 13-HPODE on 5-LO activity in high vesicle
concentration. To standard reaction buffer containing 0.1 mM concentration without calcium. To buffer containing 20§/mL
EDTA and 0.2 mM ATP was added PC, calcium, and DTT as PC and 16Q«M AA without calcium was added (a) no additions
indicated: (a) 12¢g/mL PC, 0.3 mM calcium, 0.5 mM DTT,; (b) and (b) 3uM 13-HPODE. The reaction was initiated with 1 nM
12 ug/mL PC, 0.3 mM calcium, 0 mM DTT,; (c) 200@g/mL PC, active 5-LO, and the production of 5-HPETE was followed at 238
0 mM calcium, 0.5 mM DTT; (d) 20&kg/mL PC, 0 mM calcium, nm.

0 mM DTT. After 5 min, 1 nM active 5-LO was added and the
reaction initiated 1 min later by the addition of 2M AA and 0.3

! eliminating calcium, indicating that calcium is not required
mM calcium.

for inhibitor binding (data not shown).

0.2 Equilibrium Binding to the Vesicleln a vesicle system,
the enzyme can partition on and off the vesicle rapidly. We
propose that calcium prevents the enzyme from coming off
the vesicle once it binds to it. To test this hypothesis, a
split-cell experiment was conducted in which the enzyme
was added to one side of the cell containing PC and
arachidonic acid with and without calcium. The other
compartment of the cell contained only buffer without PC,
arachidonic acid, or calcium. The initial activity was
measured, then the cell was inverted thus diluting the reaction
mixture 2-fold with buffer, and the time course measurements
were continued. If the enzyme binds tightly to the vesicle,

o
-
“»n

Absorbance at 238 nm
2 o
h —_

0 dilution in a split cell should not cause any noticeable change

0 1 2 3 4 5 6 7 8 in rate since the 2-fold dilution of the enzyme would be

Time (min) exactly compensated by the dogbling of the light path. .If,
Ficure 4: Effect of ATP on 5-LO activity at high vesicle howevgr, -the enzyme rapldl_y qISSOCIateS from the vesicle
concentration without calcium. To buffer containing 206/mL upon dilution, then a 2-folq _dllytlon should cause the rate to
PC and 16QuM AA without calcium was added (a) OM ATP decrease as the new equilibrium level of enzyme bound to

and (b) 0.2 mM ATP. The reaction was initiated with 1 nM active vesicles is established. The results of these experiments are
5-LO, and the production of 5-HPETE was followed at 238 nm. shown in Figure 6A and 6B. Under high PC conditions

) _without calcium, the activity was decreased upon dilution
of 3uM 13-HPODE considerably reduced the lag, suggesting (rigure 6A), indicating that 5-LO binding to the vesicle is

the same mechanism for 5-LO activation [Fe(ll) to Fe(Il)]  rapidly reversible. In the presence of calcium (Figure 6B),
occurs in both the absence and presence of calcium. no change in activity was observed upon dilution, as expected

High Vesicle Concentration: Effect of InhibitorsThere since in the presence of calcium, 5-LO is partitioned fully
are two classes of compounds which inhibit 5-LO by two toward binding to the vesicles both before and after dilution
different mechanisms. The hydroquinones are representa-by inverting the split spectrophotometer cell.

tives of the redox class of inhibitors causing the reduction  High Vesicle Concentration: Effect on Stability of Enzyme.
of the active Fe(lll) enzyme to the inactive Fe(ll) enzyme |n vitro, 5-LO is rapidly irreversibly inactivated in the
(25, 29. The phenylpyridines and lignans are nonredoX, presence of low concentrations of PC and calcidmi@.
direct inhibitors binding to both the reduced and oxidized To test whether inactivation of 5-LO under high PC still
forms of the enzyme and preventing reaction with arachi- requires calcium, 5-LO was preincubated with and without
donic acid 7). To test whether inhibitor binding to 5-LO  calcium and initial rates were measured at various time
is influenced by calcium, the IC50’s of various redox and points. Under conditions of high PC without calcium,
nonredox inhibitors were determined under high PC condi- efficient conversion of arachidonic acid in the vesicle to
tions with no calcium and under low PC conditions with 5-HPETE is observed, implying translocation to the vesicle
calcium. Inhibitor time course patterns and IC50's (mea- has occurred. As shown in Figure 7, under high PC
sured as molar fraction in vesicle) were not altered by conditions the enzyme is reasonably stable, losing only about
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FiGURE 6: Reversibility of 5-LO binding to the vesicle under high s 200 C
vesicle concentrations. The progress curves for production of 5 C c
5-HPETE were compared using a divided quartz cuvette with side & 150 3
A containing 1 mL of buffer with 1.7%M 13-HPODE, 10Q:g/mL E C a
PC, 80uM AA, and 0 mM calcium (Panel A) or 0.3 mM calcium 100 E
(Panel B). Side B contained 1 mL of the above buffer without PC . | |
or AA. (a) Active 5-LO (1 nM) was added to side A and quickly 50 et
mixed with a cuvette stick; the reaction was followed at 238 nm 280 300 320 340 360 380
for 2.5 min. The cell was then removed and inverted to mix sides Aexcitation (nm)

A and B together, and the absorbance measurements were contin- L _ '
ued. (b) 100% control was measured using the same conditions agGURE 8: Binding of 5-LO to vesicles under low PC concentration
(a), only the cell was not inverted. (c) Fifty percent control was With calcium followed by energy-transfer fluorescence. A fluores-

measured using the same conditions as (b), except withghaL cence excitation scan (slit width 5 nm) was takeaat= 515 nm
PC and 4QuM AA. (slit width 10 nm) of 5ug/mL 5-LO in (a) K-phosphate buffer

(0.05 M, pH 7.4) and 0.1 mM EDTA containing l&/mL PC
with 10% D-57, (b) after addition of 0.3 mM calcium, (c) after

o ot . . oo
20% of its activity after 10 min. Only when calcium is added further addition of 0.5 mM EDTA.

does the enzyme rapidly inactivate.

Evidence of Enzyme Binding to a PC Vesicle in the was added, the dansyl excitation signal returned to baseline
Presence of Calcium.The binding of a protein to a lipid indicating that the enzyme can dissociate from the vesicle
can be monitored using fluorescence energy transfer. Thewhen calcium is removed (Figure 8, trace c).
fluorescence of PC vesicles labeled by spiking with dansyl-  Activity versus Translocation.The optimal amount of
PE (D-57) can be enhanced as energy flows from tryptophancalcium required for enzyme activity has been previously
in the protein to the dansyl moiety of the lipid. This is determined under low PC conditiord)( To correlate the
monitored by following the excitation spectrum of the dansyl calcium-induced activity to enzyme translocation, a titration
group. The excitation of the dansyl at 283 nm will show of calcium versus fluorescence energy transfer and activity
additional contributions corresponding to absorption by the was conducted. As shown in Figure 9, both the translocation
protein energy donor when the protein and vesicle are within (indicated by the fluorescence signal) and activity (indicated
20 A (28). Shown in Figure 8 is the excitation spectrum of byproduct formation) followed the same titration curve.
low concentration (2@g/mL) mixed PC vesicles containing Evidence of Enzyme Binding to PC Vesicles in the Absence
10% D-57 (Figure 8, trace a). Addition of 5-LO did not of Calcium. An experiment similar to that described above
change the excitation spectrum, but upon addition of calcium, was conducted using high concentrations of mixed PC (200
a greater excitation at 280 nm was observed as the enzyme:g/mL, 260 uM) containing 1% D-57. As shown in Figure
bound to the vesicles and energy transfer from the protein 10, addition of 5-LO caused an increase in the fluorescence
to the dansyl-PE occurred (Figure 8, trace b). When EDTA excitation spectrum at 283 nm of the mixed PC vesicles
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25 16 challenge was observed in the presence of MK-886 and in
] the absence of FLAPLQ).
o 20 15 ¢
2 ] \ = DISCUSSION
Q ] eyl
§ 13 ] [;} The results presented here demonstrate that 5-lipoxygenase
g 13 = can translocate from the aqueous phase to the-tipiater
2 10 ] a interface of PC vesicles in the absence of calcium and that
& [ 1? § the same total amount of product can be produced both in
—— 3 ;& the presence and absence of calcium. These results by
] 5 themselves suggest that binding of calcium to 5-LO does
0 e 0 & not cause a change in the catalytic site to make it more active,
001 0.1 | 10 100 1000 10% 105 but simply makes the translocation of 5-LO to the lipid

2t water interface more favorable. Other results which support
[Ca*]free NM this model are (1) the approximately 2-fold rate increase
FicurRe 9: Titration of calcium on 5-LO activity and translocation ~caused by ATP both at the low PC concentration in the
followed by energy-transfer fluorescence. To 1 mL reaction buffer presence of calcium and at high PC without calcium, (2)
ﬁ?l_”gg‘wghoiétyzn't\)" SEDVIQ gdge% /3[2 &)1 \Ta“ﬂoﬁli}n qugrﬁts the similar effect of added 13-HPODE in decreasing lags in
of calcium were added, and the fluorescencé.at= 283 nm (slit the t',me course of produqt format!qn. undtf,'r t.’o.th sets of
width 5 nm) andiem = 515 nm (slit width 10 nm) was monitored ~ conditions, and (3) the similar sensitivity to inhibitors both
and plotted as % fluorescena®)( To the same cell was then added in the presence and absence of calcium.
r2n0eﬂa'\s/|u¢eAd %gdﬂl‘:el_g)%' aTr?](éufr;Lgf Sélliﬁjir%c?r:gg#tcrgt?grr??r? Was However, there are also significant differences in behavior
reaction mixture was measured by fura-2 fluorescence titrations. In Fhe presence an(_j absence of cajmum, at qust §0me of
which could be ascribed to changes in the catalytic site. The
major differences in behavior reported here are the following.
(1) In the presence of high PC concentrations most of the
5-LO is at the lipid-water interface (as indicated by
fluorescence energy transfer measurements) and turnover-
independent inactivation is very much slower in the absence
than in the presence of calcium. It has been reported
elsewhere 18), and been confirmed by us, that direct 5-LO
inhibitors strongly retard this inactivation, so it presumably
involves some function of the catalytic site. (2) The
maximum rate achievable in the presence of high PC
concentrations without calcium is less than half that achieved
at low PC concentrations with calcium. (3) The rate of
T U turnover-dependent inactivation is considerably slower at
high PC concentrations without calcium than at low PC
. concentration with calcium. This is a direct consequence
A excitation (nm) of the catalytic rate differences. (4) Increasing PC concen-
Ficure 10: Binding of 5-LO to vesicle under high PC concentration tration with calcium present decreases the rate without
}’I‘”thOUt calcium .‘;O't'.owed by e”eigi‘tﬁns‘frSqléoresc?“ce- A changing the total amount of product formed, while increas-
KE'SL%?%%’;?: beu)%‘:ell?((l)c_)SBi;I:,agHV\;?Z) ;ng Ol?th EDTr;]iné?]té(l?r?ling ing PC c_oncentration over the same range in the absence of
200ug/mL PC with 1% D-57, (b) after addition of 2y/mL 5-LO, calcium increases both the rate and the amount of product
(c) after further addition of 0.3 mM calcium. formed. (5) At high PC concentrations without calcium,
where fluorescence energy transfer measurements indicate
caused only a minor increase in fluorescence signal (Figurethat most of the 5-LO is bound to the vesicles, the 5-LO
10, trace c). This is direct evidence that the enzyme Candlssoqates in less than 10 s after dilution. _In the presence
bind to the vesicle when no calcium is present. Note that ©f calcium, 5-LO remains bound to the vesicles even upon

the overall energy-transfer efficiency was reduced under high dilution for over 10 min unless EDTA is present.

PC, as expected since the dansyl surface concentration was The five points above can be rationalized without having
diluted 10-fold compared to the previous experiment which to postulate a calcium-induced change in the catalytic site
used 20uM PC and 10% dansyl. The effect of the FLAP 0f 5-LO if one takes into account the tight binding of 5-LO
inhibitor MK-886 on the binding to the vesicle under high toa PC vesicle in the presence of calcium, the rapid exchange
PC conditions was measured. MK-886 is believed to inhibit of 5-LO from vesicle to vesicle at high PC concentration
the production of leukotrienes by preventing 5-LO from Without calcium, the exchange of 5-HPETE among vesicles,
binding to the membrane by blocking an arachidonic acid and the requirement of 5-HPETE or other fatty acid hydro-
binding site on FLAP 29). As expected, MK-886 did not ~ peroxide to maximally activate 5-LO.

prevent the binding of the enzyme to the PC vesicle under We will first consider the stability of the enzyme in the
high PC conditions with or without calcium (data not shown). presence of high PC concentrations unless calcium is present.
This is in agreement with cell systems in which binding of It has been shown that the PC/calcium-induced inactivation
the enzyme to the membrane under calcium ionophore of 5-LO can be considerably retarded by active-site directed

400
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250 |
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200-.1..11...|;.|
280 300 320 340 360 380

(Figure 10, trace b versus trace a). Addition of calcium
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5-LO inhibitors or by treatment of the PC with reducing It is possible that the conformation of 5-LO which has high

agents or with glutathione and glutathione peroxidds. ( affinity for PC and is stabilized by calcium must convert to

This suggests that the PC/calcium-induced inactivation is duethe low-affinity conformation in order to dissociate at a rapid

to some reactive radical species generated by the action ofrate. Furthur speculation on this point is not justified by

5-LO on hydroperoxides present in the PC. When calcium available data, so this question must remain an interesting

is present, a given 5-LO molecule remains bound to the PC challenge for future studies to address.

vesicle containing the reactive species and is likely to be

damaged by it. In the absence of calcium, even though the oCKNOWLEDGMENT
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