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ABSTRACT: A method for the determination of individual rate constants and equilibrium constants from
simple steady-state kinetic data is presented for a simple ping-pong mechanism. This involves determining
the Michaelis constants and catalytic constants for three pairs of amino acids and keto acids. The equations
that relate these steady-state constants to the equilibrium and rate constants are derived. The usefulness
and limitations of the treatment are discussed in terms of hypothetical case studies. The method is then
used to derive the dissociation constants and rate constants for an experimental system consisting of Es-
cherichia coli tyrosine aminotransferase and several of its substrates. This simple analysis will be of use
in the study and comparison of enzymes generated by site-directed mutagenesis where multiple time-consuming

studies become impractical.

’EC determination of microscopic rate constants for en-
zyme-catalyzed reactions provides valuable information in the
detailed analysis and comparison of enzyme reaction mecha-
nisms. It is a complicated and time-consuming process in-
volving the use of specialized equipment, which is not available
in most laboratories. Here we report a method by which
individual rate constants can be estimated from simple
steady-state data that can be obtained on a standard bench-top
spectrophotometer. In addition, the method provides a way
of calculating the enzyme-substrate equilibrium constants.
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The ping-pong mechanism originally proposed by Cleland
(1963) adequately describes the sequential two-substrate re-
action catalyzed by aminotransferases. The transamination
reaction is normally fully reversible and can be measured in
either direction. Thus, the actual number of substrates that
can be utilized for kinetic analysis is, in fact, four (two sets
of two). For any four substrate system, which consists of two
amino acids and the two corresponding keto acids, a minimum
of eight rate constants are required to define the fully reversible
pair of transaminations. The full complement of steady-state
parameters consists of four Michaelis constants, two catalytic
constants, and four inhibition constants.

Cleland (1963) has previously derived the relationship be-
tween these steady-state parameters and the individual rate
constants. Unfortunately, determination of all the steady-state
parameters, which can be obtained from a given four-substrate

0006-2960/88/0427-6758801.50/0 © 1988 American Chemical Society
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set, is insufficient for the calculation of the individual rate
constants (Cleland, 1963).

In this paper we show that it is possible to estimate the
microscopic rate constants from a subset of the most easily
obtained steady-state data (Michaelis constants and catalytic
constants) by including data from an additional amino/keto
substrate pair. Furthermore, a simple set of equations is
derived which defines the enzyme-substrate equilibrium dis-
sociation constants in terms of these steady-state parameters.
The method is applied to tyrosine aminotransferase (Fother-
ingham et al., 1986) from Escherichia coli as an example of
its practical value.

Over 60 distinct aminotransferases have been identified [see
Braunstein (1973) for a comprehensive review], providing a
large natural database for the elucidation of structure—function
relationships. In addition, use of site-directed mutagenesis will
create more enzymes to be studied (Malcolm & Kirsch, 1985;
Toney & Kirsch, 1987; Seville et al., unpublished results). The
information gained from the method described here will
contribute to a more quantitative understanding of the kinetic
differences between these enzymes and in the elucidation of
structure—activity relationships.

MATERIALS AND METHODS

The purification of E. coli tyrosine aminotransferase and
the determination of the steady-state kinetic parameters will
be presented in detail in a subsequent paper (Seville et al.,
unpublished results).

THEORY

Most, if not all, aminotransferases can transaminate several
of the naturally occurring amino acids and keto acids with
varying degrees of specificity. The simplest scheme for the
reaction [see Cornish-Bowden (1979) for a concise description]
of any one amino acid and its corresponding keto acid with
enzyme is shown in Scheme I, where A is the amino acid, E
is the PLP! form of the enzyme, X is the enzyme-bound in-
termediate, M is the PMP form of the enzyme, and P is the
keto acid. This scheme portrays a partial reaction of the
enzyme.

Scheme 1
+Eo=X =M+
A o = P
In order to generate a nonequilibrium steady state, amino
acid A and a different keto acid Q are added in excess to the

enzyme. The overall reaction scheme is then the sum of the
two partial reactions (Scheme II).

Scheme 11

The initial rate, v, in the absence of products for the enzyme
with substrates A and Q is given by (Cleland, 1963)

b= VaoEo
' Ka . Ko
A Q

! Abbreviations: PLP, pyridoxal phosphate; PMP, pyridoxamine
phosphate; subscripted K, Michaelis constant; subscripted V, catalytic
constant; subscripted K, dissociation constant; subscripted k, rate con-
stant.
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Table I. Basic Equations Relating Steady-State Parameters and
Rate Constants?

For Substrates A, Q
Vag = kakos/  Kaq) = (ko + k)koy/  Kouay = (ks + kgka/

(ky + k_3) [ky(k2 + k.3)] [ka(ky + k_3)]
For Substrates B, P
Vap = kikoi/  Kpy = (ko + k)ky/  Kppy = (ks + k)ky/
(kg + k) [ka(ky + k)] [ka(ky + k)]

For Substrates C, P
Vep = kek./  Kpey = (koy + kodks/ Koy = (ks + kedkoy/
(ks + k1) [k_a(ks + k1)) [ks(ks + k-1)]

For Substrates A, R
Var = kak_s/  Kag) = (ko + k)kos/  Kpay = (ks + ko) ka/
(ks + k) [ky(ky + k_5)] [k(kz + k_5)]

For Substrates B, R
Var = kik.s/  Kpry = (ks + kdkos/  Kppy = (kos + keky/
(kg + ko) [ka(ks + k25)] [ks(ks + k_5)]
For Substrates C, Q
Veq = keks/  Keq) = (ks + kedkos/ Kooy = (ko + ko)kg/
(ks + k3) [ks(ks + k_3)] [k_a(ks + k_5)]
4The equations were originally derived by Cleland (1963). The no-
menclature used here is similar to that in Cornish-Bowden (1979).

where V,q is the catalytic constant of the enzyme with sub-
strates A and Q, K, (q, is the Michaelis constant of the enzyme
for A with Q as second substrate, Kq,) is the Michaelis
constant of the enzyme for Q with A as second substrate, and
E, is enzyme concentration.

In principle, one can measure the reaction in the opposite
direction using P and B as the substrates. This allows for the
determination of three more steady-state parameters, Vgp,
Kgpy, and Kp@y. Each of these steady-state parameters can
be expressed in terms of the individual rate constants shown
in Scheme II.

Thus, for any two pairs of complementary substrate (A with
Q or B with P), there are six known steady-state parameters
but eight unknown microscopic rate constants. Therefore, the
problem of defining the rate constants in terms of the
steady-state parameters is underdetermined. However, if
another amino/keto acid species (C/R) is substituted for the
B/Q species while the A/P species is retained, then it is
possible to measure another six unique steady-state parameters
(three for A with R and three for C with P). We now have
a total of 12 determinable steady-state parameters. However,
because we have retained the A/P half-reaction, the total
number of unknown rate constants is only increased by the
number of rate constants describing the C/R half-reaction to
12. For clarity, the three partial reactions under discussion
are shown with their corresponding rate constants (Scheme
I1I).

Scheme III

K, ko
A+E—X—M+P
T k2

B+Eo= X mm M +Q
ks kg
ks ke
C+E==X"==M+R
Py [

By making steady-state measurements with all 6 possible
combinations of substrate pairs defined by this system, one
generates 18 steady-state parameters relating the 12 micro-
scopic rate constants in the system. The 18 expressions, using
a notation similar to that used by Cornish-Bowden (1979), are
given in Table I. Note, for example, that K, (q, is not equal
to Kar). The result is that the steady-state Michaelis constants
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for a particular substrate will depend on the second substrate
used.

Derivation of Equilibrium Constants. Although the set of
equations described above cannot be used to solve analytically
for the individual rate constants, certain collections of rate
constants can be determined analytically. Of particular in-
terest, are the kqy/k,, (i.e., the dissociation constants, Ky) for
each of the substrates. The solution of the K, values in terms
of the steady-state parameters can be found in the following
manner.

The six expressions for the catalytic constants (Table I)
contain only the six unimolecular rate constants of the above
reaction schemes. By using the expressions for Vgg, Vgp, and
Vg given in Table I, one can solve for k_; in terms of k,. This
is done as follows: first, the expression for ¥, is rearranged
into the form

kaVar
ks=T—F— (1)
ky = Var
and the expression for Vpy is rearranged to
k_sVr
ky= ———— 2
Sl (2)
Then eq 1 is substituted in eq 2, yielding
k2VarVar
ky = (3)
kyVar = Ver(ky = Var)
Then the expression for Vpp is arranged into the form
k4Vpp
N (4)
kys= Vep

The expression for k4 given by eq 3 is substituted into eq 4.
After rearrangement this yields

—k,

1 1 1 ®
b
ViR Ver Var
One can also solve for k_; in an analogous manner using the
expressions for Vg, Vaq, and Vp listed in Table I. This gives

_k2

ko= 1 1 1 (6)
kol =— - — - — ] +1
2( Ve Vaq ch)

Setting eq 5 and 6 equal gives the following relationship for
the mechanism:

k=

_—— e - —— R —— ——— =y (7)

The quantity defined by eq 7 is abbreviated to « in subsequent
equations. The above relationship is true for the ideal ping-
pong mechanism.

These equations can be used to solve for the dissociation
constant Ky, by starting with the equation for Kq from Table
I in the form

(ki + k) Vaq
KAQ = k1k2 (8)

By use of the relationship K34 = k.;/k; this can be rearranged
to

Kan 1
KAQ=(k—2+k—1)VAQ )

JARDETZKY AND SEVILLE

Table II: Steady-State Parameters Used in the Calculation of the
Rate Constants for Tyrosine Aminotransferase®

constant® dimension value of constant
VAQ S—l 325
VAR 57! 480
Vap st 375
ch S-1 625
ViR 57! 545
Vea 57! 201¢
Ka M 2.1 x 1073
Koy M 3.1 x 107
Kyp) M 2.3 X 1072
Key M 7.5 x 107
Krea) M 9.0 X 10

9 All the assays were carried out in 100 mM sodium arsenate buffer,
pH 7.4 at 37 °C. The initial velocity measurements with asparate were
obtained by using the malate dehydrogenase coupled assay of Karmen
(1955), those with glutamate were obtained by using the glutamate
dehydrogenase coupled assay of Duggleby and Morrison (1978), and
those with tyrosine were obtained by direct spectrophotometric mea-
surement of the conversion of tyrosine to (4-hydroxyphenyl)pyruvate at
295 nm. °The substrates designated by the various subscripts are A,
aspartate; P, oxaloacetate; B, glutamate; Q, a-ketoglutarate; C, tyro-
sine; and R, (4-hydroxyphenyl)pyruvate. The identifying subscripts
correspond to the reactants in the three half-reactions shown in Scheme
III. “Not used in the calculations.

(The parentheses have been dropped from the subscript to Ksq
to avoid an excessive number of symbols.) Then either eq 5
or 6 is rearranged to express k,

k2 = (10)
+ —
a 0

and k, in eq 9 is substituted by the form given in eq 10, yielding

Kaq 1 1
N = + — 4+ —
Vr KdA( . P (1)

Multiplying through by K44 and using the fact that Kas/k_,
is equal to 1/k,, one finds

_ Kaq

LEN (12)

- VAQot

Therefore, it is possible to calculate the dissociation constant
Ky, from steady-state data.

One can solve for the expression for Kyp, where Kp is equal
to k,/k_,, by using the kinetic Haldane relationship

which provides

In fact, this is the general form for the solution of all of the

dissociation constants for the six substrates. The quantity «

is replaced by the analogous quantities 8 and v defined below.
For KdB and KdQ

Then
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and

K k4 _KQ

N
(The second subscript to the Michaelis constant and the
catalytic constant have been omitted because, in principle, the
quantity K/V for any given substrate is independent of the
second substrate used for the measurements.)
For Ky and K g the parameter is calculated from

Y=o oo T T T T
Vag Ve Var  Ver Ver  Ver
Then
k_s _KC
K= -—=—=2
CT ks Vey
and
ke —Kg

Koo = —_
R ks Vav

Therefore, the thermodynamic dissociation constants for the
binding of all of the substrates can be calculated from this set
of steady-state data.

Estimation of Rate Constants. The problem of determining
the rate constants is not as straightforward as the equilibrium
constants. Given that the steady-state parameter equations
provide a set of nonlinear homogeneous equations, there are
an infinite number of possible solutions that mathematically
satisfy the equations. However, with two equations relating
k_; to k, (eq 5 and 6), it is possible to express all of the other
rate constants in terms of k, from either of these equations.
The problem can be reduced to that of finding all of the values
for k, for which all other rate constants (k;) have physically
meaningful values. A set of constraints can be placed on the
values that any k; may take, which can be used to select a
subset of physically meaningful solutions from the set of all
possible solutions. The constraints that we chose are for
unimolecular steps

k;> 051
and for bimolecular steps
0<k<10°M1s!

Le., all reaction steps must have positive rate constants, and
the bimolecular steps cannot exceed the diffusion limit. Most
enzymes are found to have association constants with sub-
strates in the range 10%-10° M1 s7! (Fersht, 1985). As shown
below, these constraints are enough to find the set of physically
meaningful solutions. A similar approach was taken by Wallin
and Arion (1973) in their evaluation of rate-determining steps
of glucose-6-phosphatase.

We used several sets of hypothetical data to test the limits
of the method and the interpretability of the results, as well
as to aid in understanding the behavior of the rate constants
when using real data. We proceeded as follows: The rate
constants k; through k_¢ for the three half-reactions shown
in Scheme III were assigned various values. The bimolecular
rate constants were all set to 107 M~ s, and the unimolecular
rate constants were either 10% or 5 X 10*s™l. Then, from these
rate constants, the steady-state parameters for the hypothetical
system were calculated by using the relationships in Table I.
These parameters were then entered into a simple BASIC
program where all of the rate constants are solved in terms
of k,. The program then searched for values of k, where all
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Table III: Solutions for the Rate Constants and Dissociation
Constants for the Reaction of Tyrosine Aminotransferase with
Aspartate, Oxaloacetate, Glutamate, a-Ketoglutarate, Tyrosine, and
(4-Hydroxyphenyl)pyruvate?®

ratio of
substrate constant® calcd values® limits?
glutamate on 2.70 X 10*-4.66 X 10* 1.72
aspartate on 2.89 X 10°-5.39 x 10° 1.86
tyrosine on 8.80 X 10°-1.48 x 108 168
a-ketoglutarate on 1.60 X 10-2.67 x 10° 1.67
oxaloacetate on 1.46 X 107-2.20 x 107 1.53
(4-hydroxyphenyl)- on 5.36 X 107-9.80 x 108 18
pyruvate
glutamate off 581-1002 1.72
aspartate off 642-1196 1.86
tyrosine off 1376-2.30 x 10° 168
a-ketoglutarate off 546-902 1.65
oxaloacetate off 481-737 1.53
(4-hydroxyphenyl)- off 1309-2.39 X 10* 18
pyruvate
glutamate Ky 21.5
aspartate Ky 2.2
tyrosine Ky 1.5
a-ketoglutarate Ky 0.34
oxaloacetate Ky 0.033
(4-hydroxyphenyl)- Ky 0.024
pyruvate

4Calculated from the experimental steady-state data collected in
Table II. ®The dimensions of the on-rate constants are M~! 57!, the
off-rate constants are s™, and the dissociation constants are in mM.
¢The minimum and maximum calculated values for the rate constants
are given that satisfy the boundary conditions (see text). The Ky values
are analytically determined by using the relevant equations given in the
text. ?The ratio of limits defines the accuracy to which the rate con-
stant can be determined. A value of 1.0 indicates that it is exactly
determined.

of the k; obey their respective boundary conditions. The value
of k, was refined at its lower and upper boundary limits by
0.1 (s'}) incremental steps. The solutions found for the rate
constants were then compared with the values originally as-
signed.

The same procedure was used to calculate the rate constants
from the experimental steady-state data for tyrosine amino-
transferase.

RESULTS AND DISCUSSION

Each calculated rate constant has a minimum and maxi-
mum value that corresponds to the minimum and maximum
values for k, where all of the equations and boundary con-
ditions are satisfied. The question, therefore, becomes one of
how well-defined the range of values calculated for an indi-
vidual rate constant is.

Hypothetical Test Cases. Typically, we found that the
solution set for a given rate constant is better defined for those
reaction steps where the rate constant is close to being rate-
limiting in the overall reaction. Thus, in cases where up to
4 of the unimolecular rate constants have values approaching
the values of the slowest k;, we find that 8 of the 12 microscopic
rate constants are defined to £20%. Conversely, the rate
constants for the fastest steps are rather poorly defined: Often
the ratio of maximum to minimum values is greater than 100.

It is not a priori possible to say whether a particular set of
steady-state data will be sufficient to define the majority of
the rate constants. However, the worst case we could find
involved a situation in which the rate constants for all the
unimolecular steps were assigned equal values and likewise
for all the bimolecular steps. This resulted in widely divergent
limits for all of the calculated rate constants (a ratio of around
200). It seems very unlikely that this degenerate case would
ever be encountered in an actual experimental system.
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Tyrosine Aminotransferase. We have applied the method
to the tyrosine aminotransferase from E. coli using aspartate,
oxaloacetate, glutamate, a-ketoglutarate, tyrosine, and (4-
hydroxyphenyl)pyruvate as substrates. The experimental
steady-state data are collected in Table I, and the calculated
rate constants are collected in Table III. As can be seen, 8
of the 12 rate constants are defined to within a factor of 2.
These are the rate constants for the two pairs of dicarboxylic
acid substrates. The rate constants for the aromatic substrate
pair are more poorly defined. As discussed for the hypothetical
cases above, this is because these rate constants are consid-
erably faster.

The association rates for the substrates are ordered as
follows: (4-hydroxyphenyl)pyruvate > oxaloacetate > a-ke-
toglutarate > aspartate > glutamate. The range of values for
the rate of tyrosine association is too broad to be inserted into
this sequence, but it can be said that it is at least faster than
the other two amino acids.

The results indicate that the lower affinity of the enzyme
for the amino acids aspartate and glutamate is due mainly to
lower bimolecular association constants, relative to the cor-
responding keto acids. The fact that the amino acid association
constants are rather slow (on the order of 10° M™! s7!) indicates
that the initial binding as modeled may actually consist of more
than one step, which is consistent with mechanisms proposed
for related aminotransferases (Kirsch et al., 1984; Fasella &
Hammes, 1967).

The off-rate constants for aspartate, glutamate, oxaloacetate,
and a-ketoglutarate are all found to lie in the region of
500-1000 s”1. The release of both the aromatic substrates is
faster, but because of the spread of values it is not possible
to say by how much.

The calculated K values for the substrates are also listed
in Table III. Comparison of these values to the corresponding
Michaelis constants provides a test of how well the Michaelis
constants reflect substrate binding specificity. For the non-
aromatic substrates, the Michaelis constants are very close to
the Ky values. However, for tyrosine and (4-hydroxy-
phenyl)pyruvate, the difference is a factor of around 2-fold.
Although this difference is not too large, comparison of Mi-
chaelis constants between different enzymes could easily lead
to significant errors in estimations of relative affinities. In
several hypothetical cases, for example, we encountered dif-
ferences of 25-fold between the Michaelis and dissociation
constants. The use of dissociation constants is clearly superior
for comparisons of binding.

The other indirect alternative to obtaining these dissociation
constants from steady-state data involves using product in-
hibition studies (Henson & Cleland, 1964). Determining them
by the method presented here provides not only the dissociation
constants but also the added information on more substrates.
However, with certain enzymes it may not be possible to find
three substrate pairs: For example, the enzyme may exhibit
a very high degree of substrate specificity and only utilize two
substrate pairs, or there may be no convenient assay for re-
actions involving the third substrate pair. In such situations
it would be necessary to use the product inhibition technique
to obtain dissociation constants.

The direct methods of determining dissociation constants
include isotope exchange (Garces & Cleland, 1969) and
spectrophotometric titration (Jenkins, 1964). The method and
analysis we have described here is indirect. If the time and
resources are available, then of course direct measurements
of both equilibrium and rate constants are to be preferred.
However, our method is rapid and simple. We envisage it
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being of use in, for example, the analysis and comparison of
collections of enzymes generated by site-directed mutagenisis.

It should be pointed out that the calculated rate constants
obtained by using the model in Scheme III may in reality
reflect more than a single process. However, the use of a more
complex model than that given in Scheme III with the explicit
inclusion of more chemical intermediates would increase the
number of rate constants required to define the system.
Therefore, to be able to calculate the rate constants in a fashion
analogous to that described above, it would be necessary to
obtain steady-state data for additional substrate pairs. The
kinetic model that we use is the minimal two-step model and
as such is applicable to all enzymes that utilize the ping-pong
mechanism, whether or not there are in practice multiple
intermediates on the reaction pathway. The transamination
reactions catalyzed by tyrosine aminotransferase, by analogy
with mitochondrial aspartate aminotransferase (Kirsch et al.,
1984), probably proceed via several intermediate complexes.

We have presented a method that allows the determination
of microscopic rate constants from steady-state data using
three substrate pairs. In addition, we have derived analytical
expressions for the K, values of the substrates in terms of the
steady-state parameters. The minimum amount of data re-
quired is six steady-state measurements using six different
substrates for the simplest ping-pong reaction scheme.

This method can supply supplementary information and
insight into enzyme mechanisms and play a useful role in the
characterization of substrate specificities of natural and mutant
aminotransferases. Of course, the numbers obtained are a
simplified substitute for detailed reaction kinetic and equilibria
studies, given our assumption of such a simple mechanism, and
should therefore be interpreted with due caution. However,
we are confident that the method will be invaluable in the
comparison of data from a large number of enzymes, for which
detailed kinetic studies become unrealistic.
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Soluble Enzyme with Membranes and Alterations in Enzyme Activity
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ABSTRACT: Treatment of rat basophilic leukemia cells (RBL-1) with the calcium ionophore A23187 resulted
in activation of 5-lipoxygenase, as indicated by an induction of leukotriene release [Orning, L., Hammarstrom,
S., & Samuelsson, B. (1980) Proc. Natl. Acad. Sci. U.S.A. 77, 2017]. The enzyme activation was ac-
companied by a time-dependent association of S-lipoxygenase to the particular fraction. When cells were
lysed in the presence of 0.05-10 uM CaCl,, the soluble 5-lipoxygenase became associated with the particulate
fraction. This was demonstrated by a decrease in immunoreactivities and enzymatic activities in the soluble
fraction and a parallel increase in particulate-associated immunoreactivities. The particulate-bound enzyme
was not active. Ca?* induced the membrane association of 5-lipoxygenase when added into the incubation
mixtures containing the membrane fraction with either the cytosolic fraction or the purified enzyme.
5-Lipoxygenase also bound to the microsomal-enriched fraction in the presence of Ca?*. Maximal membrane
binding was obtained after a 1-min incubation at 4 °C. When a fixed amount of isolated membranes (0.2
mg of protein) and increasing cytosolic protein (0.5-4 mg) were used, a linear increase in enzyme binding
was observed. The binding became saturated at 3 mg of cytosolic protein/mg of membrane protein.
5-Lipoxygenase binding to the membrane fraction was unaffected by pretreatment of the membranes with
trypsin but was inhibited by treating with phospholipase A,, suggesting that phospholipids are involved.
The membrane-bound enzyme was not extracted by treatment with a chelator (10 mM EDTA) or high
salt (2 M NaCl) but was dissociated from membranes with detergents (0.5% sodium dodecyl sulfate, 10
mM Chaps, 0.5% digitonin, 0.5% Triton X-100, or 1% Brij 35). The membrane fraction when added to
the cytosol, followed by subsequent addition of Ca?* and substrate, stimulated 5-lipoxygenase activity. There
was an increase in both the extent of product formation and the pseudo-steady-state velocity. The maximal
stimulation was produced by 0.2 mg/mL membranes. In summary, these data suggest that Ca?* induces
a shift of 5-lipoxygenase from a soluble to a membrane-associated form which is accompanied by activation
of the enzyme. Membrane phospholipids may be the elements in the membranes that bind to 5-lipoxygenase,

5-Lipoxygenases are enzymes in leukocytes and mast cells
that oxidize arachidonic acid to 5-hydroperoxyeicosatetraenoic
acid (SHPETE)! and leukotriene A, (LTA,), which in turn
are converted to a variety of products including leukotriene
B, and the peptidoleukotrienes (LTC,, LTD,, and LTE,)
(Borgeat & Samuelsson, 1979a,b; Borgeat et al., 1976; Jak-
schik & Lee, 1980; Radmark et al., 1980a,b; Panossian et al.,
1982; Maas et al., 1982; Maycock et al., 1982). These sub-
stances exhibit a broad range of biological actions including
effects on cell migration, enzyme secretion, smooth muscle
contraction in the respiratory and gastrointestinal tracts, and
vascular permeability. Considerable evidence now implicates
these products in a variety of acute and chronic inflammatory
responses in vivo as well as in acute allergic reactions affecting
the airway and skin (Samuelsson, 1983).

5-Lipoxygenase is activated by calcium and ATP (Jakschik
& Lee, 1980; Jakschik et al., 1980; Ochi et al., 1983; Hoga-
boom et al., 1986). It has also been found that Ca?* may
induce the binding of 5-lipoxygenase to the membranes

* Address correspondence to this author.
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(Rouzer & Samuelsson, 1987). This suggests that activation
of the enzyme is accompanied by a shift of the enzyme from
the cytosol to the membrane within the cell. Considering the
tendency of the enzyme to associate with membranes upon
stimulation by Ca?* and the abundance of its substrate in the
plasma membrane, the translocation—activation may be a
plausible regulatory mechanism. In the present studies, we
demonstrate that treatment of RBL-1 cells with the calcium
ionophore A23187 induces a shift of S-lipoxygenase from the
soluble to the particulate form. This is accompanied by an
activation of the enzyme, as indicated by the production and
release of LTC,. The movement of the soluble enzyme to the
particulate fraction occurs in physiological concentrations of
Ca?*, We have examined the interactions of 5-lipoxygenase

! Abbreviations: Chaps, 3-[(3-cholamidopropyl)dimethyl-
ammonio}-1-propanesulfonate; DMSO, dimethyl sulfoxide; EDTA, eth-
ylenediaminetetraacetic acid; EGTA, ethylene glycol bis(8-aminoethyl
ether)-N,N,N’,N’-tetraacetic acid; Hepes, N-(2-hydroxyethyl)-
piperazine-N’-2-ethanesulfonic acid; SHPETE, 5-hydroper-
oxyeicosatetraenoic acid; LT, leukotriene; RBL cell, rat basophilic leu-
kemia cell; SDS, sodium dodecyl sulfate; Tris-HCI, tris(hydroxy-
methyl)aminomethane hydrochloride.
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