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ably as a result of disruption of the cardio-
lipin-enzyme interaction. The disruption

was slowly reversible over a few days (un-

published observation) and the break was
recovered when CaCl2 was added back to
the enzyme (1). The association of acetyl-

cholinestemase with phospholipid has also

been observed in human erythrocytes (2,
3).

Anomalous Arrhenius plots have been

observed with a variety of enzymes (4-7),
particularly those that are membrane
bound (8-10). Generally, the precise cause
of the Arrhenius plot anomalies has not
been elucidated, and may result from a
variety of temperature-dependent changes

in the reaction sequences of active protein
complexes (7). The anomalous Arrhenius
plots have been approximated by smooth

curves, discontinuous curves or sharp
breaks (4-7, 11). For membrane bound en-

zymes the Arrhenius plots have usually
been fitted by intercepting straight lines, as
the breaks often correspond to phase

changes of the lipids surrounding the pro-
tein (8, 9, 12).

In the present study we have investigated

the nature of the break in the temperature
dependence of bovine erythrocyte acetyl-
cholinesterase by examining the influence

of the cardiolipin-acetylcholinesterase in-
teraction on the individual steps in the me-
action sequence of acetylcholine hydrolysis

and the inhibition of the enzyme by selected
inhibitors. The results suggest that cardio-
lipin modulates a temperature-dependent

conformational change of the active site
induced by the binding of substrate or in-
hibitom to the enzyme.

MATERIALS AND METHODS

Acetyicholinesterase assay. Acetylcho-
linestemase partially purified from bovine

erythrocytes was from Sigma. The enzyme
preparation contained 20 mg acetylcholin-
estemase, 100 mg gelatin and 30.7 mg NaCl

in 5 ml of sodium phosphate buffer, pH 7.6.
Armhenius plots of the untreated enzyme
were obtained as described previously (1).

The enzyme was treated with high salt in
phosphate by dissolving 0.25 mg of the

Sigma enzyme preparation in 1 ml of 1.8 M

sodium chloride and 2 mi�i sodium phos-

phate pH 7.4 and then dialyzing in distilled
water overnight (1) or by dissolving the

enzyme in a concentration ratio of 100 mg/
ml of water. The latter method produced

the same effect as adding salt, since the

high concentration of the enzyme prepara-
tion (100 mg/mI) resulted in a high salt and
phosphate concentration, due to the pres-

ence of these in the Sigma preparation.
Acetylcholinesterase was measured by a ma-

diometric assay as previously described
(13).

Fluoride inhibition. The degree of fluo-
ride inhibition at various temperatures was

determined as described by Morero et al.
(14). Essentially, aliquots (10 .tl) of acetyl-

cholinesterase (0.25 mg/mI) were preincu-
bated at the required temperature and in-
cubated for 10 mm in a final volume of 0.2

ml of 0.1 M sodium phosphate pH 8, con-

taming 0.87 mM MgCl2, acetyl-1-[’4C]cho-
line (10.4 nCi) and acetylcholine pemchlo-

rate, to a final acetylcholine concentration
of 0.55 mM, and various concentrations o
sodium fluoride.

Carbamylation and decarbamylation
rates. Carbamylation (15) and decarbamy-

lation (13) mates were determined with o-

nitrophenoldimethylcarbamate as prey-
ously described, with the following modifi-
cations. In the decarbamylation experiment

the concentration of Sigma enzyme prepa-
ration in the initial carbamylation step was
reduced to 33 mg/nil and then diluted 1000-

fold in 0. 1 M sodium phosphate pH 7.4 to
begin the decarbamylation at various tem-

pematures. The recovered enzyme activity
in 0.2 ml aliquots was assayed with 1 mM
acetylcholine containing 76 nCi/tube of
acetyl-1-[’4C] choline iodide for 5 mm.

Determination of Vmax and Km(�p).
Km(app) and Vmax were determined at various
temperatures at three substrate concentra-
tions (0.25 mM, 0.5 mM and 1.0 nmi) assayed
in quadruplicate. Km(app) and Vmax, and their

standard errors, were determined from the
mean velocities by the computerized
weighted statistical analysis of Wilkinson

(16).
Source ofchemicals. Inorganic salts were

of analytical reagent grade. Acetyl-1-[’4C]
choline iodide (New England Nuclear), ace-
tyicholine perchlomate (British Drug
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ture.

. Houses), sodium fluoride (Mallinckrodt)

and DCC’ (Nutritional Biochemicals) were
�used as received. o-Nitrophenoldimethyl-

carbamate was prepared as previously de-

scribed (13).

RESULTS

Hydrolysis of acetylcholine (1 nmi) by
Sigma bovine erythrocyte acetylcholines-
terase gave a non-linear Arrhenius plot,
which was fitted by two straight lines with

a break at 20#{176}(see ref. 1 and Fig. 3). Since
acetylcholine hydrolysis proceeds through

a number of intermediate steps, we have
examined the temperature dependence of

the various rate constants. At Sigma en-
zyme concentrations where the Arrhenius
plots of acetylcholine hydrolysis were non-

linear (0.25-33.3 mg/rn!) the corresponding

rate of carbamylation of the enzyme by o-
nitrophenoldimethylcarbamate and the de-

carbamylation rate gave linear Armhenius
plots (data not shown).

Maximum velocity and Michaelis corn-

�ilex. The temperature dependence of
Km(app) and Vmax were examined to deter-
mine if the non-linear Armhenius plot de-

pended on the degree of substrate satura-
tion of the enzyme. A gap or discontinuity
in the van’t Hoff plot of the temperature

dependence of Km(app) occurred at around
20#{176},while the corresponding plot for the
acetylcholinesterase treated with high salt
in phosphate buffer was linear over the
same temperature mange (data not shown).
The variations in Km(app) with temperature
were small but quadruplicate determina-
tions were of sufficient precision to dem-
onstrate significant changes with tempera-

ture. No temperature dependence was ap-

parent in previous studies (11, 17). A second

experiment (in quadruplicate) confirmed
the pattern of temperature dependence of

�Cm(app) of the untreated enzyme. The signif-
icance of the temperature dependence of
Km has been discussed by Dixon and Webb

(7) and Silvius et al. (10). A similar reversal

in sign of the van’t Hoff plot slopes as found
in the present study was found for the Km

�f phosphorylase in the presence of an ef-
fector (18).

I The abbreviation used is: DCC, dicyclohexylcar-

bodiimide.

Since Km(app) is a complex of a number of

rate constants (k_1 + k2/ki)(kcat/k2) (19), a

further analysis of the individual constants
was made. Plots of log Vmax/Km(app) versus

l/T and log Vmax versus 1/T are shown in
Fig. 1A for untreated acetylcholinesterase

and Fig. lB for high salt and phosphate-
treated acetylcholinesterase. With both en-
zyme forms the Arrhenius plot of the van-

ation of V� with temperature was linear.
By contrast, the Amrhenius plot oflog Vmax/

Km(app) versus l/T for untreated acetyicho-
linesterase showed a sharp transition or gap
around 20#{176},with different slopes above and

below the transition temperature (Fig. 1A).
The corresponding plot for the high salt

and phosphate-treated acetylcholinesterase
was linear (Fig. 1B). The energies of acti-
vation associated with the partial reactions

of acetylcholinestemase in the cardiolipin-
associated and cardiolipin-dissociated en-
zyme states are summarized in Table 1.
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FIG. 1. Variation of Vm,,�, and Vm�/Km�,,p with

temperature

A: Untreated acetylcholinestera.se preparation.

(Lx), variation of V,,,�,,; (0), variation of Vmax/Km(app). B:

Acetylcholinesterase concentrated to 100 mg/mI and

diluted 0.25 mg/mI before assay. (s), variation of Vma,;

(�) variation of V�,/Km(,pp). Each point represents

the average of four determinations. Km(a�) was ob-

tamed from four determinations at acetylcholine con-

centrations of 0.25, 0.5 and 1.0 mai at each tempera-
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Hill slope offluoride inhibition. Fluoride
ion inhibition of acetylcholinestemase was
used to examine changes in allosteric be-

havior of acetylcholinesterase at different
temperatures in the cardiolipin-associated

enzyme (14). A sharp change in the Hill

slope (20) of fluoride inhibition occurred
around 20#{176}(Fig. 2A). The negative Hifi
slope changed from 1.0 (0.963 and 0.993) at
temperatures below 20#{176}(0#{176}and 16.5#{176})(Fig.
2A) to 1.4 (1.48 and 1.33) at temperatures
above 20#{176}(25.7#{176}and 38#{176})(Fig. 2B). A plot

of the negative Hifi slope against tempera-
ture (Fig. 2D) showed a sharp change at
20#{176}.Treatment of the acetylcholinesterase
with 1.8 M NaC1 in 2 nmi sodium phosphate
pH 7.4, resulted in a negative Hifi slope of

fluoride inhibition of 1.0 at temperatures
both lower and higher than the transition
temperature (0.96 at 0#{176}and 0.99 at 26#{176})
(Fig. 2C).

N,N’-Dicyclohexylcarbodiirnide inhibi-

tion. To determine if the anomalous break
in the Armhenius plot resulted from the
initial binding or activation step in the me-
action sequence, we examined the temper-
ature dependence of the irreversible inhi-
bition of acetylcholinesterase by DCC, a
hydrophobic antagonist which probably

binds to the active site (21). The Arrhenius
plot of the rate of DCC inhibition of the
untreated enzyme gave a break at around

TABLE 1

Energies of activation for various reactions of

acetylcholinesterase (in kcal/mole)

Reaction Cardiolipin-as- Cardio-
sociated lipin-disso-

ciated

DCC inhibition 23.8”, 9.2” 20.4

Carbamylation 13.5 -

Decarbamylation 13.8 15.2

Vmax/Km(app)�� 0.92, 6.8 5.8
yC 1.3, 6.7 4.5

Vmaxd 3.8 4.6

a When two numbers appear on the same line, they

refer to above and below the break, respectively.
b Average of two experiments (each with quadru-

plicate determinations).

C Average of three experiments.
d Average of two experiments for cardiolipin-asso-

ciated acetylcholinesterase and a single experiment (in

quadruphicate) for cardiolipin-dissociated acetylcho-

linesterase.
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FIG. 2. Hill slope of fluoride inhibition of acetyl-

cholinesterase

A: Hill plot of untreated acetylcholinesterase at 0#{176}

(#{149})and 16.5#{176}(0). The Hill slope was was -0.963 at 0#{176}

and -0.993 at 16.5#{176}.B: Hill plot of untreated acetyl-

cholinesterase at 25.7#{176}(0) and 38#{176}(#{149}).The Hill slope

was -1.48 at 25.7#{176}and -1.33 at 38#{176}.C: Hill plot of

acetylcholinesterase pretreated with 1.7 M NaCl and

2 mr�i sodium phosphate pH 7.4, at 0#{176}(#{149})and 26#{176}

(0). The Hill slope was -0.96 at 0#{176}and -0.99 at 26#{176}.

D: Variation of Hill slope with temperature for un-

treated acetylcholinesterase (0) and acetylcholines-

terase treated with 1.7 M NaCl and 2 mM sodium

phosphate pH 7.4 (A). v is the velocity in the presence

of fluoride and v0 is the control velocity in the absence

of fluoride (see MATERIALS AND METHODS).

20#{176} (Fig. 3A). In contrast to the tempera-
ture dependence of acetylcholine hydroly-
sis, the energy of activation at temperatures
above the transition temperature was
higher than at temperatures below the tran-
sition temperature. The corresponding in-
hibition by DCC of the cardiolipin-dissoci-
ated acetyicholinesterase, as for acetylcho-

line hydrolysis, gave a linear Arrhenius plot
(Fig. 3B). The energies of activation of the
mate of DCC inhibition are summarized in
Table 1.

DISCUSSION

The non-linear Arrhenius plot of the hy-

drolysis of acetylcholine (1 mM) by purified
bovine erythrocyte acetylcholinesterase is

abolished by treatment of the enzyme with
high salt in Ca2� chelating conditions (see
Fig. 3 and reference 1). It is thought that
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these conditions disrupt the tight associa-
tion between Ca2�, cardiolipin and acetyl-

cholinestemase (1) (in these conditions the

enzyme is referred to as the cardiolipin-
dissociated state). We have now attempted

to identify the step(s) in the reaction se-
quence which are modulated by changes in
temperature and are altered by the high

salt and Ca2� chelating conditions. A de-
tailed scheme describing the partial reac-
tions of acetylcholine hydrolysis was me-
cently proposed by Rosenberry (19):

k1 k1’ k2
E + RX ;=� E.RX � (E.RX)’ -�

k_1 k_1

ER �0�E+ROH

where E.RX is the initial enzyme-substrate

Michaelis complex, (E.RX)’ is the activated
enzyme-substrate complex induced by the

substrate, and ER is the acetylated enzyme
intermediate. At saturating substrate con-
centrations the deacetylation step, k3, is
mate limiting in acetylcholine hydrolysis, so

that Vmax � k3 [E0] (22). Since the Arrhen-
ius plot of Vmax was linear, the deacetylation

step, k3, cannot be the temperature-modu-

lated step in the reaction sequence. This is
consistent with the linear Arrhenius plot

obtained for the decarbamylation reaction,
which is a model for the deacetylation step

in acetylcholine hydrolysis (23). Thus it

appears that the temperature-modulated
steps occur before the deacetylation step,
or alternatively, that the non-linear Ar-
rhenius plot results from different temper-

ature coefficients of the acetylation and
deacetylation steps which determines
which step becomes rate-limiting at differ-

ent temperatures (7, 11). Studies showing
non-linear temperature dependence of in-
hibitor binding (see below) make the sec-
ond possibility less likely.

The temperature dependence of Km(app)

howed a break at a similar temperature to
hat of the break in the Armhenius plot of
he velocity of acetylcholine hydrolysis.

m(app) is a complex of all the mate constants,
hereas k(cat)/Km(app) (= k1’k2/K8(k�1 + k2))

eflects the acetylation steps prior to deace-
ylation (19). Since in this study Vmax/

FIG. 3. Temperature dependence of the inhibition

of acetylcholinesterase by DCC

A: (Ky), Arrhenius plot of the DCC inhibition rate

(k) for untreated acetylcholinesterase; (tx), Arrhenius

plot for acetylcholine hydrolysis by untreated acetyl-

cholinesterase. B: (‘0>), Arrhenius plot of DCC inhibi-

tion rate (k) for acetylcholinesterase concentrated to

100 mg/mi and diluted to 0.25 mg/mi before reaction

with DCC (cardiolipin-dissociated acetylcholinester-

ase), (i�), Arrhenius plot of acetylcholine hydrolysis

by cardiolipin-dissociated acetylcholinesterase. Re-

suits represent typical experiments.

Km(app) (= k(cat) [Eo]/Km(app)) gave a break in
the Arrhenius plot at a similar temperature
to that of acetylcholine hydrolysis, the
break appears to reflect a step in the acet-
ylation reaction, which is rate limiting at

sub-saturating substrate concentrations
(19). Carbamylation of cardiolipin-associ-
ated acetylcholinesterase, which is a model

of the acetylation reaction in acetyicholine
hydrolysis (24), gave a linear Armhenius
plot. Under the conditions of the experi-
ment the linear temperature dependence of

this step may reflect the fact that k2 is rate
limiting (k2 << k11) (25, 26). The non-linear
temperature dependence of Vmax/Km(app) for
acetylcholine hydrolysis thus may reflect a
mate-limiting step prior to k2 (i.e., k1’ or k1).
(It is also possible that the formation of the
transition state complex (E.RX) by o-nitro-
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phenoldimethylcarbamate is different from

that of other acylating agents (19)).
Rosenberry (19) showed that for acetyl-

choline hydrolysis the assumption of virtual

equilibrium does not apply, since k2 > k�1.

In these conditions k(cat)/Km(app) � k1’/K5.
These constants could not be readily sepa-

rated by the steady-state kinetic procedures
used. However, as the process of binding
(K8) is less likely to exhibit an anomalous
temperature dependence (27), and as k1’ is

considered to be the rate limiting step (19),
it seems possible that the break in the

Arrhenius plot of acetylcholine hydrolysis
reflects the conformational change in the

enzyme induced by substrate binding (k1’).

Biphasic Arrhenius plots in enzymes with
flexible active sites were predicted by Kosh-
land (6). The close correlation between the
energy of activation of Vmax/Km(app) and the
velocity of acetylcholine hydrolysis at sub-

saturating substrate concentration (Table
1) supports the suggestion that k1’ is mate
limiting in acetylcholine hydrolysis. Studies
with inhibitors seem to be consistent with

this interpretation (see below), but defini-

tive evidence will require rapid, non-equi-
librium kinetic studies. In cardiolipin-dis-

sociated acetylcholinesterase the mate-de-
termining step is either altered or becomes
insensitive to modulation by temperature,
possibly because the active site is in an
unrestrained or “open” conformation (see
ref. 6). The energy of activation of the
velocity of acetylcholine hydrolysis by the
cardiolipin-dissociated state is similar to
the activation energy of Vmax (Table 1).

The temperature dependence of the Hifi

slope of fluoride inhibition was examined to

determine whether acetylcholinesterase ex-
hibited distinct properties above and below

the transition temperature. The Hill slope
of fluoride inhibition of acetylcholinester-

ase has been shown to be sensitive to the

degree of unsaturation of membrane lipids
(14), but it is unknown whether Hill slopes

greater than one represent true cooperativ-
ity of fluoride binding or the random bind-
ing of two molecules of fluoride without
true cooperativity (28). Fluoride inhibition
of the cadiolipin-associated enzyme had a
Hifi slope greater than 1.0 above the tran-
sition temperature. At all temperatu;#{176}s in

high salt and phosphate-treated enzyme, or

below the transition temperature in the
untreated enzyme, fluoride inhibited with
a Hifi slope of 1.0. Under the conditions of

the present experiment fluoride inhibition
is uncompetitive (20, 29, 30), suggesting

that fluoride binds preferentially to the
ERX complex, possibly blocking the con-
formational change of ERX to (ERX)’ (19).
The change in the kinetics of fluoride inhi-
bition with temperature is consistent with
the proposal that temperature modulates

the substrate-induced confommational
change of the active site in the presence of
cardiolipin. The nature of the temperature-

dependent changes responsible for the
modulation in the cardiolipin-associated

enzyme is unknown at present and is being
investigated further.

Finally, the suggestion that the non-lin-
ear Arrhenius plot reflects a confommational
change resulting from the binding of ace-
tylcholine was consistent with the break
observed in the Armhenius plot of the rate
of irreversible inhibition by DCC, a ligand

considered to react with a carboxyl group
in a hydrophobic area ofthe active site (21).

The transition in the rate of reaction
around 20#{176}in this experiment is independ-
ent of the influence of changes in the extent

of substrate saturation of the enzyme with

temperature or the influence of tempera-
ture on successive reaction steps which
could have influenced the interpretation of
the anomalous Arrhenius plot in acetylcho-
line hydrolysis (10, 7). The unusual increase
in the rate of DCC inhibition above 20#{176}has
also been observed with reversible inhibi-
tors of fumarase (31). The large increase in
entropy of the reaction from -48 to +10

e.u. as the temperature was raised above
20#{176}supports the suggestion of a conforma-
tional rearrangement in the active site,
which may be constrained by cardiolipin in
the “low temperature” state.
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SUMMARY

MARIAN, JAN AND P. MICHAEL CONN: Gonadotropin releasing hormone stimulation

of cultured pituitary cells requires calcium. Mol. Pharmacol. 16, 196-201 (1979).

The requirement for Ca2� during luteinizing hormone (LH) release stimulated by gonad-

otropin-releasing hormone (GnRH) was studied in dispersed cultured mat pituicytes. With
maximal GnRH stimulation, LH release required 1 mr�i Ca’� for optimal stimulation,
although basal production was not calcium dependent. Stimulated release was inhibited
when cells were incubated in media lacking Ca2�, and by LaCl.� (a potent inhibitor of Ca2�

action) which inhibited GnRH-induced LH release in the presence of Ca2t The require-
ment for Ca2� is specific, since Mg�� is not as effective, even at elevated concentrations.

Two agents that block Ca2� movement into and within cells, Ruthenium Red and D-600
(methoxy-vemapamil), also blocked the release of LH from stimulated pituicytes. The
present results demonstrate a specific dependence on calcium for GnRH stimulation of
LH release from cultured gonadotrophs. Our observations satisfy some of the criteria

require for a postulated role of Ca2� in stimulus-secretion coupling in this system.

INTRODUCTION

The importance of extracellular Ca2� in
secretory processes is well known. Cate-
cholamine release from the adrenal medulla
(1, 2), vasopressin release from the neuro-
hypophysis (3) and histamine release from

mast cells (4-6) are all Ca2�-dependent
processes. Douglas (1, 2) and his colleagues
initially proposed that calcium might serve

to couple stimulus and secretion in the ad-
renal medulla. Subsequent to this sugges-
tion, extracellular calcium has been shown
to be required for secretory functions of a
number of endocrine tissues, including in-
sulin release from the pancreas (7), oxy-
toxin release from the neurohypophysis (8)
and release of several anterior pituitary

hormones from hemipituitaries (9-14). The
active locus remains undefined.

The detection (15, 16) and characteriza-

tion (17, 18) of a troponin C-like cai��um
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binding protein (calmodulin), with similar-

ities to troponin-C and with specffic regu-
latory functions (19)-as well as kinases

and ATPases that appear to be Ca2� con-

trolled (20-23)-have lent further credibil-
ity to the hypothesis that calcium plays an
intermediate role in stimulated release
mechanisms, particularly in mast cells (5,
6).

In the present work, we examined the
dependence and specificity for calcium in
gonadotropin releasing hormone (GnRH)
stimulation ofluteinizing hormone (LH) me-
lease from primary cultures of collagenase-
dispersed mat pituicytes.

MATERIALS AND METHODS

Dispersion and culture of rat pituitary
cells. Pituitaries were dispersed and cul-
tured as described previously (24). Briefly,
whole pituitaries were removed from fe-
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male weaning mats (21 days) (Zivic-Miller)
and collected in sterile Medium 199 con-

taining 0.3% BSA’ (Fraction V, Armour),
10 mM HEPES, pH 7.4 (Sigma Chemical
Co.) and 20 ;ig/ml gentamicin (Schering).
Each pituitary was cut in 6-8 pieces in a

Petri dish, using fine forceps and fine scis-
sors. The cut pieces were allowed to settle
in a 50 ml sterile conical centrifuge tube

containing HEPES-buffemed (10 mM) me-

dium 199 (pH 7.4) with 0.3% BSA (199/
BSA). This medium was decanted and me-

placed twice with fresh 199/BSA to remove
lysed cells and their contents released dur-
ing mincing of the tissue.

A 10 ml portion of 0.25% collagenase
(Worthington) and 0.10% hyaluronidase
(Sigma Chemical Co.) in 199/BSA was

added to the decanted tissue fragments.
The tube was then capped, placed on its
side in a water bath (37#{176})and shaken (100

cycles/mm). Every three minutes, the tube
was removed and the contents gently drawn
repetitively into and out of a disposable,

sterile 10 ml pipette. After 15 mm, the

solution was filtered through organza cloth

to remove residual tissue fragments. The
ifitrate, containing clumps of5-10 cells, was

brought to a volume of 50 ml with 199/
BSA.

After centrifugation at 225 x g for 10
mm, the supemnate was discarded and the

pellet was resuspended in 1-2 volumes (ml!
pituitary) of 199/BSA containing 10% horse
serum (Microbiological), 2.5% fetal calf Se-
rum (Microbiological) and 20 �tg/rnl genta-

micin. One milliliter aliquots of the resus-
pended cells were plated in 2.2 ml wells of

Costar well cluster dishes. The plates were

covered and incubated at 37#{176}in 95% 02-5%

CO2 for two days.
Incubations of cultured cells. Following

he 48 hour culture period, the culture me-

ium was removed and the plated cells were
nsed twice with 2 mI/well of 199/BSA, to

emove serum and nonadhered cells. In ex-
enments which required media other than
99/BSA, cells were washed in the patic-

I The abbreviations used are: BSA, bovine serum

bumin; HEPES, N-2-hydroxyethylpiperazine-N’-2-

thanesulfonic acid; LH, luteinizing hormone; GnRH,

onadotropin-releasing hormone.

ular media prior to use. Each well was filled
with a 1 ml aliquot of media, with or with-
out GnRH (NIAMDD Hormone Distribu-
tion Program and the National Pituitary

Agency), or various inhibitors, and the
plates were incubated 3 hours at 37#{176}under

95% 02-5% CO2. This length of time has
been shown to provide maximum respon-
siveness from the gonadotmope (24) and

from most endocrine culture systems. Some

experiments included an incubation period
prior to the addition of GnRH. When

added, GnRH was present at a concentra-
tion of 1 ELM, shown previously to provide
maximal stimulation of LH release from

this cell preparation (24). At the end of the
3 hour incubation period, the media was
removed and stored frozen prior to assay of
LH. When total cellular LH content was
measured, cells were rinsed with 199/BSA

prior to freezing and then solubilized in 1
ml of 1% Triton-X 100 (Rohm and Haas)
by freezing and thawing twice and mechan-
ical agitation.

For the Ca2� dose-response and Mg��
substitution studies, 0.3% BSA in Dul-

becco’s phosphate buffered saline (dPBS,
Gibco) was prepared initially without
CaCl2. CaCl, and MgCl2 were added back
to the incubation media to obtain the indi-

cated concentrations.
In the � competition experiment, 136

mM NaCl, 5 mM KC1, 1.18 mM MgCl2, 1 mi�i

CaCl2, 0.3% BSA, 10 mM HEPES, pH 7.4,
was used containing the indicated concen-

trations of LaC1I. This buffered salt solution
was selected because phosphate, sulfate,
and carbonate ions, normally present in

other media, precipitate La’� even at low
concentrations. The cells were preincu-

bated for 10 mm with the La’�-containing
media prior to addition of GnRH (1 �iM final
concentration) as indicated in order to pro-
vide time for the ion to enter the cell.

Ruthenium Red (Sigma Chemical Co.)
was dissolved, and cells were assayed in

199/BSA. The Ruthenium Red concentma-
tions were determined using the assay data
supplied by the distributor which indicated

that 20% (by weight) of the commercial
product was active. The washed cells were
pmeincubated for 30 mm with or without
Ruthenium Red as indicated, then GnRH




