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SUMMARY

RUDOLPH, S. A., L. R. HEGSTRAND, P. GREENGARD, AND S. E. MALAWISTA: The
interaction of colchicine with hormone-sensitive adenylate cyclase in human leuko-

cytes. Mol. Pharmacol. 16: 805-812 (1979).

A histamine-sensitive adenylate cyclase was found in human leukocytes and appears to

interact with the microtubule system of these cells. Colchicine markedly potentiated the
effects of IBMX, histamine, or both on increasing cyclic AMP levels in intact leukocytes.
Preincubation with vinblastine or podophyllotoxin caused effects similar to those of

coichicine, while lumicolchicine and cytochalasin B were ineffective. Preincubation with
colchicine did not significantly affect the concentration of histamine at which half-
maximal increases in cyclic AMP levels were attained (5 /IM). Membranes prepared from

leukocyte homogenates had a basal adenylate cyclase activity of about 10 pmole/min/mg
protein; histamine (i0� M) caused a more than three-fold increase in this activity. The
effects of colchicine that were observed with intact cells were not found in the membrane
preparation, whether the membranes were prepared from colchicine-treated cells or
whether colchicine was added directly to the adenylate cyclase assay mixture. The effects
of histamine in both intact cells and cell membranes were blocked by the H2 antagonist

metiamide, but not by the H, antagonist mepyramine. The interaction of histamine with
two other hormones that activate leukocyte adenylate cyclase via different receptors,
isoproterenol and prostaglandin E, (PGE,), was also investigated. The effects of all three
agonists were not additive with respect to cyclic AMP levels in intact cells, whether in
the absence or presence of colchicine, or with respect to adenylate cyclase activity in
membrane preparations. Cells enriched for polymorphonuclear or mononuclear leuko-
cytes exhibited responses to histamine, isoproterenol or PGE,, and to colchicine, similar
to those seen in the unfractionated leukocyte preparations. The results suggest that
interference by coichicine with the organization of cytoplasmic microtubules increases
leukocyte adenylate cyclase activity and renders the cells more sensitive to histamine
stimulation, without markedly altering the affinity of the histamine receptor. Effects of
colchicine were not observed in cell-free preparations, presumably because the interaction
between cytoplasmic microtubules and membranes depends upon the integrity of the cell.
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methylxanthine.

The non-additivity of the hormone effects suggests that histamine, isoproterenol, and

PGE, may all compete for activation of the same molecules of adenylate cyclase.

INTRODUCTION

It has recently been shown that colchi-
cine, vinblastine, and other drugs inhibiting

microtubule assembly raise cyclic AMP 1ev-
els in human leukocytes and markedly po-
tentiate hormonal effects on cyclic AMP
production (1). It was suggested that cyto-
plasmic microtubules might inhibit lateral

mobility of the components of the mem-

brane-bound receptor-adenylate cyclase
system in a manner similar to that observed
for lectin-receptor complexes (2-4), thus
limiting the expression of adenylate cyclase
activity. The effects of colchicine and re-
lated drugs on cyclic AMP production could

then be explained on the basis of their
interference with the organization of cyto-
plasmic microtubules and a resultant in-
crease in the frequency of receptor-adenyl-
ate cyclase interactions. This view is sup-
ported by the finding of similar dose-re-
sponse relationships for coichicine effects
on the distribution of lectin-receptor com-

plexes on the leukocyte membrane (a meas-
ure of the cells’ competence to assemble
microtubules) , and on leukocyte cyclic
AMP levels (5).

The present work extends the previous
observations to include interactions be-
tween histamine and colchicine on cyclic
AMP levels in human leukocytes. In addi-
tion, adenylate cyclase activity measure-
ments carried out in leukocyte membrane
preparations lend further support to the
hypothesis that colchicine affects cyclic

AMP production through its effect on cy-
toplasmic microtubules rather than
through a direct effect on adenylate cyclase.

The results also show that both the poi-

ymorphonuclear and mononuclear cell pop-
ulations exhibit similar responses to colchi-

cine.

MATERIALS AND METHODS

Leukocyte preparation. Leukocytes were
obtained from freshly drawn heparinized
blood from adult volunteers by dextran sed-
imentation and hypotonic lysis of residual
red cells as described previously (6). Final

cell pellets were suspended in a solution
containing 123.5 mM NaC1, 5.0 mr�t KC1, 0.3
mM MgCl2, 0.5 mM CaCl2, 16 mM sodium
phosphate, and 1 unit/mi heparin. The pH
was 7.4. The final suspension contained
about 2.5 x 10’ cells/mi, consisting of 70-
80% neutrophils, 20-30% lymphocytes, and
1-4% monocytes and eosinophils. Platelets

were rare. All manipulations were carried
out in siliconized glass or plastic tubes or

flasks. Where indicated, leukocytes were
separated into neutrophil-nich and mono-

nuclear cell-rich fractions by centnifugation
in Ficoll-Hypaque (7).

Intact cell experiments. Portions of the
cell suspension were pre-incubated for 30
mm at 37#{176}with colchicine or related drugs.
Aliquots (0.2 ml) were then transferred to
tubes containing the appropriate amounts
of hormone and/or IBMX3 and incubation
was carried out for 2 mm. The tubes were
then transferred to a boiling water bath for
5 mm. After overnight storage at -20#{176},the
samples were thawed and then centrifuged
for 10 mm at 1200 x g. Cyclic AMP was

determined in aliquots of the supernatant
by the method of Brown et al. (8).

Adenylate cyclase assay. Leukocytes

were suspended as described above at a
concentration of 3-5 x 10’ cells/mi. The
cells were homogenized at 4#{176}three times,
for 10 seconds each time, with 30 second
intervals, using a Tekmar Tissumizer. The
homogenate was centrifuged for 10 mm at
1000 x g. The pellet was discarded and the

supernatant was centrifuged for 15 mm at
10,000 x g. The resultant pellet was surface
washed with ice-cold buffer containing 0.25

M sucrose and 5 mM Tris-maleate, pH 7.5
and then resuspended in the same buffer to
a protein concentration of 1-2 mg/mi

(membranes from 10� cells/mi) using a
ground glass homogenizer. The adenylate

cyclase reaction mixture contained the fol-
lowing final concentrations (mM): Tnis-ma-
leate (pH 7.5), 50; EGTA, 0.5; IBMX, 1;

.1 The abbreviation used is: IBMX, isobutyl-
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GTP, 0.03; creatine phosphate, 10; creatine
kinase, 4-5 units; 50 zl of membrane sus-
pension; MgC12, 4; ATP, 0.5; plus test sub-
stances as indicated, in a final volume of
500 �tl. The enzyme reaction, initiated by
the addition of MgCl2 and ATP, was carried
out for 12 mm at 30#{176}and was terminated
by placing the assay tubes in a boiling water
bath for 2 mm. Aliquots (100 �tl) were as-
sayed in triplicate for cyclic AMP by the

method of Brown et al. (8). Protein was
determined by the method of Lowry et al.
(9).

Experiments were performed at least
three times with independent preparations
of cells and with substantially similar re-

sults. Each table or figure shows the results
of a representative experiment.

Lumicoichicine was prepared and as-
sayed as described previously (1, 10). Other
drugs were obtained from the following

sources: histamine hydrochloride, dl-iso-
proterenol hydrochloride, and coichicine
from Sigma; vinblastine (Velban) from Eli
Lilly, podophyllotoxin and IBMX from
Aldrich; cytochalasin B from ICN. Prosta-
glandin E, was a gift of Dr. J. E. Pike of
Upjohn. All chemicals were reagent grade.

RESULTS AND DISCUSSION

The effects of histamine, IBMX, and col-
chicine on the cyclic AMP levels of human
leukocytes are shown in Table 1. Histamine
(10� M) alone did not have a substantial
effect on cyclic AMP accumulation. IBMX

TABLE 1

Effects of colchicine, histamine, and IBMX on

human leukocyte cyclic AMP levels

Cells were pre-incubated for 30 mm at 37#{176}in the

absence or presence of 10 fLM colchicine. Aliquots were

then transferred to tubes containing the indicated

drugs and incubation was carried out for 2 mm. The

cells were then treated and cyclic AMP measured as

described in the text.

Additions Cyclic AMP, pmol/10” cells”

Control Colchicine

None

IBMX, 1 mM

Histamine, 100 �LM

Histamine + IBMX

0.35 ± 0.01

0.64 ± 0.03

0.45 ± 0.03

3.65 ± 0.15

0.32 ±0.04

1.43 ± 0.17

0.72 ± 0.09

10.70 ± 0.60

I, Values shown are

minations ± SEM.

the means of triplicate deter-

plus histamine had a synergistic effect, re-
sulting in a more than ten-fold increase in
cyclic AMP level. When cells were pre-in-
cubated for 30 mm with 10 iM colchicine,
basal levels of cyclic AMP remained un-

changed, and histamine alone doubled the
level of cyclic AMP. Pre-incubation with
coichicine greatly potentiated the effect of
IBMX plus histamine on cyclic AMP levels.

The dose-dependence of the effect of his-

tamine on cyclic AMP levels is shown in
Fig. 1. The lower curve (control cells) shows
a more than six-fold increase due to hista-
mine, with a half-maximal effect at about 5
x 10_6 M. The upper curve demonstrates

the effect of histamine on colchicine-
treated cells, and is half-maximal at about
3 x 10_6 M histamine. The coichicine-

treated cells appeared to respond to some-
what lower concentrations of histamine,
with a significant effect being observed at
10_b M, while the control cells required 3 x

10_6 M.

Several histamine agonists and antago-
nists were tested for their effects on leuko-
cyte cyclic AMP levels (Table 2). The H,-
histamine agonist, 2-methyl histamine (50
�tM), had only a small effect while the H2-
histamine agonist, 4-methyl histamine (50

ELM), was about half as effective as hista-
mine (100 tiM) in raising cyclic AMP levels.
The H2 histamine antagonist, metiamide
(1 mr�i), almost completely blocked the ef-

fect of histamine, while the H, antagonists,
promethazine (1 ELM) and mepyramine (10
�tM), were ineffective. Analogous results
were obtained with these compounds in
coichicine-treated cells (data not shown).
Although detailed dose-response studies
were not done with each of the drugs in

Table 2, the data suggest that the histamine
receptor responsible for increasing leuko-
cyte cyclic AMP levels is an H2 receptor.

A number of drugs were tested for their
ability to produce colchicine-like effects on

the histamine-dependent increase in leu-
kocyte cyclic AMP levels (Table 3). Podo-
phyllotoxin, an inhibitor of microtubule as-
sembly that binds to the same site on tu-
bulin as colchicine, also potentiated the
effects of histamine and IBMX. Vinblas-
tine, an inhibitor of microtubule assembly

that binds to a site on tubulin different
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HISTAMINE. M

FIG. 1. Effects ofhistamine and colchicine on leukocyte cyclic AMP levels

Cell suspensions were pre-incubated in the absence or presence of 10 �IM colchicine for 30 mm at 37#{176}.Aliquots

were then transferred to tubes containing IBMX (final concentration, 1 mM) and histamine to give the indicated

final concentrations. Incubation was carried out for 2 min; the cells were then treated and cyclic AMP measured

as described in the text. The points and error bars show the means of triplicate determinations ± SEM.

0- - -0, control; #{149}-- -#{149},colchicine-treated.

TABLE 2

Effects of histamine receptor agonists and

antagonists on human leukocyte cyclic AMP levels

Cells were incubated for 2 mm in the presence of 1

mM IBMX plus the indicated drugs. The cells were

then treated and cyclic AMP measured as described

in the text.

Additions Cyclic AMP,
pmole/10 cells”

None 0.60 ± 0.05

Histamine, 100 �iM 2.39 ± 0.03

2-Methyl histamine, 50 �iM 0.93 ± 0.10

4-Methyl histamine, 50 ,.‘M 1.76 ± 0.13

Histamine + metiamide (1 mM) 0.85 ± 0.03

Histamine + promethazine (1 .tM) 2.46 ± 0.08

Histamine + mepyramine (10 fLM) 2.55 ± 0.04

(1 Values shown are the means of triplicate deter-

minations ± SEM.

from the coichicine-binding site, also poten-
tiated the effects of histamine and IBMX.

In contrast, lumicoichicine, a photoderiva-
tive of coichicine that does not bind to
tubulin or inhibit microtubule assembly,

and cytochalasin B, a fungal metabolite
which interferes with the organization of

microfilaments, did not affect leukocyte
cyclic AMP levels.

These data on the actions of histamine,

IBMX, and colchicine on leukocyte cyclic
AMP levels are similar to previous data (1)
obtained using dl-isoproterenol and PGE1

as agonists. We proposed in that report that
cytoplasmic microtubules may limit the

hormonal activation of adenylate cyclase
by restricting the lateral mobility of mem-
brane proteins. Colchicine and other inhib-
itors of microtubule assembly would then
potentiate hormonal effects on cyclic AMP
levels by causing the disappearance of cy-
toplasmic microtubules with a concomitant
increase in interaction among components
of the hormone-sensitive adenylate cyclase
system (see below) . The present results

lend further support to these ideas by show-
ing that drugs acting on a third kind of
hormone receptor (the histamine H2 recep-

tor), independent of the $-adrenergic and
PGE, receptors, also interact synergisti-
cally with colchicine and related drugs.

If the effects of coichicine on hormone-
dependent changes in leukocyte cyclic
AMP levels are indeed a result of interfer-
ence with interactions between the cell
membrane and cytoplasmic structural ele-
ments, then one would not expect to ob-
serve these effects in a cell-free system.
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Accordingly, we have measured histamine-
sensitive adenylate cyclase activity in mem-
brane preparations from human leukocytes.
We have found that histamine causes about

a threefold increase in adenylate cyclase

TABLE 3

Effects of various drugs on control and histamine-

stimulated cyclic AMP levels in human leukocytes

Cells were pre-incubated for 30 mm at 37#{176}in the

presence ofthe indicated drugs. IBMX alone or IBMX

plus histamine (final concentrations 1 mM and 100
�LM, respectively) were then added to the various tubes

and the incubation was carried out for 2 mm. The cells

were then treated and cyclic AMP measured as de-

8cribed in the text.

Additions Cyclic AMP
pmole/106 cells”

IBMX Histamine
+ IBMX

None 0.85 ± 0.07 4.00 ± 0.18

Colchicine, 1 �LM 2.66 ± 0.11 14.7 ± 1.2

Podophyllot.oxin, 1 �o�t 1.97 ± 0.01 17.3 ± 0.20

Vinblastine, 1 �LM 3.02 ± 0.06 18.3 ± 0.70

Lumicolchicine, 1 �M 0.99 ± 0.06 3.84 ± 0.02

Cytochalasin B, 10 iLai 0.84 ± 0.02 4.24 ± 0.20

a Values shown are the means of triplicate deter-

minations ± SEM.
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activity. The histamine dose-dependence of
this activity is shown in Fig. 2. It is clear
that in the membrane preparation, neither

pretreatment with coichicine nor addition
of colchicine to the assay mixture had an
effect on adenylate cyclase activity at any
histamine concentration tested. This is in

marked contrast to the data for intact cells,
where coichicine was shown to potentiate
the effects of both histamine and IBMX.
Despite the fact that our data show no
direct effect of colchicine on adenylate cy-
clase activity in membrane preparations,
we feel that the effect of coichicine on cyclic
AMP levels in intact cells is due to an
increase in adenylate cyclase activity rather
than a decrease in cyclic AMP degradation.
This conclusion is based on the observa-

tions that coichicine causes no increase in
cyclic AMP level by itself whereas IBMX
does, and that the increase due to IBMX is
potentiated by coichicine (see Table 1 and
ref. 1).

The effects of various blockers on the
leukocyte histamine-sensitive adenylate cy-
clase are shown in Table 4. The H2 antag-
onists, metiamide (100 �tM) and cimetidine

HISTAMINE, M

FIG. 2. Effects of histamine and coichicine on leukocyte membrane adenylate cyclase activity
Leukocyte membranes were prepared and adenylate cyclase activity was measured with the indicated

oncentrations of histamine as described in the text. 0- - -0, control; x- - -x, cells pre-incubated with 50 foM

olchicine for 15 mis at 37#{176}prior to homogenization, and colchicine (50 jIM) present in the adenylate cyclase

;say mixture; - - -, colchicine (50 �M) present in the adenylate cyclase assay mixture. The points and error

nra show the means of six determinations ± SEM.
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a Values shown are the means of 6 determinations

± SEM.
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TABLE 4

Effects of histamine and of histamine receptor

antagonists on adenylate cyclase activity in

membranes from human leukocytes

Drugs were added to leukocyte membrane prepa-

rations and adenylate cyclase activity was measured

as described in the text.

Additions Adenylate cyclase ac-
tivity,”

(pmols cyclic AMP/mini
mg protein)

None 12.5 ± 0.4

Histamine, 100 �zM 39.7 ± 0.8

Histamine + metiamide, 12.4 ± 0.5

100DM

Histamine + cimetidine, 12.6 ± 0.7

100 �M

Histamine + mepyramine, 40.1 ± 1.3

1OfLM

(100 �.oM), completely blocked the stimula-
tory effect of histamine (100 SM), whereas
the H, antagonist, mepyramine (10 .tM),

was without effect. These results confirm

the conclusion drawn from the intact cell
data of Table 2 that the leukocyte hista-
mine receptor is of the H2 type.

We have also examined the effects of

various combinations of hormones and col-

chicine on cyclic AMP production in both
intact leukocytes and leukocyte mem-
branes. The results of these experiments
are shown in Tables 5 and 6. The data in
Table 5 show that the effects of the three
hormones on cyclic AMP levels in any corn-
bination are non-additive, both in control
and coichicine-treated cells. Current knowl-
edge about hormone-sensitive adenylate
cyclase suggests that the receptor and the
enzyme are separate, membrane bound en-
tities (11, 12) that interact via an associa-
tive mechanism. A reasonable interpreta-
tion of the data in Table 5 is that each class
of receptors can compete for the same pool
of adenylate cyclase molecules and can ac-
tivate all of them (although with somewhat

different maximal effect). The data argue
against the possibility that coichicine a!-
lows interaction of adenylate cyclase mo!-
ecules, that had previously been associated
with only one receptor, with the other re-
ceptors. If this were the case, then one

Effects ofhistamine, dl-isoproterenol, PGE,, and

colchicine on human leukocyte cyclic AMP levels

Cells were pre-incubated for 30 mm at 37#{176}in the

absence or presence of 10 �oM colchicine. Aliquots were

then transferred to tubes containing IBMX and the

indicated drugs and incubated for 2 min. The cells

were then treated and cyclic AMP measured as de-

scribed in the text. Concentrations of drugs used gave

maximal effects and were: IBMX, 1 mM; histamine,

100 toM; dl-isoproterenol, 2 �; PGE1, 10 LM.

Additions Cyclic AMP, pmole/106
cells”

Control Colchicine

None 1.07 ± 0.03 2.66 ± 0.11

Histamine 6.91 ± 0.42 20.1 ± 0.9

dl-Isoproterenol 4.43 ± 0.21 20.1 ± 0.6

PGE 6.95 ± 0.10 26.1 ± 3.3

Histamine + dl-isopro- 5.71 ± 0.29 22.3 ± 1.3

terenol

Histamine + PGE, 7.18 ± 0.21 22.2 ± 0.9

dl-Isoproterenol + 7.35 ± 0.18 25.8 ± 2.0

PGE

Histamine + dl-isopro- 7.57 ± 0.27 24.5 ± 3.8

terenol + PGE

a Values shown are the means of triplicate deter-

minations ± SEM.

would expect additivity of the effects of the
three hormones in control cells, but non-

additivity in colchicine-treated cells. The
data, however, show that this is not the
case.

The effects of combinations cf histamine,
dl-isoproterenol, and PGE, on leukocyte
membrane adenylate cyclase activity are
shown in Table 6. As was observed for the
intact cells, the effects of the three hor-
mones are non-additive. Since the adenyl-

ate cyclase activity of the membrane prep-
aration should not be limited by the avail-
ability of ATP, GTP, or some other cyto-
plasmic factor, the data of Table 6 further
support the suggestion that each class of
hormone receptor competes for the same

pool of adenylate cyc!ase molecules. The
data of Tables 5 and 6 also lead to the
conclusion that the three types of hormone-
sensitive adenylate cyclases are present in
each major class of cell, rather than in
separate subpopulations sensitive to differ-
ent hormones.

Since the crude leukocyte preparation
consisted of two major cell types, we ex-
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“ Values shown are the means of 6 determinations

± SEM.

TABLE 7
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amined the response of cyclic AMP levels

to hormones and coichicine in purified neu-
trophil and mononuclear cell fractions. The
results of these experiments are shown in
Table 7. Both fractions demonstrated ef-
fects similar to those observed in the mixed
leukocyte preparation. Basal cyclic AMP

levels were less than 1 pmole/106 cells and
were increased by IBMX. All three hor-
mones, histamine, dl-isoproterenol, and

TABLE 6

Effects of histamine, dl-isoproterenol, and PGE, on

adenylate cyclase activity in membranes from

human leukocytes

Adenylate cyclase activity was measured in leuko-

cyte membrane preparations as described in the text

in the presence of the indicated drugs. The concentra-

tions used gave maximal effects and were: histamine,

100 �LM; dl-isoproterenol, 2 j.tsi; PGE1, 10 j.oM.

Adenylate cyclase
activity,”

(pmols cAMP/mini
mg protein)

None 12.5 ± 0.4

Histamine 39.7 ± 0.8

dl-Isoproterenol 24.4 ± 1.0

PGE 24.6 ± 0.9

Histamine + dl-isoproterenol 37.3 ± 0.6

Histamine + PGE 37.9 ± 2.0

dl-Isoproterenol + PGE, 27.1 ± 1.1

Histamine + dl.isoproterenol 41.0 ± 1.3

+ PGE

PGE,, gave several-fold stimulation of
cyclic AMP levels. In addition, the poten-
tiation of the hormone effects by coichicine
was observed in both cell fractions. These
data provide evidence that in terms of their
interaction with the cell membrane, cyto-

plasmic microtubules may be functionally
similar in neutrophils and in mononuclear
cells. Indeed, there is already some evi-
dence for this, in that both cell fractions
require coichicine treatment for maximal
capping of lectin-receptor complexes to be
observed (2-4).

The data presented support the conclu-
sion that coichicine potentiates the effects

of hormones on cyclic AMP levels in human
leukocytes through its inhibitory effect on

microtubule assembly rather than through

a direct effect on phosphodiesterase, ade-
nylate cyclase, or the hormone receptor.
Other inhibitors of microtubule assembly
have similar effects on cyclic AMP levels,
even though they are structurally unrelated
and affect microtubule assembly by binding
to different sites on the tubulin molecule.
These drugs are not specific to a particular
hormone-sensitive adenylate cyclase, but

potentiate the effects of hormones acting at
histamine H2 receptors, /3-adrenergic recep-

tors, and PGE, receptors. In addition, the
effects of coichicine are not observed in
membrane preparations, which are free of
cytoplasm, but which do respond to all
three hormones. As discussed previously ( 1,

Effects of histamine, dI-isoproterenol, PGE, and colchicine on cyclic AMP levels ofpurified human

neutrophils and mononuclear cells

Leukocytes were separated into neutrophil (98%) and mononuclear cell (lymphocytes, 95%) fractions by

centrifugation through a Ficoll-Hypaque gradient (6). Cell suspensions were then pre-incubated in the absence

or presence of 10 �oM colchicine for 30 mm. Aliquots were then added to tubes containing the indicated drugs

and incubated for 2 mm. The cells were then treated and cyclic AMP measured as described in the text. Final

concentrations were as follows: IBMX, 1 nm�; histamine, 100 j.LM; dl-isoproterenol, 2 �; PGE1, 10 /LM.

Additions Cyclic AMP, pmols/lOh cells”

Neutrophils Mononuclear Cells

Control CoLchicine Control Colchicine

None 0.26 ± 0.04 0.31 ± 0.02 0.84 ± 0.16 1.00 ± 0.11

IBMX 0.81 ± 0.02 1.59 ± 0.05 1.21 ± 0.11 1.42 ± 0.16

IBMX + histamine 3.55 ± 0.21 15.4 ± 0.4 4.42 ± 0.42 13.3 ± 0.7

IBMX + dl-isoproterenol 2.93 ± 0.09 14.1 ± 0.5 4.95 ± 0.42 11.6 ± 0.4

IBMX + PGE, 6.94 ± 0.17 21.3 ± 0.7 11.7 ± 1.3 22.1 ± 1.4

I, Values shown are the means of triplicate determinations ± SEM.
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5), a possible explanation for the effects of

coichicine is an increase in the lateral mo-

bility of membrane proteins in cells treated
with this drug. The nonadditivity of the

effects of the three hormones on cyclic
AMP formation in intact cells indicates
that the effects of coichicine cannot be at-
tributed solely to an increased interaction
between the hormone receptor itself and
the catalytic moiety of the adenylate cy-
clase. However, kinetic considerations in-
dicate that any of several more complex
mechanisms involving an increase in the
lateral mobility of membrane constituents
could account for our observations with
coichicine. One such mechanism would be
an increased frequency of interaction be-
tween a [hormone-hormone receptor-GTP
binding protein] complex and the catalytic
moiety of the enzyme.
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