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Abstract--Incubation of the intact liver fluke Fasciola hepatica with serotonin (5-HT) resulted in a time-
dependent decrease in both 5-HT-stimulated adenylate cyclase activity and specific [3H]LSD binding in
the subsequently prepared cell-free fluke particles. [n control fluke particles, the activation of adenylate
cyclase by 5-HT was biphasic, indicating a high and low affinity form of the 5-HT receptor with half-
maximal activation constants (Ka) of 0.35 and 2.8/_M respectively. In contrast, 5-HT activation of
desensitized particles occurred through a single set of low affinity sites having a Ka value of 6.3 t_M.
The maximal level of 5-HT activation of adenylate cyclase was also reduced in the desensitized particles.
Lysergic acid diethylamide (LSD)-stimulated adenylate cyclase activity was also less in the desensitized
particles. However, unlike with 5-HT, activation by LSD occurred through a single set of sites for both
control and desensitized particles. [3H]LSD binding studies showed that the affinity of LSD for the 5-
HT receptors in the control and desensitized particles was similar. Thus, the decrease in [3tf]LSD
binding and serotonin-stimulated adenylate cyclase activity in the desensitized particles appeared to be
due to a preferential loss or inactivation of the high affinity form of the 5-HT receptor. A similar time-
dependent loss in 5-HT-stimulated adenylate cyclase and in [3H]LSD binding occurred in cell-free fluke
particles upon the addition of 5-HT or LSD. These effects were not due to protein denaturation or
metabolism of the ligand during the incubation procedure. This cell-free desensitization was reversible
and temperature dependent, and was not affected by ATP or other nucleotides.

Most hormone-sensitive cells have regulatory mech- adenylate cyclase system were also involved in the
anisms to modulate their responsiveness to these desensitization response [6,7]. A mechanism of de-
activating agents. Prolonged exposure of a cell to a sensitization of adenylate cyclase was also described
specific hormone leads to a reduction in the cellular that required protein synthesis and did not result in
response to that hormone. This process, known as a loss of receptors [8, 9]. Such diverse findings sug-
desensitization, has been observed in many cells gest that cells may employ several different mech-
which respond to hormonal stimulation through anisms in order to reduce their hormonal
activation of adenylate cyclase and the production responsiveness.
of cAMP [1]. Highly specific radioligands have made Attempts to study desensitization in cell-free
it possible to directly examine changes in the receptor systems have been made recently [10-14]. These
properties of desensitized cells and to compare them reports focused on systems where desensitization of
with the changes in adenylate cyclase activity. Sev- hormone-stimulated adenylate cyclase activity was
eral such studies on adenylate cyclase coupled fl- very rapid and not directly associated with a loss of
adrenergic receptors indicated that the decreased hormone receptors. Due to differences in experi-
responsiveness of hormone-stimulated adenylate mental conditions, it has been difficult to determine
cyclase in desensitized cells resulted from the loss of if the mechanisms of cell-free desensitization are
functional /3-receptors in these cells [2-5]. Other related to the desensitization seen in intact cells.
reports indicated that, in addition to receptor loss, Nevertheless, it appears that cells do have mech-
alterations in non-receptor components of the anisms of hormonal regulation that can be studied

in both intact cells and in broken cell preparations.
We previously reported that the incubation of

* This investigationwassupportedby U.S. Public Health whole flukes with 5-HT_ resulted in a rapid ac-
Service Grants MH 23464 and AI 16501. These studies cumulation of cAMP [15]. cAMP levels reached a
constitute a part of the work submitted to the Graduate maximum within 5-10 min, after which they de-
School, Stanford University, by S. J. M. in partial fulfill- creased back to control values despite continued
ment of the requirement for the degree of Doctor of Phil- incubation in 5-HT. To study this desensitizationosophy. S. J. M. was a recipient of a predoctoral trainee
fellowship, U.S. Public Health Service, Training Grant GM process in more detail, we examined both the adenyl-
07149. ate cyclaseactivityand the [3H]LSDbindingproper-

t To whom reprint requests should be sent. ties in fluke particles prepared from desensitized
:_Abbreviations: 5-HT: serotonin, 5-hydroxytrypt- flukes. Furthermore, the properties of desensi-

amine; LSD: d-lysergic acid diethylamide; K,_: activa- tization in cell-free fluke particles are described and
tion constant; Gpp(NH)p: 5'-guanylyl imidophosphate; compared with the desensitization seen in intact
and App(NH)p: 5'-adenylyl imidophosphate, flukes.
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METilODSANDMATERIALS ine, 2 mM MgCI2.0. l mM sodium-ATP with 0.75 to
1.5 jttCi {o¢-32p]ATP, 5 units creatine phosphoki-

Preparation of desensitized fluke particles. Fresh nase, 0.5 mM3-isobutyl-l-methylxanthine, and other
liver flukes were obtained from bovine livers at a compounds as indicated in a final volume of 0.25 ml.
local slaughterhouse and maintained overnight as The samples were incubated for 5 min at 37 ° unless

previouly described [15]. Unless otherwise noted, otherwise noted. The values given are the average
mtact flukes were desensitized to 5-HT by their in- of duplicate samples.
cubation at 37° in medium containing 1mM 5-HT. Protein concentrations were determined by the
The time of incubation varied and is indicated for method of Bradford [18] using bovine serum albumin.
each experiment. Following incubation, the flukes as a standard.
were placed in fresh medium not containing 5-HT Materials. The materials used in this study were of
and stirred, and then the medium was poured off. at least reagent grade and were obtained from
This washing procedure was repeated twice with sources described previously [16].
fresh medium. The flukes were then blotted dry,
their wet weight was determined, and 6 vol. (w:v) RESULTS
of homogenization buffer (0.25 M sucrose, 5 mM
dithiothreitol, and 1 mM EDTA) was added. Fluke Effects of incubation of intact liver flukes with
particles were then prepared by the procedure de- 5-HTon adenylate cyclase activity. To investigate the
scribed in the accompanying paper [16]. The final 5-HT-induced desensitization response of intact
particles were used directly or kept in liquid nitrogen flukes, we first measured the activation of adenylate
or in a -70 ° freezer until just prior to use. cyclase by 5-HT in particles prepared from flukes

[3H]LSD binding assay. The binding of LSD to that had been incubated with 1 mM 5-HT for various
the fluke particles was determined by incubating lengths of time prior to their homogenization (de-
fluke particles (1-3rag protein/ml, final concen- sensitized particles). As shown in Table 1, 5-HT-
tration) with 10nM [3H]LSD and other effectors as stimulated adenylate cyclase activity in the de-
indicated. Unless otherwise stated, the incubation sensitized particles was significantly less than the 5-
conditions were for 5 rain at 37°. Following in- HT-stimulated activity in the control particles. The
cubation, [3t-I]LSD binding was determined by the decreased adenylate cyclase activity in the de-
binding filtration assay described previously [16]. sensitized particles was time-dependent and specific
Non-specific binding was determined by the amount for 5-HT-mediated stimulation as reductions in basal

of [3H]LSD bound in the presence of 100pM non- or fluoride-stimulated activity did not occur. Figure
radioactive LSD. Specific binding was determined 1compares the kinetics of 5-HT activation of adenyl-
by subtracting the amount of non-specific binding ate cyclase in the desensitized and control fluke
from the total amount of[3H]LSD bound. Allvalues particles. Maximum 5-HT-stimulated adenylate
given are the average of triplicate samples, cyclase activity in the desensitized particles reached

Adenylate cyclase assay. Adenylate cyclase activity only 65-70% of the maximal value of 5-HT stimu-
of fluke particles was determined by a modification lation in the control particles. Lineweaver-Burk
of the procedure of Salomon et al. [17], as described analysis of the activation data is shown in Fig. 2.
previously [16], with a reaction mixture containing For the desensitized particles, activation by 5-HT
(final concentrations) 0.1 M sucrose, 20 #M EGTA, appeared to occur through a single set of sites with
50raM glycylglycine, pH 7.5, 5 raM phosphocreat- a graphically determined half-maximal activation

Table I. Desensitization of adenylate cyclase in whole flakes after incubation with 5-HT*

Adenylate cyclase activity
(pmoles/mg-min)

Incubation time 100/_M 5-HT + [3H}LSD binding
(min) Basal 100/_M GTP I0 mM NaF (fmole_mg protein)

I 0 ("control particles") 6.2 440 2400 38
10 7.8 350 2200 28
30 9.4 270 2100 18

II 0 2.4 400 1600 26
30 4.6 2411 1500 13
60 4.3 210 1700 14

III 0 5.4 340 1300 ND+
10 15 310 1600
30 9.t 220 1200

* Whole flukes were incubated with I mM 5-ttT fl_rup to 60 rain beflwc being prepared inlo fluke l,mticlcs
as tlcscribcd in Methods anti M;ltcrial_. Adcnvlalc cvcl;isc ;ictivily or the p;,rliclc', w;l_,tlctcriuilwd ;l_
dcsclibcd in Mclhotls _lndMaterials widl the indi_:atcdt'ouq_l_ttntlsatldt'd to lilt' rt'_lt'lionIiliXltllt' ill lilt' lin:ll
o_ntcnlr;lfillns given. 1 IlL'It"*.llllsI_l¢";t!nl¢tl;ire the IIICilll"_11[duplit:_llc Salt1pIc', in IhlCC scl_al;itc¢xpt.i ilnt.nls.
Spccilic I'1111.Sl) binding wa_,dclcrmincd _lsdescribed in Methods and Mnterials allcr incubalion tor 5 rain
_Jt3T'. The results given arc lhc lncans t_l triplicate samples.

I I_1111.SI)binding was itot determined.
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t Fig. l. 5-HT activation of adenylate cyclase in desensitized
; and control fluke particles. Fluke particles were prepared Fig. 2. Lineweaver-Burk plot of 5-HT activation of

as described in Methods and Materials from intact flukes desensitized and control fluke particles. The data presented
that had been incubated with no additions (Q) or with in Fig. 1are represented in a Lineweaver-Burk plot for the
I mM 5-1t"I"( × ) for 30 min at 37°. Adenylate cyclase activity desensitized (x) and for the control (@) fluke particles. The
was then determined as described in Methods and Materials line shown for the desensitized particles was determined by
with the indicated concentrations of5-HTand 100/JM GTP linear regression of all the data and gave a half-maxim',d
present in the reaction mixture. The basal activity (enzyme activation constant (K,t) value of 6.2/aM (r = 0.998). Data
activity in the absence of 5-HT) has been subtracted from points for 5-HT concentrations greater than 8 pM have

' all the values shown. The data are the means of duplicate been omitted from the figure for clarity.
samples in a single representative experiment.

1
; constant (KA) of 6.2 HM. This was in contrast to the ticles (Fig. 3). As shown in Fig. 4, Lineweaver-Burk

control particles where, as previously reported [19], analysis of LSD activation indicated a single set of
.' the activation of adenylate cyclase by 5-HT was sites for both control and desensitized particles. Both
,' biphasic, with the two apparent Ka values deter- the maximal level of LSD activation of adenylate
I mined to be 0.35 and 2.8HM. Thus, in the desen- cyclase and the affinity of LSD for activating the

sitized particles there was a decrease in both the enzyme were reduced in the desensitized particles.
; maximal level of 5-HT-stimulated adenylate cyclase In both respects, however, the reduction was less

and in the affinity of 5-HT to activate the enzyme, than that seen with 5-HT.
LSD activation of adenylate cyclase in desensitized [3H]LSD binding to 5-HT desensitized fluke par-

l particles was also reduced compared to control par- ticles. In the preceding paper [16] a good correlation
I

Table 2. Effect of incubation time on LSD binding and adenylat¢ cyclase
activation"

Adenylate eyclase activity
(% of maximum)

Incubation time [3HILSD binding Incubated Supernatant
(rain) (% of maximum) particles + fresh particles

0 100 100 100
5 84 85 99
15 43 55 84
30 20 35 80
45 17 20 78

* Fluke particles were incubated with 100 nM [3H]LSD and, at the times
indicated, an aliquot was removed and specific [3H]LSD binding was
determined. Another aliquot was assayed for adenylate cyclase activity,
as described in Methods and Materials, in a reaction mixture containing
100/_M GTP. The remainder of the sample was spun at 15,000g, and the
supernatant fraction was tested for its ability to activate fresh particles by
adding it to an adenylate cyclase reaction mixture containing 100HM GTP
and fresh fluke particles. Adenylate cyclase activity in the supernatant frac-
tions alone was less than 2% of activity measured with the addition of
fresh particles. The data presented are the mean values of two separate
experiments.
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Fig. 3. LSD activation of adenylate cyclase in desensitized Fig. 5. Displacement of [_H]LSD binding in desensitized
and control fluke particles. Desensitized (0) and control and control fluke particles. Desensitized fluke particles
(x) fluke particles were prepared as described in Fig. 1. were prepared from intact flukes which had been incubated
Adenylate cyclase activity was then determined as with 1 mM 5-HT for 30min as described in Methods and
described in Methods and Materials with the indicated Materials. The desensitized fluke particles (0) and the

concentrations of LSD and 100/aM GTP present in the control fluke particles (x) were incubated with 10 nM [3HI

reaction mixture. The data represent the meansofduplicate LSD and the indicated concentrations of non-radioactive
samples in a single representative experiment. LSD for 5 min at 37°. [3H]LSD specific binding was then

determined as described in Methods and Materials.

was found between 5-HT receptor-mediated ac- appear to be due to residual5-HT being carried over
tivation of adenylate cyclase and the specific binding from the intact organisms to the particles. Incubation

of [3H]LSD to fluke particles. It was thus of interest of intact flukes with [3H]5-HT indicated that, in the

to determine the characteristics of [3H]LSD binding subsequently prepared particles used to measure [3HI
to the 5-HT desensitized fluke particles. Table 1 LSD binding, the concentration of carried over
shows that the desensitized particles bound less [3HI 5-HT was less than 200 nM. The results from the

LSD than control particles under identical con- accompanying paper [16] showed that this con-

ditions. This decrease in [aH]LSD binding did not centration of 5-HTwould not affect [3H]LSD binding
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Fig. 6. Time course of adenylate cyclase activation in liver
Fig. 4. Lineweavcr-Burk plot of LSD activation in fluke particles at 37°. Fluke particles from the same pre-
desensitized and control fluke particles. The data in Fig. 3 paration used in Fig. 2 were incubated at 37 ° with 101tM
arc shown in a Lincwcavcr-Burk plot for LSD activation 5-ITT + 100/uM GTP (11), 1/_M LSD + 100/_M GTP (0),
in desensitized (0) and in control (×) fluke particles. The or 10mM sodium fluoride (x). At the times indicated.
lines shown were determined by linear regression of aliquots were added to a reaction mixture and aden._,'lllire

all the data shown in Fig. 3. This analysis gave for the cyclasc activity was determined as described in Methods
desensitized particles: K.t = 84 nM, V,,,,, = 77 pmolcs/ and Materials. Assav lime W;lSfor 3 rain al 37". The rt.sulls
rag.rain (r. 0.97(Q: ;ind I'(_r thc t'onlroJ p;irtit'lt's: Kt :: arc |he sic;Ins ill tllq_lica|c assays. The nll|xinluln cvciasc

(d| nM. t,',,_=,,. J0{) pmolc_,/nlg.min (r = 0.=-)t)8). The dala activities were 1.530. 340, and 11),40(Ipmoles ol' cAMP per
point_ tot I,SI) concentrations greater than 4(10nM have ml per rain for 5-1tT, LSI), and sodium fluoritlc

not bccn included in the figure for clarily, respectively.
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for different lime periods prior to thc addition (fl

2OOO1 ' ' '1 I'IIII.SI) ,lilt' the dcler,,,iltatitn, of spccilic Irit,ding.
,, • i "l'hc tIut.'lt.';|st? in I qllI.SI) hintlillg dillillg illt'Ull;l|iOII

m5o0 I T'_, / as indicated ill Fig. 7, it was consistently found that

/I ,%_'_ / incubation of fluke particles in the presence of [-'HI

" _ _ i "x_" _'4 LSD decreased binding at a more rapid rate than theIO00 ,_ incubation of the particles alone. Furthermore, the

_- 11 I _ -'_.._1_- protease inhibitor phenylmethylsulfonylfluoride, atconcentrations up to IIX)_M and 1mM EDTA in

_ 5OO_ ' i __" the incubati"n bufl_er'had n° cffcct '"tthe till'e-

sibility that the decrease in binding was the result of
the metabolism of the ligand was also tested. Thin-

0 I
0 IO 20 30 layer chromatography of the [3HILSD before and

after incubation at 37° showed no significant changes.
INCUBATIONTIME (rain) The stability of LSD was also determined by bioassay

Fig. 7. Effect of preincubation on [3H]LSD binding to liver of LSD on fluke particles. Fluke particles were in-
fluke particles. Fluke particles were incubated with 10nM cubated with LSD at 37 ° for various time periods

,ed IqtlLSD at 30° after preincubation for 0 (x), 5 (Q), or 10 and then pelleted by centrifugation. The ability of
les (I) rain at 30° without ligand. At the times indicated, the LSD remaining in the supernatant fraction to
ted specific [_H]LSD binding was determined as described in stimulate adenylate cyclase activity was then tested
,nd Methods and Materials. The data shown are the means of by its addition to untreated fluke particles. The re-the
H] triplicate assays in a single representative experiment, suits given in Table 2 show that the LSD in
ive supernatantfractionstaken fromparticlesinwhich
,en to the extent seen. We cannot, however, exclude the the amount of binding and adenylate cyclase activity

possibility that some of the decrease in ]3H]LSD was markedly reduced retained its ability to stimulate
bindingin the desensitized particles was the result of adenylate cyclase in fresh fluke particles. These

_er 5-liT remaining tightly bound to the [3H]LSD bind- studies indicated that the destruction of ligand did
on ing sites, not accountfor the decreased[3H]LSDbindingand
he An attempt was made to determine if the reduction adenylate cyclase activity reported.

H] in [3H]LSD binding was the result of lower affinity As indicated previously [16], the time-dependent
zer of LSD for the receptors or due to an actual decrease decrease in [3H]LSD binding was temperature de-
he in receptor number. The ability of unlabeled LSD to pendent. Figure 8 shows the time course of binding
m- displace [3H]LSD binding was compared in control at 25 ° and 0 °. At 25 °, the binding was similar to that

ng and desensitized fluke particles. As shown in Fig. 5, reported for 37 °, reached a maximum within 5 min,
the affinity of LSD for the receptors did not change and then steadily decreased. At 0°, however, no
in the desensitized particles. Thus, the decrease in
[3H]LSD binding in the desensitized particles ap-
peared primarily to be due to receptor loss or in-
activation. A decrease in the number of receptors ' ' ' '
in the desensitized particles is consistent with the 7oo o

describeddecreased5-HT-stimulatedabove.adenylate cyclase activity 600 _ o
Cell-free desensitization in fluke particles. We pre-

viously reported [16] that the incubation of fluke _ r,oo
particles at 37 ° resulted in a time-dependent decrease z=
in the amount of specific [3H]LSD binding. Figure 6 ,_
shows that 5-HT and LSD activation of adenylate 4oo
cyclase decreased in a similar time-dependent man- _-
ner. This effect was not due to a time-dependent
irreversible denaturation of the enzyme, since z 30o

adenylate cyclase activity measured at intervals with °° i/ _

NaF decreased at a much slower rate than did 20o
5-HT or LSD activation. Since fluoride activation is
thought to require only the regulatory and catalytic 100 •er

e- components of the adenylate cyclase complex, it was

M used as a measure of the stability of these corn- o I i 1
_), portents during the incubation. The data suggest 0 to 2o 3o 40 _0
d, that tile faster decay of 5-HT- and LSD-stimulated INCUaATIONTIME(minute)

tte adenylate cyclase was due primarily to effects at the Fig. 8. Time course of [_H]LSD binding to liver fluke
ds receptorsite. particles at 0° and 25°. Fluke particles were incubated with
Its The possibility that the reduction in [3H]LSD bind- 10nM [3HILSD at 0°(©) or 25° (t). At the times indicated,
se ing and adenylate cyclase activity was due to non- specific [3HILSD binding was determined as described iner
de specific proteolysis or denaturation of the binding Methods and Materials. The data shown are the means of

system was tested. Particles were incubated at 37° triplicate assays in a single representative cxperimcnt.



2804 S.J. MCNALLand T. E. MANSOUR

Table 3. Reversibility of LSD binding in fluke particles*

[_H]LSD specific binding
Incubation (fmoles/mg protein)

time

Treatmentofparticles (rain) Expt.1 Expt.2 Expt.3

(A) Incubated + 10 nM [3H]LSD 5 155 219 255
30 96 36 148.

(B) Incubated + 10nM [_HILSD, washed, 5 212 270 305
andreincubatedwith10nM[3H]LSD 30 121 99 157

(C)Incubatedwithout10nM[3H]LSD,washed, 5 228 240 355
and incubated with 10nM [3H]LSD 30 138 79 267

* In A, fluke particles were incubated with 10nM [3H]LSD at 37°, and at the times indicated [3H]LSD specific binding
was determined as described in Methods and Materials. In B, particles that were desensitized after incubation with
[3H]LSD for 30 rain were washed three times with ligand-free homogenizing mixture and their ability to bind [_HILSD
was examined as in A. In C, particles were preineubated without LSD and then were treated as in B before their ability
to bind [3H]LSD was examined. The results presented are the means of triplicate samples in three separate experiments.

significant decrease in [3H]LSD binding was seen cell-free desensitization as measured by [3HILSD
after 45 rain of incubation, binding. ATP and App(NH)p were also without

The nature of this response, which will be referred effect. This is of interest since several reports
to as cell-free desensitization, was further examined [11-14] have indicated that one or the other of these
to determine if it was related to the desensitization in nucleotides is necessary for desensitization to occur
intact flukes described earlier. One major difference in other cell-free systems. Other compounds found
between the two processes was the concentration of to have no effect on fluke cell-free desensitization
ligand required to elicit the desensitization response, included the reducing agents dithiothreitol and mol-
Concentrations of 100 pM to 1 mM of 5-HT were ybdate, the monoamine oxidase inhibitor pargyline,
needed for desensitization to occur in the intact and cholera toxin, which decreased the thermal
flukes. In contrast, cell-free desensitization occurred lability of fluoride activation of adenylate cyclase
with as little as 10 mM LSD. Higher concentrations in fluke particles (unpublished observation). The
of LSD did not increase the rate or extent of the cell- inability of these compounds to affect cell-free desen-
free desensitization response, indicating that 10 nM sitization leaves its mechanism unexplained. It can
LSD induced the maximal response, be stated that the process required the presence

Both cell-free desensitization and the desen- of ligand, was temperature dependent, and can be
sitization in intact flukes were reversible processes, reversed rapidly.
Table 3 shows that cell-free desensitization was

reversed very rapidly following the removal of the DISCUSSION

desensitization ligand by washing the particles. The The results of this study indicate that in the liver
results show that addition of fresh ligand to fluke fluke the process of desensitization to 5-HT is
particles that had been desensitized and then washed characterized by an apparent reduction in the num-
resulted in binding levels similar to those seen in ber of 5-HT receptors and a decrease in the affinity
fluke particles which had not been desensitized pre- of 5-HT for the receptors that do remain. In control
viously. Following continued incubation with the particles, 5-HT activation of adenylate cyclase was
ligand, the resensitized particles again became de- biphasic, while in desensitized particles 5-HT ac-
sensitized. In contrast to the rapid reversal of cell- tivation occurred through a single set of low-affinity
free desensitization, a much longer time period was sites. Activation of adenylate cyclase by LSD was
required to reverse the desensitization process in through a single set of sites for both control and
intact flukes. An extensivetimecourseofthereversal desensitized particles. Our previous report I19] that
process in intact flukes was not performed; however, LSD blocked 5-HT activation of adenylate cyclase
it was found that 2-4 hr of incubation in 5-ttT suggests that LSD cannot distinguish between the
medium did not alter the desensitized state of the high and low affinity 5-1IT activation sites. If this
flukes. Overnight incubation in 5-HT-free medium interpretation is correct, a decrease in the number
did return the flukes back to their normal state. The of high affinity 5-HT sites should be reflected by
extended time required for the reversal of desen- a decrease in the maximal level of stimulation of
sitization in intact flukes suggests that additional adenylate cyclase by LSD (fewer receptors), but little
cellular steps may be involved that are not present change in LSD affinity for the remaining receptors.
in the rapidly reversed cell-free desensitization. This is consistent with what was observed for LSD

Inability of oarious agents to affect cell-free de- activation of adenylate cyclase and for [311iLSD bind-
sensitization. Several agents were tested to determine ing in the desensitized parliclcs.
their effect on cell-free desensitization. While I)cscnsilization in intact flukes appears similar to
addition of GTI' was necessary for actiwltion by the isoprotcrcnol-induccd desensitization reported
5-HT or LSD, addition of concentrations up to in frog crythrocytcs 14,51. The desensitized cells
10(lltM of GTP or Gpp(Ntt)p had no effect on showed a decrease in the number of fl-adrcnergic

,"_i ........................................ J..... I L........ I ........... _ I I ...... I....1..]L .....],,;..................... [....... JlJLL..J]..-J................._"--_4
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receptors and a markedly reduced ability of the change at the receptor which is responsible for the
remaining receptors to form a high affinity receptor corresponding decrease in 5-tiT-stimulated adenyl-
state for isoproterenol. Ying-Fu et al. I71showed ate cyclase activity. This process appears to represent
that incubation of 1321NI astrocytoma cells with a novel naechanism of cell-free desensitization not

isoprotcrcnol resulted in a rapid decreasc in hot- previously described.
3 mone-stimulated adenylate cyclase activity but no

significant change in the number of /3-adrenergic
receptors for up to 45 rain. It was concluded that
prior to receptor loss the receptors first passed
through an intermediate step in which they were REFERENCES
functionally uncoupled from the adenylate cyclase
system. Our studies with the fluke indicate that such 1. R. J. Lefkowitz, M. R. Wessels and J. M. Stadel, Curr.Topics cell. Regular. 17, 2(J5(1980).
an uncoupled form of the 5-HT receptor was not 2. J. W. Kebabian, M. Zatz, J. A. Romero and J.
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