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SUMMARY
The binding properties, coupling to adenylate cyclase, and de-
sensitization of secretin receptors stably expressed in trans-
fected Chinese hamster ovary (CHO) cells were compared in two
clones expressing high (CHO-SnR-c5, 450 ± 80 fmol/mg of
protein) and low (CHO-SnR-cl , 40 ± 25 fmol/mg of protein)
receptor densities. The Kd values for receptor occupancy by
secretin, selected analogues, and fragments were identical in
CHO-SnR-cl and -c5 cells and identical to those described for
native receptors from NO 108-1 5 cells. The Ka,� values for
adenylate cyclase stimulation were identical to the Kd values in
CHO-SnR-cl cells but 5-1 0-fold higher than those in CHO-SnR-
c5 cells. The Kact values in both CHO-SnR-cl and -c5 cell lines
were reduced in the presence of the nonhydrolyzable GTP
derivative guanosine-5’-(f3,-y-imido)triphosphate and after pre-

treatment of the cells with cholera toxin. Preincubation of both
CHO-SnR-cl and -c5 cell lines with secretin for 24 hr reduced
their binding capacity and reduced secretin efficacy in CHO-SnR-
ci cells and secretin potency in CHO-SnR-c5 cells. These results
suggest efficient coupling of the secretin receptor to the aden-
ylate cyclase machinery and the existence of spare receptors in
the clone expressing higher receptor density. Pretreatment of
the two cell lines with the reducing agent dithiothreitol reduced
the binding capacity and induced the appearance of a low affinity
binding component. In both cell lines, dithiothreitol pretreatment
decreased secretin potency but not secretin efficacy, suggesting
the necessity of integrity of the disulfide bridges for optimal
receptor recognition.

The molecular cloning of the rat secretin receptor from

neuroglioma NG1O8-15 cells was achieved in 1991 by Ishihara
et al. (1). Among the seven-helix receptors known at that time,
the secretin receptor was related to the calcitonin (2) and

parathormone receptors (3), defining a new subfamily of parent
receptors. The subsequent cloning of the VIP (4), GRF (5),

glucagon-like peptide 1 (6), and glucagon (7, 8) receptors con-
firmed the concept of a family of related receptors, the coun-

terpart of the concept of a superfamily of peptide ligands. The

availability of the secretin receptor sequence permits transfec-

tion of the DNA coding for the receptor and stable expression

of the receptors in CHO cells that do not constitutively express
secretin, VIP, GRF, or glucagon receptors. We used CHO cells

transfected with the rat secretin receptor to analyze the struc-
tural requirements for binding of the ligand and coupling of

the receptor to the adenylate cyclase system. Convenient

models for studying the pharmacological and biological prop-
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sion of the European Communities and by Grant 7.4587.92 from the Fonda de Ia
Recherche Scientifique et M#{233}dicale, Belgium (T#{233}l#{233}vie).

erties of the secretin receptor are rare. Secretin receptors are

expressed at high density on pancreatic acinar cells (9) and on

purified pancreatic membranes (10, 11), but the complex pat-
tern of multiple classes of receptors for parent peptides makes

interpretation of the data ambiguous. NG1O8-15 neuroglioma

cells express a small number of secretin receptors (12); sodium

butyrate increases that number, but the fatty acid may affect

receptor glycosylation (13).
We first obtained a cell line that expressed a high receptor

density and found that agonists were 4-10-fold more potent for

adenylate cyclase activation than for receptor occupancy. This

observation suggested the existence of an amplification process
(existence of spare receptors) in the cell clone studied. This

hypothesis was directly tested and proved by comparing binding
data and adenylate cyclase activation for two CHO clones that

expressed different concentrations of receptors and for cells
pretreated with secretin.

We also studied the consequences of pretreatment with the

reducing agent DTT, which was previously reported to decrease
binding capacity and secretin adenylate cyclase activation on
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pancreatic membranes (14). We finally explored the effect of

permanent activation of G, on the efficacy of coupling of the
secretin receptor to the adenylate cyclase system.

Experimental Procedures

Construction of the expression plasmid, transfection, selee-
tion, and expression in CHO cells. The DNA coding for the rat
secretin receptor was excised from the plasmid pCDM8 (kindly pro-

vided by Prof. S. Nagata, Osaka Bioscience Institute, Osaka, Japan)

(1) by digestion with HindIII and NotI, treated with DNA polymerase

I (Klenow fragment), and cloned into the HindIII and blunted XbaI

sites of the mammalian expression vector pNIV187, a derivative of

pRc/RSV (Invitrogen) that contains the selectable neomycin phospho-

transferase gene and an expression cassette for dihydrofolate reductase,

as described by Connors et al. (15). The resulting recombinant plasmid,
pNIV1938, was transfected into the CHO cell line DG44 (16) by
electroporation using a gene pulser. Approximately iO� cells were

preincubated on ice for 30 mm with 25 �g of DNA in 0.8 ml of 7 mM

sodium phosphate buffer, pH 7.4, containing 272 mM sucrose and 1

mM MgC12. Electroporation was performed at 600 V and 3 �tF. After
electroporation, cells were kept on ice for 10 mm, added to 10 ml of

culture medium, and harvested in 96-well plates. Cells were maintained

in a minimal essential medium, supplemented with 10% fetal calf

serum, 2 mM L-glutamine, 100 �g/ml penicillin, and 100 �g/ml strep-

tomycin, under an atmosphere of 95% air/5% CO2 at 37’.

Forty-eight hours after transfection, G418-resistant cells were se-
lected by the addition of geneticin to a final concentration of 450 �zg/

ml. Selection was done in 96-well plates, with 2000-5000 cells/well. To
produce sufficient amounts of cells for receptor characterization, the
clones were then grown to confluency in six-well plates of 35-mm
diameter.

The clones used in the present study, hereafter referred to as CHO-

SnR-cl and CHO-SnR-c5, were obtained without amplification and

were selected on the basis of low and high binding capacity for �n1�
secretin and low and high secretin-stimulated adenylate cyclase activ-
ity, respectively. Geneticin at 0.5 mg/ml was maintained in the culture
medium of the stock culture. Subcultures prepared for membrane

purification were grown in medium without geneticin.
Membrane preparation, receptor identification, and meas-

urement of adenylate cyclase activity. Cells were detached with a
rubber policeman and pelleted by low speed centrifugation; the super-
natant was discarded and the cells were lysed in 1 mM NaHCO3 solution
and immediately frozen in liquid nitrogen. After thawing, the lysate
was centrifuged at 800 x g for 10 mm and the supernatant was further

centrifuged at 20,000 x g for 10 mm. The pellet, resuspended in 1 mM

NaHCO3, was used immediately as a crude membrane preparation.
‘251-Secretin was labeled by the chloramine T method, as described

(12), and was purified by adsorption on a cellulose column eluted with

BSA steps. Tracer specific radioactivity was 1.5 mCi/nmol. Binding of

the tracer to the membranes was performed as described (12). Satura-

SCATCHARO ANALYSIS COMPETITION CURVES

tion curves were measured with increasing concentrations of iodosecre-
tin and competition curves with a fixed tracer concentration (equal to

the Kd of the tracer) and increasing concentrations of unlabeled pep-
tides. In all cases the nonspecific binding was defined as the residual
binding in the presence of 1 �tM secretin. Binding was performed at 37’

in 20 mM Tris-maleate, 2 mM MgCI2, 0.1 mg/ml bacitracin, 1% BSA,
pH 7.4. Fifteen to 20 �zg of protein were used in each assay. The bound

radioactivity was separated from free radioactivity by filtration through
GF/C glass fiber filters (which had been presoaked for 24 hr in 0.1%

polyethyleneimine), which were rinsed three times with 20 mM phos-

phate buffer, pH 7.4, containing 1% BSA.
Adenylate cyclase activity was determined by the method of Salomon

et al. (17). Membrane proteins (5-10 �g) were incubated in a total
volume of 60 �l containing 0.5 mM [a-32PJATP, 10 �zM GTP, 5 mM

MgC12, 0.5 mM EGTA, 1 mM cAMP, 1 mM theophylline, 10 mM

phospho(enol) pyruvate, 30 �ig/ml pyruvate kinase, and 30 mM Tris.

HC1, at a final pH of 7.5. The reaction was initiated by addition of
membranes and was terminated after a 12-mm incubation at 37’ by
addition of 0.5 ml of cAMP and 20,000 cpm of [8-3H]cAMP. cAMP
was separated from ATP by two successive chromatographic steps on
Dowex 50-WX8 and neutral alumina.

Pretreatment of cells. Pretreatment with secretin (for 24 hr) or

with cholera toxin (for 2 hr) was done with confluent cells. Attached
cells were washed twice with culture medium without fetal calf serum,
harvested with a rubber policeman, and centrifuged at low speed. The
cells were lysed with 1 mM NaHCO3 and immediately frozen in liquid
nitrogen. The lysate was stored at -80’ until membrane preparation.

Materials. Restriction endonucleases, T4 DNA ligase, and Esche-

richia coli DNA polymerase I (Klenow) were purchased from Amer-

sham, Boehringer-Mannheim, New England Biolabs, and GIBCO-

BRL. Neomycin (Geneticin, G418), cell culture medium (a minimal

essential medium), L-glutamine, penicillin, streptomycin, and fetal calf
serum were from GIBCO-BRL. Secretin was a kind gift from Dr. L.

Moroder (Max Planck Institute, Munchen, Germany). All other pep-
tides were synthesized in our laboratory by A. Vandermeers, M.-C.
Vandermeers-Piret, and P. Gourlet, by solid-phase methodology using

the 9-fluorenylmethoxycarbonyl strategy. The origins of all of the

products used in the adenylate cyclase assay and in the binding assay
were reported in previous publications (1 1, 12).

Results

Comparison of cell lines expressing large and small
numbers of secretin receptors. As established by Scatchard

analysis of saturation curves (Fig. 1A), clone 1 expressed a 10-

fold lower secretin receptor density than did clone 5 (40 ± 15

fmol/mg of protein, compared with 450 ± 80 fmol/mg of pro-
tein, mean ± standard error of four determinations). Cellular

growth rates of the two cell lines were identical. Adenylate

cyclase activities were comparable (Table 1), although the

Fig. 1. A, Scatchard analysis of saturation curves obtained
by incubating 35 �g of membrane protein from clone 1 or
clone 5 in the presence of increasing concentrations of 125I

secretin, in a total volume of 120 � Nonspecific binding was
measured in the presence of 1 �zM secretin. One represent-
ative experiment of four others is shown. B, Dose-dependent
inhibition of 125I-secretin binding (at a concentration 2-fold
lower than the Kd) by unlabeled secretin (circles), helodermin
(triangles) or [Asn3]secretin (squares) with membranes from
clone 1 (open symbols) or clone 5 (closed symbols). The
results, expressed as percentage of tracer specifically
bound, are the mean of at least three experiments.
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Fig. 2. Dose-effect curves for adenylate cyclase activation
by secretin (inverted triangles), [Glu3]secretin (triangles), or
VIP (circles) of membranes from clone 1 (A) or clone 5 (B).
The values, expressed as pmol of cAMP formed/mm/mg of
protein, are the mean of four experiments.

1024 Vilardaga et al.
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TABLE 1
Adenylate cyclase activity of membranes from the cell lines CHO-SnR-cl (clone 1) and CHO-SnR-c5 (clone 5)
The data were from untreated cells, from cells treated for 2 hr with 0.1 ,�g/ml cholera toxin (and their corresponding controls), and from membranes treated or not with
1 or 5 mu DTT. All values were expressed as pmol of CAMP produced/mm/mg of protein and were given as mean ± standard error.

Ce�s and cx�ndftions n’ G NH FOrSk*
Basal (10�� �.i) NaF(10 mM) (10� M) GTP (10’ P.i) Secretin (1O hi)

pmol/min/rrig

Clonel 10 5±1 208±8 220±8 51±4 9±1 174±6
Clone5 10 4±1 177±7k’ 171±8b 49±5 9±1 237±8”
Clone 1

Control 3 5±2 170±20 236±15 37±5 9±3 160±15
Cholera toxin 3 38 ± 5C 231 ± 20 21 9 ± 20 125 ± 15 196 ± 1 5C 340 ± 2O�’

Clone 5
Control 3 4±2 102±13 166±10 36±5 8±3 280±20
Cholera toxin 3 34 ± 5C 130 ± 1 5 120 ± 10 123 ± 20 152 ± 1 0� 342 ± 3O’�

Clone 1
Control 3 7 ± 2 291 ± 15 276 ± 20 65 ± 8 13 ± 4 282 ± 20
1mMDTT 3 8±2 369±20’ 403±25c 59±10 18±3 342±25
5mMDTT 3 10±2 438±20c 466±23c 52±5c 21±5 360±20c

Clone 5
Control 3 4 ± 2 200 ± 15 189 ± 15 52 ± 4 1 1 ± 2 290 ± 23
1mMDTT 3 6±2 189±16 190±16 47±3 10±2 322±20
5mMDTT 3 5±2 191±15 197±15 39±4 9±2 298±25

a �, number of experiments.

a Significant difference between clone 1 and clone 5.

C Difference between treated and untreated conditions.

maximum effect of secretin was weakly but significantly re-
duced in clone 1 (Fig. 2). The specificity and selectivity of the

transfected secretin receptor were established by determination
of the relative potencies of secretin, selected secretin analogues

and fragments, and related peptides to inhibit ‘25I-secretin
binding (Table 2). With both clones, the IC� for unlabeled

secretin was 2 ± 0.2 nM (mean ± standard error of six experi-

ments), corresponding, after the Cheng and Prusoff correction

(18), to a Kd of 1.0 ± 0.1 nM; helodermin and VIP were 30- and
10,000-fold less potent, respectively, than secretin. Glucagon,

truncated glucagon-like peptide 1, and GRF were inactive at 10

�M concentrations (data not shown).
A 10,000-fold increase of the IC� was also observed after

deletion of the amino-terminal histidine [secretin(2-27)]. Fur-

ther deletions of amino acids 2, 3, 4, 5, and 6 did not markedly

modify that pattern. Aspartate in position 3 was critical for

receptor recognition, inasmuch as its substitution by asparagine

C
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C-,

or glutamic acid increased the IC50 by 1000- and 30-fold, re-
spectively.

The concentrations required for 50% inhibition of tracer
binding were not different in the two clones (Fig. 1B; Table 2).

The peptide concentrations required for half-maximal stimu-

lation of adenylate cyclase activity were lower in membranes
from clone 5 than from clone 1 (Fig. 2; Table 2) for all analogues

tested. The inhibitory constants for secretin fragment secre-

tin(6-27) were identical in the two cell lines (Table 2). Thus,

as summarized in Fig. 3, 50% of the receptors must be occupied
in clone 1 to provoke half-maximal adenylate cyclase activation,

whereas occupancy of 10% of the receptors is sufficient in clone

5.

Effects of secretin pretreatment on secretin receptors

and their coupling to adenylate cyclase activity. Cells

were preincubated for 24 hr with 0.1, 1.0, or 10 nM secretin,

washed, and lysed. Membranes were prepared and tested for
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Characteristics of the secretin receptor expressed by CHO-SnR-cl
(clone 1) and CHO-SnR-c5 (clone 5) cell lines
The K,, of binding and the K,,, for adenylate cydase activation were derived from
competition curves and dose-effect curves. The K, of the secretin fragment secretin
(6-27) was calculated from dose-effect curves for secretin in the presence of three
concentrations of the antagonist (mean of three experiments).

Clonel Cione5
Peptidetested

K4 K��,orK, l(� K.,,orK

flM flM flM flM

Secretin 2 2 2 0.3
Helodermin 40 30 50 6
VIP 10,000 10,000 10,000 1,000
Secretin(2-27) 10,000 10,000 10,000 300
Secretin(6-27) 15,000 10,000 20,000 10,000
[G1u3]Secretin 50 30 40 4
[Asn3]Secretin 800 1 000 1 000 150

_g

[SECRETIN] (log P.1)

Fig. 3. Comparison between the ability of secretin to inhibit tracer binding
(triangles) and to stimulate adenylate cyclase activity (circles). The
results were derived from the data presented in Figs. 1 and 2. Adenylate
cyclase activation curves were calculated as percentage of maximal
stimulation after substraction of the basal value. Open symbols, clone 1;
closed symbols, clone 5.

their ability to bind 125I-secretin and to stimulate adenylate

cyclase activity. The binding capacity was evaluated for mem-
branes from clone 5 by complete competition curves (which
presented the same IC50 value) and for membranes from clone
1 by a single binding value in the absence of unlabeled peptide

plus the corresponding nonspecific binding. The binding capac-

ity, which can be considered as an evaluation of the number of

high affinity receptors, was reduced in clone 5 to 60 ± 10, 40 ±
10, and 20 ± 8% and in clone 1 to 35 ± 10, 15 ± 8, and 5 ± 5%

(mean ± standard error of three experiments) of the control
value after pretreatment with 0.1, 1.0, or 10 nM secretin, re-

spectively. Although it is difficult to be sure that after secretin

pretreatment and washing there in no residual binding of
secretin, it must be pointed out that after treatment there was
no increase of the unstimulated adenylate cyclase activity (see
below), suggesting that, if receptors were still occupied, their

number was limited or they were uncoupled from the adenylate

cyclase machinery.
Adenylate cyclase activation was determined with the same

membrane preparations. Basal and Gpp(NH)p-, NaF-, GTP-,
and forskolin-stimulated activities were not modified by secre-

tin treatment. The secretin stimulation was altered, as pre-

sented in Fig. 4. In clone 1, preincubation reduced the maximum
effect of secretin, with only a small increase in the K8�,. In clone

5, there was a progressive increase in the Kact and a significant

(SECRETIN] (log N)

Fig. 4. Dose-effect curves for secretin-stimulated adenylate cyclase
activity in membranes from clone 1 (A) and clone 5 (B) cells treated
without (circles) or with 10_b M (inverted triangles), 10� M (triangles),

or 10_8 M (squares) secretin (Sn). Dashed arrows, K,�, of secretin. The
results are the mean of three experiments and are expressed as pmol
of cAMP formed/mm/mg of protein.

[SECRETIN] (log M)

Fig. 5. Inhibition of 125l-secretin binding by secretin in control membranes
(0), in membranes in the presence of 10 �M Gpp(NH)p (S), or in
membranes from cells treated for 2 hr with 0.1 �g/ml cholera toxin (tx).
The experiments were performed on clone 5 cell membranes. Results,
expressed as percentage of tracer bound in the absence of unlabeled
secretin, are the mean of three determinations.

decrease in the maximum response was observed after prein-

cubation with 10 nM secretin.

Effects of forskolin, Gpp(NH)p, or cholera toxin pre-

treatment on secretin receptors and their coupling to

adenylate cyclase activity. In clone 5, the binding properties

of secretin were unchanged in the presence of forskolin (data
not shown) or after an efficient 2-hr pretreatment of the cells
with 0.1 �g/ml cholera toxin (Fig. 5; Table 1). In the presence
of 10 zM Gpp(NH)p, tracer binding was reduced by 30 ± 8%
(mean ± standard error of three experiments) and the curve
for inhibition of tracer binding by unlabeled secretin was mod-

erately but significantly shifted to the right (from an IC50 of

3.0 ± 0.3 nM to 6.2 ± 0.5 nM, mean ± standard error of three

experiments, p < 0.05 for paired values) (Fig. 5). These param-

eters were not evaluated for clone 1. Forskolin (in the presence
of GTP) potentiated the effect of secretin in clones 1 and 5

(i.e., the combined effect of the two stimuli was larger than the

sum of the individual effects) but did not significantly change
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Fig. 6. Dose-effect curves for secretin in the presence of
10-� M GTP (control) (circles) or in the combined presence
of i0� M GTP and 10� M forskolin (inverted triangles) or
10-� M Gpp(NH)p (triangles), with membranes from clone 1
(A) or clone 5 (B) cells. Dashed arrows, K� for secretin. The
results, expressed as pmol of cAMP formed/mm/mg of pro-
tein, are the mean of three experiments.

Fig. 7. Dose-effect curves for secretin with membranes from
control cells (circles) or cells treated for 2 hr with 0.1 ,�g/ml
cholera toxin (triangles). A, Clone 1 ; B, clone 5. Values are
mean of three experiments.

Cholera toxin
treated cellsCholera toxin

treated cells

�ells Control
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the Kact of secretin (Fig. 6). In the presence of Gpp(NH)p, the

amplitude of the secretin response was increased but the L�1
was reduced 10-fold in clone 1 and 15-fold in clone 5. In clone
5, in the presence of Gpp(NH)p the Kact of secretin was thus as

low as 0.01 nM (Fig. 6). Dose-effect curves for secretin in the

presence of GTP in membranes prepared from cells treated
with cholera toxin were similar to those observed in the pres-

ence of Gpp(NH)p with control cell membranes (Fig. 7), al-
though the Kact of secretin was less reduced (4-fold reduction

for clone 1 and 8-fold reduction for clone 5).
Effects of membrane treatment with DTT on secretin

receptors and their coupling to adenylate cyclase. Bind-

ing properties of the secretin receptor after DTT treatment
were investigated in clone 5 only (Fig. 8). The Scatchard
analysis was compatible with the presence of one class of
binding sites; the apparent number of receptors was reduced by

45 ± 10 and 60 ± 5% (mean ± standard error of three experi-
ments) after exposure to 1 and 5 mM DTT, respectively, and

the affinity of the remaining receptors was reduced 1.5-fold.
Competition curves, however, revealed the appearance of a

progressively increasing component with low affinity (Hill coef-
ficient of 0.87 ± 0.3, 0.80 ± 0.3, and 0.77 ± 0.1 in control

membranes and membranes pretreated with 1 and 5 mM DTT,

respectively; the value obtained after 5 mM DTT treatment

was significantly different from control values, p < 0.05). Aden-
ylate cyclase determinations were performed on clones 1 and 5.

Preincubation with 1 or 5 mM DTT significantly increased the

maximal response to GTP, Gpp(NH)p, NaF, and secretin in

clone 1, had no effect on these parameters in clone 5, and
decreased the response to forskolin in both clones (Table 1).

The Kact for secretin was increased 10-fold after 5 mM DTT
incubation (Fig. 9).

Discussion

In studies on hormone receptor interactions, discrepancies

between binding data and biological data (even when the meas-
ured parameter is close to the binding step) are frequent,

particularly when peptide hormones are tested; the tracer is

usually a high affinity agonist sensitive to the presence of

guanyl nucleotides and its proteolytic degradation can be re-

duced but rarely abolished. Furthermore, receptor subclasses
may coexist and cross-recognition of peptides by parent recep-
tors may occur; in addition, each receptor may be differently
coupled to the effector. The stable transfection and expression

of one defined receptor in cells that do not constitutively
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Fig. 8. A, Scatchard analysis of saturation curves for 125I

secretin binding to membranes preincubated without (0) or
with 1 mM (#{149})or 5 mM (1�i) DTT. The membranes were
prepared from clone 5 cells and used in this representative
experiment at a concentration of 32 ,�g of protein/assay. B,
Inhibition of 125I-secretin binding by unlabeled secretin with
clone 5 membranes prepared as described for A. The results,
expressed as percentage of tracer bound in the absence of
competitor, are the mean of three experiments.
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Fig. 9. Dose-effect curves for adenylate cyclase activation by secretin in
membranes from clone 1 (A) and clone 5 (B) cells treated without (circles)
or with 1 m� (inverted triangles) or 5 m� (triangles) DTT. Dashed arrows,
K�,. The results, expressed as pmol of cAMP formed/mm/mg of protein,
are the mean of three experiments.

express the receptor or any other related receptor circumvent
most of the problems; this was achieved in the present study

by transfection of CHO cells with the recently cloned secretin

receptor.

It was also possible to select, after transfection, cells that

stably expressed different receptor densities. We compared two

clones that differed essentially, if not solely, in the density of
secretin receptors.

Several converging arguments suggest that a relatively small
number of secretin receptors is sufficient to provoke maximum

stimulation of adenylate cyclase in CHO cells. (a) Adenylate

cyclase activation by secretin and analogues in membranes
from clone 5 (450 fmol of receptors/mg of protein) occurs at

peptide concentrations 5-10 times lower than those needed for
membranes from clone 1 (40 fmol of receptors/mg of protein).
Furthermore, in clone 1, the maximum response was 80% of
the response of clone 5. (b) Preincubation of clone 1 with

secretin induces a decrease in the density of secretin receptors

and a progressive decrease in the maximum response, with only

a small change in peptide potency.

Preincubation of clone 5 with secretin also induces a decrease

in the density of secretin receptors, characterized for adenylate

cyclase activation first by a decrease in secretin potency without

a significant change in peptide efficacy and then by a decrease
in peptide efficacy. In rat gastric glands (19), preincubation

with 1 nM secretin for 30 mm induced a 50% decrease of the
binding capacity and a 50% decrease of secretin-induced cAMP
production without a change in the K0�� or Kd of the peptide.
We estimate that a density of approximately 100-150 fmol of

secretin receptors/mg of protein represents the receptor density

needed for “stoichiometric” coupling to adenylate cyclase in

CHO cells. Thus, there is efficient coupling of the secretin

receptor to the G,-adenylate cyclase machinery, and, at least in

CHO cells, increasing the number of receptors increases the
sensitivity to secretin and analogues. If the concept of spare

receptors is applicable to other systems (20-22), it could explain
(a) the relatively low Kact value of secretin in heart membranes
(23) and (b) the fact that secretin fragments had variable
intrinsic activities in different systems (24-27).

The present results indicated also that preincubation of the

cells for 24 hr with low secretin concentrations induced a

marked reduction of available secretin receptors. The sensitiv-

ity of clone 1 (with a small number of receptors) was higher

than that of clone 5 (with a large number of receptors). Al-

though we have no explanation for that high sensitivity, we
suggest first that secretin was stable in the medium, second

that there was poor or slow recycling of the occupied receptors,
and thus a low turnover rate of the receptors in the presence
of secretin, and third that a possible excess of receptors on the

Ga sites in clone 5 reduced the capability for receptor inter-

nalization or desensitization.

Blocking the GTPase activity of a, with Gpp(NH)p, a stable
analogue of GTP, or by cholera toxin-induced ADP-ribosyla-
tion further decreased the K8�� of secretin in both clones.

Considering that the concentration of secretin required for
occupancy of the receptor is 2 nM (on the basis of both binding
data and the � of secretin in the clone 1 cell line), there is a

200-fold increase in sensitivity produced by combining a high

receptor density and the presence of Gpp(NH)p.

It thus appears, as suggested previously (28, 29), that blocking

the GTPase activity increases the efficacy of coupling between

the secretin receptor and adenylate cyclase. Forskolin poten-

 at T
ham

m
asart U

niversity on D
ecem

ber 2, 2012
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/


1028 Vilardaga et a!.

tiates the response to secretin but does not significantly modify

the � of the hormone.

We previously showed that secretin-activated adenylate cy-
clase of the rat pancreas was affected by pretreatment of

membranes with the reducing agent DTT (14). Although no

binding data were obtained at that time, the results suggested

structural changes of the secretin receptor, on the basis of a
marked decrease in the K,�, value of secretin with only a limited

reduction in peptide efficacy. The structure of the secretin

receptor supports this view (1); indeed, seven cysteine residues

are present in the amino-terminal extracellular domain of the

receptor, with two and one cysteines in the first and second
extracellular loops, respectively. Disulfide bridges have not yet

been identified, but it is likely that a reducing agent markedly

modifies the general conformation of the receptor. In clone 5

(clone 1 could not be studied due to the small number of
receptors), pretreatment of the membranes with DTT decreases
the apparent number of secretin receptors and reduces the

affinity for the tracer, as judged by Scatchard analysis. A likely
interpretation of these data is that a large proportion of the

secretin receptors are transformed into low affinity receptors,
which are difficult to detect in saturation experiments. The

competition curves suggest that the homogeneous population
of secretin receptors is transformed into a heterogeneous pop-
ulation of sites with lower affinity. If clones 1 and 5 behave

similarly in that respect, then the data on adenylate cyclase

activation also suggest a decrease in the ability of the receptors

to recognize the peptide, rather than a decrease in the number
of receptors; in both clones, DTT provokes an increase of the

Kact of secretin without a change (or even with an increase) in

the maximal response. Thus, DTT appears to impair secretin
recognition but not the ability of the receptor, once occupied,
to couple to G, sites and adenylate cyclase.
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