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ACTH,_l,, its o-nitrophenyl sulfenyl derivative and ACTH, L--14 :iere iodinated by the chloramine T 
method and purified on carboxymethyl~elIulose. Enzymatic digestion shows that all the iodine was 
incorporated in the form of monoiodotyrosinc. The three ACTHs bound to adrenal crude membranes 
(pellet 20,OOOg) prepared from normal human, rat and sheep adrenals. In the presence of an excess of 
membrane protein more than 60’:; of the radioactivity was bound specifically. 

The binding of ‘251-ACTHr_24 to its adrenal receptor is very rapid; it is temperature dependent, in- 
hibited by ions and by the pancreatic trypsin inhibitor. ACTH 1 24 and its o-nitrophenyl sulfenyl derivative 
inhibited identically the binding of “‘1-ACTH,_,,. ACTH,,..,, and ACTH_,, were only, respectively, 
15% and 6x, as active as ACTH,_.24 in displacing the bound ‘251-ACTH,_z,. 

The binding of “*I-ACTH,,._,, IS more inhibited by ACTH, _LJ than by ACTH, ). J4 ACTIt-~,,, .tt 
high concentrations (lo-“ M) had no elect. 

The adenyl cyclase of the same adrenal preparations was stimulated by ACTH,..,,; NPS-ACTH, 24 
stimulated adenyi cyclase activity but inhibited the action induced by ACTH_2, in the same way as 
ACTH, ,_-L4 which was without effect <in adenyl cyclase. On the other hand, ACTH,_,, htimulated adenyl 
cyclase activity and its action was additional to ACTH,..,4. 

It can be concluded that the i-10 N-terminal sequence of ACTH, in addition to being the biological 
active site of the molecule, contributes to binding and increases the affinity of ACTH for its receptor. 

At present it is generally accepted that most and 
perhaps all the effects of ACTH on the adrenals are the 
result of the interaction of this hormone with the cell 
membrane. The derivatives ACTH-cellulose, ACTH- 
agarose and ACTH-polyacrylamide are incapable of 
penetrating inside the cells, yet they are all capable of 
producing the effects of ACTH[l-31. The existence of 
specific binding sites for ACTH have already been 
demonstrated in fractions of bovine adrenals rich in 
pIasma membranes[4,5] and in soluble fractions from 
tumors of the adrenals in mice[6]. 

This paper describes a comparative study of the 
binding kinetics of ‘25ACTH,1.24 to particulate frac- 
tions prepared from rat, sheep, and human adrenals. 
Several factors influencing this binding have been 

studied. Furthermore, observation of the displacement 
of the binding of 1ZJACTHt_24 by its analogues, and 
of the binding of ‘251-ACTH, 1_24 and ‘251-NPS- 
ACTH i-z4 have enabled us to establish certain rela- 
tions between the structure of the hormone and its 
binding to receptor. Similarly we have studied the 
effect of these ACTH analogues on adenyl cyclase in 
the same subcellular preparations. 

EXPERIME~A~ PROCEDURE 

Materials 

ACTH,_,b was provided by CIBA. ACTH, 1_14r 
AGTH,_rO and the o-nitrophenyl sulfenyl derivative 
of ACTHI_,, were a gift from Dr. Rittel and Dr. 

*Abbreviations 

ACT13 L-z,, = corticotropin-( l-24)-tetracosapeptide 
ACTH, ,__24 = corticotropin-( 1 I-24ttetradecapeptide 
ACTH,-,o = corticotropin-( I- IO)--decapeptide 
NPS-ACTH,_2, = [9-tryptophan (u-nitrophenylsulfenyl)]sorticotropin-(l-24)-tetracosapeptide 
EGTA = ethyl glycol-bis (~-amino.ethyi ether) N, I?’ tetra-acetic acid 
EDTA = ethylene dinitrilo tetra-acetic acid. 
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Desaulles (Ciba-Geigy A.G., Basel, Switzerland), 
Carrier-free Na 1 2s I, “‘I-monoiodotyrosine and lz51- 
diiodotyrosine were obtained from Saclay, France. 
Microfine silica, Quso G-32 was obtained' from the 

Philadelphia Quartz Co. (U.S.A.), talc tablets from 
Gold Leaf Pharmacol Co. Inc. (U.S.A.). Carboxy- 
methyl ceiiulose microgranular from Whatman Bio- 
chemicals Ltd., England, and bovine albumin, leucine 
aminopeptidase type V, from Sigma Chemical Co. 
(U.S.A.). Other chemicals were of reagent grade. 

Membrane preparation 

Crude adrenal membranes ~pe~let 20,OOOg) from 
human, ovine and rate adrenals were prepared as 
described elsewhere[S]. Highly purified ovine adrenal 
membranes, verified by electron microscopy, were 
obtained using the method of Finn et al.[5]. 

5’-Nucleotidase was dete~ined according to Heppel 
et al.[7]. Adenyl cyclase activity was measured as 
described alsewhere[8]. 

Preparation of labelled ACTH 

ACTH,_,,, ACTH 1, _24 and NPS-ACTH 1_24 were 
Iabelled by “‘1-Na by the method described by 
Lelkowitz et al.[6]. After each addition of chloramine 
T, the incorporation of ” 51 was measured by precipita- 
tion with 107; trichloroacetic acid and absorption on 
Quso, until 80% of the radioactivity was bound to 
proteins. The reaction product was put on a carboxy- 
methyl cellulose column (1 x 13 cm) previously equi- 
librated with 0.01 M ammonium acetate (pH 4.5). 
After passing 200 ml of this buffer through the column, 
it was eluted, in 3 ml fractions, with an exponential 
gradient of ammonium acetate buffer [lower reservoir 
200 ml of 0.01 M (pH 4.5) upper reservoir 350 ml of 
0.6 M (pH 52)]. For the ACTHi..,, and NPS- 
ACTH,_,,, after recovering 130 fractions (390 ml), the 
buffer in the upper reservoir was replaced by a @8 M 
ammonium acetate buffer (pH 52). The fractions 
corresponding with the peak of radioactivity were 
pooled and diluted by half with 20 mM Tris-HCl 
buffer (pH 7.4) cont~ning 2% albumin. This material 
was divided into I ml fractions and stored at - 20°C. 

Binding measurement of ’ 2 51-ACTH to membranes 

The membranes were incubated in 0.25 ml of 20 mM 
Tris-HCl buffer (pH 7-4) containing 1% albumin and 
izsI-ACTH. Incubation temperatures and times are 
detailed in figures and tables. At the end of the incuba- 
tion, the medium was layered over 1 ml of 0.25 M 
sucrose in 20 mM Tris-HC1 buffer (pH 7.4) containing 
albumin and centrifuged immediately in plastic conical 
tubes at 50,000 g for 10 min. at 0°C. After aspiration of 
the supernatant, the tip of the centrifuge tube was cut 
off and counted. For kinetic studies, 0.1 ml of the 
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incubation mixture was layered over O-2 ml of the 
last buffer described, contained in a plastic micro-test 
tube and ~ntrifuged in a Beckman micro-centrifuge 
as described by Rodbell et al. [9]. All binding determina- 
tions were performed in triplicate. Three additional 
samples were also measured in the presence of un- 
labelled ACTH (200 pgper sample). The latter estimated 
the non-specific binding which was subtracted in 
each instance. All experiments reported were repeated 
at least three times to ensure the reproducibility of 
results. 

Leucine-aminopeptidase degradation of iodinated 
ACTH was performed according to the procedure of 
Lefkowitz et al. [6]. At the end of incubation, a 0.2 ml 
aliquot was applied on Whatman 3 MM chromato- 
graphy paper. Appropriate standards (“‘I-mono- 
iodotyrosine, ‘251-diiodotyrosine and Na ‘*$I) were 
applied on reference strips at each side of the sample. 
The chromatogram was developed for 8 h at 30” in 
the system butanol-acetic acid-water (4: 1: 5 v/v) as 
described by Izzo et af.[lO]. Radioactivity was detected 
either by scanning the paper in a windowless flow 
counter or by cutting the paper into 1 cm pieces and 
counting them in a well-type scintillation counter. 
Another O-5 ml aliquot was applied to a Sephadex 
G-50 column (O-9 x 60 cm) equilibrated with 20 mM 
Tris-HCl buffer (pH 7.4) and calibrated with 
ACTH,_.,,, i251-monoi~otyrosine and Na iz51. 

RESULTS 

Purity of iodinated ACTH 

The elution profiles of the three labelled ACTHs 

(ACTH,_2,, NPS-ACTH,_2, and ACTH, 1_-24) from 
the carboxymethyl cellulose column is shown in 
Fig. 1. The iodinated ACTH,_2, was separated almost 

I ACTHI,_,, ACTH,_,, NPS ACTH,_2, 

Froctlon number, 3ml 

Fig. 1. Elution profiles of ‘251-ACTH, L_-24, “51-ACTH1-2.+ 
and ‘ZfI-NPS-ACTH,_24 on ~arboxymethyIcellu~ose col- 
umn as described under Methods: 100 fig of each ACTH 
were iodinated separately with 1.5mCi of Na “‘1 carrier 

free. 
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completely from non-iodinated ACTH,_,4 (data not 
shown). The iodinated ACTH1_24 stimulated the 
adenyl cyclase activity of subcellular preparations of 
adrenals. However, to obtain the same stimulation, 
it required about twice as much iodinated ACTHi-,, 
than non-iodinated ACTH,_2,. Comparable results 
were reported by Lefkowitz et a[.[61 

Owing to insufficient quantities of unlabelled hor- 
mone, we were unable to check whether iodinated and 
non-iodinated NPS-ACTHi_,, were separated on a 
carboxymethylcellulose column. However the follow- 
ing observation suggests that they were separated. 
After purification on a column and in the presence of 

0.1 mg of membrane protein, the percentage of binding 
of 1251-ACTH,1_-24 and 12sI-NPS-ACTH,_24 was 
similar to that of 1251-ACTH,_24 (60-75%). On the 
other hand, if the purification was made by adsorption 
to Quso G-32[ 111, only 20-30x of the radioactivity 
was bound to the membranes. 

The specific activity of the 12SI-ACTH,_2, varied 
from 300 to 450 $i/pg. The specific activity that would 
be obtained if the hormone was labelled at one 1251 
atom/molecule hormone is about 500 &i/pg[ 111. 
Therefore the iodinated and non-iodinated ACTH 
were probably not separated completely. The specific 
activity of ‘251-NPS-ACTH,~2, and 1251-ACTH,_2, 
were of the same order ofmagnitude as 1251-ACTH,_2,. 

After the column chromatography, the three 
iodinated ACTHs showed on electrophoresis on 
paper[ll] a single peak of radioactivity that remained 
at the origin. 

After incubation of the three iodinated ACTHs 
with leucine aminopeptidase (70 units/ml) for 6 h at 
37”, more than 80% of the radioactivity was eluted 
from the G-50 column in the same elution volume as 
monoiodotyrosine and had the same polarity as this 
compound on paper chromatography (Fig. 2). No 
radioactivity was detected as diiodotyrosine after 

Mfgratlon, cm 

Fig. 2. Paper chromatography patterns of lZSI-ACTH, -24 
(bottom) and ‘%ACTH , l_-24 (top), degradation products 
after treatment with leucine aminopeptidase. Vertical 
arrows denote the mobility of Na’251, ‘2*l-monoiodo- 

tyrosine and ‘251-diiodotyrosine. Both ACTH remain at 
the origin of the chromatogram. 

chromatography on the column or paper. These 
results suggest that the iodine was incorporated as 
monoiodotyrosine. 

Binding of labelled ACTH to adrenal preparations ,from 
rat, sheep and man 

With the freshly labelled ACTHs in low concentra- 
tion (lo- lo M) and in the presence of 0.6 mg of protein 
(ml of crude membrane) of the three species, 6&75x 
of the radioactivity was bound at 4” (total binding). 

Table 1. Distribution of adenyl cyclase, 5’-nucleotidase and ACTH-binding activities in different subcellular fractions of 
sheep adrenal. All determinations were made using the same amount of protein (100 pg) 

Whole homogenate 
800 8 
20,000 g 
105,000 ‘8 
Supernatant (105,000 g) 
Purified membranes* 
Purified mitochondria* 

Adenyl cyclase S-Nucleotidase 
Basal ACTH 10e5 M NaF I2 mM Inorganic phosphate 

liberated Binding ‘. 
Cyclic AMP (pmoles/20 min/mg protein)1 (pmoles/h/mg protein) (pmoles/mg protein): 

193 * 8 301 * I3 522 * 22 2.5 I2 * I.1 
192 k 7 252 + 11 545 f 20 0 8 * 0.9 
274 & IO 452 + 14 1162 + 40 5.5 23 + I.4 
156 + 6 177 f 8 940 * 39 7.9 6 i 0.8 

17 f 1 24 k 2 42 k 4 0 
364 + 12 600 f 15 4749 k 60 32.5 30 _+ 1.6 

7*1 5+1 16.7 f 3 0 0.4 * 0.2 

* Prepared by the method of Finn et al. [5]. 
’ Specific binding was determined at 4” for 30min in the presence of 3 x IO-* M “‘1-ACTH,_,, as described under 

Methods. 
$ Mean + 1 S.D. of 6 measurements. 
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Table 2. Effects of several factors on binding of “‘I- ACTH stimulatable adenyl cyclase is less. These 
ACTH,._,,. Rat adrenal crude membranes (06 mg/ml) were 
incubated 30 min at 4” with “‘1-ACTH, _24 in the condi- 

results suggest that during the purification (with dis- 

tions indicated in the table. Results for specific binding 
continuous and continuous gradient) by the method 

obtained under control conditions (610,; of the radio- of Finn et al.[.5], the improvement of the quality of 

activity added) was given an arbitrary value of 100 the membranes, proved by electron microscopy, is not 
accompanied by an equal improvement of all the 

EDTA 8 mM EGTA 8 mM enzyme activities related to the membranes. 
The binding of the three labelled ACTHs with the 

adrenal preparations was specific and displaced only 
by ACTH,_2, and certain of its analogues (see below). 
Insulin, glucagon, ovine prolactin, prostaglandins 
PGE, and PGEz in concentrations of lo-‘M were 
without effect (Table 2). 

Control 100 
+ MgCl, 5 mM 60 

+ MnCI, 5 mM 43 
+ CaCI, 5 mM 51 
fGIucagon iO_’ M 100 
+ Insulin lo- ’ M 100 
+PGE, lo-’ M 100 
+ Prolactin 10s5 M 100 

100 100 
92 .._ 

88 
93 95 

Time course of binding of ‘251-ACTH,_z, to adrenal 
crude membranes 

When 2OOpg of ACTH,_,, was added to the incuba- 
tion medium, the binding was reduced to l-3% (non- 
specific binding). As the labelled ACTH aged, the total 
binding of label reduced and the non-specific binding 
increased. In all the experiments described in this paper, 
the iodinated ACTH was used within three weeks of 
its labelling with a total binding greater than 50% and 
a non-specific binding below 7%. 

The distribution of ACTH binding sites and the 
activities of adenyl cyclase and 5’-nucleotidase in the 
different subcellular fractions are given in Table 1. 
The binding and enzymatic activities of the 20,OOOg 
pellet are about twice that of the whole homogenate. 
The purified membranes isolated by the method of 
Finn et at.[S] have 5’-nucleotidase activity and NaF 
stim~atable adenyl cyclase five times greater than 
the 20,OOOg pellet, but the purification of basai and 

The binding of ‘ZSI-ACTH,_,, to its receptor is a 
very rapid process (Fig. 3). For this reason, the kinetics 
of the binding during the first few minutes of the 
interaction is difficult to measure with precision. 
During the first10 min of the in~ubatjon, the binding 
at 37” is higher than that observed at 4”. At 37” the 
maximum binding was reached in 10min. This 
maximum is followed by a very rapid diminution 
(Fig. 3). After 24 h the total binding is similar to the 
non-specific binding. At 4” equilibrium is reached 
after 20 min and maintained for 1 h. After 24 h. the 
binding was about 407; of that seen at 20 min. 

These differences observed in the binding kinetics 
at 4” and 37” are similar in the three species and could 
be due either to the degradation of the hormone or a 
denaturation of the receptor, or both of these effects. 
Figure 4 shows that the pre-incubation of the recentor 
at 4” for 4 h did not change the capacity of the binding, 

Fig. 3. Time course of binding of ‘251-ACTH,_z4. to crude 
human adrenal membranes. Membrane protein (0.35 mgjml) 
in 6 ml of 20 mM Tris-HCI (pH 7,4), containing 1% al- 
bumin and 1 x IO- ’ ‘*‘I-ACTH,_,, were incubated at 4” 
or 37”. At the indicated times triplicate aliquots (@I ml) 
were withdrawn and the total bound “‘1-ACTHI_,, 
determined as described under Methods. The non-specific 
binding for both temperatures, from 5 min to 24 h, repre- 

fume of pretncubotlon 

Fig. 4. Effects of membrane preincubation on binding of 
ACTH. Human crude adrenal membranes (Z~Smg/ml) in 
20 mM Tris-HCl (pH 74) were prein~ubat~ at 4” and 37”. 
At the time indicated an aliquot of 0.1 ml was taken and 
incubated 30 min with 18,ooO counts/min. of ‘251-ACTH,_,, 
(total volume 025 ml). Specific binding of membrane pre- 
incubated at 4” and 37” was measured at 4” as described 

sented 1,5-2% of the total binding (data not shown). under Methods. 
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Fig. 5. Time course of dissociation of “‘1-ACTH bound to 
human adrenal membranes, Membranes (1.7 mg/ml) were 
incubated at 4” in 6 ml of 20mM Tris-HCl and 3.2 x 
lo-‘M 1251-ACTH,_2,. After 30min, 2ml of Tris-HCl 
containing 4 mg of ACTH,_,, were added. At the indicated 
times triplicate aliquots (0.1 ml) were withdrawn and the 
bound ‘251-ACTH,_Z,, determined as described under 

Methods. 

to the contrary, preliminary incubation at 37” caused 

a diminution, which increased with time. However, 

this denaturation of the receptor seems not to be 
sufficient to explain the binding kinetics observed at 

37” (compare Figs. 3 and 4). The second factor that 
contributes to the explanation of this phenomenon is 

the existence of a degradation of the hormone which is 

more rapid at 37” than at 4” (unpublished data). 
The dissociation of the ACTH-receptor complex is 

a process which varies as a function of temperature 
(Fig 5). At 4” the dissociation is composed of at least 

two slopes whose apparent rates of dissociation are 

in the order of 5 x 10-4s-1 and 1 x 10m5 s-‘. At 30” 

and 37” the dissociation is more rapid and more com- 

plex. 

EfSect of membrane protein concentration 

The binding of ACTH is a function of the concentra- 

tion of the membrane proteins (Fig. 6). At the two 
temperatures at which they were studied, 4” and 37”, 

20 and 9% of “‘1-ACTH r-z4 were bound, respectively, 
in the presence of 4Opg membrane protein/ml. The 
non-specific binding with this concentration of protein 
is lo/& similar to that seen in the absence ofmembranes. 
At 4”, the maximum binding is obtained with a con- 
centration of 0.8 mg protein/ml, whilst at 37” it was 

obtained with a lower concentration of the protein. 
At 4” and 37” the non-specific binding is a linear 
function of the protein concentration, consequently, 
the specific fixation decreases when high concentra- 
tions of proteins are used. This is most evident at 37”. 

:: 
2 37” 

= 25 
p_-- 

c-----~---c)---- 

:: 
o------o--n---~ 

Protein concentration. mg/ml 

Fig. 6. Binding of ‘251-ACTH,_,4 to crude rat adrenal 
membranes as a function of protein concentration. Mem- 
branes in 0.25 ml of 20 mM Tris-HCI (pH 7.4) containing 
1% albumin and 4 x 10-s M ‘251-ACTH,_,, were in- 
cubated 30 min. Total binding at 4” (0 - 0) and at 37” 
(O---o) and non-specific binding at 4” (A-A) and at 

3P (a-_O) were measured as described under Methods. 

Ej’ect of various ions on ACTH binding 

The binding of ACTH,_,, is inhibited by several 

ions (Fig. 7). Divalent cations are more active than 

monovalent cations. The power of a salt to inhibit 

the binding of ACTH seems to depend not only on 

cations but also on anions. Ammonium sulphate and 

Na,SO, caused more inhibition than NH4Cl and 
NaCl, but by contrast the inhibition induced by 

MgCl, is greater than that produced by MgSO,. 

NaCI, KC1 and NH,Cl produced the same inhibition. 

The binding of 12SI-ACTH11_24 and “‘1-(NPS- 
ACTH,_24) is inhibited in a similar fashion to that 

: loo 

8 

z + 80 

Fl 
i 60 11 n 
c 
3 40 

2 

2 
I_ 20 
c 

:: 

u- 
N 5 10 50 100 

Salt concentration, mM 

Fig. 7. Effects of concentration of various ions on total 
binding of lz51-ACTH to crude sheep adrenal membranes. 
Membrane proteins were incubated 30 min at 4” in 20 mM 
Tris-HCl, without albumin, containing 1 x 10e9 M lz51- 

ACTH,_,, and the indicated concentrations of salts. The 
pH was adjusted to 7.4 in all experiments. In these experi- 
ments the total and the non-specific binding without salts 
were 65 % and 4 %, respectively. MnCI, ( x ), CaCI, (0) 
MgCl, ( XL MgSO, (Cl), Na,SO, (A), (NH&SO, (O), 

NaCI, KCI or NH,CI (A). 
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Fig. 8. Displacement of ‘ZSI-ACTH,_L4 bound to crude 
sheep adrenal plasma membranes by ACTH analogues. 
Membranes were incubated 30min at 4” in 0.25mg of 
20 mM Tris-HCl (pH 7.4) containing 1% albumin and 
4 x lo- lo M ‘251-ACTH ,_24 and the indicated concentra- 
tions of unlabelled ACTH analogues: NPS-ACTH,m2, (@), 
ACTH,_2, (xl, (ACTH,,_,, (0) and ACTH,-lo (A). In 

these experiments the total binding was 71%. 

of ‘251-ACTH,_a4 (data not shown). EDTA or EGTA 
caused the inhibitions produced by divalent cations to 

disappear (Table 2). 

~~s~~ace~e~r of ‘251-ACTH,._2,, i2sI-NPS-ACTH,_2, 
and ‘251-ACTH,,_-24 bound to adrenal membranes by 
tlarious ACTH analogues 

The binding of ‘251-ACTH1_2., is displaced in a 
similar fashion by ACTH1_24 and NPS-ACTH,_24. 
On the other hand, the displacement produced by 
ACTH,,_2, and ACTH,_l, at the same molarity is 
about 6 and 15 times less, respectively, than that 
produced by ACTH,_24 (Fig. 8). The displacement of 
the binding of’ “1-NPS-ACTH ,_2., by other analogues 

Hormone concentration, M 

Fig. 9. Displacement of ‘251-ACTH11_24 bound to crude 
sheep plasma adrenal membranes by ACTH analogues: 
membranes were incubated 30min at 4“ in 0.25 ml of 
20mM Tris-HCl (pH 7-4) containing 1% albumin and 
3 x lo-“M ‘251-ACTH, 1_-24 and the indicated concentra- 
tions of unlabelled ACTH analogues: NPS-ACTH,-24 (e), 
ACTHi_2, (x), ACTH,z-zd (17) and ACTHI_,, (A). In 

these experiments the totaf binding was 67%. 
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of ACTH is similar to that of ‘251-ACTH,_,, (data 
not shown). The binding of 1251-ACTH,1_24 is dis- 

placed by ACTH,-,, and NPS,_,,, but the displace- 
ment of these two peptides is greater than that of 
ACTH, ,_24. On the other hand, ACTHI_,, at high 
concentrations (5 x 1O-4 M) was without effect (Fig, 
9). The results of Figs. 10 and 11 and similar experi- 
ments show that the apparent dissociation constant 
for both ‘“‘I-ACTH,_,, and ‘251-NPS-ACTH1_-24 is 
about 6 x lo-’ M and for 1251-ACTH,1_24 about 
4 x lo-‘M. It must be pointed out that all these 
values are only rough since we have not taken into 
consideration the degradation of the hormone which 
even at 4” is important (unpublish~ data). 

Eflects qf ACTH analogues on the adenyl cyclase 
acrivify 

The stimulation of adrenal cyclase by certain 
analogues and fragments of ACTHi_,, have been 
studied (Table 3). ACTH, 1_24 has no stimulatory 
effect on adenyl cyclase, whilst ACTH1_io and NPS- 
ACTHi._,, significantly increase the basal activity but 
far less than ACTH1_24. The significant inhibitory 
effect of ACTH, ,_24 on the stimulation induced by 
ACTH,_2, is easily explained by the fact that it dis- 
places bound ’ ZSI-ACTH,_,, without stimulating 
adenyl cyclase. The fact that NPS-ACTH,_zI inhibits 
the stimulation induced by ACTH7_2, can also be 
explained, if it is assumed this analogue of ACTH has 
a stimulatory action of adenyl cyclase well below that 
of ACTHI_-24, but an affinity for the receptor identical 
to ACTH1_24 and greater than ACTH, 1_24. 

The results for ACTH1_ro are a little more complex 
to interpret. The stimulator effect on adenyl cyclase is 
in agreement with the tindings in isolated cells[l2]. 
However, Seelig et a[,[131 found in isolated adrenal 
cells that ACTH,-,,, acts as a competitive antagonist 
to ACTHl_-39 with respect to corticosterone production. 

Table 3. Action of analogues and fragments of ACTH,_,, 
on the adenyl cyclase activity of particulate preparations of 

rat adrenals (20,000 g pellet) 
___- 

Cyclic AMP 
(pmoles/mg 

protein/ZOmin) 

Basal activity 280 i 15’ 
ACTH,_Z, 1O-5 M 915 f 50-i 
NPS-ACTH,_,, lo-’ M 380 + 33’ 
ACTH, I_24 lo-“ M 279 + 20 
ACTH__,o 1O-4 M 364 f 27.’ 
ACTH,..24(10-5M) + ACTH,,..14(10-JM) 800 + 30$ 
ACTH,_t,(10-5 M) + NPS-ACTH(10-5 M) 645 + 40$ 
ACTH1__24(10-5 M) + ACTH,_,,(10-4M) 1100 + 7a: 

* mean +_ SD (12 observations). 
+ P < O@l compared to basal activity. 
$ P < 0.01 compared to ACTH,_2, to-’ M. 
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Our results showed that the stimulation induced by 
maximal concentration of ACTHi_,, and ACTH,_,, 
were additive.* ACTHi_,, displaces 15 times less 
bound 1251-ACTH,_,, than ACTHt_,, at the same 
molarity; but it has a protective effect on the degrada- 
tion of 1251-ACTH,_,, which is similar to that of 
ACTH 1-24 (unpublished data). The additive effect 
that we found could be a reflection of the inhibition by 

ACTH,_,,, of the degradation of ACTHi_,, and the 
weak capacity of this fragment to displace bound 
ACTH,_,, . Furthermore, the fact that the degrada- 
tion of ACTH,_,, by intact isolated cells is less than 
by subcellular fractions (unpublished data) probably 
explains the difference between Seelig’s results and ours. 

DISCUSSION 

The biosynthesis of corticosteroids seems to be under 
the control of many hormonal factors[l4]. The first 
step in the mechanism of action of these hormones 
seems to be the attachment of the hormone to specific 
sites localized on the cell surface. In animals, a specific 
binding to the particulate fractions of the adrenals 
has been shown for angiotensin[l5], ACTH[46], 
prostaglandins[8], prolactin[l6, 171 and insulin[l8]. 
Nevertheless, the role of the last two hormones in the 
control of adrenal steroidogenesis has not yet been 
defined. 

Previously, ACTH binding to adrenal preparations 
has been studied in only two species, mice[6,20] and 
oxen[4,5]. Our studies have shown the existence of 
these receptors in the adrenals of rat, sheep and man, 
but the number of apparent sites varies from one species 
to another. It is of interest that with the same type of 
preparation we have seen evidence for distinct binding 
sites for ACTH, insulin and prostaglandins (PGE, 
and PGE,) in both human and ovine adrenals[8, 181. 

The kinetics of the binding of ACTH to its receptor is 
temperature dependent (Fig. 3). At 37” the maximum 
binding is reached in 19 min followed by a very rapid 
decline. This is the consequence of degradation of the 
hormone (unpublished data) and modification of the 
receptors (Fig. 4). This later process could be due either 
to a diminution of its affinity or a reduction of its 
capacity or both these effects. Lefkowitz et a[.[191 
studied the rate of association of ACTH to a soluble 
extract of murine adrenal tumour as a function of 
temperature. They found at 37“ there was no state of 

* Maximal stimulation of adenyl cyclase was obtained 
with ACTH, _24 10e5 M. Further increase of ACTH,_,, 
leads to a reduced stimulation, which might be explained 
by the accumulation of degradation products of ACTH, _ 24. 
This former phenomenon (reduced stimulation of adenyl 
cyclase) does not occur, if we add increasing concentrations 
ofACTH,_I,(10~6-10-4M)inthepresenceofACTH,_,, 
1O-5 M. 

equilibrium; however, the total binding at 37” during 
the first hour of incubation was always greater than 
that observed at 1”. The difference between these 
results and ours could have been due to less degrada- 
tion of the hormone in their preparation than in our 
preparations. 

The apparent dissociation constant found for 
ACTH1_-24 is similar to that found by Finn et a/.[51 
and Lelkowitz et al.[6] and corresponds well with the 
concentration of hormone which gives half maximal 
!stimulation of adenyl cyclase[6,21,22]. However, these 
concentrations are much greater than those which 
are required for eliciting a half maximal response with 
isolated adrenal cells[l2,13,23-251 and the physio- 
logical concentration of this hormone in the blood[ll]. 
Lelkowitz et a1.[19] using low concentrations of 
labelled ACTH demonstrated the sites of high affinity 
(9 x 10-l’ M). Using the same concentration of 
labelled ACTH we could not confirm these high 
affinity sites. As indicated above, the source of adrenal 
material was dissimilar in these two series which could 
explain the discordances. 

A quantitative difference between the affinity of the 
hormone for intact and ruptured cells has been 
observed in the binding of oxytocin to the toad bladder 
[26,27]. It has been suggested that the reduced affinity 
could be due to a deterioration of the receptor during 
homogenization. The difference in the affinity of ACTH 
for intact cells and cell fractions may be due to the same 
mechanism, as well as hormone degradation that is 
more pronounced in the fractionated material than in 
whole cells (unpublished data). 

The role of ions in the binding of several peptide 
hormones to their receptors is well known. Lelkowitz 
et a[.[191 have shown that CaZ+ inhibits the binding of 
ACTH but this inhibition does not seem to be exclusive 
for Ca’+ since other divalent ions produce a similar 
inhibition (Fig. 7). However, the inhibition produced by 
Ca2+ could be specific for this ion plays an important 
role in the action of ACTH on steroidogenesis in intact 
cells[28] and on adenyl cyclase in cell homogenates 
[19, 291. 

Studies of the structure-action relation of ACTH in 
several laboratories[4,5,30-331 have shown that the 
peptide sequences necessary for the binding and 
biological action of this hormone are localized in 
different parts of the molecule. The N-terminal 

sequence is essential for its biological action, the 
sequence[ 1 l-241 C-terminal is important for binding. 
Our study suggests that the sequence l-10 N-terminal 
in addition to being the “active” site of the molecule, 
should contribute to binding, since the, affinity of 

ACTH, I~ZO amide[4,5] and ACTH, 1_24 (Fig. 9) for 
the adrenal receptor is much weaker than that of 
ACTH 1-z‘, 
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The displacement curves we have obtained (Figs. 8 
and 9) suggests the existence of a common site having 
a different affinity for ACTHIp*, and ACTHI,_,,. 
These results confirm the findings of Seelig et al. [ 12, 131 
who showed that ACTHI 1 _24 has no biological 
action and behaves as an antagonist of ACTH,_3,. 
Meanwhile, this group of workers showed ACTH, 1_24 
at very high concentration is also an antagonist of 
ACTH,p,,. However, we were unable to demonstrate 
a displacement of the binding of 1Z51-ACTH11 _24 by 
ACTH, _ 1,,. 

The biological activity of ACTH in vitro and in uiuo 

is not significantly diminished until the length of the 
chain is reduced to less than 1-18 of N-terminal 
[12, 22, 301. The blockade of E-amino group of lysines 
in positions 11, 15 and 16 or their replacement by 
other non-basic amino acids is associated with a 
marked reduction of biological activity[4,5,30,34]; 
this was interpreted as due to a diminution of affinity. 
All the modifications of the primary structure of the 
sequence 4-10 are accompanied by a diminution of 
biological activity[4,22,30,33] which has been in- 
terpreted as diminution of the excitation of the “active 
centre”. The fact that the affinities of (phe’)-ACTH,_,, 
amide[4] and NPS-ACTH1_24 were similar to those 
of ACTH,_,, amide and ACTH 1_24, respectively, 
although their biological activities were far lower 
[4, 12,251 favours this theory. 

At present, it is not possible to be sure whether 
reduction of biological activity which accompanies the 
other modification of the primary structure of the 
sequence 4-10 is due to a diminution of the excitation 
of the “active centre” or a reduced binding, or to both. 
A comparative study of action and binding by these 
analogues is needed to answer this question. 
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Jensen : 

You have evidence that the l-10 sequence is contributing 
very significantly to the binding to the membrane receptor 
but where is the part of the molecule that is responsible for 
the biological activity located? 

Saez : 
The l-10 sequence is the biologically active part and this 
sequence contributes to the binding since the affinity of 
ACTH1,_-24 is about ten times lower than the affinity of 
ACTH1_24. On the other hand, you saw on one of the slides 
that ACTH l-10 can displace bound ACTH,_,, but cannot 
displace ACTH, 1_24. I think this is an argument for saying 
that ACTH l-10 contributes to the binding. 

Jensen : 
So the binding and the active centre seem to be different? 

Saez : 
The most important part of the molecule for binding is the 
sequence I l-24 but this sequence has no biological action. 

Vngar : 
On one of the slides you had a CaCl, concentration of 15 mM. 
I’m wondering why you used such a high concentration. 

Saez : 
Well, we can start to get an inhibition at 1 mM but you get 
almost complete inhibition between 10 and 15 mM. At 1 mM 
you have about 10 % decrease of the binding. 

Ungar : 
Do you see an increase in activation with lower concentra- 
tions of calcium? 

Saez : 
With EDTA and EGTA there is no modification of the 
binding. 

Grant: 

I suppose because you were labelhng the ACTH fragments 
that they were highly purified because the peptides which 
you get very often contain small blocks used in the synthesis. 
Can you confirm that your peptides were in fact quite pure? 

Saez : 
Well, the peptide was a gift from Dr. Rittel from Base1 and 
they purified the peptide extensively before he gave it to me. 

Crabbi : 
I wonder if you’ve had the chance to try this interesting 
ACTH analog (C-41795) which has been developed by 
the crew ofchemists at Ciba, Basel. It is an octa-deca peptide 
with, among the characteristics, a d-serine at the C-l 
terminal which exerts a surprisingly long action after 
intravenous injections, 

Saez : 

NO, we haven’t had the chance 


