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Abstract Tritiated angiotensin II binds in a highly specific manner to zona glomerulo~ cells prepared 
from the adrenal cortex of male rabbits. The reaction is a time-dependent process which obeys second- 
order kinetics (k~ = 2.4 x 105 M ~ sec ~1 and reaches saturation in 5 7 rain. Dissociation of the 
angiotensin II-cell complex is rapid (tl , - 1011 sec) and obeys first-order kinetics for the first 3 rain 
(k t - 6.9 x 10 3 sec 1). 

Increased binding was observed with NaC1 concentrations from 0 to 40 x 10 3 M; however, concen- 
trations from 41) to 140 × 10 j M decreased binding. Neither MgCh nor CaCI 2 at concentrations 
of 0 to 4 x 10 3 M alter the binding of angiotensin II to zona glomerulosa cells. A significant decrease 
in binding was observed with increasing concentrations of KCI (0 to 140 x 10 -3 M). 

Temperature studies indicate that initially binding is more rapid at 37  t37 > 25 > 0 ). However. 
binding of angiotensin II decreases after 3 rain at 37' and after 7 rain at 25 . Binding at 0 did 
not reach a plateau in the 15-min period studied. 

The pharmacologic action of the octapeptide angio- 
tensin 11 has been extensively studied [1]. Some of 
the actions of the hormone are contraction of smooth 
muscle and stimulation of aldosterone production in 
the adrenal cortex. Recent investigations into these 
target tissues have demonstrated receptors for angio- 
tensin It in intact rabbit aorta, [2], in microsomes 
from the intimal-medial layer of rabbit aorta [3], and 
in a membrane fraction from plasma membranes [4] 
of the same tissue. These investigators have also 
reported the solubilization of an angiotensin-binding 
component [5] from rabbit aorta plasma membranes. 

Evidence for angiotensin II receptors has also been 
reported in bovine and rat adrenal subcellular par- 
ticles [6] and in zona glomerulosa cells prepared from 
the cortex of rat adrenals [7]. Brecher and co-workers 
[8] have shown that tissue specificity to angiotensin 
II binding is higher in homogenized rat adrenal cap- 
sules than in decapsulated adrenals, liver, aorta, kid- 
ney or uterus which confirms studies done by Gloss- 
mann et al. [6]. Specific binding of ~25I-labeled angio- 
tensin 11 to bovine and rat adrenal subcellular frac- 
tions was found to be influenced by the cation content 
of the incubation medium [9] and inhibited by 
guanyl nucleotides [10]. 

This study was undertaken to characterize the 
binding of angiotensin II to Zona #lomerulosa (Z.¢l.t 
cells prepared from the cortex of rabbit adrenals and 
to determine whether binding characteristics are simi- 
lar in different species. 

METHODS 

Tritiated angiotensin II (3H]AII, sp. act. 70 Ci/m- 
mole) was a gift from the Centre d'Etudes Nucleaires 
de Saclay (France). The material was stored in small 
aliquots in liquid nitrogen. Hypertensin was pur- 
chased from Ciba~Geigy Corp. (Summit, New Jerseyt. 

Trypsin, trypsin inhibitor, deoxyribonuclease 
(DNAase) and bovine serum albumin (BSA) were pur- 
chased from Sigma Chemical Corp. (St. Louis, Mis- 
souri). Collagenase was obtained from Worthington 
Biochemical Corp. (Freehold, New Jersey). 

Male rabbits of the New Zealand strain (2.5--4.0 
kg) were given air embolli via the ear vein. A midline 
incision was made, the adrenals quickly removed and 
placed in cold buffer [0.02 M Tris HCI (pH 7.4), and 
0.12 M NaCI] containing 0.21~;i (w/v} glucose and 4!!,> 
(w/v) BSA. Extraneous material was dissected from 
the adrenals, each gland was halved, and the medulla 
and inner cortical mass were gently scraped away. 
The capsular layer with adherent outer cortex was 
minced finely with scissors. Zona ~flomerulosa cells 
were prepared by the trypsin~zollagenase digestion 
procedure[l  1] under an atmosphere of 95?+, O,  and 
5'!~; CO, .  All subsequent cell suspensions and incuba- 
tions were performed with plastic labware. Isolated 
cells were resuspended in 0.02 M Tris-HCl  (pH 7.4) 
and 0.12 M NaCI containing 0.2"i, glucose and 0.1!'~ 
BSA. An aliquot of the cell suspension was stained 
with an equal volume of 0.51}0 nigrosin or 0.2+'.i, trypan 
blue exclusion dyes and counted in a Ncubauer 
hemocytometer. The yield of Zona ~llomerulosa cells 
was 1 1.5 x 10 ~' cells per adrenal and contamination 
by Zona.tasiculata was less than 5 per cent. Protein 
concentrations were determined by the method of 
Lowry et al. [12]. 

Incubations were performed at 25 unless stated 
otherwise. Labeled and unlabeled angiotensin II were 
added to the incubation medium in small volumes 
using microliter pipets. Cation studies were performed 
after resuspending pellets in the proper salt concen- 
tration. Aliquots (200 itl) of the incubation medium 
were placed on H A W P  millipore filters (0.45 l~m). The 
filters were washed with 10 ml of buffer, air-dried, 
and counted in a Packard liquid scintillation counter 
at 23 per cent efficiency. 
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Fig. 1. Binding of 10 s M [3H] angiotensin II to Zorn1 
~llomerulosa cells at 25 . The arrow indicates time at which 
1000-fold excess unlabeled angiotensin wits added to the 
incubation. The dotted line shows the dissociation of the 
complex. Open circles depict the binding with cells heated 
at 7 0 a n d  open triangles the binding with 1000-fold excess 

unlabeled ungiotensin. 

RES[L[S 

The binding of 10 s M [3HI angiotensin 1I xs time 
is depicted in Fig. 1. Saturat ion of binding wits 
reached between 5 and 7 rain and the half-life of the 
dissociation (induced by addit ion of 1000-fold excess 
unlabeled angiotensin I1 after a 5-min incubation) of 
the complex was approximately 100 sec. Non-specific 
binding is very low as is the binding to cells which 
have been placed in a 70 water bath for 10 m m  

The association of the angiotensin-cell complex fol- 
lows second-order kinetics while the dissociation of 
the complex follows first-order kinetics (Table 1) for 
the first 3 min [5, 13]. The association rate constant  
at 25 i sk  I = 2.4 x 10 s M ~ sec i and the dissocia- 
tion rate constant  i s k  t - 6 - 9  x 10 3 sec 

A Scatchard plot 1-14~ of the specific binding of 
angiotensin I1 to Zorn+ ~tlomerulosa cells is presented 
in Fig. 2. A single high at~nity binding site is charac- 
terized with [3H] angiotensin lI at concentra t ions  
between 10 ~ and t0 ' M. The number  of sites is 
approximately 2 pmole/mg protein and the apparent  
dissociation constant  is 3.8 x 10 s M. The dissocia- 
tion constant  at equil ibrium (k ,,'k~) is 2.9 × 10 s 
M (Table 1). 

Incubat ion of Zorn* glomerulosa cells with 
1 2 × 10 8 M [3HI All  at  0 ,  2 5 ,  and 37 vs time 
is shown in Fig. 3. Binding at 0 appears  to increase 
during the 15-min incubation and is lower than the 
binding at 25 and 3 7 .  At 25 binding reaches a 
maximum between 5 7 min then steadily decreases. 
Binding at 37 reaches a maximum in 3 5 rain then 
decreases. 

Table 1. Kinetic constants for the binding of angiotcnsin 
II to Zo~k~ ~thmk, rulo.~a cells 

Association rate constant (k~) 
Dissociation rate constant [k ,) 
Dissociation constant (K,~) 

From Scatchard plot 
From k t,"kl 

2.4 x It) ~ M ~ scc 
6.9 x 10 3 sec 

3.N x 10 '~ M 
2.9 x 10 ~+ M 
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Fig. 2. A Scatchard plot of the binding of [3H] angiotensin 
11 to Z(ma ~llomerulosa cells. Each point is the ~lVelktgc 
of triplicate determinations and has been corrected lot 
non-specific binding. Incubation was at 25 tot 5 rain at 
concentrations o['angiolcnsin I I between 10 ~' and 10 

M. 

The effect of increasing Na t1  and K ( l  concen- 
t rat ions on angiotensin binding is depicted in Table 
2. Binding increases from 0 to 40 mM N a ( l  then 
begins to decline to below the zero value at 150 raM. 
Increasing concentrat ions of K('I  decrease binding. 
with binding at all concentra t ions  significantly, differ- 
ent from the zero x.alue. In order to be sure if the 
effect was due to increasing K('I concentra t ions  or 
increasing ionic strength, another  s tud\  was pet- 
formed with a buffer containing 20 mlVl Na( ' l  as 
opposed to the original buffer which contains 1211 
mM NaCI. Binding increases with the lower concen- 
trat ion of NaC1 as compared to 12(} mM NaCI, and 
then decreases as K('I  concentrat ion beconles grcatcr 
than 2{) raM. 

Table 3 shows thai increasing concentrat ions of 
MgC12 arm CaCI,  do not significantly alter the bind- 
ing of angiotensin 11 to Z(ma ~thmlerulosa cells. 

l)lS(I ,NsION 

Some of the criteria tot binding studies, as set lorth 
b,, ( 'uat recasas  [15]. are: binding must demonst ra te  
strict substrate specificit 5, saturability, reversibility. 
target-cell specificit3 and affinity, and kinetic rate 
constants  that correlate with the biologic properties 
of the hormolae. 

The binding data in this stud),, have met most of 
these criteria. Angiotensin II binding to Zmm flhmlcr- 
u/o~sa cells is specific (non-specific binding is less than 
5 pet cent), saturable and readily reversible, and kin- 
etic constants  correlate well ,a.ith the biologic proper- 
tics of the hormone.  Zmm ,qlomertdosa cells responded 
to angiotensin II (I × 10 ~ to 5 × 10 M) \~ith a 
dose dependent increase in aldosterone synthesis [16]. 
The concentra t ion (10 s M) of hormone  used in this 
study also compares favorably with the amotmt  
necessary for contract ion of aorta [4] and release of 
calcium from microsomes [3]. 
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Fig. 3. Incubation of Zmm glomerulosa cells with tritiated 
angiotensin 11 vs temperature. Closed circles (I) 0 .  open 

circles (O) 25 , open triangles (A) 37. 

The kinetic data (Table 11 of angiotensin lI binding 
to Zonu ,qlomertflosa cells from rabbit adrenals com- 
pare favorably to those for solubilized receptors from 
rabbit aorta (k I = 2.5 x 105mole ~ sec-1;k_~ =4.1 
× 10 3 scc-~: k t/k~ - 2.0 x 10 s M) [5] and to 
the association constant for bovine adrenal subcellu- 
lar particles (k~ = 2.4 x 105 mole ~ sec- ~) but varies 
slightly from the dissociation and equilibrium con- 
stants(k t = 5  × 10-'*see ~:k l/k~ = 2 x  10 ' )M) 
[6] due to the long half-time of dissociation of the 
complex. These results indicate the binding of angio- 
tensin I1 is similar for the three different systems es- 
pecially since all three systems report at least one 
receptor site is being measured at 1-2 pmoles of bind- 
ing sites per mg of protein (100,000 cells is approx 
45 Hg protein). Kinetic data for angiotensin II binding 
to rat adrenal preparations have not been reported. 
however, Glossmann and co-workers [6] indicate that 
angiotensin II affinity for rat adrenal subcellular par- 
ticles is ten times greater than in bovine adrenal sub- 
cclhllar particles. 

Binding sludies of this report show no absolute re- 
quirement fi)r cations. Angiotensin II binds to Zona 
Hlomeruhrsa cells without Na + in the buffer. The de- 
crease m binding with increasing concentrations of 

K + may be due to an increase in ionic strength of 
the medium rather than to the presence of KC1. 
Neither calcium nor magnesium significantly affect 
the binding of angiotensin to Zona ,qlomerulosa cells 
from rabbit adrenals (Table 3). Glossmann and co- 
workers [9] have shown that sodium and potassium 
ions increased binding ol ang~otensin I1 to bovine 
adrenal cortex receptors while rubidium, cesium, lith- 
ium, and magnesium did not, and in high concent- 
rations caused inhibition of binding. Increasing 
amounts  of Na ~ were found to enhance angiotensin 
II activity in rat pressor and uterotonic assay systems 
with Ca ~+ twice as effective as Na + [17] Devynck 
and co-workers [ t8]  have reported that sodium in 
the incubation medium did not alter the binding of 
angiotensin II to smooth muscle cell membranes but 
variations in binding were observed with increasing 
calcium concentrations. Addition of CaC12 12.5 and 
5mM)  had no significant effect on the binding o1 
angiotensin II to bovine adrenal cortex receptor prep- 
arations [6]. A possible explanation for these diffEr- 
ences may be that sodium and potassium do not 
affect intact cells but do affect the subcellular particles 
from bovine adrenals. 

Binding studies performed at different temperatures 
indicate that angiotensin li binding to Zona ,qlomeru- 
losa cells decreases with time at 25 and 37 but in- 
creases at zero degrees (Fig. 3J. Rapid degradation 

Table 3. The effects of increasing CaCI 2 and MgCI 2 on 
angiotensin II binding on Zona ,qlomeruh?sa cells for 5 min 

at 25. 

Concn CaCI,f MgC12* 
(mM) c.p.m.,'mg protein + c.p.m.'mg protein 4+ 

0 14035 + 964 11163 + 800 
I 15038 ,+ 1311 10485 ,+ 769 

1.5 14787 + 977 10844 ,+ 730 
2.0 14026 4- 1451 10988 _+ 9(39 
2.5 14644 + 1866 10449 + 447 
3.0 14803 -I- 1189 10682 4- 609 
3.5 13302 ± 986 10898 + 1168 
4.0 13285 + 1103 10954 + 1015 

Determinations were carried out in 0.02 M Tris HCI 
(pH 7.4), 0.12 M NaC1, 0.2!',. {w/v) glucose, and 0.l<>. BSA. 

* Values not significantly different from zero value. 
±Concentration of [3H] Angiotensin I1 was 2 × 10 s 

M, 
++ Values are mean + S.D, 

Table .:." The clt'ects of increasin~,~ Na('l and KC1 concentrations on the binding of angiotensin 11 to Zorn; ttlomerulosa 
cells for 5 rain lit 25' 

(oncn. Na(l  KCI* KCI{ 
ImMI c.p.m.'mg protein+ c.p.m./mg protein+ c.pm./mg protein+ 

0 9232 + 819 7798 ,+ 1006 9648 + 767 
2(1 10,679 ,+ 1062 P < 0.01 6734 ,+ 798 P < 0.025 9724 + 1741 N.S. 
40 11.492 _+ 777 P < 0.(X)I 6109 ,+ 895 P < 0.005 9086 ± 1179 N.S. 
~() 10,924 _+ 784 p < 0.001 5302 ,+ 558 P < 0.001 7215 ± 423 P < 0.001 

100 10,746 ± 741 P < 0.001 4839 ,+ 754 P < 0.001 6898 + 425 P < 0.001 
12(I 9550 ,+ 1002 N.S. 4454 4 543 P < 0.001 6588 + 394 P < 0.tX)I 
1411 7875 + 1245 P < 0.025 3481 + 716 P < 0.001 5726 ,+ 343 P < 0.001 

* Incubation medium contained 120 mM Na('l. 
4" Values are means ± S.D. 
{ Incubation medium contained 20 mM NaCI. 
N.S. means not statist±call 3, signilicanl. 
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of angiotensin II during incubation has been reported 
by Glossmann el al. [6] at 22 and 37 . These authors 
have shown that the peptide eluted from the binding 
sites had substantial retention of binding activity and 
minimal degradation. This was found to be in marked 
contrast to unbound peptide in the incubation 
medium which had extensive degradation and k)ss of 
binding activity. 

Studies of possible reasons lor decreased binding 
of angiotensin have not been completed. Binding 
studies with angiotensin analogs and fragments may 
lead to a better understanding of this phenomenon. 
The 2 8 heptapeptide was almost equipotent with the 
octapeptide in binding inhibition and similar in sti- 
mulating aldosterone secretion [19]. Chiu and Peach 
[16] suggest that des-AspLangiotensin II has a higher 
affinity than does angiotensin for the angiotensm re- 
ceptor in the adrenal cortex and the stcroidogenic re- 
sponse of the two peptides is similar. The 2 8 hepta- 
peptide has been reported to be nearly equipotent 
to the octapeptide in binding inhibition studies on 
bovine adrenal cortex particulate fractions [6]. Bravo 
and co-workers [20] report that [1-des (Aspartic 
acid), 8-1soleucine] angiotensin II is a specific anta- 
gonist of the steroidogenic effect of angiotensin 11 but 
does not affect its pressor action. These findings all 
seem to suggest that fragments of angiotensin play 
an important rote in the adrenal cortex. 

Since there is little circulating heptapeptide in the 
blood, Chiu and Peach [16] have suggested that 
angiotensin II may stimulate synthesis of aldosterone 
by, production of heptapeptide by aminopeptidases. 
If this postulation is true then perhaps the angiotensin 
receptor site on Zona  ~tlomerulosa cells is an enzyme 
which converts the octapeptide to the heptapeptidc 
inducing the steroidogenic response. 

Further studies on angiotensin 11 binding to Z ona  
:th,m:rulosa cells prepared from rabbit adrenals will 
concern the effects of various angiotensin !I analogs 
and fragments; to determine why binding with in- 
creasing temperatures appears to decrease with time: 
and an attempt at solubilizing receptors and isolating 
membrane fragments that may be involved with 
angiotensin binding. 
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