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Jnsulin-receptor interaction in partially purified preparations of human placenta} 
plasma membranes from normal mothers at term of pregnancy has been characterized. 
''"I-insulin became rapidly and reversibly bound lo plasma membranes, being time 
and temperature dependent. The binding readily appeared at 1.0 ng/ml insulin con
centration which falls wilhin the physiological range of peripheral blood. Low Ievels 
of unlabeled insulin inhibited binding; 20 ng/ml insulin produced fifty per cent inhibi
tion. Scatchard plots of data from compctitive insulin binding proved to be curvilinear. 
The insulin greater hability for binding observed in this preparation can be explained 
by the purification degree achieved at the plasma membranes. ":'l-insulin was less 
degraded by partially purified placenta! plasma membranes than by a microsnmal
membrane preparation obtained without differential centrifugation in sucrose linear 
gradient. All these propcrties strongly suggest that the insulin-binding sites characler
ized in the plasma membrane fraction of the placenta represent biologically important 
receptors to hormone. 

During pregnancy placental secretions 
are regulated by hormones and metabolic 
factors. Previous investigations have de
monstrated that starvation increases (12) 
whereas insulin and glucose decrease the 
blood leve! of human placental lactogen 
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(hPL) (l. 22). HAoUR et al. (8) suggested 
that during human pregnancy. glucose and 
insulin inftuence the secretion of hPL by 
placental slices. 

On the other hand, placenta was an 
active site of insulin metabolism: recent 
work has defined two different soluble 
insulin-degrading enzyme activities in the 
human placenta (18). In 1974 it was pub
lished the first report that demonstrated 
the presence of insulin reccptors in mi
crosomal-membrane fractions obtained 
from human placenta! tissue (9. 19). 
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. In order to prepare a more purified 
placenta! preparation we have modified 
the methods previously described (9, 19) 

· far the obtention of a biological fraction 
contaihing preferently placental pi asma 
membranes. In this work we show our 
results concerning the interaction of in
sulin with its specific receptors in a mi
crosomal-membrane fraction and in the 
placenta! plasma membranes obtained at 
term of normal pregnancy. 

Materials and Methods 

Materials. Purified porcine «monocom
ponent» insulin (lot S 835158, 27 i.u/mg) 
were purchased frorn Novo Research Ins
ti tute (Copenhagen, Denmark) and was 
used far iodination as well as unlabeled 
standard in the binding studies. Carrier
free Na m1 (300 mCi/ml. in NaOH so
lution. pH 8-11, Iess tban 1 % of 126!) 
was purchased from the Radiochemical 
Centre. A guinea-pig anti-insulin serum 
(20) and tale tablets (Silicosorbe, 50 mg, 
Dreyfus Herschtel, Paris) were used in 
experiments measuring degradation (5) of 
the 125! -insulin. DEAE-cellulose (micro
granular DE 52) was from Whatman and 
bovine serum albumin (BSA) fraction V, 
Sigma. Other chemicals were of reagent 
grade. 

Placen!al tissue ami tissue f ractionation. 
Human fuU-term placentas were obtained 

· from healthy rnothers after vaginal deliv
ery. From the same placentas tissues were 
processed simuitaneously for the obten
tion of microsomal-membrane and puri
fied plasma membrane preparations. 

Microsomal-membrane preparation. 
Tissue was processed according to the 
method dcscribed by PoSNER (19). with 
the following modifications : the homog
enization was performed in ten volumes 
of suero e (0.3 mol/l) in a glass homog
enizcr wíth a molor-driven teílon pestle. 

The homogenate was filtered through two 
and then four layers of cheesecloth. After 
centrifugation far 15 min at 600 g, the 
supernatant was centrifuged again at 
50 000 g for 60 min to obtain the micro
somal-membrane pellet. 

. Purified placenta/ plasma membranes. 
After the 50 000 g centrifugation the pel
let was suspended by gentle hornogeneiza
tion in 0.1 mol/l Tris buffer, pH 7.4, and 
then delivered into the top of a centrifuge 
tu be containing a 30 % to 60 % (wt/wt) 
linear sucrose gradient. It was then cen
trifuged again at 100 000 g for 60 min. 
After this centrifugation we recognized 
three different layers: the first (F1), inter
mediate (F,) and Iast (F.) layers appeared 
at sucrose densities of 30 %, 38-40 % and 
50 %. respectively. These three layers 
were characterized by electron microscop
ic examinations, by their 5'-nucleotidase 
activities and by their ability to bind 
ml-insulin. They were resuspended and 
washed in 0.1 molfl Tris buffer, pH 7.4, 
and centrifuged again at 50 000 g for 
10 rnin in a Sorvall (RC5-B) centrifuge, 
and then frozen at -80º e until assay. 
All the above procedures were carricd 
out at 4° C. 

Monoiodination of insulin. Insulin was 
iodinated directly with 0.8-1.0 I atom per 
rnolecule (specific activity 300-380 p.Ci/µg 
or 1.800-2.280 Ci/mmol) using the chlo
ramine T method (7). Iodinated products 
were chromatographed on DEAE-cellu
lose (4), except that urea was omitted 
because of the small quantity of poly
peptide applied to the ion exchanger. The 
rnain peak of 125I-insulin eluted at the 
same ionic strength as the biologically 
active monoiodoinsulin did and its affinity 
far binding to specific sites in liver rnem
branes was indistinguishable from that of 
native insulin (4, 5). 

Binding studies. Studies of binding of 
mr~insulin to microsomal-membrane frac- . 
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tion and to plasma membranes (F1) were . 
conductcd at the temperatures and far 
the times indicated in the legends to fig
ures, in Krebs Ringer Phospbate (KRP) 
buffer, pH 7.5, in a final volume of 0.4 mi 
per incubation tube, that contained 12 ª1-
insulin at 0 .03-0.2 nmol/l. unlabeled insu
lin at various concentrations from O to 
17 µmol/I, placental proteins at 0.30-0.40 
mg/ml and BSA at 10 mg/ml. At the 
times indicated, duplicate 150 -µ1-aliquot 
samples from each incubation tube were 
transferred to microfuge tubes (Beckman) 
and membrane-bound i:!sl-insulin was iso
lated by a ten minutes centrifugation at 
50 000 g in a Sorvall centrifuge. Except 
when stated otherwise, data are reported 
as specific binding: this is obtained by 
subtracting from the total binding the 
amount of labelled insulin which is not 
displaced by a great excess (17 µmol/l) 
of unlabeled insulin. Each value is the 
mean obtained from two-four rnicrofuge 
tubes, and is considered as a single value 
for ali further statistical calculations. 

Other analytical studies. The degree 
of insulin degradation was measured by 
the precipitation with 5 •% trichloroacetic 
acid CTCA), binding to anti-insulin anti
body, and ability to bind to specific re
ceptors in rat liver plasma membranes 
prepared according to the NEVILLE meth
od (15). Protein was measured by the 
LOWRY procedure (13) and 5'nucleotidase 
assays were carried out at '37º C (24) and 
with a TCA deproteinization step befare 
addition of the molybdate reagent (10). 

Results 

Characterization o/ placenta[ prepara-
. tions. The 5' -nucleotidase activity was 

much greater in the 100 000 ,g F 1 fraction 
than in the others. In F 1 the purificalion 
degree obtained for this enzyme activity 
was twice that in 50 000 g pellet. Specific 
binding of 12ª1-insulin paralleled 5'nu
cleotidase activity and was significantly 

a 

hígher in F 1 fraction. The microsomal
membrane pellet (P.P) and partially pu
rified plasma membrane (F1 ) were used 
in all subsequent studies. Electron micro
scopic examination showed that the plasma 
membrane fraction consisted of vesicles 
of various shapes and sízes whlch showed 
a triple-layered structure at high magni
fication (data not shown). 

Studies of insulin binding. Time éourse. 
Both the rate and the amount of insulin 
binding were time- · and temperature-de
pe n den t. With 1251-insulin at 1 ng/ml 
(0.16 nmol/l) tbe binding was rapid at 
37º C and reached a peak at 5 to 10 min of 
incubation. With identical concentration 
of membrane and 1261-insulin the reaction 
was slower to reach steady-state at 4° C. 
requiring at least, more than 120 min. At 
24 o e steady-state was obtained by 30 
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Flg. 1. Time course of blndlng of '251-Insulln 
to the mlcrosomal-membrane fractlon of the 

human placenta. · 
Insulin at 0.15 nmol/l was incubated with P.P • 
a t 0.4 mg protein/ml for the t imes indicated at 
4• e, 24º e and 37º c. in the absence and in 
the presence of unlnbeled insulin at 17 p:mol/I. 
Th.e latter was uscd to determine the p ropor
tion of non-specific b inding, wbich h as been · 
subtracted from each experimental point. Each 
point is the mea.n ± SEM of 5 e. perimen ts. 
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to 120 min (fig. 1). These results were 
similar to those reportcd for insulin bind
ing to rat Iiver and heart plasma mem
branes (3, 11) and to human lymphocytes 
(6) and fat cells (16). Because the binding 

-was more stable at 24 o e than 37º e ali 
subscquent binding studies were conduct
ed at the steady-state of binding at 24º e 
after a 60 min incubation period. 

Under identical experimental conditions 
and throughout the entire time course, 
microsomal-membrane fraction bound 
only 45-50 % as much insulin as did 
plasma membranes (fig. 2). This differ
ence could not be attributed to a dif
ferent non-specific binding that represents 
5-10 % of total binding for both F 1 and 
P.P fractions. In the fraction F: the spe
cific binding of 1251-insulin was less than 
in both F 1 and P.P. However, the non
specific binding in F 2 was greater than in 
previous fractions and reach about 60 % 
of total binding. 
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Flg. 2. Time course of bíndlng o/ •HJ-insu//n 
to purlffed placenta/ plasma membranes (F,J , 
microsomal-membranes fractfon (P.P.} and F, 

fraction. 
Insulin at 0.16 nmol/J was incubated at 24º C 
with 0.4 mg protein/ml for the times indicated. 
Non-specic binding has been subtracted from 
each experimental point. Each point is the 
mean ±SEM of 5 experiments. The differences 
betwcen F 1 and P.P. were significant at 1 per 

cent level (Studcnt't test). 
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Flg. 3. Degradatlon of '"'1-insulin as a func
tlon of time and temperature of Jncubatlon. 
,,.I-insulin at a concentration of 0.16 nmol/l 
was incubated with 0.4 mg protein of P.P. in 
KRP buffer pH 7.5, 1 % BSA, for the times 
indicated at 24 º C or 37º C. The suspension 
was centrifuged (50,000 X g, 10 min) and the 
supernatant radioactivity was tested for binding 
to an antiinsulin antibody and to rat liver 
membranes. Controls of degradation consisted 
of identical reaction mixtures without rnem
branes. Each point is the mean ± SEM of S ex-

periments. 

lnsulin degradation by placenta[ tissue. 
The degradation of 1251-insulin by the 
P.P. fraction was studied at 24 º C as well 
as 37º C. 0.4 mg/ml protein degraded 
more than 50 % of 1251-insulin at 60 min 
of incubation as measured by rebinding 
to rat liver rnembranes as well as with 
an anti-insulin serum. At 24 º C the de
gradation was less, but reached 40-50 % 
after sixty minutes of incubation (fig. 3). 
As described previously the more sensi
ble rnethod for measuring was the ability 
of radioactivity free in the medium (after 
exposure to P .P. fraction) to bind to spe
cific receptors in rat Jiver membranes (5). 
Using this method, the degradation of 
125!-insulin at 24º e was significantly less 
with F 1 than with P.P. fraction (fig. 4). 

lnsulin binding to steady-state. 1251-
insulin specifically bound to P.P. and F i 
fractions was linearly related to the pro
teins concentrations, at least between 100 
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Fig. 4. Degradatlon of '"1-lnsulln as a func-
tion of placenta/ preparation. 

"'1-insulin (0.16 nmol/I) was incubated with 
0.4 mg protein of F, and P.P. at 24º C. The 
suspension was centrifuged and the supernatant 
tested Cor binding to fresh rat liver membranes. 
Conlrols of degradation consisled of identical 
reaction mixtures without placental membranes. 
Each point is the mean ± SEM of S experiments. 

and 1 000 µg/ml. This range includes the 
concentrations employed in the binding 
studies and permits normalization of the 
data on the basis of protein concentra
tion. 

Unlabeled insuli!l at physiological con
centrations readily inhibited the binding 
of ml-insulin in a similar extent for both 
F 1 and P.P. fractions. With 0.8 mnol/l 
insulin (5 ng/ml or 125 fAU/ml) 20 % 
inhibition was observed. 50 % inhibition 
of 1261-insulin binding was obtained with 
insulin at 3.2 nmol/l (20 ng/ml or 500 
µU/ml). Scatchard analysis (21) indicated 
that the specific binding fits a curvilinear 
model in which at least two orders of 
pinding sites can be distinguished with 
respect to the equilibrium constant: at 
24 º C the high-affinity site has a K,, of 
about 1.0 X 10' moI/l-1• 

Over a wide range of hormone concen
trations, from insulinas low as 0.16 nmol/l 
(l ng/ml or 25 µU/mi) to saturating con
centrations of the hormone above 17.5 
nmol/l (100 ng/ml or 2500 µU/ml) the 
P.P. fraction bounds only 40-50 % as 
much insulin as did F 1 fraction (fig. 5). 
Since at any insulin concentration includ-

ing saturation of the binding sites, the 
amount of insulin bound was two fold 
lower for P.P. than for purified placenta! 
plasma membranes, we conclude that a 
decrease in the number of binding sites 
is the main factor leading to the decreased 
insulin binding. A similar conclusion is 
reached when the binding data are ana
lysed by the method of Scatchard: the 
binding capacities are two fold lower in 
P.P. than in F 1 fraction whereas the ap
parent affinity constants are similar in 
both types of preparation. 

In order to exclude the possibility that 
the insulin bindíng studies might be in
fluenced by the presence of blood ele
ments in the placenta we performed the 
following control experiment: one normal 
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Fig. 5. Binding of lnsulin to F1 end P.P. 
In 5 separate experiments c:irried out with five 
different membrane preparations, the binding 
of insulin (,..1-insulin at 0.16 nmol/l in the 
absence and in the prescnce of increasing con
centrations of unlabelcd insulin) was simulta
neously studied in P.P. and in F, íractions, 
after 60 min of incubation at 24 • C. Thc non
specific binding has becn subtractcd from the 
total binding nnd nmounls of hormonc speci[
ically bound are plotted as a function of total 
insulin conccntration. Each. point is the mean 
± SEM of 5 scparate experiments. The diffcr
ence sbetwcen F, and P.P. were significant at 

1 per cent leve! (Studenl't test). 
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mothers. 1251-insulin was time and tem
perature dependent, and was readily de
monstrated at 1 ng/ml (25 µU/mi) a con
centration within the physiological range 
for insulin in the peripheral blood. Scat
chard plots of data obtained from com
petitive insulin binding studies to both 
microsomal-membrane and plasma mem
brane fractions were curvilinear, in agrce
ment with previous reports (14, 17). The 
binding was inhibited by low levels of unla-f eo 

TINIE,min 

Flg. 6. Dissocfation of bound "'J.insu//n. 
This was studicd in F, and P.P. at 24º C by 
the addition of 100 µg/ml of unlabeled insulin 
at steady-state of the reaction (60 min). Each 
point is the mean± SEM of three experiments. 

" beled insulin. Specific binding of insulin 
paralleled 5'nucleotidase activity and was 
significantly higher in F 1 fraction. Structur
ally unrelated hormones such as glucagon 

· and growth- hormone did not compete 
for insulin binding. Although excess of 
this last hormone have been associated 
with clinical insulin . resistance during 

placenta was extensively perfused using 
cold saline vía the two umbilical arteries 
and the placenta! cotyledons used for the 
homogeneization were also thoroughly 
washed. The insulin binding capacity of 
the placenta! plasma membranes prepared 
after this perfusion procedure was not 
significantly different from that found in 
plasma membranes prepared without pla
centa! perfusion. 

At steady-state, addition of excess un
labeled insulin resulted in the rapid dis
sociation of mr-insulin bound frorn both 
F1 and P.P. fractions in a similar extent 
(fig. 6). Dissociation was noted within 
15 min and was 50'% complete after 
30 min. 

Severa! hormones unrelated to insulin 
were examined for their ability to com
pete with 1261-insulin for binding to P.P. 
and F1 fractions. Porcine glucagon and 
human growth honnone at concentration 
as grcat as l µg/ml showed no compe
tilion. 

Discussion 

We have dcmonstrated specific insulin 
rcccptors in a partially purified prcpara
tion of placenta! plasma membranes ob
tainc<l at tcrm of pregnancy from normal 

pregnancy (25) this does not result from 
competition with insulin for binding to 
its receptors in placenta. 

Tbe purification degree obtained for 
the F 1 fraction contributes to explain ·the 
higher arnount of binding observed in 
this preparation as compared to micro
somal-membrane fraction. Indeed, though 
the placenta! tissue were shown to possess 
insulin degrating activity (18), with puri
fied plasma membranes the 1251-insulin 
degradation was Iess than in microsomal
mem brane preparation. Ali these prop-
erties strongly suggest that the insulin 
binding sites characterized in the enriched 
plasma membrane fraction of the pla
centa represent biologically irnportant re
ceptors for th.is hormone. 

Despite the presence of high affinity 
insulin-receptors in placenta, the role of 
insulin in placenta} physiology has yet to 
be defined. High concentrations of insulin 
increased glucose utilization and glycogen 
synthesis in human placental slices (23) 
and activated glycogen synthetase in pla
cental organ cultures (2). The specific 
binding of insulin reported in the present 
study suggest from a teleological point of 
view that ínsulin could act directly at 
the placenta! level. 
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Resumen 

Se caracteriza Ja interacción insulina-recep
tor en una preparación parcialmente purifica
da de membranas de células placentarias hu
manas, obtenidas a partir de placentas a tér- · 
mino de embarazadas normales. La insulina-
1'23 se une de modo rápido y reversible a di
chas membranas. La capacidad de unión es 
dependiente del tiempo y de la temperatura 
de incubación y es detectable a 1,0 ng/ml de 
insulina, concentración situada entre Jos nive
les detectables en sangre periférica. La unión 
de la insulina-1' 21 a las membranas placenta
rias se desplaza en presencia de pequeñas con
centraciones de insulina, observándose el 50 % 
de desplazamiento con 20 ng/ml de insulina. 
La representación de los resultados de los es
tudios de inhibición competitiva según el mé
todo de Scatchard muestra una morfología cur
vilínea. El grado de purificación alcanzado en 
la preparación de las membranas placentarias 
justifica la mayor capacidad de unión de la 
insulina detectada en esta preparación. Las 
membranas placentarias parcialmente purifica
das degradan menos insulina-1125 que las pre
paraciones microsomales obtenidas sin centri
fugación diferencial en gradiente de sacarosa. 
Todas estas propiedades sugieren que los lu
gares de unión para la insulina caracterizados 
en las membranas celulares placentarias repre
sentan receptores hormonales biológicamente 
importantes. 
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