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Appearance of a functional insulin receptor during rabbit embryogenesis 
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Summary. The domain structure of the insulin receptor was 
investigated in liver and brown adipose tissue of developing 
rabbits. The structure of the binding domain (a-subunit) was 
analysed after covalent labelling with a 125I photo-reactive in- 
sulin analogue. The structure of the tyrosine kinase domain 
(fl-subunit) and the transmission of the hormonal signal from 
the a-to the/%subunit were analysed by stimulating with insu- 
lin the autophosphorylation of the fl-subunit. Finally, the im- 

munoreactivity of the receptor in developing tissues was as- 
sessed with anti-receptor antibodies. The results show that a 
functional insulin receptor can be detected at the early stages 
of fetal development in both tissues and is conserved through- 
out ontogenesis to adulthood. 
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Although many peptide hormones  are found in fetal tis- 
sues at early stages o f  development  [1], there is an im- 
portant  fluctuation in the extent of  specific hormone  re- 
ceptors expressed by  these tissues [2-5]. There is now 
considerable evidence that insulin plays a major  meta- 
bolic and growth-promoting role during fetal life [6, 7]. 
Correspondingly,  insulin binding sites have been found 
in different fetal tissues [2, 4, 8-11], but  the degree of  in- 
sulin binding differs markedly during embryogenesis, 
reaching a maximum in late fetal and early neonatal  
life [4, 8, 10, 11]. All studies reported to date have aimed 
at analysing the maturat ion o f  insulin receptors during 
ontogenesis, using binding of  insulin to investigate the 
presence and the properties of  the receptors. The con- 
clusion of  these studies is that fetal insulin receptors dis- 
play similar insulin binding characteristics compared  
with adult  receptors [9-11], but  by contrast to the latter, 
cannot  be down-regulated by  high ambient  insulin con- 
centration [9]. Thus, no information is available on the 
molecular  structure of  the embryonic  insulin receptor. 

In adult  tissues the insulin receptor  is composed of  
two types of  subunits: the a-subunit  (130 kDa) contain- 
ing the insulin binding site [12-14], and the fl-subunit 
(95 kDa) containing a tyrosine-kinase activity, capable 
of  self-phosphorylation reactions [15, 16]. The aim of  
the present study was to characterize the molecular  
structure of  fetal insulin receptors by investigating their 
three different functional domains:  the insulin binding 
site, the kinase activity and the immunoreact ive site. 

Material and methods 

Material 

The photoreactive insulin analogue B29 (2-nitro-4-azidophenylacetyl) 
insulin was iodinated to a specific activity of 200-250 ~Ci/~g by us- 
ing chloramine T. Porcine monocomponent insulin was generously 
supplied by the Novo Research Institute (Copenhagen, Denmark). 
Triton X-100, phenylmethylsulphonyl fluoride (PMSF), bovine serum 
albumin (fraction V), bacitracin were from Sigma (St. Louis, Mo). All 
reagents for SDS-PAGE (polyacrylamide gel analysis) were pur- 
chased from Biorad Laboratories (Richemond, Calif). Adenosine 
5'-[y-32p] triphosphate, triethylammonium salt (aqueous solution, 
5000Ci/mmol) was from the Radiochemical Centre (Amersham, 
UK). 

Animals and samples 

New Zealand rabbits with a gestational period of 31 days were killed 
on days 20, 25 and 30 postcoitum. The fetuses were removed by Cae- 
sarean section. Term fetuses were born spontaneously. All fetuses 
were killed by decapitation. The liver and the brown adipose tissue 
from the interscapular region were rapidly removed. Tissues of the fe- 
tuses of one mother were pooled and placed in five volumes of ice- 
cold saline solution (Hepes 50mmol/1, NaC1 150mmol/1 pH 7.6) 
containing protease inhibitors (1 retool/1 bacitracin, 1000 U/ml apro- 
tinin and 1 mmol/1 PMSF). Tissues were homogenised (Polytron, Lu- 
zern, Switzerland) and kept on ice before solubilisation or photo- 
affinity labelling. 

Photoaffinity labelling of insulin receptors 

The homogenised tissues were diluted 10 times in NaCI (30 retool/l), 
Hepes (30 retool/l) (pH 7.6) containing protease inhibitors as indicat- 
ed above and incubated with 125I-labelled B29-Napa-insulin [17] 
(10 .8 mol/l final concentration) for 2 h at 15 ~ in the dark. 
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A B C D E F G H I J Thereafter, photoactivation was induced by ultraviolet-irradiation 
(330 nm, 5 min at 4~ produced by a high-pressure mercury lamp 
(Philips HPK, 125 W/L). The homogenates were then centrifuged 
(5rain at 18,000g) and washed with Hepes 30mmol/l, NaC1 
30 mmol/1 to remove unbound insulin, and solubilised either directly 
in boiling sodium dodecylsulfate (SDS) (for direct analysis) or in 1% 
Triton X-100 for 90 min at 4 ~ under continuous stirring (for subse- 
quent immunoprecipitation). 

Partial purification of insulin receptors 

Homogenates were solubilised in 1% Triton X-100 as indicated above. 
The unsolubilised material was removed by centrifugation (90 rain at 
100,000 g) and the supernatant applied on a wheat-germ agglutinin- 
agarose column [16]. Bound glycoproteins were recovered by elution 
with N-acetylglucosamine 0.3 tool/1. This procedure allows a 20-fold 
purification of insulin receptors in adult rat liver [16]. 
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Fig. 1. Immunoprecipitation of photolabelled insulin receptors from 
livers of developing rabbits. Livers from 20day-old (A-D) and 
30 day-old (E, F) fetuses, new born (G, H) and adult (I, J) rabbits were 
extracted and homogenised. Insulin receptors were photolabelled in 
the absence (lanes A, C, E, G, I) or presence (lanes B, D, F, H, J) of 
1 ~tmol/1 unlabelled insulin and solubilised in 1% Triton X-100. Solu- 
bilised receptors were then incubated with a control serum (control, 
lanes A and B) at a 1:150 dilution, or with a serum containing anti- 
bodies against the insulin receptor (Anti-R: C-J) at a 1 : 300 dilution. 
After addition of protein A, the immunoprecipitates were solubilised 
in boiling SDS and analyzed by SDS-PAGE under reducing condi- 
tions followed by autoradiography. The arrow indicates the a-subunit 
of the insulin receptor 
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Phosphorylation assay 

The phosphorylation reaction was performed with the partially puri- 
fied receptor preparation (wheat-germ agglutinin-agarose column 
eluate, I mg/ml protein). The reaction was initiated by addition of 
[?'-32p]ATP (15 l.tmol/1 final concentration), MnC12 (4mmol/l) and 
MgCI2 (8 mmol/1). After 15 min at 20 ~ the reaction was terminated 
by adding a boiling SDS solution. In some experiments the phospho- 
rylated proteins were first subjected to immunoprecipitation by anti- 
receptor antibodies. 

Immunoprecipitation and gel analysis 

Immunopreeipitation of insulin receptors was achieved by incubation 
with anti-receptor antiserum [18] at a 1:300 dilution for 16 h at 4 ~ 
followed by an additional 4 h at 4 ~ with staphylococcus aureus cells 
(Pansorbin Calbiochem, La Jolla, Calif). The immunoprecipitates 
were collected by centrifugation (1 rain at 2,000 g at 4 ~ and pellets 
were washed 3 times in 50 retool/1 Hepes/150 mmol/1 NaC1. All sam- 
ples were solubilised and boiled for 5 rain in a solution containing 3% 
(w/v) SDS, 10% (vol/vol) glycerol, sodium phosphate (10 retool/l), 
0.01% bromophenol blue and 2% (vol/vol) 2-mercaptoethanol. Ali- 
quots (50 pl) were analysed by one-dimensional SDS-PAGE as de- 
scribed by Laemmli [19] with a 7.5% or a 5% acrylamide gel as the re- 
solving gel. The Mr's of the standards used were: myosin 200,000; 
galactosidase 116,000; phosphorylase B 94,000; bovine serum albu- 
min 67,000; ovalbumin 43,000; carbonic anhydrase 30,000; soybean 
trypsin inhibitor 20,000 and lysozyme 14,000. The gels were stained, 
dried and autoradiographed by exposition of the gels to Kodak X- 
Omat films. 
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Fig. 2. Immunoprecipitation of photolabelled insulin receptors from 
brown adipose tissue of developing rabbits. Experimental conditions 
are identical to those described in the legend of Figure 1 

Immunoprecipitation of photolabelled insulin receptors 

Photoreactive insulin has been widely used to label the 
a-subunit of the insulin receptor in a variety of adult tis- 
sues [12, 13]. In adult rabbit liver, 125I-photoreactive in- 
sulin predominantly labels a 130 kDa protein (Fig. 1, I). 
This protein corresponds to the a-subunit of the insulin 
receptor, since its labelling is protected by an excess of 
unlabelled insulin (Fig. 1, J) and because it is immuno- 
precipitated by a serum containing anti-receptor anti- 
bodies and not by a control serum (Fig.l ,A and B). A 
similar 130 kDa-labeUed subunit is found in the liver of 
new-born rabbits (Fig. 1, G) and in livers of 30-day-old 
(Fig. 1, E) and 20-day-old (Fig. 1, C) fetuses. These re- 
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Fig.3. Phosphorylation of insulin receptors from livers of devel- 
oping rabbits. Livers from 20 day-old (A, B), 25 day-old (C, D) 
and 30 day-old (E, F) fetuses and from new born (G, H) and 
adult (I, J) rabbits were extracted and homogenised. Insulin re- 
ceptors were partially purified by affinity chromatography on 
wheat-germ agglutinin-agarose and incubated without (A, C, E, 
G, I) or with (B, D, F, H, J) 0.1 p~mol/1 insulin for 1 h at 24 ~ 
Phosphorylation reaction was initiated by addition of [7- 
32p]ATP, Mg 2+, Mn 2+ and stopped 15 rain later by addition of 
boiling SDS. Proteins were analyzed by SDS-PAGE under re- 
ducing conditions and revealed by autoradiography. The arrow 
indicates the fl-subunit of the insulin receptor. 
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sults indicate that in the early stages of liver develop- 
ment insulin receptors are already present. The a-sub- 
units of these receptors have the same molecular weight 
as in adult tissues. They bind insulin and are recognized 
by antibodies that are known to react with adult insulin 
receptors [20]. 

In brown adipose tissue of adult rabbits a 130 kDa 
a-subunit is also detected (Fig. 2, E and F). The insulin 
receptor of this tissue has, to our knowledge, never been 
characterized. This receptor can also be labelled and 
immunoprecipitated in 30-day-old fetus (Fig. 2, C). 

Phosphorylation of insulin receptor 

The insulin receptor fl-subunit contains a tyrosine pro- 
tein kinase that is capable of self-phosphorylation stim- 
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Fig.4. Phosphorylation of insulin receptors from brown 
adipose tissue of developing rabbits. Experimental con- 
ditions are identical to those described in the legend of 
Figure 3 

ulated by insulin [15, 16]. This property can thus be used 
to probe the structure of the p-subunit [20] and also to 
investigate the functionality of the receptor, since an in- 
sulin-responsive phosphorylation requires a signal 
transmission from the a-subunit (the insulin binding 
site) to the fl-subunit (the kinase site). We have therefore 
partially purified insulin receptors from livers of rabbits 
at different developing stages, and tested whether insu- 
lin could stimulate the autophosphorylation of its re- 
ceptor. Figure 3 shows that, under basal conditions (in 
absence of insulin), the number of phosphorylated pro- 
teins fluctuates with the age of development (Fig. 3, A, 
C, E, G, I). However, at all stages addition of insulin 
stimulates phosphorylation of a 95 kDa protein. These 
results thus indicate that an insulin sensitive receptor ki- 
nase is detectable in the liver as early as day 20 of gesta- 
tion. 
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In brown adipose tissue an insulin-stimulated phos- 
phorylation of the fl-subunit is seen at all stages, from 
20-day-old fetuses to adult animals (Fig.4). It is also 
worth noticing that another protein (Mr l l0kDa)  is 
phosphorylated in the presence of insulin in 25 and 
30 day-old fetuses and in new born animals (Fig. 4, D, F, 
H). This protein has been recently identified as an en- 
dogenous substrate for the insulin receptor kinase [21]. 

Discussion 

The emergence of hormone receptors in fetal tissues is 
as important as the onset of hormone secretion in deter- 
mining the fetal stage at which tissues will respond to 
the hormone. It must, however, be recognized that the 
appearance of a specific insulin binding capacity is not 
sufficient to allow the development of insulin respon- 
siveness of a tissue. Indeed, if the first step in insulin ac- 
tion is the specific recognition by the hormone of cell 
surface receptors, a transmembrane signalling mecha- 
nism is necessary to convey the hormonal message to 
the cell interior. The earliest known biological event oc- 
curring at the receptor level after insulin binding is the 
activation of tyrosine kinase activity contained within 
the//-receptor subunit and capable of autophosphoryla- 
tion [15, 16]. A functional insulin receptor will therefore 
be expected to consist of an a-//-subunit arrangement 
capable of binding insulin and of insulin-stimulated re- 
ceptor autophosphorylation. In fetal tissues we found 
an immunoprecipitable receptor kinase activity as soon 
as insulin binding capacity is detectable. Moreover, the 
apparent molecular weight of a-subunits (the insulin 
binding domain) and //-subunits (the tyrosine-kinase 
domain) were identical in fetal and adult tissues. 

Although the developing rabbit has been widely 
used as a model for catecholamine receptor ontogenesis 
[22], there are only a few data concerning the develop- 
ment of insulin receptors in this species [4]. The present 
study demonstrates functional insulin receptors from 
day 20 of gestation to adulthood, thus indicating that 
maturation of operative insulin receptors is an early fe- 
tal function consistant with the early anabolic and 
growth effects of insulin in developing fetuses [7]. 
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