
fornia's Lawrence Berkeley Laboratory 
(LBL) and the Joint Institute for Nuclear 
Research in Dubna, U.S.S.R., have been 
scooped. As soon as more material be- 
comes available, according to Albert 
Ghiorso of LBL, these laboratories and 
others will engage in a race to explore 
the properties of these superheavy ele- 
ments and to create new ones by bom- 
barding the monazite in accelerators. 

Finding superheavy elements in mona- 
zites, which were formed early in the 
earth's history, raises at least two ques- 
tions for nuclear scientists. Calculations 
based on a synthesis of the liquid drop 
and shell models of the nucleus had indi- 
cated that element 126, for example, 
would decay by alpha emission with half- 
lives from a few nanoseconds to about a 
thousand years, depending on the num- 
ber of neutrons, according to J. Ray- 
ford Nix of the Los Alamos Scientific 
Laboratory in New Mexico. But the 
geologic age of the earth is 4.5 x 109 
years. 

The short half-lives expected are due to 
the large electrostatic repulsion between 
protons which overcomes the attractive 
nuclear forces and makes spontaneous 
fission of nuclei more and more likely as 
their atomic numbers rise above 100. 
The probability of radioactive decay by 
emission of alpha particles also increases 
as coulomb forces become stronger. The 
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shell model of the nucleus, whereby the 
protons and neutrons are arrayed in 
shells somewhat like atomic electrons, 
provides a way to circumvent these in- 
stabilities under certain circumstances. 

When the proton and neutron shells 
are filled, a barrier to fission large 
enough to permit lengthy nuclear life- 
times occurs. The "magic number" for 
which this closed shell condition would 
hold was thought to be 114 protons and 
184 neutrons. But all calculations of nu- 
clear lifetimes are based on extrapola- 
tions of models known to fit much lower 
mass nuclei. Thus, calculating the stabili- 
ty of superheavies is a tricky business. 

By making only small changes in the 
parameters used in a model such as 
Nix's, theoreticians can effect changes in 
nuclear lifetimes of several orders of 
magnitude, according to Fred Petrovich 
at FSU. Looked at from this point of 
view, the new superheavy elements pro- 
vide a guidepost for assigning values to 
parameters which were heretofore se- 
lected on the basis of incomplete infor- 
mation. 

A second problem for theoreticians 
has to do with whether the putative su- 
perheavy elements were created by the 
processes of nucleogenesis in stars. The 
most important of these for heavy ele- 
ments is the r-process in supernovas, 
which involves a sequence of multiple 

shell model of the nucleus, whereby the 
protons and neutrons are arrayed in 
shells somewhat like atomic electrons, 
provides a way to circumvent these in- 
stabilities under certain circumstances. 

When the proton and neutron shells 
are filled, a barrier to fission large 
enough to permit lengthy nuclear life- 
times occurs. The "magic number" for 
which this closed shell condition would 
hold was thought to be 114 protons and 
184 neutrons. But all calculations of nu- 
clear lifetimes are based on extrapola- 
tions of models known to fit much lower 
mass nuclei. Thus, calculating the stabili- 
ty of superheavies is a tricky business. 

By making only small changes in the 
parameters used in a model such as 
Nix's, theoreticians can effect changes in 
nuclear lifetimes of several orders of 
magnitude, according to Fred Petrovich 
at FSU. Looked at from this point of 
view, the new superheavy elements pro- 
vide a guidepost for assigning values to 
parameters which were heretofore se- 
lected on the basis of incomplete infor- 
mation. 

A second problem for theoreticians 
has to do with whether the putative su- 
perheavy elements were created by the 
processes of nucleogenesis in stars. The 
most important of these for heavy ele- 
ments is the r-process in supernovas, 
which involves a sequence of multiple 

capture of neutrons to increase the nucle- 
ar mass followed by emission of elec- 
trons to increase the atomic number. Cal- 
culations based on the liquid drop model 
of the nucleus had led theorists to be- 
lieve that spontaneous fission would in- 
terrupt this process before superheavy 
elements could be formed, according to 
Nix. Moreover, the details of the giant 
halos are such that it is possible that they 
were caused by alpha decay of even 
heavier elements than those apparently 
now residing in the monazite inclusions, 
say the experimenters, and thus would be 
much harder to produce. 

For now, the most important thing, all 
agree, is to verify the existence of super- 
heavy elements. The ORNL-FSU-UCD 
team is now working to improve their 
data by correcting the tendency of the 
Van de Graaff beam to wander away 
from the inclusion. But, if further x-ray 
evidence proves inconclusive, a number 
of scientists who are waiting in the wings 
with other physical and chemical tests in- 
volving separation, concentration, or nu- 
clear bombardment of superheavy ele- 
ments would be only too happy to have a 
crack at the new elements. 

-ARTHUR L. ROBINSON 
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Hormone Receptors: New Clues to the Cause of Diabetes Hormone Receptors: New Clues to the Cause of Diabetes 
Diabetes is commonly thought of as a 

disease in which the pancreas produces 
insufficient quantities of the hormone in- 
sulin. For about 10 percent of American 
diabetics, who suffer from the juvenile- 
onset form of the disease, that is, in fact, 
the case. But for the vast majority, who 
suffer from maturity-onset diabetes, the 
pancreas produces normal quantities of 
insulin-and, in many cases, quantities 
that are well above normal. The problem 
is, rather, a reduced sensitivity of fat and 
muscle cells to the effects of insulin, a 
phenomenon commonly referred to as in- 
sulin resistance. 

The cause of this insensitivity is still 
unknown. But a significant increase in 
understanding of the fundamental defect 
of diabetes has evolved in the past 3 
years. The principal catalyst for this 
progress was the identification of specif- 
ic sites on cellular membranes where in- 
sulin and glucagon interact with the cell 
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to regulate glucose metabolism. Identifi- 
cation of these receptors has provided a 
major new tool for study of the basic 
causes of diabetes. This tool has so far 
made possible the discovery that binding 
of both insulin and glucagon to many 
types of cells is much lower than normal 
in both diabetics and insulin-resistant 
obese individuals. It has also shown that 
insulin binding can be returned toward 
normal by regulation of the diet and by 
certain drugs. Some evidence further 
suggests that screening for reduced in- 
sulin binding can identify individuals 
who are likely to develop diabetes. 

Direct studies of the insulin-receptor 
interaction with the use of radioactively 
labeled insulin were first attempted in 
1949 by William C. Stadie of the Univer- 
sity of Pennsylvania, but severe techni- 
cal difficulties were encountered. The 
problems included the extremely small 
amount of hormone that binds to the re- 
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ceptor, uncertainty about whether the la- 
beled hormone was biologically active, 
and complications resulting from non- 
specific binding. The problems were 
largely resolved by 1969, when two 
groups of investigators independently 
solved the problems and made the first 
clear identification of hormone recep- 
tors. Ira H. Pastan of the National Can- 
cer Institute, Jesse Roth of the National 
Institute of Arthritis, Metabolism, and 
Digestive Diseases (NIAMDD), and Rob- 
ert J. Lefkowitz, now at the Duke Uni- 
versity School of Medicine, identified 
the receptor for adrenocorticotropic hor- 
mone (ACTH). And S.-Y. Lin and Theo- 
dore L. Goodfriend of the University of 
Wisconsin identified the receptor for an- 
giotensin. 

The techniques developed by these in- 
vestigators have proved applicable to all 
the polypeptide hormones, each of 
which has a receptor in the cell mem- 
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brane of target tissues. Within the last 5 
years, consequently, receptors for at 
least 12 different polypeptide hormones 
have been identified and characterized 
and, in some cases, isolated and partially 
purified. Two of the receptors that have 
been isolated are those for insulin and 
glucagon. 

Insulin and glucagon are antagonistic 
hormones that regulate the metabolism 
of glucose. Insulin mediates the uptake 
of glucose by liver, muscle, and fat 
cells and the conversion of glucose to 
glycogen within those cells. Glucagon 
mediates the transfer in the opposite di- 
rection. Glucagon is apparently always 
present in higher than expected concen- 
trations in diabetics, but insulin may be 
present in normal, higher, or lower con- 
centrations, depending on the type of dia- 
betes. In most forms of maturity-onset di- 
abetes, it is present in higher than normal 
concentrations. The importance of gluca- 
gon in diabetes has only been recognized 
within the past 2 or 3 years (Science, 30 
May 1975, p. 920). The insulin receptor 
is much better characterized than the 
glucagon receptor. 

Insulin Receptor Isolated 

The insulin receptor was first isolated 
in 1971 from rat liver membranes by Pe- 
dro Cuatrecasas and his associates at the 
Johns Hopkins University School of 
Medicine. The isolation was relatively 
difficult because insulin exhibits spurious 
binding to many substances. Cuatre- 
casas, who is now at the Burroughs- 
Wellcome Company in Research Tri- 
angle Park, North Carolina, notes that it 
binds to glass, talc, silica, and many oth- 
er substances with kinetics which sug- 
gest that it is binding to a specific recep- 
tor. This binding is very difficult to distin- 
guish from binding to a specific receptor, 
and often can be distinguished from genu- 
ine binding only by quite complicated 
technical procedures. The isolation of 
hormone receptors is thus a very tedious 
procedure in which great care must be 
taken to ensure that binding studies used 
to monitor the purification are not mea- 
suring artifacts. 

There are two other major problems in 
isolating the receptors. The receptors are 
intimately embedded in the cellular mem- 
brane, and they are present only in very 
low concentrations. The first problem is 
overcome by disrupting the membrane 
with a detergent, which not only frees 
the receptor from the lipid matrix but al- 
so makes it soluble in the aqueous solu- 
tions used for further purification. 

The second problem has been solved 
16 JULY 1976 

by Cuatrecasas and other investigators 
by means of affinity chromatography. In 
this technique, the hormone or a deriva- 
tive of it is attached to an insoluble poly- 
mer in such a fashion that binding to the 
receptor is not impaired. When a sub- 
cellular preparation containing receptors 
is passed through a column containing 
such a polymer, the receptors will bind 
to the polymer and stay in the column 
while other components simply pass 
through. 

Employing a combination of ion ex- 
change chromatography and affinity 
chromatography, Cuatrecasas now has 
achieved a 250,000-fold purification of in- 
sulin receptors. He estimates that a 
400,000-fold purification would give ab- 
solute purity. For his effort, he has ob- 
tained a very small quantity of a glyco- 
protein with a mass of about 300,000 dal- 
tons. The insulin-binding characteristics 
of this glycoprotein are identical to those 
of the receptor in the intact membrane. 
Further physical characterization of the 
receptor, however, will require substan- 
tially larger quantities. Cuatrecasas has 
observed that unusually high concentra- 
tions of the receptor are present in hu- 
man placentas, and he is currently isolat- 
ing larger quantities of receptors from 
that source. 

Glucagon Receptors 

Similar procedures were used by Mel- 
vin Blecher, Nicholas A. Giorgio, and 
Carl B. Johnson of the Georgetown Uni- 
versity Medical Center to isolate gluca- 
gon receptors from rat liver membranes. 
They have achieved a 3000-fold purifica- 
tion of the receptors to obtain a glycopro- 
tein that is nearly as pure as that of 
Cuatrecasas. (The extent of purification 
is not necessarily indicative of the abso- 
lute purity of the preparation, but rather 
of its initial concentration in the tissue. 
Equally pure acetylcholine receptors can 
be obtained from eel tissue with only a 
500-fold purification.) The glucagon re- 
ceptor has a mass of about 190,000 dal- 
tons, and its binding characteristics are 
also nearly identical to those of the recep- 
tors in intact membranes. The physical 
characteristics of the glucagon receptor 
are still being delineated. 

Further studies of the receptors should 
provide a great deal of information about 
the mechanisms of insulin and glucagon 
action and about the nature of cellular 
control mechanisms. So far, however, 
much of the work on receptors has been 
devoted to quantifying their concentra- 
tions in various tissues. Insulin and 
glucagon receptors have been identified 

in liver, fat, and muscle cells in rodents 
and humans and in heart cells in rodents. 
They have also been found in two types 
of white blood cells-monocytes and 
granulocytes-in humans. Neither hor- 
mone was thought to have a function in 
white cells, so their presence there is 
somewhat of a surprise. But it is a for- 
tuitous surprise because the white cells 
are readily accessible for the study of re- 
ceptors in humans. 

Genetically Obese Mice 

The majority of the studies of insulin 
binding have been conducted with geneti- 
cally obese mice, which exhibit an in- 
sulin resistance similar to that observed 
in maturity-onset diabetes. Many of 
these studies have been conducted by 
Roth, C. Ronald Kahn of NIAMDD, and 
Pierre Freychet, now at INSERM in 
Nice, France. Many of the recent studies 
with obese humans and diabetics have 
been conducted by Jerrold M. Olefsky 
and his associates at the Stanford Univer- 
sity Medical Center. 

Both groups of investigators have 
found that there are reduced numbers of 
insulin receptors in insulin-resistant tis- 
sues from rodents and humans. Roth 
finds, for example, that liver membranes 
from obese mice bind only about 35 per- 
cent as much insulin as membranes from 
lean mice, and that this reduced binding 
is a direct result of a reduced number of 
receptors. Similarly, Olefsky and Gerald 
M. Reaven of the Stanford University 
School of Medicine have shown that 
monocytes from maturity-onset diabet- 
ics bind only about 50 percent as much 
insulin as monocytes from healthy indi- 
viduals, and that there are only about 
1200 receptors per monocyte from dia- 
betics compared to 2200 per monocyte 
from healthy subjects. Cuatrecasas has 
observed that there are also reduced 
numbers of receptors for plant lectins in 
such cells, and he suggests that there 
may be a decrease in the total amount of 
glycoproteins in the membrane. 

Roth, Kahn, and Olefsky have ob- 
served a strong inverse correlation be- 
tween the concentration of insulin cir- 
culating in the blood and the number of 
insulin receptors. That is, the greater the 
concentration of circulating insulin, the 
lower the number of insulin receptors in 
liver, fat, muscle, and blood cells. 

The correlation holds for healthy ro- 
dents, genetically obese rodents, rodents 
fed gold thioglucose (which destroys the 
appetite control center in the brain to 
produce gross overeating and weight 
gain), and obese rodents "dieted back" 
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to normal weight. It also holds for 
healthy humans, obese humans, and hu- 
mans with maturity-onset diabetes. It 
does not hold for rodents and humans 
when the ability of their pancreases to se- 
crete insulin has been lessened by drugs 
or other agents, as in the case of juve- 
nile-onset diabetes. With this restriction, 
there are only three important excep- 
tions to the correlation, and the signifi- 
cance of these is not yet clear. 

Change in Diet 

Lester Salans and Samuel Cushman of 
Dartmouth University have reported 
that the level of circulating insulin in 
mice is increased when they are fed a 
diet high in carbohydrates. This increase 
is not accompanied by a reduction in the 
number of receptors. Olefsky argues, 
however, that the increase in insulin oc- 
curs only after the meals, and that the 
basal concentration of insulin in mice fed 
such a diet is actually somewhat lower 
than normal. This decreased basal con- 
centration, he contends, is much more 
important than transient increases in 
regulation of the number of receptors. 

The most important point of con- 
troversy involves the number of recep- 
tors in large fat cells (adipocytes) from 
animals and humans. Cuatrecasas and 
Dean H. Lockwood, John M. Amatruda, 
and James N. Livingston of the Johns 
Hopkins University School of Medicine 
find no reduction in the number of insulin 
receptors in large adipocytes from obese 
mice and obese humans. They find that 
there are about the same number of re- 
ceptors in large adipocytes from obese 
rats as there are in small adipocytes from 
lean rats. Lockwood also finds that there 
is no difference in glucose transport be- 
tween the two types of cells, indicating 
that there is no defect in insulin binding 
in the large adipocytes. 

Cuatrecasas and Steven Jacobs of Bur- 
roughs-Wellcome have developed a 
mathematical model for the cellular mem- 
brane which postulates that the recep- 
tors are very mobile in the plane of the 
membrane. This model requires that a re- 
ceptor, after occupation by the hormone, 
must interact or aggregate with another 
membrane protein, called the effector, 
before the signal from insulin binding can 
be transmitted to the interior of the cell. 
This model suggests other possible ab- 
normalities of receptor function-for ex- 
ample, that the increased average dis- 
tance between receptors and effectors in 
the membrane of the large adipocytes 
may impair the transmission of the signal 
from insulin and produce insulin resist- 
ance. 

Olefsky, in contrast, finds that there is 
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a decrease in the number of insulin recep- 
tors in large adipocytes. He and Roth, 
furthermore, argue that insulin binding is 
a membrane phenomenon, so the most 
important characteristic is the number of 
receptors per unit area of membrane. 
When the data of Lockwood and Cuatre- 
casas are interpreted in this manner, 
Roth says, their results agree much more 
closely with his and Olefsky's. Both 
Lockwood's and Olefsky's results have 
apparently been confirmed by other in- 
vestigators, so it is not yet clear which in- 
terpretation is most accurate. In any 
case, insulin metabolism in adipocytes 
plays only a small part in the total insulin 
metabolism of obese individuals, and its 
role in diabetes may be even less impor- 
tant. 

The third apparent deviation from the 
insulin-receptor correlation is less easily 
resolved. Blecher and Steven Goldstein 
of the Georgetown University Medical 
Center studied insulin binding to human 
monocytes. Their results with mono- 
cytes from healthy individuals and from 
maturity-onset diabetics agree very 
closely with those of other investigators. 
Surprisingly, however, they also found 
that there was reduced binding of insulin 
to monocytes from 11 individuals classed 
as prediabetics-that is, individuals from 
families where one parent was a matu- 
rity-onset diabetic. This reduced binding 
was observed even though there were no 
other symptoms of diabetes and, in par- 
ticular, no increase in levels of circulat- 
ing insulin. 

Screening for Diabetes 

Blecher argues that his results suggest 
that the prediabetics whom he and Gold- 
stein examined are quite likely to devel- 
op diabetes. He contends that the test for 
insulin binding to monocytes could thus 
be adapted for use as a screening test to 
identify individuals who are most likely 
to develop diabetes. Once identified, 
those individuals could then presumably 
regulate their diet and weight to prevent 
or, at least, delay the onset of the dis- 
ease. 

Other investigators do not completely 
agree with him. For one thing, this is the 
only relatively clear-cut case where a re- 
duced number of insulin receptors is not 
accompanied by a correspondingly high 
level of circulating insulin. Furthermore, 
only a minority of the offspring in fam- 
ilies where one parent is diabetic can be 
expected to become diabetic themselves, 
whereas Blecher and Goldstein have ob- 
served reduced numbers of receptors in 
all the offspring they have examined. 
Their results thus do not mesh with any 
current theory of insulin-receptor inter- 

action, and other investigators view the 
results with some suspicion. In any case, 
studies on insulin binding in a much larger 
group of prediabetics will be required be- 
fore any firm conclusions can be drawn 
about what is happening. 

Glucagon binding has been studied to 
a much lesser degree. Livingston and 
Lockwood have shown that large adipo- 
cytes from obese mice bind less glucagon 
than adipocytes from lean rodents. Vin- 
cent Manganiello and Martha Vaughn of 
the National Heart, Lung, and Blood In- 
stitute have made a similar observation. 
And Blecher and Goldstein have shown 
that there is reduced binding of glucagon 
to monocytes from obese humans, matu- 
rity-onset diabetics, and prediabetics. 
But the relationship of the number of re- 
ceptors to concentrations of glucagon in 
the blood and the significance of this rela- 
tionship in the disease state have been 
largely unexplored. 

Insulin Receptors and the Disease State 

The significance of the observations 
on insulin receptors with respect to the 
disease state is not yet clear. If it is grant- 
ed that the correlation between insulin 
levels and receptors holds for most indi- 
viduals, the obvious question then be- 
comes: Which is cause and which is ef- 
fect? A growing body of evidence in- 
dicates that the increased concentrations 
of circulating insulin may be the cause 
and the reduced number of receptors the 
effect. 

Roth, James R. Gavin III, and their as- 
sociates at NIAMDD have shown, for ex- 
ample, that incubation of cultured hu- 
man lymphocytes in the presence of high- 
er than normal concentrations of insulin 
leads to a reduction in the number of re- 
ceptors. Cuatrecasas and Kwan-Jen 
Chang of the Johns Hopkins University 
School of Medicine have confirmed this 
result. But the two investigators have dif- 
ferent explanations for their observa- 
tions. 

Cuatrecasas points out that Peter Rie- 
ser of the University of Louisville 
School of Medicine has shown that in- 
sulin has inherent proteolytic activity; 
that is, it is able to catalyze the break- 
down of proteins. Cuatrecasas has also 
shown that insulin receptors are particu- 
larly sensitive to proteolytic enzymes, 
that the effect is observed with analogs 
of insulin that do not bind to the recep- 
tors, and that the effect is seen even in 
cells that are for all practical purposes 
dead. This and other evidence, he ar- 
gues, suggests that insulin may directly 
catalyze the breakdown of insulin recep- 
tors. 

(Continued on page 252) 
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