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Insulin Mediators from Rat Skeletal Muscle Have Differential 
Effects on Insulin-Sensitive Pathways of Intact Adipocytes 

Abstract. The effects of partially purified insulin-generated mediators from rat 
skeletal muscle were compared to those of insulin on intact adipocytes. Insulin and 
insulin mediator stimulated both pyruvate dehydrogenase and glycogen synthase 
activity of intact adipocytes. In contrast, insulin stimulated glucose oxidation and 3- 
0-methylglucose transport, whereas insulin-generated mediators had no e f e c t .  
Insulin-generated mediators cannot account for all the pleiotropic effects of insulin, 
especially membrane-controlled processes. 

Insulin, as the major anabolic hor- 
mone in mammals, is responsible for a 
variety of effects on numerous metabolic 
pathways. These pleiotropic responses 
occur in seconds, minutes, and hours 
after the interaction of insulin with target 
cells. The metabolic pathways affected 
by the hormone involve reactions that 
are located on the plasma membrane, in 
cytoplasmic compartments, and in the 
nucleus. The molecular mechanisms by 
which insulin causes its effects have not 
been elucidated. Recent studies have in- 
dicated that the interaction of insulin 
with its receptor causes the release from 
the plasma membrane of several related, 

low molecular weight, acid- and heat- 
stable molecules that appear to function 
as mediators or second messengers for 
many of insulin's intracellular effects (1, 
2). These mediators can be generated by 
insulin in subcellular systems (3-11), 
from intact cells (12-I4), and in vivo 
(15, 16). In vitro, these mediators stimu- 
late pyruvate dehydrogenase (4-7, 9-13, 
17), glycogen synthase (2, 15, 18), adeno- 
sine 3'3'-monophosphate (cyclic AMP) 
phosphodiesterase of low Michaelis con- 
stant (19), and acetyl coenzyme A car- 
boxylase (20) and inhibit adenylate cy- 
clase (21), similar to insulin's effects on 
these same enzymes in vivo. 

mediator preparations from rat adipo- 
cyte and liver plasma membranes affect a 
variety of metabolic pathways in isolated 
intact adipocytes (22) and hepatocytes 
(23), respectively. In the former system 
the mediator preparations stimulated li- 
pogenesis and decreased hormonally ele- 
vated lipolysis and cyclic AMP levels. In 
cultured hepatocytes the mediators stim- 
ulated lipolysis and caused down-regula- 
tion of the insulin receptor. Our labora- 
tory has found that mediator prepared 
from skeletal muscle of insulin-treated 
rats stimulated pyruvate dehydrogenase 
activity of intact adipocytes and that the 
mediator was degraded by the adipocyte 
with time (24). The ability of these medi- 
ator preparations to act on intact cellular 
systems opens new avenues for investi- 
gating the effects of these mediators on 
various metabolic pathways not ap- 
proachable in subcellular systems. 

In this study we compared the effect of 
insulin and of partially purified prepara- 
tions of insulin mediator from rat skeletal 
muscle on glucose oxidation, 3-0-meth- 
ylglucose transport, pyruvate dehydro- 
genase activity, and glycogen synthase 
activity by isolated rat adipocytes. This 
approach allows investigation of insulin- 
sensitive membrane processes, such as 
glucose transport, that cannot be studied 
in subcellular systems. 

The mediators used were extracted 
from freeze-clamped skeletal muscle 
from control and insulin-treated rats with 
a mixture of 0.2M sodium acetate buffer 
(pH 3.8), 1 mM EDTA, and 0.1 mM 
dithiothreitol (16). The extract was cen- 
trifuged in the cold to remove cellular 
debris, boiled, and ultracentrifuged to 
remove denatured material. Nucleotide 
impurity was extracted with charcoal 
and the supernatant was sized by ultrafil- 
tration. The fraction of molecular weight 
500 to 2000 was lyophilized and taken up 
in 1 mM formic acid (4 ml per 10 g of 
original tissue weight). This procedure 
provided a 500-fold purification from 
starting material on the basis of protein 
measurement. Adipocytes were pre- 
pared by a modification of the method of 
Rodbell (25). The cells were incubated 
and enzyme activity or glucose oxidation 
was measured as described in the leg- 
ends to Figs. 1 to 3. 

The effects of insulin and mediators 
from muscle of control or insulin-treated 
rats on intact rat adipocyte pyruvate 
dehydrogenase are illustrated in Fig. 1. 
Insulin at 100 ~ U i m l  stimulated pyruvate 
dehydrogenase activity twofold, which 
was the maximal response to the hor- 
mone. This stimulation is comparable to 
that measured by other investigators us- 
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ing a similar system (26). Mediator from 
muscle of control rats also caused a 
twofold stimulation, while mediator from 
muscle of insulin-treated rats caused an 
almost fourfold stimulation of pyruvate 
dehydrogenase activity. 

The data in Fig. 2 demonstrate the 
effect of insulin and of insulin mediator 
on glycogen synthase activity in intact 
rat adipocytes. Insulin caused a twofold 
stimulation of glycogen synthase, com- 
parable to that reported by Lawrence 
and Larner (27). The control mediator 
preparation caused only a slight, but not 

significant, increase in glycogen syn- 
thase activity. In contrast, the mediator 
from insulin-treated rats caused a two- 
fold stimulation of glycogen synthase 
activity, similar to the effect of insulin on 
the enzyme system in adipocytes (27) 
and to insulin mediator from skeletal 
muscle of rabbits on glycogen synthase 
activity in vitro (18). 

Figure 3 compares the effects of con- 
trol and insulin mediator preparations to 
that of insulin on glucose oxidation by 
rat adipocytes. Insulin caused a tenfold 
stimulation of glucose oxidation. In con- 

Fig. 1 (top). Effect of insulin and insulin 1 0  
mediator on pyruvate dehydrogenase activity z 
of intact adipocytes. Adipocytes (3.2 x lo5 8 

cells) were dispensed into plastic vials and gy 
incubated for 15 minutes in Krebs-Ringer i ' g  
phosphate buffer containing 10 mM NaHCO, ,x b 
and 3 percent bovine serum albumin at 37OC ;: 
with insulin (100 pUlml) or mediators (1 to 20 

2 P dilutions) from control or insulin-treated rats 2 
in a total volume of 1.2 ml. One milliliter of 2 

the cell suspension was microcentrifuged for 4 a 

seconds and the infranatant was discarded. o 
The cell layer was extracted with 0.5 ml of 

30 
ice-cold solution containing 50 mM KH2P04, 
0.2 percent Triton X-100, 2 mM dithiothre~tol, 
2 mM EDTA, and 2 mM EGTA (pH 7.4). The $2 
extract was further vortexed, microcentri- z5 20 
fuged, and chilled, and the lipid-free infrana- 
tant was removed. Pyruvate dehydrogenase ' 
activity in the infranatant containing approxi- ig 
mately 0.03 mg of total cell protein was as- X Y 10 
sayed as the release of 14C02 from [l-14C]pyr- $': 
uvic acid (32). Data are means + standard 
errors of triplicate adipocyte incubations per- 
formed in the same experiments. Similar re- o 
sults were obtained with other mediator prep- 500 
arations in five other experiments. Fig. 2 
(center). Effect of insulin and insulin mediator ..; 400 on glycogen synthase activity of intact adipo- , g , ~  
cytes. Adipocytes (1.0 x lo6 cells per millili- m 1 

ter) in Krebs-Ringer bicarbonate buffer con- %! 300 
taining 3 percent bovine serum albumin (pH .$ 
7.4) were incubated in plastic vials for 20 go 200 
minutes at 37°C. Insulin (100 pU1ml) or medi- 5: 
ator (1 to 20 dilutions) from control and insu- 1 oo 
lin-treated rats was added and the cells were 
incubated for an additional 15 minutes. Incu- 

0 bation was stopped by adding 1 ml of fat cell Basal Insulin Control  Insulin 
suspension to 0.5 ml of 50 mM TES [N-  mediator med~a to r  

tris(hydroxymethy1) -methyl- 2-aminoethane- 
sulfonic acid], 100 mM NaF, 10 mM EDTA, and 5 mM 2-mercaptoethanol (pH 7.4) at O°C. The 
cells were microcentrifuged for 4 seconds, the infranatant was discarded, and the cells were 
rewashed in the same buffer. The cells were resuspended in 0.5 ml of 50 mM TES, 25 mM NaF, 
5 mM EDTA, and 5 mM 2-mercaptoethanol (pH 7.4) and were then sonicated. Cellular debris 
were removed by centrifugation. Glycogen synthase activity was determined in the supernatant 
fractions by slight modifications of previously described methods (33). Since there was no effect 
of any addition on total glycogen synthase activity (30.5 + 1.29 nmollmin per lo6 cells), results 
are expressed as active glycogen synthase (determined in the presence of 10 mM Na2S04) as a 
percentage of total glycogen synthase activity (determined in the presence of 6.7 mM glucose-6- 
phosphate). Data shown are means ? standard errors of triplicate adipocyte incubations 
performed in the same experiment. Similar results were obtained with other mediator 
preparations in three other experiments. Fig. 3 (bottom). Effect of insulin and insulin 
mediator on glucose oxidation by intact adipocytes. Adipocytes (8 x lo4 to 9 X lo4 cells per 
milliliter) in Krebs-Ringer phosphate buffer with 3 percent bovine serum albumin (pH 7.4) were 
incubated without shaking at 37°C for 15 minutes; 0.75-ml portions were then dispensed into 
plastic scintillation vials containing insulin (100 pU1ml) or mediator (I to 20 dilutions) from 
control or insulin-treated rats [l- '4C]~-glucose (0.4 pCi) and D-glucose (0.83 mmol). The cells 
were incubated for 60 minutes at 37°C with gentle shaking. Glucose oxidation was determined 
as the amount of I4CO2 released (34). Data are means of triplicate adipocyte incubations 
performed in the same experiment (standard errors were too small to illustrate). Similar results 
were obtained with other mediator preparations in three other experiments. 

trast, neither the mediators from control 
rats nor insulin-treated rats stimulated 
glucose oxidation at a concentration that 
stimulated pyruvate dehydrogenase and 
glycogen synthase. Since the amount of 
glucose oxidized by the rat adipocyte 
indirectly reflects the rate of glucose 
transport, a rate-limiting step for glucose 
oxidation, it can be inferred that the 
insulin mediator does not affect glucose 
transport. This possibility was directly 
tested by measuring the effect of the 
mediator preparations on 3-0-methylglu- 
cose transport of adipocytes (28). Adipo- 
cytes were incubated for 10 minutes in 
the absence or presence of insulin or 
mediators and transport was measured 
for 10 seconds. Whereas insulin stimulat- 
ed transport (177 k 11 percent of base- 
line; n = 14), neither mediators from 
control rats (107 k 3 percent; n = 7) nor 
insulin-treated rats (109 1. 4 percent; 
n = 7) had any significant effect. 

In this study we took advantage of the 
ability of the putative insulin mediators 
to elicit responses in intact cell systems 
in an effort to delineate their physiologi- 
cal role in insulin-sensitive membrane 
and intracellular reactions. We previous- 
ly showed that partially purified prepara- 
tions of insulin mediator from skeletal 
muscle stimulate pyruvate dehydrogen- 
ase activity of isolated adipocytes and 
that adipocytes metabolize the pyruvate 
dehydrogenase-stimulating mediator 
(24). Not only was it confirmed in this 
study that the mediators stimulate pyru- 
vate dehydrogenase activity, it was dem- 
onstrated that an insulin mediator stimu- 
lates glycogen synthase activity in the 
intact cell system. Interestingly, the me- 
diator from muscle of control rats had 
little if any effect on glycogen synthase 
activity, whereas the mediator from in- 
sulin-treated rats stimulated the enzyme 
to the same extent as insulin. In contrast, 
the control mediator at the same concen- 
tration stimulated pyruvate dehydrogen- 
ase activity to the same extent as insulin, 
with the insulin mediator causing twice 
the stimulation as insulin. These findings 
support the suggestion that the mediator 
that stimulates pyruvate dehydrogenase 
differs from the one that stimulates gly- 
cogen synthase and inhibits adenylate 
cyclase, with both being part of a family 
of insulin-generated mediators (1, 2, 18). 

The insulin-generated mediators that 
work on various intracellular insulin-sen- 
sitive enzyme systems cannot account 
for all the pleiotropic effects of insulin on 
target cells. The mediators had no effect 
on glucose oxidation or 3-0-methylglu- 
cose transport under the same conditions 
in which the mediators stimulated pyru- 
vate dehydrogenase and glycogen syn- 

SCIENCE, VOL. 227 



thase. These findings support the con- 
cept that insulin mediators are involved 
in the rapid intracellular responses to 
insulin but probably are not involved in 
membrane transport processes. Consist- 
ent with this concept is the finding of 
Gelehrter et al. (29) that the mechanism 
responsible for insulin stimulation of ion 
transport in rat hepatoma cells differs 
from the postbinding mechanisms in- 
volved in the stimulation of amino acid 
transport and tyrosine aminotransferase 
induction. 

Two recent reports would indicate that 
insulin receptor phosphorylation is not 
involved in the mechanism responsible 
for insulin stimulation of glucose trans- 
port. Plehwe et al. (30) showed that 
marked suppression of insulin-stimulat- 
ed phosphorylation had little if any effect 
on insulin-stimulated glucose transport. 
Simpson and Hedo (31) reported that an 
antiserum to the insulin receptor mim- 
icked insulin's action on glucose trans- 
port, phosphorylation of integral mem- 
brane proteins, and internalization of the 
insulin receptor in fat cells, while having 
no effect on phosphorylation of the sub- 
unit of the insulin receptor. Thus, yet to 
be defined mechanisms must be involved 
in insulin stimulation of glucose trans- 
port. Experiments involving subcellular 
systems, intact cells, and whole animals 
will be needed to define the exact role of 
the insulin mediators in each of insulin's 
actions. At the same time, major efforts 
are needed to purify and chemically 
identify this apparently new family of 
mediator substances. 
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Vaccination Against Schistosoma mansoni with 
Purified Surface Antigens 

Abstract. Two surface antigens were isolated from young or adult schistosomes by 
afinity chromatography with monoclonal antibodies. Vaccination with an antigen 
having a molecular weight of 155,000 gave partial protection against challenge in 
some batches of mice and in a group of cynomolgus monkeys. Vaccination with an 
antigen having a molecular weight of 53,000 gave similar levels ofprotection in mice. 
The results demonstrate that protection can be obtained with single antigens, but the 
precise requirements for reproducible vaccination are as yet unknown. 

Schistosomiasis is a debilitating tropi- 
cal parasitic disease that affects more 
than 200 million people in 73 countries. 
The causal agents are small paired 
worms that live in the hepatic portal 
system and produce large numbers of 
eggs, which escape via the intestinal wall 
and feces and hatch in fresh water. The 
miracidial stage that emerges from the 
egg infects certain species of snails and 
multiplies asexually in this intermediate 
host. Man is infected by direct penetra- 
tion of the skin by the cercarial stage, 
which emerges from the snail into water. 

An infection can induce substantial, 
though not complete, resistance against 
reinfection in several laboratory hosts, 
and there is circumstantial evidence that 
immunity develops in man (1, 2). Vacci- 
nation with large numbers of living juve- 
nile schistosomes, irradiated to restrict 
development, can stimulate high levels 
of protection (3), but most attempts to 
vaccinate with extracted material have 
been only marginally effective (4). One 
unconfirmed report indicates that ex- 
tracts of cercariae, the infective stage, 
can give significant protection in mice 

(5). In vitro studies and experiments with 
irradiated cercariae have shown that the 
target antigens are located on the surface 
membrane of the young schistosomula 
stage, which is formed as soon as the 
cercariae penetrate the skin (2). There is 
considerable interest in characterizing 
individual surface antigens with mono- 
clonal antibodies (6), and several groups 
are moving toward the production of 
target antigens by genetic engineering in 
order to obtain sufficient quantities for 
vaccination studies (7). Although large- 
scale production of antigens will almost 
certainly require biosynthesis or synthe- 
sis of short peptides, quantities sufficient 
for experimental vaccination can be ob- 
tained from moderate numbers of schis- 
tosomulae or adult schistosomes. We 
report here the isolation of two surface 
antigens by affinity chromatography with 
monoclonal antibodies and present pre- 
liminary results of vaccination trials. 

Eight mouse monoclonal antibodies 
directed against surface antigens of 
schistosomulae were available, but only 
one of these, an immunoglobulin M 
(IgM) antibody (WP66.4), mediates a sig- 
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