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Physiology receptors are found on renal cells. 

Two glucagon transducing systems 
It is unlikely, however, that the two 

separate receptor systems proposed for 
glucagon, which co-exist in the liver cells, 
are unique to this hormone. It has very 
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THE classic studies by Sutherland and co
workers' on the mechanism of action of 
glucagon and adrenaline on the liver are 
fundamental to the concept that many 
hormone actions are mediated by the 
intracellular messenger cyclic (c)AMP. 
Although it is now clear that there are 
other important intracellular messen
gers'·', for example, inositol trisphos
phate, glucagon remains a textbook ex
ample of a hormone acting via cAMP (ref. 
4). The report by Wakelam et al. on page 
68 of this issue' challenges this view by 
demonstrating that liver cells possess two 
distinct receptors for the peptide hormone 
glucagon, one type coupled to a phos
phodiesterase, causing breakdown of 
phosphatidyinositol-4,5-bisphosphate, and 
the other coupled to adenylate cyclase, 
generating cAMP (see figure). 

The grounds for this discovery were laid 
by Silvia Corvera and colleagues 6 who 
used a glucagon analogue made by tri
nitrophenylation of the a-NH, group of 
12-homoarginine glucagon (TH-glucagon). 
TH-glucagon is a full agonist for the stim
ulation of glycogenolysis, gluconeo
genesis and urea synthesis in hepatocytes, 
but is only a very weak partial agonist for 
cAMP accumulation•. 

W akelam et a/. 5 now show that both 
TH-glucagon and glucagon cause a rapid 
dose-dependent increase in the produc
tion of inositol 1,4,5-trisphosphate 
(InsP,). Glucagon-stimulated production 
of InsP3 is biphasic; inhibition occurs at 
higher glucagon concentrations when 
adenylate cyclase activity is maximally 
stimulated. No such inhibitory phase is 
observed with TH-glucagon, suggesting 
that a component of the cAMP-linked 
transduction system inhibits the produc
tion of inositol phosphates. Indeed, TH-

glucagon does not stimulate adenylate 
cyclase whereas glucagon causes half
maximal stimulation of this enzyme at a 
concentration of about 6 x lo-'M. In con
trast, about 3 X 10-10M of both glucagon 
and TH-glucagon cause half-maximal 
stimulation of inositol phosphate product
ion. At physiological glucagon concentra
tions (:,;:::10-''M) activation of the adenylate 
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recently been shown by Trimble eta!. 8 that 
the peptide secretin (which is chemically 
related to glucagon) can activate the two 
separate second-messenger systems in 
pancreatic acinar cells. Cholecystokinin is 
now recognized as a peptide hormone 
activating the Ca'• pathway', but it was 
demonstrated many years ago that it can 
activate adenylate cyclase in broken cell 
membrane preparations10

, although in 
intact pancreatic acinar cells no cAMP 

Peptide IGiucagonJ accumulation occurs'. 
liTH-glucagon! This old, unexplained 

finding may relate to 
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evokes desensitization 
of glucagon-stimulated 
adenylate cyclase. 
Conversely it now 
seems that activation of 

Schematic diagram of the two signal-transduction systems. R, rec
eptor; G, GTP-binding protein; AC, adenylate cyclase; PDE, 
phosphodiesterase; DG, diaclglycerol; Ptdlns(4,5)P2, phosphati
dylinositol-4,5-bisphosphate. 

adenylate cyclase can 
inhibit inositol phos
phate production, pos
sibly mediated via the 
stimulatory guanine 

cyclase-cAMP pathway is less significant 
than the main effect mediated via the 
phosphodiesterase-diacylglycerol- InsP 3 

pathway. From these new data' it seems 
that glucagon is very far from being a 
typical hormone acting solely via cAMP, 
but instead is a good· example of a hor
mone that uses calcium ions and diacylgly
cerol as intracellular messengers. 

There is an analogy between the pro
posed dual-receptor system for glucagon 
and the two receptor mechanisms of vaso
pressin•·', but the two types of vasopressin 
receptors are not both present in the same 
cells. The V, (inositol phosphate-linked) 
receptor for vasopressin is located on liver 
cells whereas the V, (cAMP-associated) 

nucleotide regulatory protein G 5 (ref. 5; 
see figure). 

The newly discovered complexity of the 
action of glucagon is an example of how 
difficult it is to elucidate the mechanisms 
underlying hormonal effects. In the case 
of glucagon it had been firmly established 
that the metabolic actions' as well as the 
immediate effects on the membrane po
tential11 can be mimicked by the applica
tion of exogenous dibutyryl cAMP, and 
there is abundant evidence that it stimu
lates adenylate cyclase and produces 
cAMP (ref. 1). 

Molecules link bats in New Zealand and South America 

All these results still stand, but it is now 
clear that there is a second, physiologic
ally more important messenger pathway, 
although the complex and puzzling inter
actions between the two signal-transduct
ion systems will need much more work 
before they are finally sorted out. 0 

Mystacina tuberculata, the lesser short
tailed bat, was long thought to be one of 
New Zealand's archaic, mystery verte
brates. But the paper by Elizabeth D. 
Pierson and colleagues on page 60 of this 
issue describes immunological comp
arisons suggesting that the closest phylo
genetic affinity of this species is with the 
New World phyllostomids. This specimen 
is on the bark of a southern rata and its 
unique features - mole-like fur, robust 
bind limbs and tightly folded wings, all 
adaptions for its terrestrial habits, are 
clearly visible. Photograph by Elizabeth 
Pierson of the Museum of Vertebrate 
Zoology, University of California, Berke
ley, California 94720, USA. 
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