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Characteristics of Glucagon Action on the
Hepatic Adenylate Cyclase System
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(Section on Membrane Regulation, National Institute
of Arthritis and Metabolic Diseases, Bethesda,
Md. 20014, U.S.A.)

Hormone-sensitive adenylate cyclase systems are
multimolecular communication devices integrated
into the plasma membranes of target cells (Birn-
baumer & Rodbell, 1969). In the rat hepatic
system glucagon reacts specifically through non-
covalent forces with a component, termed ‘dis-
criminator’, that functions to regulate the activity
of adenylate cyclase (Rodbell, Krans, Pohl &
Birnbaumer, 1971q). Lipids play an essential role
in the binding of glucagon and the regulatory
function of the discriminator. Treatment of hepatic
membranes with phospholipases and detergents
results in concomitant losses of the binding and
regulatory functions without affecting the activity
and response of adenylate cyclases to fluoride ion,
which acts directly on the enzyme (Birnbaumer,
Pohl & Rodbell, 1971). Addition of phospholipids
to treated membranes results in partial restoration
of the binding and functional properties of the
discriminator (Pohl, Krans, Kozyreff, Birnbaumer
& Rodbell, 1971). The precise function of lipids in
the binding process is unknown, but they may
participate in the hydrophobic forces involved in
binding of glucagon to the discriminator, as
evidenced by the reversible inhibitory effects of low
concentrations of urea and the marked sensitivity of
binding to temperature (Rodbell, Krans, Pohl &
Birnbaumer, 19715).

Studies of the binding and activity of enzymically
and chemically produced fragments of glucagon
have provided some clues to the structural—
functional relationships in the glucagon molecule
(Rodbell, Birnbaumer, Pohl & Sundby, 1971d).
Removal of the N-terminal histidine residue by a
one-step Edman degradation procedure results in
loss of biological activity of the hormone. The
product, des-histidine-glucagon, binds to the dis-
criminator and competitively inhibits both the
binding of glucagon and the response of adenylate
cyclase to the hormone. Removal of six of eight of
the amino acids from the intensely hydrophobic
C-terminal region results in complete loss of both

binding and activity of glucagon. Thus nearly the
entire molecule is required for biological activity,
the N-terminal histidine residue and the C-terminal
hydrophobic region being essential for activity and
for interaction with the discriminator respectively.
Evidence (Bornet & Edelhoch, 1971) that the
detergent  cetyltrimethylamnmonium  bromide
‘binds’ to the hydrophobic C-terminal region of
glucagon and induces tertiary structure into the
essentially structureless molecule, taken together
with the evidence that glucagon binds to the dis-
criminator via hydrophobic forces, suggests that the
environment of the discriminator determines the
conformation of glucagon required for biological
activity, i.e. the ‘message’ contained within the
molecule is only revealed at its site of action.

Glucagon activates instantaneously the adenylate
cyclase system at all concentrations of the hormone
tested (Pohl, Birnbaumer & Rodbell, 1971). In the
presence of substrate, MgATP, addition of des-
histidine-glucagon causes the response of adenylate
cyclase to decay to basal activity within 45s
(L. Birnbaumer, S. L. Pohl & M. Rodbell, unpub-
lished work). These findings indicate that the
components of the system exist in rapidly reversible
states of activity and that occupation of the dis-
criminator by glucagon is transient; the system
requires the continuous presence of glucagon for
maintenance of activity. It has also been found that
glucagon does not activate adenylate cyclase at low
concentrations of ATP (below 0.1mwm) unless GTP
(or GDP) at concentrations as low as 50nM is
present (Rodbell, Birnbaumer, Pohl & Krans,
1971c). The guanyl nucleotides (or much higher
concentrations of ATP or ADP) change binding of
glucagon from a slow, essentially irreversible,
process to one that exhibits both rapid binding and
dissociation of the hormone (Rodbell et al. 1971b).
Only in the presence of the purine nucleotides does
des-histidine-glucagon exchange with glucagon at
the discriminator and block the action of the
hormone. However, measurements of the amount
of bound glucagon exchanged with des-histidine-
glucagon indicated that only a fraction of the
binding sites need be occupied by the competitive
analogue for complete cessation of hormone action.
Other studies indicated that 109, at most, of the
binding sites can represent the active species of the
discriminator.
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The findings related above are compatible with
the reaction scheme:

Egy T——— E + MgATP ——> ¢AMP + PP,
GTP or ATP

Dy ~—— D

]lslow l]Fast

Glucagon Glucagon

where (s) indicates the inactive state and (r) indi-
cates the active state, and cAMP represents cyclic
AMP (adenosine 3’:5'-cyclic monophosphate). In
this scheme the diseriminator and the enzyme exist
in at least two states, the equilibrium between these
states being shifted, in the case of the discriminator,
to the active state (D,,) by GTP or ATP, and to the
active state of the enzyme (E,) by interaction of
this state with the complex formed between
glucagon and D,,. According to this reaction

scheme the extent of activation of adenylate cyclase
by glucagon is determined by the ratio D ,,/D, and
the concentration of free hormone and nucleotides
available for binding at their respective allosteric
sites in the system.
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