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| lnttodmti-nn _ ’ o late the adenylate cyclase in liver pls e ‘nembranes,
indicating that a common receptor site 15 involved in
Gllt extracts that contain glucagon-like immuno- - the interaction of pancreatic and gut-glucagon with
reacmrity (GLI) have been shown to possess glyco- the liver. Furthermore, our data indicate the existence

‘genolytic [1] and insulinogenic [2] activity. It is, how- of a specilic receptor site for the pancreatic glucagon.
_€ver, unknown whether these extracts exer: their ef-

!'ects lhrough the same receptor sit2 as pancreatic

-glucagun in glucagon—sensitwe target tissues, although 2. Materials and methods

4 recent report sugpests that GLI-containing extracts

from porcine gut interact with pancreatic glucagon - .- Porcine jejuno-ileons were resected immediately after
recep'zors in 8 cell membranes [3]. We found that GLI- - slaughter. Extracts of the mucosa obtained by a modifi-
contaimng fractions prepared from porcine gut inter- cation (sec legend to fig. 1) of the Kenny procedure [4]
act thh t.he paucreatic glucagon receptors and stimu- were fractionated on Bio Gel P 10 as indicated in fig. 1.
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F'ls. l Gel ‘ﬁlmuou ot’ porcme gut extmcts onas x 100 cm column of Bio Gel P 10 {100—200 mesh, Bio Rad) that was equili-
bmted ahd eluted with 0 05 M NH4 HC‘O;. The percentage of total GL1 recovered (dashcd area) is plotted as a function of the clu-
mnwolum& Raamactivuy (dotted lines) refers to |*25[}insulin and |'3'{]pancreatic glucogon used in tracer amounts as markers.
“Tae] matem; ‘that Wis sibmitted to gel filtration consisted of proteins precipitated by 10% CCl3COOH and nbtained after delipid-
nhdn of ncid-—alcohol extmcts [4] trom jcjuno-ilml mucosa.
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Fig. 2. Displacement of gusl]pancreatic glucagon from its liver receptors by uniabeled pancreatic glucagon and by fractions A and
B (see fig. 1) of gut glucagon. Membranes (0.2—0.3 mg protein/ml incubation medmm) were incubated for 30 mir at 30°, pH 7.5,
in Krebs Ringer phosphate buffer containing 10 mM Tris, 2.4% (w/v) bovine seérum albumin (Fraction V, Peatex), 2 000 U of
Kaltikrein inhibitor (Zymofren, Specia)/ml as an inhibitor of glucagon degradation, 20—-30 pM of llzsllpancteanc glucagon and
various amounts of unlabeled peptides as indicated. The membrane-bound |'?5¥jglucagon was isolated as previously described
11, 12}. The inttial binding of {*23{]zlucagon is the percentage of the total radioactivity bound to the merbranes in the absence

of unlabeied hormone. This percentage was about 30%. Before use, the lyophilized chromatographic fractions had been dlsqoh ed
in 25 mM Tris-HCI, pH 7.5, and dialyzed Gvermght against the same buffer. .

The protein contents were assayed by the Lowry meth-
cd {5} GLI was evaluated in each lvophilized fraction
by glucaﬂon radioimmunoassay {6, 7] using ‘antisera
that cross react with gut GLI; similar results were ob- -
tained with three such antisera. In all of four fraction-
‘ations of the jejuno-ileal extracts, the distribution of
the GLI conformed to the pattern depicted in fig. 1:
GLI was recovered as a major peak with a maximum
close to the insulin marker (fraction A) and the remain-
ing immunoreactivity was eluted aimost coincidently
with the parcreatic glucagon marker (fraction B}.
Purified plasma membranes (step 11, [8]) were
prepared from rat livers according to Neville [8]).
Pork pancreatic mono [**Ilglucagon was prepared as
described previously {91 using a similar method to that
emploved tor the preparation of monociodoinsutia fual
Experiments measuring the binding of glucagon to its
specific receptors in [iver pfasma membranes were per-
formed as described elsewhere [11, 12} with the modi-
ficaticns indicated in the legend to fig. 2. This method
makes it possible to measure glucagon—receptor inter-
action at concentrations of the hormone as low as
0.01—1.0 aM. The adenylate cyciase activity was mea-
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sured by radioimmunoassay of cyclic AMP {13]. This
method permits the specific measurement af the cyclic
AMP produced in quantities as low as 1 pmole.

3. Results and discussion

"‘Both fractions A and B inhibited the specitic bind-
ing of [***I]pancreatic glucagon to liver membranes
(fig. 2). In sharp contrast, large amounts of synthetic
gastrin™ as well as highly purified secretint and chole-

- cystokinin-pancreozymint (CCK-PZ) failed to inter-
fere with the binding of pancreatic glucagon (fig. 2).

Similarly, no significant effect was observed with the

| vasgacthre ntestiogd gqiwgﬁ,pﬂsh: & E?‘t.ﬁcﬁ., Spwatt

amounts of fraction B, on the basis of their GLY con-
tent, were almost as effectwe as equiv:alent amount<
of ualabeled pancreatic glucagon in displacing the
['** I]pancreatic glucagon from its receptors. Fraction
Aalso inierfered with the binding of pancreatic

* ICI laboratones, Aldcrley Park, Chcshlre En;;iand. :
i3 Donated by Dzs. V. Muttand J.E, Jo:pes, Stockholm, Swz,dm.
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&:» 3, st;ziacemem of §*251§pan£r€3§zc glucagon from its sgee;f ic receptor by unlabeled pancreatic glucagon. }‘usi}g}anue&txc
glucagon was incubated with membranes in the absence and in the presence of increasing concentrations of uniabeled pancrestic
or gut (tmatmn B) glucagon, Tubes containing a samzating concentration of gut glucagon for the common receptor site (see also

fig. 2y were incubated in the abwence and in the presence of unlabeled pancreatlc glucqgon ddded (dashed line and solid circles be-
_tween the 2 armws’i Other comdmons were as descnbed mn thc fegend to f‘ ig. 2.

giucago‘n but to a much leéser‘exten't than fraction B
on the basis of their respective GLI contents. The dis-
placement of [*** I]pancreatic glucagon by relatively
‘simall amounts of these fractions indicates the presence
of a glucagon-iike material that shares a common recep-
tor site with the pancreanc glucagon, and suggests that’
this material possesses a structural analagy with the-
‘pancreatic giuc&gon molecule.

- Larger amounts of fractions A and B failed to dxs-
place further the pancréatic glucagon in direct propor-
tion to their GLI contents (fig. 2). This failure to ob-

~tain a complete displacement of the pancraatic gluca-

gon by largei' amounts of both fractions suggests that

the glucagon recep tor population is hetemgeneous and

that a site that is speciﬁc for the pancreatic glucagen

V'd{;es ot interact with the gut tziucagon-hke material.

 The existenoe of 4 spadific receptor site for the pan-
creatic glﬁca&gn is demonstrated by the followng ob-
servation. In the ptesem:e of a concentration of gut
glucagon that saturates the common site, low concen-
trations of unlabeled pdncmatm slucagon are capable

“of displacing completely the remainder of the bound

- ["**I)pancreatic glucagon (fig. 3). : '

- “Both fracuons A and B also stimulated adenyiate
cyclase in liver plasma membranes (fig. 4). Gastrin,

~ sible implication of &

secretin and CCK-PZ were ineffective in stimulating
the adenylate cyclase. As was observed in the binding
experiments, fraction B was much more effective than

- fraction A at equivalent GLI concentrations, and smait

amounts of fraction B did increase the adenylate cyclase

» activity whereas larger amounts were relatively ineffec- -

tive in increasing further the level of stimulation (fig. 4).
Table | summarizes the effect of fractions A and B

- in liver piasma membranes. At low concentration of

fraction B there is a good agreement between its GLI

" content and its efficacy to displzace the labeled pan-

creatic glucagon. Fraction B, which elutes almost co-
incidently with the pancreatic glucagon marker, is

-much more effective than fraction A which contains

the bulk of the glucagon-like immunorzactivity. Both
fractions, at all concen&aﬁﬁns tested, are relatively
tess sffective in stimulating the adenvylate eyelase %h:m
in displaciag the ['*¥ Upancreatic gucagon.

Our. findings provide additional support to the pos-
glucagon-like material in the .
glycogenoly tic effect of gut extracis that had been ob-
served previousty [15] and which was described with -
the peak [I of GLI after gel filtration of canine gut

- extracts [ 1]. Possible contaminants such as secretin,

gastrin, CCK-PZ and/or VIP, would not account for
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Fig. 4. Stimulation of adenylate cyclase by pancreatic glucagon
and by fractions A and B in liver plasma membranes. The incu-
batior solution contained, ina 250 ul final volume, 0.8 mM -
ATP, 20 mM creatine phosphate, I mg/ml phosphocreatine
kinase, 2.5 mM thcophyliline, S mM Mg Cl, 20 mM Tris-HCl
(pH 7.5), 0.4% (w/¥) bovine serum albumin, 1 mM EDTA and
100 pg/mi bacitracin. Reactions were started in the absence or
in the preserce of hormone (s} as indicated, with addition of
enzyme at about 50 pg of membrane protein, Le. (0.2 mg/mi
final conc. Incubations were perforined for 15 min at 30°. The
cyclic AMP produced was measured by radioimmunoassay [13].
Each point is the mean + S.E. of tnphcate determmatmns

the ercts observed with cur fractions since these
hormones were ineffective in displacing the [*#1}-
glucagon as well as in stimulating the adenylate cyclase.
In vitro studies with direct measurement of gluc-
agon—receptor interactions such as those reported here

appear to be very important in investigating further the

biochemical relationships between the pancreatic and
the gut glucagons. '
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