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ABSTRACT 

Biosynthesis of glucagon was studied using isolated pigeon islets 
of Langerhans. H3-leucine and HZtryptophan were found to be actively 
incorporated into glucagon and a large molecular weight glucagon- 
related component. Incorporation into both components was lnhlblted 
by cyclohexlmide and significantly reduced by glucose. The possibility 
of a precursor molecule for the biosynthesis of glucagon was suggested. 

INTRODUCTION 

The btologlcal roles of the polypeptlde hormone, glucagon, are 

wNelI known (1,2). However, no studies have been done on the blo- 

synthesis of glucagon. The present comnunlcatlon provides evidence 

for the blosynthesis of glucagon and a possible precursor of 

glucagon in isolated pigeon islets of Langerhans. 

EXPERIMENTAL 

Avian islets of Langerhans were chosen as blologlcal materials 

for our study of glucagon blosynthesls because of their high glucagon 

1 
Supported by the Unlted Health Foundatlon of Western New York, 
Inc., and by the State University Research Foundation. 

2 To whom requests for reprints should be addressed 

387 



Vol. 45, No. 2, 1971 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

content (3), Islets were prepared by collagenase treatment (41 of 

plgeon pancreases. Pigeons were obtained from NASCO Company, Fort 

Atkinson, Wisconsin, and were starved overnight before the experiment. 

Isolated islets, 20 per Incubation vessel, were Incubated in 0.25 ml 

of Hank’s medium (5) contalnlng 0.5 mg/ml of bovlne serum albumin 

(Fraction V, Miles Research Laboratories, Kankakee, II Ilnols), 

20 mg/liter of each of the 18 naturally occurring amlno acids, and 

20 p Cl of H3-leucine or H3-tryptophan (specific activity, 20 Ci/mM, 

New England Nuclear Corporation, Boston, Massachusetts). Incubations 

were done In an atmosphere of 95% O2 - 5% CO2 at 37’. To terminate 

the lncubatlon, 1 ml of cold TCA’, 10% w/v, was added to the incu- 

bation mixture. Islets were homogenlzed and washed three times with 

col d TCA. The resultant precipitate was extracted with 1 ml of 

acid-alcohol (61 for 3 hours at 37’. The acid-alcohol was lyophl I lzed 

and the residue dissolved In 1 ml of 0.05 M amnonlum bicarbonate (71 

and dlalysed In the same solution for 8 hours at 4’. The dlalysed 

extract was acldlfied with 0.1 ml of glacial acetlc acid and submitted 

to gel-filtration uslng a Blo-gel, P-IO, 100-200 mesh (Blo-Rad 

Laboratorles, Richmond, Cal ifornla) column, dlmenslons 50 x 1.5 cm. 

The column was eluted with 3 M acetlc acid. Fractions of 1 ml were 

col I ected. Absorbance at 275 mu was determlned with a Gl I ford 

spectrophotometer. An allquot of O-5 ml from each fraction was 

counted for radloactivlty In a toluene-based sclntlllatlon fluld uslng a Trlcarb 

Ilquld sclntlllation counter, Model 3380. The columns were cal lbrated with 

I I31 
-labeled bovine prolnsulln (supplled by Dr. C. Ylp, University of Toronto), 

lnsul In (Connaught Medical Research Laboratorles, Toronto) and I 
125 

-labeled 

glucagon (porcine-bovine glucagon obtalned from Slgma Chemicals, St. LOUIS, MO.; 

I l 25 from New Engl and Nut I ear Corp., Boston, Mass. ). 

1 
trlchloroacetlc acid 
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Figure 1. Bi*gel, P-10, gel-filt~atlon of extracts obtalned gram 
pigeon Islets incubated with (a) H -leuclne for 4 hours 
for 4 hours, Cc) HLtryptophan for 1.5 hours, and Cd) 5 

(b) H -tryptophan 
H -tryptophan for 

4 hours with glucose In incubation medium (3 mg/mll. 
Radloactlv~ty shown represented 0.5 ml al iquots of 1 ml fractions. The 
arrow lndlcates the elutlon volume of Insulin. Discontinuous lines 
lndlcate optical density; continuous lines, radloactlvlty. 
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Flgures la and lb represent the results of experiments In which isolated 

plgeon Islets were incubated with H3-leuclne or H3-tryptophan for 4 hours. It 

Is evldent from Flgure la that H3 -leuclne was Incorporated Into large molecular 

weight components, desl gnated I and I I, and into lower molecular welght components, 

III and IV. Component II corresponded In elutlon volume to that of 1131-labeled 

prolnsullnl component III, to that of Insulin. Component IV resembled glucagon 

In size. Islets Incubated with H3-tryptophan showed only two maJor radloactlve 

components, I and IV, Figure I b, fn contrast to the H3-leuclne labeled experiment. 

This Is expected since tryptophan Is known to occur In glucagon and not In 

lnsulln, whereas leuclne Is cornnOn to both glucagon and lnsulln (I). 

The lncorporatlon of H3-tryptophan into components I and IV was found to 

increase with the tTme of Incubation, Flgure lb and Ic, suggestlng that there 

was an active lncorporatlon of the amino acid Into these two components. 

Cyclohexlmide completely InhIbIted Incorporation. 

To study the effects of glucose on the plgeon islet incorporating system, 

tslets were incubated wlth H3-tryptophan In a medium contalnlng 3 mg/ml of 

glucose for 4 hours. Results, as shown In Figure Id, suggested that glucose reduced 

the lncorporatlon of H3-tryptophan into components I and IV. 

Fractions containing IV were combined, lyophlllzed, dlssolved In 

0.1 ml of 0.01 M HCI, and an al lquot of 50~1 was submitted to poly- 

acrylamlde gel electrophoresls, In 15% gels contalnlng 7 M urea, at pH 

9.2 (8,9,171* An allquot, 50~1, of a glucagon solutlon, 1 mg/ml fn 

0.01 M HCl, was applied to a second gel and electroporesed slmul- 

taneousl y. ldentlcal rates of mlgratlon of the tracker dye, 

bromophenol blue, were observed for both ge I s. The standard gel 

was staIned with amldo black, and destarned In 7% acetfc acid 

electrophoretlcally. The radroactlve gel was sectloned and the 

slices solublllzed In 30% hydrogen peroxide and counted for 

radfoactivlty (10). Slmflar results were obtained with both 

H3- I euc 1 ne and H3-tryptophan I abe I ed component I V, showing radlo- 
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Figure 2. Polyacrylamlde gel electrophoresls of H3-leuclne labeled 
component I V. gl: maJor component of standard glucagon; 92: minor 
component. t: anode; -: cathode. Upper panel shows radloactlvlty 
prof I I e; lower panel, stalned gel contalnlng standard bovine glucagon. 

active components corresponding to glucagon and a possible desamldo 

form of glucagon (21,221, Figure 2. 

The lrrmunologlcal relatlonshlp of component IV to bovlne glucagon 

was studied. Fractions containing IV were combined, lyophillzed, and 

the resultant resldue was chemically labeled wlth radioactlve lodlde, 

1’25, according to Greenwood and Hunter (II). l’25-labeled IV was 

analyzed on polyacrylamlde gel electrophoresls. Results showed an 

,125 
-labeled component which colnclded with standard glucagon. An 

allquot of 0.1 ml of the freshly labeled material was incubated with 

0.1 ml of ant I-gl ucagon (goat) serum’, 1 x 2 diluted, obtalned from 

Miles Research Laboratorles, Kankakee, Illlnols, for 2 hours at 37O 

and then for 12 hours at 4’. An ldentlcal allquot of the I 125-labeled 

1 anti-serum was tested wlth l125 -glucagon prior to the experlment 
and was shown to be lmnunologlcally active. 
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TABLE 1 

Condltlons 

( 1) ant l-serum 

normal serum 

( 2) ant l-serum 

norma I serum 

Dlstributlon of radloactlvlty, I 
125 

, on 
lmnunochromatogram, F/O ratio 

5.61 

2.34 

1.27 

0.85 

(1) Experiment with I 
125 

-labeled component IV; (2) Wtth l’25-labeled 
trypsln released product from component I. Total radloactlvity per 
imnunochromatogram about 4,000 cpm. 

Incubation mixtures were chromatographed on Whatman No. 4 paper (12). 
Chromatograms were scanned for radioactlvlty by cutting Into 1 centl- 
meter pieces, and counting In a Tricarb llquld sclntlllatlon 
spectrometer. 

component was Incubated with 0.1 ml of non-immune serum, 1 x 2 dlluted. 

As shown In Table 1, the ratlo of the radioactivity located near the 

front of the chromatogram to that at the orlgln, F/O ratio, was 

slgnlflcantly greater for the anti-serum supplemented Incubation than 

for the control incubation. Thus, component IV was Imnunologlcally 

related to glucagon. 

Component I was eluted faster than lJ3’-bovlne prolnsulln, 

Flgure la and lb, suggesting that It Is larger than prolnsulln. The 

posslblllty of component I belng an aggregate of glucagon was con- 

sldered unlikely, because prolonged storage and repeated gel- 

flltration in a highly acldlc condltlon, 3 M acetlc acid, did not 

result In dlssoclatlon of the component. Combined and lyophl I lzed 

component I was dissolved In 1 ml of 0.01 M Trls-HCI, pH 7.5. An 

al lquot containing 50 to lOO)Ig of protein was Incubated with 20~1 

of a trypsln (Sigma Chemicals, St. LOUIS, MO.1 solution, 2 mg/ml In 
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Figure 3. Blo-gel, P-10, gel-flltratlon of trypsrn released product 
from H3-labeled component I. 

water, for 30 minutes at 37O. Hydrolysis was terminated with the 

addition of 0.5 ml glacial acetic acid. The hydrolysate was submltted 

to gel-flltratlon through a P-10 column, eluted wlth 3 M acetlc acid. 

Results, as shown In Ftgure 3, suggested that component I was converted 

to component(s) similar in size to glucagon. The trypsin released 

product was recovered by comblnlng the approprlate fractions, 

lyophl I Sized, labeled wlth 1125, and Incubated wl th ant I-g I ucagon 

serum or non-irrunune serum. Results suggested binding of the 

1125-labeled tryptlc product with anti-glucagon serum (Table 1). 

DISCUSSION AND CONCLUSIONS 

Our data suggested that isolated plgeon Islets of Langerhans are active In 

the Incorporation of H3-leuclne and H3-tryptophan into glucagon and a large 

molecular weight glucagon-related component. The IdentIflcatlon of plgeon glucagor 

was based on, 1) its correspondence to bovine-porcine glucagon on gel-filtration 
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and on polyacrylamlde gel electrophoresls, and 21 Its reactlvlty with antl- 

glucagon serum. The large molecular weight component was shown to be related to 

glucagon In that It was hydrolysed by trypsln to component(s) of the size of 

glucagon, which, In turn, were reactive against anti-glucagon serum. Glucose, 

a known regulator of glucagon secretion (131, was found to slgnlflcantly reduce 

the lncorporatlon of HJ-tryptophan Into both glucagon and the large molecular 

weight component. These flndlngs suggested the posslblllty that glucagon, 

Ilke insulin (14,15,16,17~ may be syntheslzed as a large precursor, which Is 

subsequently converted to glucagon by Intracellular proteolyses. Recent reports 

of large glucagon-like ltnnunoreactlvlty In pancreatic extracts of varlous specfes 

(7,p8,19,20) lend support to this suggestlon. Work Is In progress to further 

establish the nature of the large blosynthetlc component and Its role In the 

blosynthesls of glucagon. 
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