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Summary. The serum proinsulin and insulin compo- 
nents of normal weight subjects treated with tolbntamide, 
or glucose and tolbutamide, were shown to be homo- 
geneous on both Sephadex filtration and polyacrylamide 
gel electrophoresis. Serum of obese subjects treated with 
glucose and tolbutamide contained, in addition to pro- 
insulin and insulin, two intermediate species when electro- 
phoresed on polyacrylamide gel, i.e., desdipeptide pro- 
insulin and diarginyl insulin. I t  is suggested that, 1. the 
conversion of proinsulin to insulin proceeds via these 
intermediates under physiological conditions, and 2. inter- 
mediates may appear in the circulation with excessive 
elevations of plasma immunoreactive insulin materials. 

Caractdrisation par dlectrophor~se de la proinsuline et de 
l'insulins humaines circulantes 

l~dsumd. Les composds de la proinsuline et de l'insuline 
du s6rum chez des sujcts de poids normal traitds ~ la 
tolbutamide ou an glucose + tolbutamide se sont montrds 
homog@nes darts la filtration sur Sephadex et dans 
l'dlectrophor@se sur gel de polyacrylamide. Le sdrum des 
sujets obbses traitds au glucose + tolbutamide contenait, 
en plus de la proinsuline et de l'insuline, deux substances 
intermddiaires lorsque l'dlectrophorbse dtait faite sur gel 

de polyacrylamide, par exemple, desdipeptide proinsuline 
et diarginyle insuline. On suppose que la conversion de la 
proinsuline en insuline se fair par ces intermddiaires darts 
les conditions physiologiques. 

Elektrophoretischs Charakterisierung yon zi~'kutierendem 
menschlichem Proinsulin und Insulin 

Zusammenfassung. Das 1)roinsulin des Serums und 
Insulinkomponenten yon normalgewichtigen Personen, 
die entweder mit Tolbutamid oder mit Glucose und 
Tolbutamid behandelt wurden, zeigten sowohl auf Sepha- 
dex als auch in der 1)olyakrylamidelektrophorese einen 
gleichen Effekt. Serum yon ~bergewiehtigen, welche mit 
Glucose und Tolbutamid behandelt wurden, enthielt zu- 
s/itzlich zum Proinsulin und Insulin zwei Zwischensub- 
stanzen bei der 1)olyakrylamidelektrophorese: Desdipep- 
tid-Proinsulin und Diarginyl-Insulin. Daraus wird abge- 
leitet, daI3 die Umwandlung yon Preinsulin in Insulin 
unter physiologischen Bedingungen fiber diese Zwischen- 
substanzen verl/iuft. 

Key words: 1)roinsulin, insulin, serum I R I  (immuno- 
reactive insulin), serum I R I  intermediates, I R I  species, 
obesity. 

Introduction 

In  the serum of human subjects, two insulin im- 
munoreactive (IRI)  peaks have been identified by  the 
use of gel filtration [1, 2, 3]. One fraction behaves as 
proinsulin, the other one as insulin. Because of the 
poor resolving power of gel filtration, it is as yet  un- 
determined whether these two peaks are heterogenous 
or homogeneous. The possibility of heterogeneity 
arises from the work of Steiner etal.  [4] on proinsulin 
prepared from beef pancreas. These workers showed 
tha t  intermediate species can be present in the gel 
filtered proinsulin fraction. Further,  Chance has iso- 
lated, purified, and identified intermediates of proin- 
sulin from porcine pancreas as well as from crude 
insulin [5]. In  this report, circulating I R I  material 
from several, selectively treated, subjects has been 
characterized by  polyacrylamide electrophoresis and 
gel filtration. 

Materials and Methods 

Plasma samples from 4 normal weight and 3 obese 
subjects (greater than 30% of ideal body weight) were 

* Supported by VA Funds and NIH Grant 4# AM 
11578. 

obtained 15 man after the intravenous administration 
of tolbutamide. Three obese and one normal weight 
subject were "hyperstimulated" by  the administration 
of 300 g of glucose (150 g IV-I-  i50 g per os) prior to the 
tolbutamide injection. Plasma II~I  determinations 
were carried out according to the Morgan and Lazarow 
method [6], using the conditions previously described 
[7]. Components of the plasma II~I  were characterized 
by  a) gel filtration on Sephadex G-50. Superfine, 
3quflibrated in 5~o bovine albumin in veronal buffer 
p H  8.6 [7], and b) polyacrylamide gel electrophoresis 
carried out according to the method of Lazarus e ta l .  
[8]. Samples for gel electrophoresis were prepared by  
aeid alcohol extraction [9] and, where necessary, 
fractions were concentrated by  use of Amicon ultra- 
filters. High concentrations of I i~I  in samples applied 
to gels did not effect the migration patterns. Plasma 
acid alcohol extracts, to which up to 0.5 ~g of either 
purified porcine profllsulin or insulin had been added, 
showed the same discrete peaks (no spread of IRI )  
compared with samples containing only 10 to 50 m~g 
of the same materials. 

Porcine proinsulin was purchased from Elanco 
Products Co., a subsidiary of Eli Lilly Co. Human  
insulin (single component) and porcine diarginyl insulin 
were a gift of Dr. Ronald Chance of the Eli Lilly Co. 
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and were utilized as standards in the columns and gels. 
All other chemicals were purchased from Fisher 
Scientific Co. 

Results 

Patterns of circulating I R I  in normal weight subjects. 
The electrophoretic behaviom" of human proinsulin 
was established as follows: A plasma sample obtained 
15 min after hyperstimulation of a normal weight 
subject (720 ~zU IRl /ml )  was filtered on Sephadex and 

Patterns of circulating I R I  in obese subjects. Obese 
subjects given glucose and tolbutamide responded with 
a significantly higher insulin output.  Plasma I R I  levels 
ranged from 3--5000 ~U/ml. However, gel filtration 
of these samples showed essentially the same relative 
concentrations of proinsulin and insulin as those from 
the lean subjects, i.e., 5 and 95% respectively. When 
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Fig. 1. Serum sample was obtained after glucose and 
tolbutamide stimulation (for details see text). After gel 
filtration (1 • 40 cm column) of 2 ml of serum (720 ~zU 
IRI/ml) proinsulin and insulin peaks were extracted with 
acid alcohol, ultrafiltered and then subjected to gel electro- 
phoresis. Single I R I  peaks were observed at slices 8 and 
3--4 respectively. Recovery from gel filtration was 83% 

and from gel electrophoresis was 65% 

geneous species a t  slice 3. Proinsulin migrated as a 
single band a t  slice 8 (Fig. 1). I R I  at  slices 3 and 4 
probably represented contamination with insulin. 

Plasma obtained from 3 normal weight subjects 
15 mln after stimulation with tolbutamide (100-- 
150 ~U IRI /ml)  showed less than  5% of the total  I R I  
eluting as proinsulin, when filtered through Sephadex 
G-50. Over 95% eluted as insulin. After gel electro- 
phoresis of these plasma acid alcohol extracts, almost 
all the I R I  material  migrated as a single band in the 
position of the insulin standard (Fig. 2). In  1 of the 
3 subjects a small band in position 6 was apparent,  
while proinsulin was also present. 
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Fig. 2. Serum samples were obtained after tolbutamide 
injection. 2 ml of serum were used for gel filtration. Acid 
alcohol extracts of 2 ml of serum were used for polyaeryl- 
amide electrophoresis. Major I R I  peaks electrophoresing 
as insulin were found in all 3 subjects. Additional very 

minor TRT components may be noted 

acid alcohol extracts of 1 ml of plasma obtained from 
obese subjects were eleetrophoresed on polyacrylamide, 
a significant amount  of I R I  material migrated in an 
intermediate position between the proinsulin and 
insulin (Fig. 3). To determine the origin of the inter- 
mediate species, the proinsulin and insulin fractions 
obtained after gel filtration were separately extracted, 
concentrated and subjected to gel electrophoresis. Both 
the proinsulin and insulin peaks contained small 
amounts of one intermediate species each (Fig. 4). I t  
should be noted tha t  the proinsulin species is not 
contaminated with insulin, nor the insulin with pro- 
insulin. 
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.Discussion 

Normal  weight subjects after s t imulat ion with 
either tolbutamide or glucose plus to lbutamide had no 
intermediate forms in the circulation detectable either 
by  gel filtration or polyacrylamide gel electrophoresis 
of serum. Thus, the influence of intermediate species 
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Fig. 3. Serum samptes were obtained after glucose and 
tolbutamide stimu]atlon. 9, m] of serum (3--5000 I~U/ml) 
were used for gel filtration. Acid alcohol extract of 1 ml 
of serum was applied to gel electrophoresis. II~I material 
migrating in an intermediate position between proinsulin 

and insulin was found in all 3 obese subjects 

on the plasma II~I  measurements  in normal  subjects 
under  s tandard  conditions of st imulat ion can be dis- 
counted. Obese subjects, after s t imulat ion with glucose 
plus to lbutamide also showed homogeneous pro- 
insulin and insulin peaks on gel filtration. I towever,  
gel electrophoresis of the proinsulin and insulin peaks 
showed them to be heterogeneous, in t ha t  they  con- 
rained a t  least one intermediate species each. This 
suggests t ha t  more elaborate methods  than  gel filtra- 
t ion are needed in order to  assess the nature  of the 
I i~I  materiM measured by  a s tandard  insulin immuno-  
assay. 

When  an obese subject was st imulated with tolbut-  

amide alone, II~I levels were found to be only 1/10 of 
t ha t  observed in hypers t imula ted  obese subjects. I n  
contrast  to  the hypers t imulated subjects, no inter- 
mediate I R I  species were found after gel electro- 
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Fig. 4. Serum sample was obtained after glucose and 
tolbutamide stimulation (for details see text). 2 ml of 
serum (4100 ~U II~I/ml) were treated as in Fig. I. The 
proinsulin and insulin peaks obtained after gel filtration 
each contained an intermediate species. Notice the faster 
electrical mobility of the proinsulin intermediate as com- 
pared to the insulin intermediate (slices 5 and 6 respect- 

ively) 
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Fig. 5. Electrophoresis on all samples were carried out on 
acid alcohol extracts of 1 ml of fasting human serum 
(containing less than 10 FU IRI)  to which insulin and 
diarginyl insulin had been added. Diarginyl insulin elutes 
in the same position as insulin after Sephadex filtration. 
On pelyacrylamide electrophoresis, insulin (slice 3) and 
diarginyl insulin (D--I)  (slice 6) are clearly separated 
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phoresis. (Data not shown.) This suggests that  hetero- 
geneity may be a phenomenon accompanying excessive 
elevation of plasma II~I. However, the presence of 
small amounts of intermediates, undetectable by our 
methods, under standard conditions of stimulation can 
not be ruled out. 
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Fig. 6. The proinsulin structure shown at the top of the 
graph represents porcine proinsulin. Connecting peptide 
(C peptide) connects the amino terminal end of A-chain 
with the carboxyl terminal end of B-chain of insulin. 
The main differences between porcine and human pro- 
insulin are, a) the number of amino acids in the C-peptide 
(human proinsulin contains 5 extra amino acids), and b) 
alanine at the carboxyl end of the B-chain is replaced in 
human proinsulin by threonine. The basic dipcptides Lys- 
Art  and Arg-Arg where the proteolytic process takes place 
is the same in porcine, bovine and human proinsulins 

The electrophoretic behaviour of the intermediate 
species in the insulin peak was found to be identical 
with that  of porcine diarginyl insulin (Fig. 5). Because 
we have found porcine and human insulin to behave 
identically on gel electrophoresis, the corresponding 
diarginyl derivatives should behave identically. Mono- 
arginyl insulin migrates in a position intermediate 
between insulin and diarginyl insulin on gel electro- 
phoresis (slices 4--5). Thus, we identify the inter- 
mediate component present in the insulin peak as 
diarginyl insulin. However, the possibility remains 
that  the insulin intermediate could be the Lys-Arg 
insulin derivative (consisting of the Lys-Arg dipeptide 
attached to the amino-terminal end of the A chain), 
which we can assume will behave identically with 
diarginyl insulin on both gel filtration and gel electro- 
phoresis. The following points are in favour of this 
intermediate being diarginyl insulin: a) Arg-Gly (see 
Fig. 6) is the first peptide bond to be cleaved upon 
trypsin t reatment  of porcine proinsulin [5] ; b) Trypsin 
treatment of bovine [11] or porcine proinsulin [5] 

yields diarginyl insulin at an early stage of digestion; 
e) Diarginyl-insulin derivative has been isolated from 
crude porcine insulin [5] while, as yet, the isolation of 
a Lys-Arg derivative from either pancreas or crude 
insulin has not been reported. 

The proinsulin intermediate migrated faster on gel 
electrophoresis than proinsulin. Further, on a 2 • 
160 cm Sephadex column, this intermediate Muted as 
intact proinsulin. The column is able to discriminate 
between intact proinsulin and desnonapeptide pro- 
insulin, a change in mol. wt. of approximately 13%. 
Thus, the molecule under consideration must differ 
from intact proinsulin by  less than 9--10 residues. 
Kemmler and Steiner [10] have shown that  by the 
combined use of trypsin and earboxypeptidase B, 
desdipeptide proinsulin (missing basic residues Lys- 
Arg) is formed. In addition, Schmidt and Areas [12] 
have isolated desdipeptide proinsulin (missing dipep- 
tide Lys-Arg, see Fig. 6) from crude bovine insulin. 
The points mentioned above suggest that  the pro- 
insulin intermediate is desdipeptide proinsulin (missing 
the basic dipeptide Lys-Arg). Further, the fact that  
C peptide has been found in equimolar concentrations 
with insulin in bovine and porcine pancreas [11], 
human pancreas [13] and human serum [14] suggests 
tha t  no intermediate forms beyond desdipeptide pro- 
insulin and diarginyl insulin are formed. 

Although the above mentioned observations 
support the identification of the intermediates as 
desdipeptide proinsulin and diarginylinsulin, other 
possibilities such as desarginine proinsulin can not be 
ruled out. 

If the intermediates present in obese serum are 
desdipeptide proinsulin and diarginyl insulin, the 
above suggests that  in human subjects the formation 
of insulin from proinsulin occurs by the following 
reaction sequence: cleavage of bonds Arg-Gly and 
Glu-Lys releasing the desdipeptide proinsulin. This 
would be followed by  cleavage of bond Arg-Glu re- 
leasing both the C peptide and diarginyl insulin. The 
final step is cleavage of bond (Thr-Arg) with release 
of insulin (Fig. 6). This is the first report of electro- 
phoretic heterogeneity in circulating Ii~I material. I t  
remains to be established why intermediate species 
appear in the circulation of obese subjects after being 
hyperstimulated with glucose plus tolbutamide and 
the role of these intermediates in the pathophysiology 
of obesity. 
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