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A BSTRACT Gel filtration of human serum extracts
on Bio-Gel P-30 columns produced two peaks of material
reactive with insulin antisera. The earlier eluting frac-
tion appeared at the elution position of proinsulin (se-
rum proinsulin-like component, PLC) while the second
fraction corresponded in elution volume to insulin. In
assays using porcine insulin-l'3I and an antiserum
against porcine insulin, human pancreatic proinsulin was
less reactive than human insulin. Serial dilutions of
the serum PLC in the immunoassay showed immunologi-
cal identity with the human proinsulin standard. Par-
tial tryptic digestion of the serum PLC yielded products
with increased immunological reactivity as estimated
with insulin as the standard. With larger amounts of
trypsin, all the serum PLC was converted to insulin-
like components (desthreonine and desoctapeptide in-
sulin). On the basis of these results we conclude that the
earlier eluting fraction of human serum extracts is
proinsulin.

The fasting values of proinsulin in normal subjects
ranged between 0.05 and 0.4 ng/ml, representing from 5
to 48% of the insulin concentration. In one subject the-
values of proinsulin were higher than those of insulin.
After oral administration of 100 g of glucose, the pro-
insulin levels tended to rise similarly to insulin. Three
obese patients with hyperinsulinemia had higher fasting
levels of proinsulin and a greater increase after glu-
cose than the normal subjects. As the high levels of pro-
insulin coexisted with raised insulin concentration in
these obese subjects, the relative proportions of the two
hormones were in the same range observed in the normal
group. Thus hyperinsulinemia in these obese subjects
was not accompanied by an increase in the fraction of
serum proinsulin. When the values for serum proinsulin
were expressed as percentage of the insulin levels,
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there was a decrease in the per cent proinsulin in the
first hour of the glucose tolerance test. After the second
hour, the per cent tended to rise towards the fasting
levels.

INTRODUCTION

The recent discovery of proinsulin, a single chain pre-
cursor of insulin (1), has led to the successful isolation
and structural elucidation of this protein in several mam-
malian species (2, 3).' The single polypeptide chain of
proinsulin begins at the amino-terminus with the B
chain of insulin, proceeds through a connecting poly-
peptide segment of about 30 amino acids, and terminates
with the A chain (1, 2). The characteristic disulfide
bonds of insulin are present in this molecule,2 and vari-
ous physical and immunologic data indicate that the
spatial arrangement of the insulin portion of the mole-
cule is closely similar, if not identical, to that of insulin
itself (3-6). Some structural elements of the connecting
polypeptide portion of proinsulin have been shown to be
capable of eliciting specific antibodies when guinea pigs
are immunized with bovine proinsulin (6). Thus, in
general, antisera of proinsulin react more strongly with
proinsulin than with insulin, and the reverse situation
occurs with insulin antisera (3). Moreover, considerable
immunological differences have been demonstrated be-
tween human, porcine, and bovine proinsulins (6).
These are in accord with the relatively large degree of
variability in the amino acid sequences of the connecting
pojypeptide segments of bovine, porcine, and human
proinsulin (7). Thus antisera against human proinsulin
will be needed for the specific immunological detection
of human proinsulin. However, until sufficient supplies
of human proinsulin can be obtained for immunization of
animals, it can be measured after separation from insu-
lin by means of its cross-reactivity in the ordinary in-

1'Nolan, C., E. Margoliash, and D. F. Steiner. 1969. Manu-
script in preparation.

2 Birdwell, C., and D. F. Steiner. Unpublished results.
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FIGURE 1 Separation of a mixture of labeled insulin and
proinsulin on 1 X 50 cm column of Bio-Gel P-30 equili-
brated in 3 M acetic acid. Each fraction was counted in an

autogamma and a liquid scintillation spectrometer.

sulin immunoassay system standardized with human
proinsulin and insulin.

In a preliminary report, evidence was presented indi-
cating that material having some physical and immuno-
logic characteristics of proinsulin is present in human
plasma and urine samples (8). We have now charac-
terized the circulating proinsulin-like material in greater
detail by showing its immunologic identity with authentic
human proinsulin separated in nearly pure form from
crystalline human insulin and by studies of its trans-

formation to insulin-like components by controlled
tryptic digestion. Some observations on the levels of
proinsulin during 4-hr oral glucose tolerance tests
in normal subjects and in obese subjects with hyper-
insulinemia are also included in this report.

METHODS
Human and porcine insulin (25 U/mg) were kindly supplied
by the Novo Company, Copenhagen, and were both prepared
by standard commercial procedures; purified porcine pro-
insulin was a gift from Dr. Ronald E. Chance of The Lilly
Research Laboratories, Indianapolis. Human proinsulin was

separated from the crystals of human insulin by gel filtra-
tion on Sephadex G-50 in 1 M acetic acid in Copenhagen and
was further purified by chromatography on diethylamino-
ethyl (DEAE) cellulose in our laboratory by methods simi-
lar to those described previously for the preparation of
bovine proinsulin (3). It consisted of material which on

polyacrylamide gel electrophoresis (7.5%, pH 8.9) gave a

major band corresponding to labeled human proinsulin
derived from incubated islet cell adenoma slices (5). Amino-
terminal analysis by the dansyl method (9) yielded a large
quantity of dansyl-phenylalanine as expected for a single
chain proinsulin and only traces of dansyl-glycine. Amino
acid analysis indicated the characteristic composition of
insulin with increased amounts of those amino acids present
in the connecting peptides of bovine, porcine, and rat
proinsulin.

As the quantity of human proinsulin was limited, the
protein was labeled with 131I for further characterization.
After iodination, the human proinsulin-131I was purified on

a cellulose column from which it was eluted with plasma
(10). The human proinsulin-13'I was subsequently separated
from the plasma protein by gel filtration on a 1 X 50 cm
column of Sephadex G-50 in 1 M acetic acid. After evaporat-
ing the acetic acid to dryness, a portion of the labeled
proinsulin was dissolved in 200 ul of 0.01 M Tris (hydroxy-

TABLE I

Clinical Data and Blood Sugar (BS) (mg/100 ml) and Immunoreactive Insulin (IRI)*
(,sU/ml) after Administration of 100 g of Oral Glucose

F I hr I hr 2 hr 3 hr 4 hr
Ideal

Suhjects Sex Age BWt BS IRI BS IRI BS IRI BS IRI BS IRI BS IRI

yr %
Normal

A. H. M 25 -3 84 10 96 24 118 25 104 20 68 16 70 19
C. B. M 22 -6 70 30 126 80 106 60 - 81 30 67 10
F. M. M 39 +3 85 20 92 44 102 60 82 32 78 28 80 22
P. O. M 25 -3.5 82 10 178 70 157 135 95 70 64 20 80 10
J. C. M 28 -2.5 90 10 147 60 179 100 117 88 - 103 40
L. C. M 22 -8 93 28 182 108 159 94 109 68 97 54 50 36

Obese
H. J. F 38 +90 76 38 114 130 202 150 164 180 130 90 70 35
G. N. F 24 +146 86 36 220 160 228 110 226 260 154 240 104 86
M. S. F 16 +223 76 160 140 640 216 1040 282 1100 191 1040 85 280

* The serum insulin was measured against a human insulin standard using a tracer of porcine insulin-I3'l and a porcine insulin
antiserum.
I Metropolitan Life Insurance Tables.
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methyl) aminomethane/hydrochloric acid, 0.05 M sodium
chloride (pH 7.7) and incubated with 0.05 1Ag of trypsin
for 30 min at 370C. 1 mg of cold human insulin in 0.8 ml
of 1 M acetic acid was added to the mixture; and after
gel filtration (1 X 50 cm G-50 Sephadex column), one peak
of radioactivity corresponding in position with the optical
density of the carrier insulin was observed. The tubes con-
taining the radioactivity were combined and evaporated to
dryness in vacuo. Thereafter the trypsin-converted labeled
material was sulfitolyzed (11) and subjected to paper
electrophoresis on Whatman 3 MMpaper in 8 M urea 20%o
acetic acid solution (pH 3.2) for 16 hr at 150 v/cm. Two
radioactive peaks were observed corresponding in mobility
to the S-sulpho A and B chains of the unlabeled marker
human insulin. In contrast the sulfitolyzed human pro-
insulin-1'SI migrated as a single component after electro-
phoresis, indicating that it consisted of a single polypeptide
chain.

Gel filtration of serum extracts. Proinsulin and insulin
were separated on 1 X 50 cm column of Bio-Gel (Bio-rad
Labs, Richmond, Calif.) (P-30, 100-200 mesh) equilibrated
with 3 M acetic acid. The fraction size was 1.2-1.3 ml and
the void volume of the column, determined by the optical
density of BSA (bovine serum albumin) was 12-13 ml.
The columns were calibrated with a mixture of porcine
proinsulin-l3'I and rat leucine-insulin-3H or porcine insulin-
"I (Fig. 1). In all samples recovery of immunoreactive

insulin in the column fractions was greater than 70%o of
the values determined by direct immunoassay of serum. To
minimize the adsorption of insulin or proinsulin the glass
tubes were coated with an aqueous solution of 1% silicone
(Siliclad, Clay-Adams, Inc., New York).

Iodination with 151I. Porcine insulin and proinsulin and
human proinsulin were labeled using the method of Hunter
and Greenwood (12) and purified on 0.5 X 5 cm cellulose
columns (10).

CPU

Humon Insulin

1 4 8 16 32
O040160.32 0.64 1.28

64 uU/ml
2.56 ng/ml

FIGURE 2 Porcine insulin-'I, pork insulin anti-serum.
Standard curves of human proinsulin and human insulin
using porcine insulin-'I and anti-porcine insulin -serum.
The cpm on the ordinate represents the radioactivity in the
precipitate corresponding to antibody bound porcine in-
sulin-'I.

Immunoassay. A modification of the double antibody
method of Morgan and Lazarow (13) was used; Tris-
albumin buffer, pH 7.7 (025% BSA, 0.1 M Tris (hydroxy-
methyl) aminomethane/hydrochloric acid, 0.05 M sodium
chloride) was the diluent and the reactions were carried
out as follows: 1st reaction (48 hr) to 1 ml of buffer
containing human insulin or human proinsulin standard or
diluted sample, 0.1 ml porcine insulin-1WI (0.05-0.1 ng) and
0.1 ml guinea pig anti-porcine insulin serum (final dilution
1: 120,000) were added and mixed. 2nd reaction (48 hr):

1100 1:40 1:20 1'15 1:10 1:5 1:4

DILUTION
FIGURE 3 Porcine insulin-'I, pork insulin anti-serum. The effect of
dilutions of serum proinsulin and insulin on the measured concentra-
tions of these hormones. The insulin and proinsulin were obtained
after gel filtration of pooled serum extracts from a normal subject
after oral administration of 100 g of glucose. The values of insulin
and proinsulin were derived from the corresponding standard curves.
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FIGURE 4 'Standard curves of desoctapeptide bovine insulin and
bovine and porcine insulin using antibody against porcine
insulin and porcine insulin-'311. The desoctapeptide insulin dis-
places the tracer much less efficiently than the intact insulin on
a weight basis. Similar results would be expected for desocta-
peptide porcine or human insulin which are identical in
structure.

to the above system 0.1 ml of normal guinea pig (1: 400)
and 0.1 ml of rabbit anti-guinea pig globulin serum (Syl-
vana Chemical Company, Orange, N. J.) were added and
mixed. After centrifugation at 3,000 rpm for 30 min, the
supernatant was decanted and the precipitates counted in a
Packard autogamma spectrometer (Packard Instrument Co.,
Inc., Downers Grove, Ill.).

Serum extraction. Aliquots of fresh or frozen serum
(7-10 ml) were extracted with acid-alcohol using a modi-
fication of the method of Davoren (14). 2 ml of water and
7.5 ml of acid-alcohol (375 ml of 95% alcohol, 7.5 ml of
concentrated hydrochloric acid) were added to each milli-
liter of serum and allowed to stand at 4°C for 10 hr. After
centrifugation, the pH of the supernatant was adj usted to
pH 8.5 with concentrated ammonium hydroxide. The pre-
cipitate was removed by centrifugation and the supernatant
adjusted to pH 5.3 with hydrochloric acid (using methyl
red as the indicator). After adding 0.025 ml of 2 N am-
monium acetate (pH 5.3) for each milliliter of extract, the
proteins were precipitated with 15 ml of absolute alcohol
and 25 ml of diethyl ether/10 ml of supernatant. After
12-16 hr at 4°C, the samples were centrifuged and the
precipitate dissolved in 3 M acetic acid. All glassware used
during the extraction procedure was coated with an aqueous
solution of 1% silicone.

Trypsin conversion. The buffer used in these experiments
was 0.1 M Tris-HCl (pH 7.7). The conversion of porcine
proinsulin, which was used because of an insufficiency of
the human material, was carried out as follows: 5 ng of
proinsulin and 0.1 ng of porcine proinsulin-'31I (approxi-
mately 120,000 cpm) were dissolved in 0.9 ml of buffer
and placed in a water bath at 37°C. 0.5 ,ug (0.1 ml) TPCK-
trypsin3 (prepared by the method of Wang and Carpenter)
(15) was added and 0.2 ml of the incubation mixture was

3TPCK= L-1-tosylamido-2-phenylethyl chloromethyl ke-
tone.

removed after 5 and 10 min. In order to prevent further
tryptic action, 0.2 ml of Trasylol (5000 kallikrein inactivator
units (KIU)/ml; FBA Pharmaceuticals, Inc., New York)
and 0.4 ml of acetic acid containing 2.5 mg of BSA was
added to each sample.

The conversion of human serum proinsulin-like component
(PLC) was carried out by adding 0.5 jug of trypsin to 3 ng
of serum PLC estimated on the insulin standard (total
volume = 0.5 ml). After 5 min at 370C, 0.5 ml of 6 M
acetic acid, containing 2.5 mg of BSA, was added to the
solution which was then fractionated on a P-30 column as
described above. In several additional experiments, serum
PLC was incubated at 370C with 1 jug of trypsin in 0.5 ml
of Tris buffer for 5 min. After addition of 0.3 ml of
Trasylol, the solution was diluted with Tris-albumin buffer
for direct immunoassay.

Blood sugar. This was measured using the potassium
ferricyanide method on the Technicon AutoAnalyzer (Tech-
nicon Instruments Corporation, Ardsley, N. Y.) (16).

Patients. Six healthy volunteers of normal weight and
three markedly obese subj ects with hyperinsulinemia were
studied during a 100 g oral glucose tolerance test (Table I).
All subjects were instructed to ingest a high carbohydrate
diet for 3 days preceding the test which began at 8 a.m.
after an overnight fast. One normal subject (P. 0.) gave
a history of diabetes in a maternal grandmother, while
patient M. S. had a paternal uncle with diabetes.

RESULTS
The resolution achieved with Bio-Gel P-30 columns was
superior to that obtained previously using Sephadex
G-50 (8). Using porcine insulin-13.I and an antiserum
against porcine insulin, human proinsulin was less effi-
cient (either on a weight or molar basis) in displacing
the tracer from the antibody than was human insulhi?
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(Fig. 2). In order to use this radioimmunoassay system
to measure the concentration of proinsulin, the immuno-
logical relationship to the serum proinsulin-like com-
ponent (PLC) was first compared with authentic human
pancreatic proinsulin. For this purpose 50 ml of serum,
obtained from a normal patient after glucose adminis-
tration, was extracted with acid-ethanol and the serum
PLC separated on polyacrylamide columns. The PLC
peaks were then combined and assayed in several dilu-
tions against the proinsulin standard. When the dilutions
were plotted on the abscissa and the measured concen-
trations on the ordinate, the values fell along a diagonal
line (Fig. 3). Such a relationship indicates that the
material of the earlier peak is identical in immunologi-
cal reactivity with human proinsulin. Similar results
were obtained when the serum insulin, separated from
serum extracts by gel filtration, was measured against
the standard of human pancreatic insulin (Fig. 3).

The serum PLC was further characterized by incuba-
tion with trypsin. When porcine or bovine proinsulin is
incubated with trypsin, dealanated insulin is liberated
together with a large part of the connecting segment.
Essentially identical results were obtained with human
proinsulin in an earlier study (1). If an excess of trypsin
is used or the incubation is prolonged, a greater pro-
portion of desoctapeptide insulin, which reacts less well
in immunoassays than dealanated or intact insulin (17),
is formed (Fig. 4). To determine the conditions for con-
version of a small quantity of serum PLC, the required
concentration of trypsin was determined in preliminary
experiments using porcine proinsulin as the substrate.
Fig. 5 illustrataes the conversion of 5 ng of porcine pro-
insulin to an insulin-like component, as shown by the
tracer of porcine proinsulin-2311 added to monitor the
reaction. After incubation for 5 min with 0.5 ,g of tryp-
sin, essentially all the proinsulin was converted to de-
alanated and some desoctapeptide insulin. Prolonga-
tion of the incubation to 30 min yielded a greater pro-
portion of desoctapeptide insulin. Substitution of 5 ng of
the serum PLC in place of the unlabeled porcine pro-
insulin in this system also resulted in the conversion of
more than 90% of the labeled material to a mixture of
dealanated insulin and small amounts of the desoctapep-
tide form (lower panel of Fig. 5). On the basis of these
results this experiment was repeated using the immuno-
assay to characterize the tryptic conversion products

24 28 32 36

FRACTION NUMBER

FIGURE 5 Tryptic conversion of a small amount of porcine
proinsulin using porcine proinsulin-"I as a tracer. Pro-

insulin and insulin were separated on a polyacrylamide col-

umn (1 X 50 cm) equilibrated in 3 M acetic acid. In the

upper panel the elution pattern of porcine proinsulin-'I is

shown. With 0.5 Ag of trypsin (for 5 min) more than 90%o

of a 5 ng porcine proinsulin is converted to an insulin-like
component as detected by counting the radioactivity of
proinsulin-~"I used as a tracer to monitor this reaction
(second panel). After longer incubation with trypsin (30
min), a part of the radioactivity elutes in the region of
desoctapeptide insulin (third panel). Substitution of porcine
proinsulin with the same amount of human serum PLC
(proinsulin-like component) results in a similar degree of
conversion (lower panel).

Human Serum Proinsulin 501

CPM
10000

8000

6000

4000

2000

2000-

1600

1200

800

400

2000

1600

1200

800

400

5000

4000

3000

2000

1000-

8 1I .

8 12 16 20
L

1



of serum PLC (Fig. 6). As proinsulin is underestimated
against the insulin standard (see Fig. 2), conversion of
human proinsulin to an insulin-like component (desthre-
onine insulin in this case) should result in an increase
in its apparent immunological reactivity with this
standard. In fact, incubation of 3 ng of serum PLC (as
measured from the insulin standard) with trypsin
yielded 1 ng of immunological activity in the proin-
sulin region and 3.5 ng in the insulin region after col-
umn separation. Thus the expected increase of total im-
munological activity was obtained. Using a large excess
of trypsin (100 Ag for 5 min) essentially all the serum
PLC (4.5 ng as measured from the insulin standard)
was converted to dealanated and desoctapeptide insulin
(lower panel of Fig. 6). This increase in immunological
activity was substantiated by direct immunoassay of
PLC before and after tryptic conversion in four addi-
tional experiments. The increase of immunological ac-
tivity ranged between 1.8- and 3.0-fold depending on the
extent of conversion in each experiment. These results
support the conclusion that all the material eluted in the
earlier peak is proinsulin or closely related intermediate
forms of proinsulin (3).

The clinical data on the subjects and their blood sugar
and serum insulin (IRI) are summarized in Table I.
Fig. 7 shows the concentration of insulin and proin-
sulin in one of the healthy subjects after administra-
tion of oral glucose. The absolute proinsulin concentra-
tion rises after glucose in a fashion similar to insulin.
When expressed as a percentage of the insulin con-
centration, the proinsulin values tend to rise late in the
test. The results obtained in the six normal subjects are
shown in Fig. 8. The proinsulin concentration rises
slightly after glucose and returns to fasting values at
the end of the test. Fig. 9 illustrates the results obtained
in a markedly obese patient. The absolute values of pro-
insulin in this subject are very high, but are similar
to those of normal subjects when expressed in per cent
of the insulin concentration. A summary of the results
obtained in the three obese subjects is shown in Fig. 10.
Although the absolute values vary, the patterns are
similar in all the patients. There is an increase of pro-
insulin after glucose which parallels the increase of in-
sulin. The values of proinsulin in normal and in obese
subjects, expressed as percentage of the insulin levels,
are summarized in Table II. Initially there is a de-
crease in the per cent of proinsulin because of the rela-
tively greater rise in insulin,, while towards the end of
the glucose tolerance test the per cent again tends to in-
crease towards the fasting level.

DISCUSSION

Using porcine insulin-Y'I and an antiserum against por-
cine insulin in the immunoassay, the standard curves
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FIGURE 6 Tryptic conversion of human serum PLC to an
insulin-like component. PLC was extracted and separated by
gel filtration from serum of an obese subject (upper panel).
Tubes A and B did not contain insulin as shown by rerun-
ning an aliquot on the column (second panel). The dashed
line represents values determined from the human pro-
insulin standard and the continuous line values determined
from the human insulin standard. The third panel shows
the conversion of 3 ng of serum PLC using the immuno-
assay to measure the concentrations of the immunologically
reacting material found in each fraction after gel filtration.
When incubated with a much larger amount of trypsin, all
the immunoreactive material was transformed to insulin-like
material (lower panel). In this experiment the amount of
desoctapeptide insulin formed (fractions 26-32) was mark-
edly underestimated as the values were all determined from
the standard curve for intact human insulin (see Fig. 4).
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FIGuRE 7 Column separation by gel filtration of serum insulin and proinsulin in a normal
subject after oral administration of 100 g of glucose. The dashed line represents the immuno-
assay values estimated from the human proinsulin standard and the continuous line represents
the values estimated from the human insulin standard.

of human proinsulin and insulin had different slopes
when expressed either on a molar or weight basis. Hu-
man proinsulin reacted less efficiently than human in-
sulin in this system and therefore human proinsulin
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would be underestimated if read against the insulin
standard. When the material of the earlier peak, derived
by gel filtration of serum extracts, was measured in
several dilutions, it showed immunological identity with
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FIGuRE 8 Absolute concentration of serum proinsulin and insulin in six normal subjects after
oral administration of 100 g of glucose. Porcine insulin-WI and porcine insulin antiserum were
used for immunoassay. The insulin values were read from a standard of human insulin and
the proinsulin values from a standard of human proinsulin.
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FIGURE 9 Column separation by gel filtration of insulin and proinsulin in an obese subject
after oral administration of 100 g of glucose. The dashed line represents the values estimated
from the human proinsulin standard and the continuous line the values estimated from the
human insulin standard.

purified human pancreatic proinsulin. Therefore the
values read from the proinsulin standard should be cor-

rect.
The results obtained with trypsin conversion of se-

rum PLC also support the validity of the assay system
used and provide further evidence that the serum com-

ponent is proinsulin. Trypsin rapidly cleaves bovine (or
porcine) proinsulin at the arginine-glycine bond (resi-
dues 60-61) linking the A chain to the connecting seg-

ng/nl PU/ml
24- 600

16-

8-

400h

200

0 30 60 120 180 240

ment, and at the lysine-alanine bond (residue 29-30) of
the B chain, as well as between residues 31 and 33 in
the connecting segment. These cleavages result in the
liberation of dealanated insulin, the connecting peptide,
and alanyl-arginine. With a larger amount of trypsin,
a further cleavage at the arginine-glycine bond (resi-
due 22-23) of the B chain produces desoctapeptide insu-
lin which is immunologically less active than intact in-
sulin. Because human proinsulin is underestimated in

ng/ml jpU/ml
2.41 60

1.6

0.8

40

20h

0 30 60 120 180 240
TIME (min)

FIGURE 10 Absolute concentrations of insulin (left panel) and proinsulin (right
panel) in three obese subjects after oral administration of 100 g of glucose.
Porcine insulin-"'3I and porcine insulin antiserum were used for immunoassay.
The insulin values were read from a standard of human insulin and the proinsulin
values from a standard of human proinsulin.
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TABLE I I
Proinsulin Values of Normal and Obese Subjects in the Fasting State and after Oral Glucose Administration.

The Values, Expressed as Percentage of the Insulin Peak Obtained by Gel Filtration of Serum Extracts,
Were Estimated from the Insulin (Ins) and Proinsulin (Pro) Standard*

F * hr I hr 2 hr 3 hr 4 hr

Subjects Ins Pro Ins Pro Ins Pro Ins Pro Ins Pro Ins Pro

Normal
A. H. 8 32 6 19 5 14 7 20 23 50 16 45
C. B. 2 6 6 22 5 19 - 14 36 29 69
F. M. 13 40 9 27 7 23 13 40 24 50 16 40
P.O. 79 278 - 6 21 - 18 54
J.C. - 4 11 3 11 5 17 - 7 26
L. C. 18 48 5 13 10 25 11 30 15 44

Obese
H. J. 9 37 - 7 25 8 22 9 32 13 45
G. N. 11 40 4 12 10 32 5 18 4 13 7 26
M. S. 5 17 - 3 10 2 7 2 8 3 13

* Porcine insulin-1311 and porcine insulin antiserum were used in the immunossaay.

terms of the insulin standard in our assay system, its
conversion to desthreonine insulin should theoretically
result in an increased insulin value when read against
this standard. After incubation of a sample of serum
proinsulin with a low concentration of trypsin, we ob-
served an increase in immunological activity. Despite
conversion of only about 70% of the proinsulin (3 ng),
4.5 ng was found after the digestion, representing an in-
crease of 50% in terms of the insulin standard. This
increase in immunological activity was confirmed by di-
rect immunoassay of PLC before and after trypsin
conversion in several additional samples.

The earlier peak after gel filtration of commercial
crystalline insulin contains not only proinsulin but inter-
mediate and nonconvertible (an insulin aggregate un-
related to proinsulin) fractions as well. Although pro-
insulin and the related intermediate form can be con-
verted to dealanated insulin by trypsin, the noncon-
vertible fraction is unchanged as judged by gel filtration
even when large quantities of the enzyme are used. For
this reason it was important to determine whether all
the earlier eluting material in serum could be con-
verted with trypsin. When large amounts of trypsin
were used, essentially all the immunoreactive material
appeared in the insulin containing fractions. This ob-
servation is in keeping with the finding that the non-
convertible material has not been identified in biosyn-
thetic studies using rat islets in vitro (6) but has only
been found after purification of pancreatic insulin. It
may therefore represent an artifact.

The absolute fasting values of proinsulin in normal
subjects ranged between 0.05 and 0.4 ng/ml, representing
5 and 48% of the insulin peak respectively. The fasting

value was unusually high in one patient (P.O.), being
greater than that of insulin. After glucose administra-
tion, striking changes in the proinsulin concentration
were not observed although it tended to rise similarly
to insulin. Whenthe values were expressed as percentage
of the insulin level, however, the pattern differed. In
the first 2 hr after oral glucose, the per cent proinsulin
decreased, while towards the end of the test it returned
towards fasting levels. These changes were due to the
relatively greater increase in insulin concentration after
glucose stimulation, rather than being a direct conse-
quence of changing proinsulin levels.

The three obese subjects with abnormal glucose tol-
erance tests and marked hyperinsulinemia showed higher
fasting levels of proinsulin and a greater increase after
oral glucose than normal subjects. 1 hr after glucose
administration, the absolute values of proinsulin were
about three times the fasting levels; and during the
hyperglycemic phase they closely paralleled the pattern
of insulin secretion, When expressed as percentage of
the insulin peak, the values were lower between the first
and the third hour because of the higher levels of insulin.
Thereafter, the percentage of proinsulin rose due to the
rapid fall of insulin. As the high levels of proinsulin co-
existed with raised insulin concentrations in these obese
subjects, the relative proportions of the two hormones
were in the same range observed in the normal group.
A typical example is seen in patient S.M. In this sub-
ject the values of proinsulin were 2.4 ng/ml 1 hr after
oral glucose, but this value represented only 10% of the
insulin peak. It thus is clear that the hyperinsulinemia
of these obese subjects was not due to high levels of
serum proinsulin.
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Roth, Gorden, and Pastan (18) observed two com-
ponents of circulating insulin separated by gel filtration
on Sephadex G-50. The larger molecular weight com-
ponent was called "big" insulin while the second cor-
responded to pancreatic insulin. After administration
of 100 g of glucose to normal subjects, "big" insulin
was 0-5% of the plasma insulin concentration at 15 min
and 5-28% at 2 hr. Recently Goldsmith, Yalow, and Ber-
son (19) using a similar method assayed 42 samples from
23 patients with an anti-porcine insulin serum which
reacted identically on a molar basis with porcine proin-
sulin and human insulin. The concentration of "big"
insulin, measured in normal and obese subjects, and
the "big" insulin pattern after oral administration of 100
g of glucose corresponded well with those observed for
proinsulin. Moreover, Gorden and Roth (20) have
been able to partially convert "big" insulin to "little" in-
sulin by trypsin digestion which is a typical character-
istic of proinsulin. For these reasons it appears likely
that "big" insulin and serum proinsulin are the same
substance. An unexpected finding of our study was the
relatively high proportion of proinsulin in fasting sam-
ples. The significance of this high basal secretion of pro-
insulin is not clear at this time.

Although there is evidence that proinsulin functions
within the beta cells to ensure the formation of the
correct disulfide bonds of insulin in high yields, it is also
possible that it has extrapancreatic functions of a regu-
latory nature, possibly differing in some respects from
the familiar effects of insulin. It is probable that pro-
insulin, after being synthesized on the ribosomes of the
beta cells, is transported to the Golgi apparatus con-
verted to insulin and packaged into granules (6, 21).
Conversion to insulin may take place within these gran-
ules as they mature before secretion. Although there is
as yet little data concerning the relative proportion of
proinsulin and insulin in the granules, it is possible that
the conversion process is not always complete and that
a small percentage of the granule protein remains as
proinsulin. In this event, liberation of granules after
glucose stimulation would result in the secretion of
small amounts of proinsulin together with insulin, and
the relative proportion of proinsulin would vary de-
pending on the stage of maturation of the granules re-
leased. On the other hand, the possibility of secretion of
proinsulin or insulin, independent of granule formation,
or the preferential release of immature granules or "pre-
granules" (22) having a higher content of proinsulin
also must be considered. This could be in accord with
the hypothesis of the release of newly synthesized hor-
mone from the Golgi region or the selective dissolution
of newly formed granules (23, 24).

A number of studies concerning the biological activity
of proinsulin have been reported. In the isolated fat cell

method, bovine proinsulin has about 2% the activity of
insulin.' On rat epidydimal fat tissue and diaphragm
muscle, Shaw and Chance (25) found an activity of
porcine proinsulin of about 20% when compared on a
molar basis with insulin. However, this effect was
blocked by Kunitz pancreatic trypsin inhibitor. These
authors concluded that porcine proinsulin has no in-
trinsic biological activity, but that its effect on adipose
tissue and diaphragm muscle results from conversion
to insulin. At present data concerning the biological
activity of human proinsulin are not available. If, like
porcine and bovine proinsulin, its activity is quite low,
the serum biological activity will be overestimated by
the immunoassay procedure. Whether the proinsulin
which is secreted into the blood stream shows a bio-
logical effect only after its conversion to insulin in
peripheral tissues is a question which requires additional
study.

The demonstration of the presence of proinsulin in
blood focuses attention on the question of the speci-
ficity of the immunoassay of plasma or serum insulin.
Clearly insulin is not the only circulating protein that
is capable of reacting in this type of assay system. The
magnitude of error introduced will depend on the con-
centration of proinsulin and also on the relative reac-
tivity of the antiserum with insulin and proinsulin.
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