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Summary. The effect of bovine proinsulin and related
factors on the glucose metabolism of isolated, rat, fat
cells was studied. The dose-response curve of proinsulin
was parallel to that of insulin and the action of the two
proteins showed an identical time course. The activity of
single chain proinsulin was about 0.5 U/mg (as estimated
from its ability to increase the conversion of 14C-glucose
to 1CO, or to 14C-glycerides by fat cells) and rose to about
17 U/mg after treatment with trypsin. — The activity of
insulin was quantitatively recovered in the presence of
proinsulin. Split chain proinsulin showed an activity of
5 U/mg, which rose to about 18 Uj/mg after treatment
with trypsin. Connecting peptide did not influence the
glucose metabolism in the absence or presence of insulin.
— There was no conversion of proinsulin in the isolated
cell incubation medium to insulin or a similar molecule
with high biological activity. The activity was the same
on rat epididymal fat pads as on isolated fat cells, and
there was no significant suppression by Kunitz pancreatic
trypsin inhibitor in either system. — The following was
concluded: the biological aetivity of proinsulin on rat
isolated fat cells and epididymal fat pads is about 2 per
cent of that of insulin, and the effect is caused by the
proinsulin molecule itself. The reason for the low biological
activity is presumably a smaller affinity for insulin recep-
tors.

Dosage de Pactivité insulinique par la méthode des
cellules adipeuses isolées. IV. L’activité biologique de la
proinsuline

Résumé. L’effet de la proinsuline bovine et de facteurs
analogues sur le métabolisme glucidique de cellules adi-
peuses isolées de rat a été étudié. La courbe dose-réponse
de la proinsuline était paralléle & celle de P'insuline et
P’action des deux protéines montrait une évolution dans
le temps identique. L’activité de la proinsuline & chaine
unique était d’environ 0.5 U/mg (calculée d’aprés sa
capacité & augmenter la conversion de glucose-1*C en
1C0O, ou en glycérides *C par des cellules adipeuses) et
montait & environ 17 U/mg aprés traitement avec de la
trypsine. L'activité de 'insuline a été retrouvée quantita-
tiverment en présence de proinsuline. La proinsuline & chaine
rompue montrait une activité de 5 U/mg qui s’élevait &
18 U/mg aprés traitement par la trypsine. Le polypeptide
de connexion n’influengait pas le métabolisme glucidique
avec ou sans insuline. Dans le milieu d’incubation, il n’y
avait pas de conversion de proinsuline en insuline ou en
une molécule comparable avee une activité biologique
élevée. L’activité était la méme avec du tissu adipeux

Introduction
The existence of an insulin precursor in the islets
of Langerhans was first reported by Steiner et al. (1967).
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épididymaire de rat qu’avec des cellules adipeuses isolées
et il n'y avait pas de suppression significative par I'in-
hibiteur de trypsine pancréatique de Kunitz dans aucun
des deux systemes. Nous sommes arrivés aux conclusions
suivantes : L’activité biologique de la proinsuline sur des
cellules adipeuses isolées du rat et sur le tissu adipeux
épididymaire correspond & environ 2%, de celle de I'insu-
line et T'effet est causé par la molécule de proinsuline
elle-méme. La raison pour cette activité biologique basse
est probablement une affinité réduite pour les récepteurs
de Pinsuline.

Uniersuchungen der Insulin-dhnlichen Aktivitit an iso-
lierten Fettzellen. 1V . Die biologische Aktivitit von Proin-
sulin

Zusammenfassung. Die Wirkung von Rinderproinsulin
und verwandter Faktoren auf den Glucosestoffwechsel
von isolierten Ratten-Fettzellen wurde untersucht. Die
Dosis-Wirkungskurve von Proinsulin verlief parallel zu
der von Imsulin, und die Einwirkung beider Proteine zeigte
einen identischen Zeitablauf. Die Aktivitit von einketti-
gem Proinsulin betrug etwa 0.5 E/mg (wie aus seiner
Féhigkeit geschlossen wurde, die Umwandlung von 4C-
Glucose in 1*CO, oder *C-Glyceride in Fettzellen zu stei-
gern), und erhohte sich nach Trypsinbehandlung auf etwa
17 E/mg. — In Gegenwart von Proinsulin lieB sich die
Aktivitét von Insulin quantitativ wiederfinden. Proinsu-
lin mit gesprengter Kette wies eine Aktivitédt von 5 E/mg
auf, die nach Trypsinandauung auf 18 E/mg anstieg.
C-Peptid beeinflulte den Glucosestoffwechsel weder mit
noch ohne Insulinzusatz. — In der Inkubationsfliissigkeit
von isolierten Zellen lieB sich keine Umwandlung von
Proinsulin in Insulin oder ein &hnliches Molokiil mit hoher
biologischer Aktivitét nachweisen. Aktivitédtsmessungen
am Ratten-Nebenhoden-Fettgewebsanhang erbrachten
die gleichen Resultate wie an isolierten Fettzellen, und
der Kunitz-Pankreas-Trypsin-Inhibitor fithrte in keinem
der beiden Systeme zu einer signifikanten Hemmung. —
Es wurden folgende Schliisse gezogen : Proinsulin weist an
isolierten Ratten-Fettzellen und am epididymalen Fett-
gewebsanhang der Ratte etwa 2%, der biologischen Akti-
vitdt von Insulin auf, und der Effekt wird durch das Pro-
insulin-Molekiil selbst hervorgerufen. Der Grund fiir die
niedrige biologische Aktivitdt ist vermutlich in einer ge-
ringeren Affinitét zu den Insulin-Receptoren zu suchen.

Key-words: Proinsulin, insulin, connecting peptide,
isolated fat cells, epididymal fat pads, bioassay.

When human islet tumour tissue or isolated islets of
the rat pancreas were incubated with tritiated leucine
and phenylalanine, radioactivity appeared initially in
a protein fraction with a molecular weight of 9000—
10000. After about 2 h of incubation, the labelling of
this fraction reached a plateau and radioactivity in-
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creased linearly in the insulin fraction (mol. wt. about
6000).

The high mol. wt. fraction, which was named pro-
insulin by Steiner and his associates, has been isolated
from pancreas and insulin preparations of a number of
animal species (Steiner, 1967; Yip and Lin, 1967 ; Stei-
ner ¢t al., 1967 ; Chance et al., 1968; Steiner and Clark,
1968). It consists of a single polypeptide chain which
can be converted by treatment with trypsin to insulin
lacking residue 30 at the carboxyl terminal of the
B-chain (Steiner et al., 1967). The molecule reacts with
guinea pig antiserum to homologous insulin (Steiner
et al., 1968). Recently Chance ef al. (1968) have deter-
mined the amino acid sequence of porcine proinsulin.

It is of interest from the point of view of mecha-
nism of insulin action to determine the biological ac-
tivity of this single chain proinsulin molecule. In
addition, it has been shown that human serum contains
a factor with a mol. wt. of about 9000 and with immu-
nological properties similar to insulin (Rubenstein et
al., 1968; Roth ef al., 1968) or proinsulin (Yip and
Logothetopoulos, 1969). This factor has a low bio-
logical activity (Gliemann ef al., unpublished) and may
be identical with proinsulin. It seems likely, therefore,
that the study of the biological activity of proinsulin
is of physiological significance.

Preliminary studies from this laboratory showed a
biological activity of proinsulin of a few per cent of
that of insulin (referred to by Steiner ef al., 1968).
During the present studies, Shaw and Chance (1968)
reported that Kunitz pancreatic trypsin inhibitor
suppressed the effect of proinsulin, but not of insulin,
on rat epididymal fat pads. The authors concluded
that proinsulin itself is biologically inactive and that
it is converted by adipose tissue enzymes to a molecule
similar to or identical with insulin.

For these reasons, the studies reported here have
focussed on two questions:

1. Has proinsulin any biological effect on isolated,
rat, fat cells which cannot be accounted for by the
presence of a trace contamination with insulin ?

2. If so, is the activity on isolated fat cells or
epididymal fat tissue caused by the proinsulin molecule
itself or by a conversion product ¢

Material and Methods

The beef proinsulin preparations were obtained
through the courtesy of Dr. D.F. Steiner. Three dif-
ferent samples were used: 1. Single chain proinsulin
which had been prepared and purified according to
previously published methods (Steiner et al., 1968).
2, The same preparation which in addition had been
reduced by mercaptoethanol in urea (8M) and re-
oxidized. 3. Split chain proinsulin, which is identical
to the intermediate fraction referred to in the pub-
lication of Steiner et al. (1968). The structure of this
factor seems to be that of the insulin molecule with
the connecting peptide attached to the carboxyl residue
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of the B-chain but not to the amino residue of the
A-chain. The terminal amino acids of the connecting
peptide may be lacking (Steiner et al., 1968).

Connecting peptide extracted from beef pancreas
was obtained from Novo Research Institute. It must
be stressed that this molecule is not identical to the
connecting peptide of intact proinsulin, since both the
arginine (position 31, 32 and 63) and the lysine residues
are lacking (Marcussen, personal communication).

The following materials were gifts from Novo Re-
search Institute: crystalline beef insulin (24.4 U/mg),
guinea pig antibeef-insulin serum, rabbit antibeef-
proinsulin serum and trypsin lacking chymotryptic
activity (for preparation method see Wang and Car-
penter, 1965).

Treatment of proinsulin with trypsin was carried
out as follows: 500 ng of proinsulin and 0.5 mg of albu-
min were incubated with 1 pg of trypsin in 1 ml of
TRIS-buffer (0.05 M, pH 7.5) for 60 min. The reaction
was stopped by the addition of 50 pl of N HCI.

The following bioassay was carried out with a final
dilution of the proinsulin-trypsin mixture of 1: 1000.
Parallel experiments showed that the activity of insu-
lin remained unchanged after the same treatment and
that trypsin alone did not influence the glucose metab-
olism of the cells under the conditions employed.

Kunitz pancreatic trypsin inhibitor (lot. no. PISF
8CB) was obtained from Worthington Biochemical
Corp. Control experiments showed that 50 pg of the
inhibitor completely suppressed the conversion of
0.5 pg of proinsulin.

The animals, chemicals and methods used for the
preparation and incubation of isolated fat cells were
similar to those described by Gliemann (1967): the
epididymal fat pads were disintegrated in bicarbonate
buffer containing 0.4 mg of crude collagenase per ml
(Worthington Biochemical Corp., lot no. CLS 7IC).
Whole epididymal fat pads from fed rats (120—150 g)
were incubated in bicarbonate buffer containing 2 mg
of glucose per ml. Some experiments were carried out
with tissues from fasted rats incubated in phosphate
buffer as described by Shaw and Chance (1968). Collec-
tion and counting of 1*CO, and extraction and counting
of M(C.glycerides followed published methods (Glie-
mann, 1967 and 1968).

Traditionally, the activity of insulin is expressed
in units per milligram. Similarly, the results for pro-
insulin described in this paper have been expressed on
a weight basis. However, due to its molecular weight,
the theoretically maximal activity of single chain pro-
insulin (i.e. same activity as insulin on a molar basis)
is close to 17 U/mg.

The results with isolated fat cells were obtained as
the mean of 4 single measurements on a 7-point insulin
standard curve.

Intervals given in tables and graphs indicate 41
S.D. The experiments with epididymal fat pads were
designed with the comparison between the right and
the left pad of the same animal. For this reason the
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t-test for paired comparison was used for statistical
evaluation (Table 3).

Results

Characterization of the proinsulin preparations

Fig. 1 shows that the insulin- or proinsulin-induced
stimulation of the conversion of glucose 1-14C to 1*CO,
exhibited parallel dose-response relationships. Further-
more, the action of equivalent activities of the two
proteins followed the same time course (Fig. 2). Similar
results were obtained when the conversion of labelled
glucose to glycerides was studied (data not shown).
Figs. 1 and 2 show data obtained with the reduced-
reoxidized proinsulin sample; similar results were ob-
tained with untreated proinsulin.
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Fig. 1. Dose-response relationship for insulin ond proinsulin

The ordinate denotes the conversion of glucose 1-14C to

1C0, during a 2 h incubation period. Note the difference
in scales on the abscissa

=]

o — o Insulin (0.4ng/mtl)
&= a Proinsulin {50ng/mt}
x —x No addition

Glucose I-U'C-—V‘COZ (cpmu10'5/s<:1rr1ple)nmin'l

\/\\u

0 v
0 10 20 30 60 120min

Fig. 2. Time course of the action of insulin and proinsulin
The ordinate denotes the mean conversion of glucose 1-14C
to 1CO, (cpm/min) in each time interval

Consequently, it is valid to express the activity of
proinsulin in insulin units per mg of protein. It appears
from Table 1 that the biological activity of beef pro-
insulin was 2 per cent of that of insulin, and that half
of this activity was lost after reduction-reoxidation.
Treatment with trypsin caused an increase in the bio-
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logical activity of purified proinsulin to the theoretical
maximum, whereas the reduced-reoxidized proinsulin,
treated identically, reached only half of this value.
The activity of split chain proinsulin was about 20 per
cent of that of insulin and rose to the theoretically
maximal value after treatment with trypsin.

Table 1. Biological activity of single chain proinsulin, split
chain proinsulin and connecting peptide before and after
treatment with trypsin

Biological activity (U/mg)

Glucose 1-14C—-1C0O,; Glucose 1-14C—»4C-
glycerides

Single chain

proinsulin 0.43+0.04/16.94-1.1 0.55-4-0.08

Reduced reo-
xidized pro-

insulin 0.25640.01/7.24-0.15 0.2640.03
Split chain

proinsulin 4.80+0.4/18.24-04 —
Connecting

peptide <0.005 <0.005

The numbers under the oblique line indicate the acti-
vity after treatment with trypsin. The values for the pro-
insulin samples are the mean activities of 5 samples
weighed out and diluted individually (4 1 8.D.).

Fig. 3 shows quantitative recovery of the activity
of insulin in small concentrations (0.1—0.8 ng/ml) in
the presence of a concentration of proinsulin or con-
necting peptide of 5 ng/ml.
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Fig. 3. Recovery of insulin activity in the presence of pro-
insulin and connecting peptide
Experimental conditions asin Fig. 1. Note that the activity
of 5 ng proinsulin was equivalent to 0.1 ng of insulin
(Table 1)

Fig. 4 shows that the addition of rabbit antibeef-
proinsulin serum suppressed the glucose conversion to
CO, by fat cells incubated with reduced-reoxidized
proinsulin in contrast to cells incubated with insulin.
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The reduced reoxidized preparation was chosen for
further studies in order to be certain that insulin did
not contribute significantly to the measured activity
(see discussion).
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Fig. 4. Effect of rabbit antibeef-proinsulin serum on the acti-
vity of insulin and reduced-reoxidized proinsulin
The antiserum wag present in the final concentration
1: 40. The activity of insulin plus antiserum was not
different (p > 0.5) from the activity of insulin alone
(0.17 ng/ml). The antiserum significantly (p < 0.001) de-
pressed the activity of proinsulin (25 ng/ml). The anti-
serum had an TLA of 1.4 yU/ml in the given dilution

Is the activity on isolated fat cells caused by conversion
products?

The results shown in Fig. 4 demonstrate that such
a possible conversion product would have the same
immunological properties as proinsulin. A possible con-
version product of single chain proinsulin could be a
split chain form. However, the identical time course of
the action of proinsulin and insulin (Fig. 2) excludes an
activity caused by a slow conversion in the incubation
medium. To test the possibility of a conversion within
a few minutes, experiments were carried out with pre-
incubation of proinsulin in buffer recovered from in-
cubations containing fat cells in various concentrations
or in cell or tissue homogenates (Table 2). No conver-
sion to biologically more active products was registered
under these conditions or in the presence of 0.2—5 pg
of crude collagenase per ml. Homogenates of fat pads
or of a concentrated fat cell suspension caused a de-
crease in the activity of both proinsulin and insulin.
Finally, Kunitz pancreatic trypsin inhibitor did not
suppress the activity of proinsulin (Table 3) or insulin
(data not shown) on fat cells.

Is the activity on epididymal fat pads caused in part
by conversion products?

This hypothesis was proposed by Shaw and Chance
(1968), who found that Kunitz panereatic trypsin in-
hibitor blocked the effect of porcine proinsulin on
epididymal fat pads from fasted rats incubated in
Krebs-Ringer phosphate buffer. Table 3 shows that
these results were not confirmed in the present experi-
ments.

Fig. 5 shows an experiment where rat epididymal
fat pads were incubated with insulin and proinsulin in
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concentrations which showed equivalent activities on
isolated fat cells. A higher activity of proinsulin on
epididymal fat pads would be expected if a conversion
to a more active molecule took place in the fat tissue.
However, the activity ratio proinsulin: insulin on
intact fat tissue was not different from that on isolated
fat cells.

Isolated cells
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3

Q
Fig. 5. Similar activity of proinsulin on isolated fat cells and
epididymal fat pads
Note that the concentrations of insulin and proinsulin
in the fat pad incubations were increased by a factor

5 and 4.5, respectively

Discussion

Interpretation of the results and conclusions

Theoretically, the biological activity of the pro-
insulin sample could be accounted for by a contamina-
tion with approximately 1.3 per cent of insulin or 8 per
cent of split chain proinsulin. However, reduction-
reoxidation decreased the biological activity (Table 1)
as well as the immunoreactivity (Steiner and Clark,
1968) to about half of its original value, whereas the
recovery of insulin under these conditions was only
one-fifthieth (Steiner and Clark, 1968). Together, the
findings show that only a minor fraction of the bio-
logical activity of single chain proinsulin could be
caused by insulin. It is likely, therefore, that the
correct biological activity of proinsulin is closer to 2
per cent than to 1 per cent of that of insulin.

The identical time course (Fig. 2) for the action of
insulin and proinsulin excludes a slow conversion in the
incubation medium of inactive proinsulin to a biolog-
ically active molecule. The possibility of a rapid con-
version is highly unlikely, since the activity of the
proinsulin sample was not affected after incubation
with buffer recovered from suspensions containing
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various amounts of fat cells (Table 2). It cannot be
excluded that proinsulin is converted to insulin or a
similar molecule at the cell membrane or within the
cell, although the inability of the cell homogenates to
increase the activity of proinsulin (Table 2) speaks
against this possibility.

The additive effect of insulin and proinsulin on
isolated fat cells (Fig. 3) suggests that proinsulin does
not act as a competitive inhibitor at the receptor sites.

The results with epididymal fat pads incubated
with insulin and proinsulin in concentrations with the
same effect on isolated fat cells show, that a significant
conversion in adipose tissue to a more active molecule
does not take place (Fig. 5). The lack of effect of Kunitz
pancreatic trypsin inhibitor (Table 3) gives further
support to this concept.

The findings allow the following conclusions: the
biological activity (U/mg) of bovine proinsulin on rat
epididymal fat cells or fat tissue is close to 2 per cent
of that of insulin, presumably due to a smaller affinity
for insulin receptors. There is no evidence for a con-
version of proinsulin in fat tissue to a biologically more
active molecule.

The importance of a free glycine residue

Tt is noteworthy that the elongation of the B-chain
of the insulin molecule by the conmecting peptide
diminishes the activity to about 30 per cent, whereas
the formation of a peptide bond between the glycine
residue of the A-chain and the terminal amino acid of
the connecting peptide causes a reduction to 2—3 per
cent in the activity (expressed on a molar basis). It has
recently been observed that removal of the glycine
residue of the A-chain causes a 90 per cent decline in
the biological activity of insulin (Brandenburg et al.,
1969).

Results obtained by other bioassays

Shaw and Chance (1968) and Pilkis et al. (as cited
in Rubenstein et al., 1969) investigated the biological
activity of porcine and bovine proinsulin on rat epi-
didymal fat pads and rat diapbragms.

The activity of proinsulin was estimated to be
15—25 per cent of that of insulin. In the experiments of
Shaw and Chance, addition of Kunitz pancreatic tryp-
sin inhibitor abolished the activity. The lack of agree-
ment with the present experiments remains unexplain-
ed. Results similar to those of Shaw and Chance would
be obtained if either the proinsulin or the albumin
contained trace amounts of trypsin.

The activity of cod proinsulin in the epididymal fat
pad bioassay has been determined as less than 1 per
cent of that of insulin (Grant and Reid, 1968). The
effect of proinsulin on frog sartorius muscle (Narahara,
as sited in Rubenstein ef al., 1969) or on rat diaphragms
after intraperitoneal injection (Jervell, personal com-
munication) has been found equivalent to less than
5 per cent of that of insulin. This is in agreement with
the present findings.
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Table 2. Effect of preincubation of insulin and proinsulin
with cell incubation medium, cell or tissue homogenate and
with collagenase

Preincubation Activity of insu- Activity of proin-
medium lin (pU/ml) sulin (uU/ml)
No treatment 4.84+0.1 4.740.2

Cell buffer 1 4.940.2 4.940.1

Cell buffer 2 4.54+-0.2 4.84-0.3

Cell homogenate 2.11+0.1 2.8-4-0.1

Fat pad homo-

genate 1.94-0.1 2.24-0.1
Collagenase

(5 pg/ml) 4.140.3 3.9+0.1
Collagenase

(0.2 pg/ml) 4.84-0.2 4.2+0.2

The concentration of insulin and proinsulin in the pre-
incubation media was 4 ng/ml and 200 ng/ml, respectively.
After 1 h, fractions of 50 pl were transferred for insulin
assay. The cell buffers 1 and 2 were recovered from suspen-
sions containing 4.2 and 42 mg of fat cells per ml, respecti-
vely. Homogenates were prepared from buffer containing
approximately 40 mg of cells or tissue per ml. Addition of
the preincubation media without insulin or Proinsulin

had no effect on fat cells

Table 3. Lack of effect of Kunitz pancreatic trypsin inhibi-
tor on the action of proinsulin on isolated fat cells and epidi-
dymal fat pads

Bicarbonate buf-

Isolated cells Fat pads
fer; fed rats

(Proinsulin when (Proinsulin when
present: 60ng/ml) present: 300ng/ml)

Bagal 124-- 3 4754+ 240
Proinsulin 1034428 4814 No signifi-
Proinsulin + inhi- cant differen-
bitor (50 pg/ml) 10544 7 4576{ce; n=>5

(p > 0.4)
Insulin(10%£U/ml) 1691 4+ 84 6850-1-2036
Phosphate buffer; Isolated cells Fat pads

rats fasted 18 h  (Proinsulin when (Proinsulin when

present: 80ng/ml) present: 400ng/ml)

Basal 60-- 4 1794 47

Proinsulin 397136 2492 No signifi-
t; diffe-

Proinsulin 4-inhi- 410117 ﬁ?ﬂce; 711 =e 5

2223|(p > 0.2)
4290--825

bitor (50 pg/ml)
Insulin (102w U/ml 1354457

The conversion of glucose 1-1C to *CO, is expressed
either in cpm per mg cell triglycerides (isolated cells) or in
cpm per 100 mg wet weight (epididymal fat pads). Note
that the proinsulin concentration was increased by a fac-
tor 5 in the experiments with epididymal fat pads.

n indicates the number of paired epididymal fat pads;
p is the probability level derived from a paired comparison

test

The material used by Shaw and Chance (1968)
assayed 3 U per mg by mouse convulsion assay (IRI
6 U/mg). Puls and Kroneberg (1969) reported a blood
sugar lowering activity ratio proinsulin:insulin of
between 1:4 and 1:2. The action of proinsulin was
more delayed than that of insulin. The magnitude and
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the time course of the blood glucose lowering effect of
proinsulin cannot be explained by the Dbiological
activity found on fat cells. Tt is likely, therefore, that a
conversion to insulin or a similar molecule takes place
somewhere in the organism.

The evidence for the presence of proinsulin in the
peripheral circulation is the following: blood serum
contains & factor with an apparent molecular weight
(Sephadex) of about 9000 and with immunological
properties similar to insulin (Rubenstein et al., 1968;
Roth et al., 1968).

About 30 per cent of the immunoreactive insulin
(IRI) measured in human serum taken 120 min after
an oral glucose load is such “big insulin® (Roth et al.,
1968), whereas this factor aceounts for a much smaller
fraction of the total TRI measured 15—30 rin after
oral glucose. The biological activity of “big insulin” is
about 0.3 U/mg, which is similar to that of proinsulin
(Gliemann ef al., unpublished observation). Only about
half of the IRI in sera taken in the fasting state ap-
pears to be accounted for by the suppressible insulin-
like activity (ILA) on isolated fat cells, whereas, in
serum taken 30 min after glucose ingestion, the IRI
corresponds to the suppressible ILA (Gliemann et al.,
unpublished observations).

Finally, Yip and Logothetopoulos (1969) found
that the high molecular weight IRI fraction in calf
serum reacted specifically with anti-proinsulin serum
from which anti-insulin had been removed by Sephadex-
insulin.

Thus it seems possible that “big insulin™ is pro-
insulin and that it accounts for between 4 and half of
the IRI in blood serum when insulin secretion is low,
but for an insignificant fraction of the IRI when the
secretion is high. Recently it has been reported that
proinsulin (Rubenstein et al., 1968) or “big insulin”
(Roth et al., 1968) is present in high concentrations in
sera from patients with newly detected juvenile dia-
betes. Further studies are needed on diabetic subjects
to evaluate the possible role of proinsulin or “big
insulin” in the various forms ot this disease.
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