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A CLINICAL ROLE FOR INSULIN BIOSYNTHESIS
by Ar~oLp J. HiLL

Halifaz, N. S.

Considerable emphasis is placed upon
the study of the structure and action of insulin
in the pre-clinical years. This is probably
so because more is known about the activities
of insulin then is known about most other
peptides. The clinical importance of insulin
has been attributed chiefly to its inherent
hormonal properties.

Recently, it has been suggested that the
fundamental key to diabetes mellitus may be
directly related to insulin biosynthesis - an
area to which little attention has been paid
by students or clinicians.

Theories of Insulin Biosynthesis

The synthesis of insulin takes place in the
microsomes of the beta cells of the islets of
Langerhans in the pancreas. Insulin is then
transferred to the secretin granules either by
direct transfer or through transformation of
the endoplasmic reticulum into the secretin
granules (1). The current wide-spread view
of insulin biosynthesis has been that two pep-
tide chains were synthesized separately and
then later joined by the formation of disul-
phide bonds in the presence of an enzyme.
The amino acid sequence containing the intra-
chain disulphide bonds is referred to as the A
chain; the longer amino acid sequence linked
to chain A by interchain disulphide bonds is
known as the B chain (see Fig. 1).
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Fig. 1 - Structure of Insulin
(Schematic)
Mol. Wt. approx. 6500
Most of the evidence supporting this
theory has been obtained from the studies in
vitro employing non-human or synthetic in-

*fourth year medicine.
* Abstracted from an article submitted to CAMSI
Journal, October, 1967.

sulin chains (2,3,4,5) which were observed to
recombine under certain conditions to give
high yields of insulin.

A different interpretation of insulin bi-
osynthesis is that a structure is first formed
which consists of one long peptide chain with
intrachain disulphide bridges. One or more
of the peptide bonds of this long chain is
subsequently cleaved to yield two or more
peptide chains connected by interchain di-
sulphide bonds (6). Steiner and Oyer (7) in
an interesting study which lent support to
this theory, used material obtained from an
islet cell adenoma removed from a patient
with severe hypoglycemic episodes. This
type of tumor of the islets of Langerhans con-
tains mostly beta cells which are well separated
from surrounding acinar tissue. The islet
cells were freed of acinar cells and were in-
cubated with tritiated leucine or phenyla-
lanine. The crude insulin fraction was puri-
fied by chromatography and was shown to
contain three peaks arbitrarily named A, B
and C. The elution pattern was essentially
the same for the phenylalanine labelled ma-
terial as for the leucine labelled material.
Peak A proved to be a mixture of ultra-violet
absorbing materials appearing in the void
volume of the column. Peak C was shown
to be insulin. The high specific activity
(radioactivity per unit mass) in peak B prompt-
ed further investigation.

The Relationship of Component B to Insulin

Labelled material from Peak B or C was
next incubated with an excess of guinea pig
anti-serum or normal serum, and then sub-
jected to zone centrifugation on a sucrose
gradient. By this means, the antigen - anti-
body complex was separated completely
from the unreactive material.

The labelled insulin became bound to
globulin when incubated with guinea pig
antisera. Addition of small amounts of non-
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labelled porcine insulin before incubation,
displaced the labelled material from the
globulin complex as was anticipated for a
specific antigen - antibody reaction. Labelled
component B behaved essentially the same
way as labelled component C. Because the
separated chains were noted for not reacting
with anti-insulin sera it was concluded that
component B must be closely related immuno-
logically to native insulin.

Component B sedimented more rapidly
on the sucrose gradient than C. Its molecu-
lar size was estimated to be 10,800 by gel
filtration, therefore, component B had a
higher molecular weight than insulin (com-
ponent C).

Further experiments showed that insulin
can be released by tryptic digestion of the B
component, but did not help decide whether
this heavier protein was a complex of insulin
with another protein, or was a discrete pro-
tein which contained insulin sequences bound
covalently to other peptide material. Disul-
phite bond cleavage (sulfitolysis) of labelled
component B did not give rise to labelled
chains A or B as did labelled insulin. When
sulfitolysis was carried out after treatment
with trypsin, leucine-labelled material B gave
labelled material corresponding to A and B
chains of insulin on electro-phoresis. End
group analysis was able to show that the
N-terminal amino acid in component B was
phenylalanine as is the case for the mamalian
B chain of normal insulin.

As the next approach Steiner et al (8),
using rat islet cells, undertook a study to
examine the time course of incorporation of
radioactive amino acids into components B
and insulin. It was reasoned that if com-
ponent C was a precursor on insulin, radio-
activity would first appear in it, and upon
subsequent incubation radioactivity would be
transferred into the fraction containing insulin.
This was found to be the case.

These experiments demonstrated that the
B component becomes labelled earlier than
insulin, in insulin synthesizing tissues from
man and from rat, and that the radioactivity
is transferred to insulin as incubation pro-
ceeds in the absence of new peptide bond
synthesis. Component B is a large protein
and it contains the amino acid sequences of
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insulin in a form which can be released by
limited tryptic proteolysis.

The fact that component B reacted with
antibodies to insulin suggests that some anti-
genic properties of native insulin were already
present in the structure. Steiner and his
group have designated component B as a pre-
cursor of insulin or “proinsulin”.

Several investigators had predicted the
existence of “proinsulin” but it had not been
demonstrated prior to this time. Ultra-
structural and fractional studies by Caro and
Palade (9) have indicated many similarities
in the secretory and synthetic mechanisms
of the acinar and the beta cells of the pan-
creas. It is of particular interest that in the
exocrine cells approximately 40 to 60 minutes
elapse before newly synthetized zymogen
proteins first begin to appear. Recent work
(5) has shown that there may be a similar
delay in the transfer of newly synthesized
insulin into the granule fraction of the beta
cells. Others (10) have found a delay of one
hour before newly synthesized insulin is
secreted into the medium from slices of rabbit
pancreas incubated in vitro. The findings of
Steiner et al (8) that there was a delay of at
least 30 minutes before significant amounts
of labelled insulin appeared during the incu-
bation in vitro, suggested that during intra-
cellular transport of proinsulin from the
region in the rough endoplasmic reticulum
where it is probably formed, to the secretory
granules, a proteolytic process takes place
which results in the liberation of insulin from
proinsulin.

The demonstration of the existence of
proinsulin may have considerable clinical
significance. It is known, for instance, that
in many adult diabetics, and in the early
stages of juvenile diabetes that plasma insulin
levels appear to be normal or elevated as
measured by immunological techniques.
These findings would be explained by the
presence in the circulation of an abnormal
form of insulin having the immunological
properties of insulin but having altered or
reduced biological activity. It is possible
that proinsulin could be responsible for this
immunological activity, and that diabetes
could possibly be due to the loss of the en-
zymatic mechanism(s) necessary for the con-
version of the precursor to the normal hor-
mone.
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