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Isoelectric Focusing of Insulin and Insulin Derivatives

BENNY SABROE WELINDER

Steno Memorial Hospital, Research Laboratory, Gentofte, Denmark

By isoelectric focusing in 6 M urea insulin was found to contain a
main fraction and three to four minor fractions. The isoelectric point
;PI) for the main fraction was found to be 6.15. pI for the main

raction of insulin iodinated to 1 and 3 %%,12?I/mol were found to be
6.12 and 6.07, respectively. By isoelectric focusing of insulin iodinated
to approximately 0.7 1%I/mol with high specific radioactivity in
solutions without urea pI for the main fraction was found to be 5.74.

Isoelectric focusing of carbamylated and deamidated insuling is
reported. The reason for the difference in pI values measured by
isoelectric focusing and by other techniques, as well as the identity of
the minor fractions, are discussed.

It has been demonstrated by several methods that crystalline insulin
contains some minor protein components. This was shown by countercurrent
distribution,! partition column chromatography,? electrophoresis,® ion exchange
chromatography,* and disc-electrophoresis.®

Recently insulin was investigated by isoelectric focusing in polyacrylamide
gels. Lewin ¢ found that all the insulin preparations examined gave more
than one fraction, except a ten times crystallized bovine insulin preparation.
Percival et al.? found one main and five minor fractions using the same
technique.

The main purpose of this study was to investigate insulin and iodinated
insulin by isoelectric focusing in a density gradient column as described by
Vesterberg and Svensson & and to identify the different components. Since
it is known that deamidated insulin normally forms the major part of the
minor components found in insulin ! and since insulin in urea solution may be
carbamylated spontaneously,® special attention was paid to these insulin
derivatives.

MATERIALS AND METHODS
Insulin. Crystalline pig insulin, Nordisk Insulinlaboratorium, batch 1921 A,
containing approximately 7 9% H,O stored at 4°C was used for all the preparations. The
zine content was 0.53 9, of dry weight; the biological activity, determined by the mouse
convulsion test, was 25 IU/mg.
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ITodinated insulin. Iodinated insulin with an iodine content of 1 and 3 12527I/mol
insulin and insulin, iodinated to approximately 0.7 1*I/mol insulin with high specific
radioactivity (approximately 100 mC/mg) were pref)ared according to Brunfeldt et al.»®

Carbamylated insulin. 100 mg insulin was dissolved in 10 ml 8 M urea. The solution
was incubated for 24 h at 37°C. The mixture was applied directly to the isoelectric
focusing column.

Partially deamidated insulin. 100 mg insulin was dissolved in 10 ml 0.1 N HCI and
incubated at 37°C for 72 h as described by Sundby.!* The mixture was gel filtrated on
Sephadex G —25 fine (100 x 3.2 cm i.d.). The protein fraction was collected and freeze-
dried.

Isoelectric focusing. Isoelectric focusing was performed as described by Vesterberg
and Svensson ? except for the addition of urea to all solutions to a final concentration of
6 M in almost all the experiments described here to prevent precipitation of the insulin.
LKB 8100 — 10 and LKB 7900 — 2 columns were used. In all experiments 1 9% Ampholine
carrier ampholytes were used. A voltage of 300 V was applied for a period of 3—6 h
followed by a voltage of 1000 V for 72 to 120 h. The columns were cooled by tap water
(approximately 16°C).

The columns were emptied at an elution rate of 60 ml/h and the eluate was collected
in fractions of 2.5 ml. The absorption at 280 nm was measured either continuously during
the emptying (LKB Uvicord II) or in each fraction (Beckmann DU spectrophotometer).
Radioactivity was counted in a Philips scintillation counter (well type). pH in each
fraction was measured with a Radiometer 26 pH-meter. All measurements outside the
column were made at room temperature, about 22°C. Blank experiments (without
protein) have been carried out to estimate the self-absorption of the ampholytes and the
sucrose,'®

Disc-electrophoresis. Disc-electrophoresis was performed according to Davis 13 with one
modification: pH in the running gel solution was adjusted to 9.15 instead of adjusting
the running gel buffer to pH 8.90. This was found to give a better separation of the
anodal fractions. The amount of protein used was 0.6 mg and the gels were stained with
Coomassie Brilliant Blue.

RESULTS

Insulin focused in a pH 4 — 6 gradient showed four fractions (Fig. 1), one
main fraction (III) and three minor fractions, two anodal (I and II) and one
cathodal (IV) to the main fraction. The pI values for the fractions are given
in Table 1. When a pool of fractions I, I1I, and IV was rerun, a small amount
of fraction I was found again. When insulin was focused in a pH 5 — 7 gradient,
two cathodal fractions with pI 6.60 and 6.71 were found. .

Disc-electrophoresis of an aliquot of the main fraction showed that it
contained the major component of insulin and proinsulin. Disc-electrophoresis
of the cathodal fraction IV showed that it was separated in two fractions,
both having approximately the same position as “intermediate insulin’.14

Almost identical results were obtained by isoelectric focusing of iodinated
insulin derivatives. Insulin iodinated to 1 and 3 125,127 /mol insulin both showed
one main fraction (III), two anodal fractions (I and II) and one cathodal
fraction (IV) when they were focused in a pH 4 —6 gradient as well as in a
pH 5—7 gradient (Fig. 2). The pI values are given in Table 1.

Since it may be expected that insulin in high dilution is soluble even at
pI without addition of urea, a few experiments were made using 100 ng
insulin iodinated to approximately 0.7 25]/mol with a specific radio: ctivity of
approximately 100 mC/mg. When isoelectric focusing was performed in
solutions without urea, pI for the main fraction was found to be 5.71 and 5.76
in two experiments. When the focusing was made in 6 M urea, pI for the main
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Fig. 1. Isoelectric focusing in 6 M urea of 25 mg pig insulin. The anode is to the left.
--- pH; E?», The peak called V is an artefact arising from the electrode
solution. :

fraction was found to be 6.15. A large amount of radioactivity was found
in the electrode solutions, either due to reaction with these or due to deiodina-
tion during the experiment.

The pH gradient formed in experiments using 6 M urea was different from
the one formed in experiments without urea. It seems that the addition of
urea causes a parallel displacement of the pH gradient of approximately 0.5
pH unit towards higher values.
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Fig. 2. Isoelectric focusing in 6 M urea of 01
50 mg insulin, iodinated to 1 125:1%7]/mol. 0

The anode is to the right. - - - pHj;
Ez2%. The histogram shows the distribution
of radioactivity.
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Isoelectric focusing of carbamylated insulin showed two main fractions
(I and II) and minor one (IIT), the minor one having the same pl value as
fraction III from unmeodified insulin (Fig. 3). The two main fractions probably
correspond to insulin that has been carbamylated in one and two amino
groups, the latter being the most anodal.
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Fig. 3. Isoelectric focusing in 6 M urea of
25 mg carbamylated insulin. The anode is

to the left.
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Fig. 4. Isoelectric focusing in 6 M urea of
25 mg deamidated insulin. The anode is to

the left.

outside the p
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E%0, The peak

gradient is an artefact
arising from the electrode solution.

Partially deamidated insulin showed one main fraction (III) and two
minor fractions, (I and II) (Fig. 4). The main fraction corresponds approxi-
mately in pI value to fraction III from unmodified insulin, the two smaller
fractions are probably insulin that has lost one and two amide groups, the
latter being the most anodal.

Table 1. pI values for insulin and insulin derivatives. The numbers of the fractions

correspond to the numbers shown on the figures. S. D. for the measurements of the main

fraction (fraction III) for insulin and insulin iodinated to 1 and 3 25!2?I/mol are 0.04
(n=8), 0.05 (n=11), and 0.04 (n=10) pH units, respectively.

I II II1 v

Insulin 5.56 5.82 6.15 6.74
1 I/mol 5.63 5.85 6.12 6.73
3 I/mol 5.56 5.86 6.07 6.60
Carbamylated 5.00 5.56 6.14

insulin

Deamidated 5.62 5.82 6.09

insulin

Disc-electrophoresis showed that when insulin is carbamylated, it contains

a fraction with the same electrophoretic mobility as the presumed
desdiamidoinsulin.
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CONCLUSIONS

Estimated from the pI values, fraction I of unmodified insulin most
likely contains monocarbamylated insulin and presumed desdiamidoinsulin.
This is supported by disc-electrophoresis, where these two fractions showed
the same electrophoretic pattern.

Fraction IT of unmodified insulin most likely contains desmonoamidoinsulin.
Disc-electrophoresis of insulin showed that it contains desmonoamidoinsulin
as well as presumed desdiamidoinsulin.

Fraction III of unmodified insulin most likely contains the major
component of insulin and proinsulin as shown by disc-electrophoresis.

Fraction IV of unmodified insulin contains two components, both having
the same electrophoretic pattern as ‘intermediate insulin”’.

It has been shown that isoelectric focusing of unmodified insulin tor
96— 120 h at 16°C is followed by carbamylation since an amount of material
with the same pl value as fraction I was found when a pool of fractions II,
III, and IV was rerun.

From the experiments with iodinated insulin derivatives the conclusions
to be drawn are probably analogous with those mentioned for unmodified
insulin.

DISCUSSION

The pI value for insulin in 6 M urea at 22°C was found to be 6.15, S.D. 0.04,
n =38 by isoelectric focusing. This value refers to zinc free insulin since insulin
was freed from zine because of the urea and Ampholine ampholytes in the
solutions. The pI value does not agree with earlier estimations using other
methods.

Wintersteiner and Abrahamson % found by electrophoresis pI for insulin
to be 5.3 —5.35. Howitt and Prideaux ¢ found by moving boundary electro-
phoresis pI to be 5.4. Tanford and Epstein 17 found by titration pI to be 5.60
for zinc free as well as for zinc insulin. By nephelometric experiments Ziegler
and Lipmann 18 found pI to be 5.39 + 0.06. All the measurements were carried
out at room temperature.

The reason for the difference between these values and the value found
by isoelectric focusing may be explained by the assumption that (1) urea
influences the pI of insulin; (2) the earlier methods were carried out in solutions
with a considerable ion strength whereas isoelectric focusing refers to an ion
strength of approximately zero.

Concerning (1), Gerber and Barandum 1° focused soluble Bence Jones
proteins and found no changes in pl values when they changed from 0 to
5 M urea, but they do not refer to any experiments in 6 M urea. Wadstrém 29,
who focused deoxyribonuclease, and Harris et al.,2* who focused yeast aldolase,
found the same number of peaks when they focused in 0 and 6 M urea; however,
these authors do not mention whether they found any changes in pI values of
these fractions.

It should be noticed that 6 M urea, having a pH of 8.37, influences the pH
of a standard buffer solution. When Radiometer S 1001 concentrated buffer
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was made up with water and 6 M urea, respectively, a pH of 6.50 and 6.79
was found.

Concerning (2), Svensson, 2 who focused hemoglobin, found a pI value
which was higher than that found by moving boundary electrophoresis. Also
Vesterberg and Svensson, ® who focused myoglobin, found an increased pl
value compared with that found by moving boundary electrophoresis. Both
explained the higher pI values as a result of the lower ion strength in the
isoelectric focusing experiments.

From the experiments described here it is clear that pI of insulin, iodinated
to 0.7 125]/mol is influenced by urea. Since no significant pI difference was
found between insulin and insulin iodinated to 1 125,127] /mol it may be concluded
that pI of insulin also is influenced by urea. This fact explains most of the
difference in pI values found by isoelectric focusing and by other methods.

It may therefore be concluded that the difference noticed between pI
values measured by isoelectric focusing in 6 M urea and by other methods
may be explained partly by the influence of the urea, partly by the difference
in ion strength.

Acknowledgements. I wish to thank K. Brunfeldt, M.Sc., The Danish Institute of
Protein Chemistry, and the whole staff of the Research Laboratory, Steno Memorial
Hospital for valuable discussions. I also want to thank J. E. Poulsen, M.D., Head of the
Steno Memorial Hospital, who made it possible for me to carry out the work at the
Laboratory. I thank LKB, Denmark, for the loan of the LKB 7900 — 2 column.

REFERENCES

. Harfenist, E. J. and Craig, L. J. J. Am. Chem. Soc. 74 (1952) 3083.

. Carpenter, F. H. and Hess, G. P. J. Am. Chem. Soc. 78 (1956) 3351.

. Timasheff, 8. N., Brown, R. A. and Kirkwood, J. J. Am. Chem. Soc. 75 (1953) 3121.

. Cole, R. D. J. Biol. Chem. 235 (1960) 2294.

Mirsky, A. and Kawamura, K. Endocrinology 78 (1966) 1115.

. Lewin, 8. Postgrad. Med. J. 45 (1969) 729.

. Percival, L. H., Dunckley, G. G. and Purves, H. D. Aust. J. Exp. Biol. Med. Sci. 48

(1970) 171.

. Vesterberg, O. and Svensson, H. Acta Chem. Scand. 20 (1966) 820.

. Cole, R. D. J. Biol. Chem. 236 (1961) 2670.

. Brunfeldt, K., Hansen, B. A. and Jergensen, K. R. Acta Endocrinol. 57 (1968) 307.

. Sundby, F. J. Biol. Chem. 237 1962) 3406.

. Earland, C. and Ramsden, D. B. J. Chromatog. 35 (1968) 575.

. Davis, B.J. Ann. N. Y. Acad. Sci. 121 (1964) 404.

. Steiner, D. F., Clark, J. L., Nolan, C., Rubenstein, A. H., Margolliash, E., Aten, B.
and Oyer, P. E. Recent Progr. Horm. Res. 25 (1969) 207.

. Wintersteiner, O. and Abrahamson, H. A. J. Biol. Chem. 99 (1932 —33) 741.

. Howitt, ¥. O. and Prideaux, E. B. R. Proc. Roy. Soc. London Ser. B 112 (1932) 13.

. Tanford, C. and Epstein, J. J. Am. Chem. Soc. 76 (1954) 2163.

. Ziegler, M. and Lipmann, H. G. Naturwiss. 55 (1968) 181.

. Gerber, H. and Barandum, 8. Separ. Sct. 4 (1969) 51.

. Wadstrém, T. Biochim. Biophys. Acta 147 (1967) 441.

. Harris, C. F., Kobes, R. D., Teller, D. C. and Rutter, W. J. Biochemistry 18 (1969)
2442,

. Svensson, H. Arch. Biochem. Biophys. Suppl. 1 (1962) 132.

et o
BRWNHODLX TOOURWN-

DD ot i ot o et
SIS,

NN
DO e

Received February 26, 1971.>

Acta Chem. Scand. 25 (1971) No. 10



