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Abstract—The kinetics of trypsin proteolysis of the fusion protein (FP) containing human proinsulin was studied by a set of analytical micromethods. These were the microcolumn reversed-phase HPLC and the qualitative
identification by MALDI-TOF mass spectrometry and amino acid sequencing. The first stage of the proteolysis
was shown to be the cleavage of FP into the leader fragment and proinsulin. The subsequent splitting off of
C-peptide from proinsulin results in the formation of ArgB31-ArgB32-insulin. The effect of temperature on the
formation of de-ThrB30-insulin, a by-product, was also studied. The structure of FP was confirmed by the peptide mapping technique, and the leader fragment was shown to contain no N-terminal Met residue.
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INTRODUCTION

The biotechnological method3 for the preparation of
RHI via proinsulin, its natural precursor, is now most
economically efficient [2]. Recombinant strains of
Escherichia coli express FP molecules that contain the
proinsulin part linked with a leader fragment via an Arg
[3] or Met [4] residue. The structure of the leader fragment affects the biosynthesis and accumulation of the
protein in the cell, and its proper structure allows a high
expression level of the target FP to be attained [5]. The
spatial structure of proinsulin ensures the selective closure of disulfide bonds in the positions corresponding
to the native structure of insulin. Therefore, the formation of disulfide bonds is usually carried out after the
splitting off of the leader fragment [4]. The tryptic
digestion of proinsulin and its subsequent [6] or simultaneous treatment with carboxypeptidase B [7] result in
insulin identical to the natural hormone.
A bacterial strain ensuring a super production of FP
is developed in Russia [8]. It gives FP containing proinsulin linked at its N-end with the IgG-binding domain
of protein A from Staphylococcus aureus through the
1 For communication I, see [1].
2 To whom correspondence should

be addressed; phone: +7 (095)
330-7592; e-mail: nazimov@ibch.siobc.ras.ru.
3 Abbreviations: FP, fusion protein containing the sequence of
human proinsulin in its composition; rpHPLC, reversed-phase
HPLC; and RHI, recombinant human insulin.

peptide linker His6-Gly-Ser-Arg (Fig. 1). The spatial
structure of this FP provides for the formation of properly closed disulfide bridges directly in the FP molecule
in a high yield. This permits the elimination of the stage
of proinsulin production and, therefore, a decrease in
the technological losses.
When choosing a method for the further transformation of FP, one should take into account that the trypsin
digestion of proinsulin may be accompanied by the formation of up to 25% de-ThrB30-insulin, a by-product
[9]. This requires an additional purification stage,
which decreases the yields of ArgB31-ArgB32-insulin
and ArgB31-insulin, the target products. When the
simultaneous hydrolysis of proinsulin by trypsin and
carboxypeptidase B is applied, the content of deThrB30-insulin may be as high as 6%, which exceeds the
pharmacopeial limits [10, 11] of the content of related
peptides in the insulin substance.
De-ThrB30-insulin in the RHI substance is an admixture that is one of the most difficult to separate [12].
Therefore, the two-stage transformation of FP seems to
be advantageous provided that the optimal conditions
of the trypsinolysis reaction minimize the content of
the by-product.
It is well-known [9] that the cleavage rate of proinsulin at ArgB32 is one order of magnitude higher than
that at LysB29. It is these kinetic characteristics that
cause the predominant formation of ArgB31-ArgB32-
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