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Rong-Qiao HE* ' Yang Liu !, Ying Liu "2

Lab Visual Information Processing, Institute of Biophysics, The Chinese Academy of Sciences, 15 Da Tun Rd,
Chaoyang District, Beijing 100101, China " Dipartimento di Fisiologia e Biochimica, Sezione di Biologia
Cellulare e Dello Sviluppo Universita’ Degli Studi di Pisa 2.

Abstract Hydropathic mass (HM) has been used to display the characterization of hydrophilicity and
hydrophobicity of proinsulin. The a-helix of the B chain (residues 9-19), which is located at the inner part of the
crystalline insulin, possesses a strong positive HM. The proteolytic sites of proinsulin for insulin maturation are
located in the most negative HM regions. This suggests that they are exposed to the exterior of the molecule,
which contributes to the digestion by proteases during insulin maturing.
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Introduction

It is well known that insulin is used in the treatment of human diabetes and has become one of the most
important therapeutic agents to medicine; it has prolonged countless lives. About 30 years ago, Adams et al.
demonstrated the structure of rhombohedral 2 zinc insulin crystals {1], followed by several further reports on the
structure with an electron density map which was calculated at a resolution of 2.5 and 1.8 A in the 1970s [2-3].
After that, the structure of 2 zinc pig insulin crystals at 1.5 A resolution was described by Baker et al. [4]. In
1995, Kaarsholm & Ludvigsen [5] reported a solution structure of the insulin monomer at high resolution
determined by NMR. So far, research on the crystalline structure of insulin has been continually carried out for

ifferent applications in medicine or pharmaceutics [6-7]. Although the spatial structure of insulin has been

idely studied, little is known about the crystalline or solution structure of proinsulin [8-9].
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Kyte and Doolittle (1982) demonstrated the hydropathic index of each amino acid and evaluated the
hydrophilicity and hydrophobicity of a protein along its amino acid sequence {10]. Although the method is not
unique and embodies principles that have long been appreciated, its simplicity and graphic nature make it a very
useful tool fbr evaluation of protein structure. It appears that the hydropathic mass should be used as a criterion
to evaluate the hydropathic characterization of peptides and it should provide some important information about
locations of residues. Proteins from homeobox genes are important to embryo development [11-15], we used
hydropathic mass to analyze divergences among the homeodomains of Hox clusters [16]. The results suggest |
that Hox genes are correlated to Van Baer’s law. This paper is concemned with the prediction of some spati

conformations of proinsulin with hydropathic mass.

Materials and Methods

The sequence of the human proinsulin used in this paper was referred to the Protein Data Bank
Brookhaven National Laboratory, USA [17]. The hydropathic mass of the peptide, which was described befi
[16], was calculated as follows:
7= (hamn + hp.iMy.; + haoMn.) nx1) 1)

where h, m, 77 and n represent hydropathic index, formula mass of side chain, hydropathic mass in the pepti
and position of amino acid residue from N- to C-terminus, respectively. The data were plotted as descri
previously [16]. As we know, each amino acid residue has chances to interact with other residues of a pepti
However, chances for a residue to interact with the two neighboring residues both up- and down-stream
much more than those with the remoter ones. Therefore, we used the sum of hydropathic masses of the

vicinal residues to follow such an interaction.

Results and Discussion

According to Kyte and Doolittle [10], the hydropathic mass should be such a criterion that can be used
estimation of the location of an amino acid residue in a protein. In general, the larger the criterion of an
acid yesidue is, the more chances it approaches to the interior of the molecule, and vice versa. Human proi
contains 86 residues and its HM is shown in Figure 1. The N-terminal region (residues 1-5) possesses a
negative HM, and this region should be exposed to the exterior. The a-helix of B-chain (residues 9.1
Jocated in a positive HM region, and it should be buried in the molecule. These are coincident with the
crystalline X-ray [2-3,18]. Furthermore, the U-turn (GIn-21, Arg-22 and Gly-23) with a strong negati
exposes to the exterior. In contrast, the amino acid residues either up- or down-stream with great positi ‘

may approach to the inner part of the molecule. This difference between hydrophobicity and hydro)
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might be one reason for formation of the U-turn. In addition, the a-Helix of A chain (from A-12 to A-15) may

also approach to the inner part of insulin because of its positive HM.

Fig. 1. Map of hydropathic mass of proinsulin. The proinsulin sequence is referred to the Protein
Data Bank from Brookhaven National Laboratory, USA (Brousseau et al. 1982). Arrow represents
the proteolyic digestion site, when proinsulin is converted into mature insulin,

Mature insulin is formed from its larger precursor
proinsulin by proteolytic processing. Removal of a 23-
residue signal fragment at the N-terminus of preproinsulin
and formation of three disulfide bonds produces proinsulin.
Further proteolytic digestion removes the C peptide, in vivo,
releasing mature insulin containing A and B chains. Now we
can see, both digestion sites for A and B chains are in situ at
the regions enriched with Arg residues. The C-terminus of
the B chain (Thr-30) and the N-terminus of the A chain
(Gly-66) are just in situ at the regions where hydropathic

Fig. 2. Diagram of proinsulin structure, The
amow points out the proteolytic site between B masses are the most negative. We suppose that Thr-30 and

chain and C peptide as well as C peptide and 31 1 65 6
A chain. The two bulge regions should be Arg-31 as we 2 Arg-65 and Gly-66 should be exposed at

wecessible to degradation by proteases in vivo, the molecule surface, even though crystal structure of
proinsulin has not yet been reported. It is such an exposure

that contributes to recognition and digestion of the peptidyl
nds by the specific proteases in the pancreatic B-cells during insulin maturing (Fig. 2). Digestion of peptidyl
nds by proteases requires the exposure of the specific residues [19]. Exposure of the proteolytic sites of the
olecule should be a reason why proinsulin is susceptible to proteases.
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