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The conformations of human insulin precursors, proinsulin and preproinsulin, are described in
terms of molecular dynamics simulations. Despite the presence of the C-peptide and/or the
signal peptide, molecular dynamics calculations utilizing the hydration shell model over a period
of 500 ps indicate that the native conformations of the A and B chains are well conserved in
both cases. These results further support the NMR spectroscopy results that the C-peptide is
relatively disordered and does not influence the overall conformation of the native structure.
The robustness of the native structure as demonstrated by experiment and simulation will permit
future protein engineering applications, whereby the expression or purification yields can be
improved upon sequence modification of the C-peptide and/or the signal peptide.
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Insulin is a small, globular protein of molecular weight
5700 Da with two polypeptide chains, the A chain (21
residues) and B chain (30 residues). These two are joined
by two disulfide bonds at A7-B7 and A20-B19, with a
third disulfide bond existing within the A chain, A6-A11."
Insulin is synthesized in the pancreatic B-cells as an inactive
103-residue single-chain precursor, preproinsulin, with has a
17-residue N-nerminal signal peptide that directs its passage
into secretory vesicles. proteolytic removal of the signal
peptide produces the 86-residue proinsulin, which is con-
stituted of the A and B chains and the C peptide, a
connecting peptide of 35 residues positioned between N-
terminal of the A chain and C-terminal of the B chain.
When the elelevation of blood glucose triggers insulin
secretion, proinsulin is converted into active insulin,

Insulin exists as a monomer at low concentrations in
neutral conditions.” At higher concentrations it dimerizes>”
and, in the presence of zinc, assembles further to a hexamer.
The crystallographic structures of monomeric, dimeric, and
hexameric insulin have all been determined.”

Hua and Weiss suggested in 1991 that each structure
of the A and B chains is conserved when preproinsulin
is converted into insulin.” This means that the existence
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of the flexible C chain positioned between the N-terminal
of the A chain and the C-terminal of the B chain does not
influence the structures of the A and B chains of pre-
proinsulin. If this is true, the biosynthesis of the full C-
peptide region of preproinsulin is not required per se to
obtain functional human insulin. Thus, in order to com-
mercially produce insulin time- and cost-efficiently, a
shortened C-peptide may offer a better solution.

To enlighten these possibilities, the structural studies of
native human insulin, proinsulin, and preproinsulin using
Computer Aided Molecular Modeling (CAMM) were
carried out in this study. Using the previously determined
three dimensional crystallographic structure of des-B1 Phe
bovine insulin as a template structure, the structure of
human insulin was modeled through CAMM. A comparison
of the partial structures of preproinsulin with the three
dimensional structure of insulin based on CAMM is re-
ported here.

Materials and Methods

The initial structure of native human insulin used in
CAMM was taken from the X-ray structure of des-Bl
Phe bovine insulin (Protein Data Bank accession number:
2INS),” a dimer composed of 2 asymmetric units. The two
molecules particularly differed in the spatial arrangement
of the aromatic ring of B25 Phe. Molecule 1 was chosen
for this study. Human and bovine insulins differed by
three amino acid residues as shown in Fig. 1. To obtain
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Fig. 1. The primary structure of human insulin. In bovine insulin, A8, A10 and B30 are replaced with Ala, Val and Ala, respectively.

the structure of human insulin, the residues A8 Ala, A10
Val, and B30 Ala of bovine insulin were replaced with
A8 Thr, A10 Ile, and B30 Thr, respectively. Additionally,
B1 Phe was attached to the N-terminal of the B chain. An
MD simulation of human insulin in aqueous solution (5 A
layer of H,O molecules) was subsequently conducted
using the Discover v2.9 module of Insightll 95.0 software
(Biosym/MSI). The potentials and partial charges were
arranged using the consistent-valence forcefield (CVFF),
and simulation was carried out for 500 ps. No other
constraints except for the three disulfide bonds were given
during the calculation. The three dimensional structures
of preproinsulin and proinsulin were subsequently modeled
using insulin. For the case of proinsulin, the primary
structare of the C chain was initially built separately,
then constrained within 8 A prior to positioning the C-
peptide between the N-terminal of the A chain and the C-
terminal of the B chain, MD of proinsulin was peformed
in a similar fashion as with insulin. MD of preproinsulin
was accomplished by further attaching the signal peptide
of 17 residues to the N-terminal of proinsulin.

Results and Discussion

The MD calculations of native human insulin, proinsulin,
and preproinsulin were conducted one by one as described
above. The three dimensional structure of native human
insulin obtained from these calculations (Fig. 2) was com-
pared with the structure obtained from the X-ray cry-
stallographic structure. The result shows a Root Mean
Squares (RMS) value of 1.4 A. Fig. 3 shows good
agreement between the three dimensional structure of the
X-ray determined molecule and that of the post-MD for
native insulin. All residues were spatially superimposable
in the backbones as well as the side chains except for
the side chains of A21 Asn, B29 Lys, and B30 Thr.
Only the side chains of the C-terminal regions of the A
and B chains were placed in the opposite direction. The
secondary structure of insulin obtained from the X-ray

Fig. 2. The ribbon structure of native human insulin calculated
from MD.

determined structure contained three o-helices at B9-B19,
A1-A9, and A13-A20, and a B-turn and PB-sheet at B20-
B23 and B24-B28, respectively. Likewise, the secondary
structure by MD calculation of native human insulin con-
tained o-helices, B-turns, and B-strand at the same regions.
These results also coincide with the secondary structure
obtained from NMR in o-helix regions.

The structure of proinsulin was built by insertion of
the C chain between the ends of the A and B chains.
The constraint of 8 A between the N-terminal of the A
chain and the C-terminal of the B chain was applied
during dynamics calculations in the presence of the C
chain. The folding process of the protein could be observed
during the dynamics calculation. The 3D structure of
proinsulin obtained in this manner was superimposed
with that of native insulin (Fig. 4), and the RMS value
was determined to be 1.8 A. The secondary structure by
MD of proinsulin agreed well with that of the MD
structure of native insulin. For example, the beginning
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RMS = 1.40

Fig. 3. A comparison of X-ray and MD structures of native
human insulin.

RMS = 1.80

Fig. 4. A comparison of X-ray structure of native human insulin
and MD structure of proinsulin.

and the end of helices in proinsulin were identical with
those of native insulin. Therefore, it may be regarded
that the existence of the C chain of proinsulin did not
affect the structure of active insulin.

Preproinsulin was built by linking the signal peptide
of 17 amino acids to the N-terminal of the B chain of
proinsulin. The energy profile and structures obtained
from the MD calculations are shown in Fig. 5. The signal
peptide of preproinsulin folded together with the A and
B chains in a gradual manner. The three dimensional
structure of preproinsulin was superimposed with that of
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Fig. 5. Structures of preproinsulin obtained from MD and its |
energy profile.

native insulin (Fig. 6), and the RMS value was 2.91 A
The secondary structure of the A and B chains by MD
of preproinsulin and that of native insulin were likewise
well superimposable. These results coincide once again
with the secondary structure obtained from NMR in o-
helix regions. The distances between these backbones were
nearly maintained to a value of 5 A. For the case of
proinsulin. the distance between the N-terminal of the A
chain and the C-terminal of the B chain was about 8 A.
However, the result of preproinsulin showed that the

signal peptide

RMS = 2.91

Fig. 6. A comparison of MD structure of native human insulin
and that of preproinsulin.
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istance was 5.28 A, and the distance of both ends of
he C chain of preproinsulin was 7.33 A. As shown in

ig. 6, it can be regarded that the three dimensional 4.

tructures of the A and B chains of preproinsulin are
well-conserved like those of native insulin.
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