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ABSTRACT

This study attempted to gain an insight of the oomftion of insulin using solvent perturbation and
ultraviolet spectroscopy. The effects of two sotgemercaptoethanol and sucrose on the absorpigxtram
of Insulin were studied; changes in ionic strengtid pH were used to identify the position of améuid
chromophores. The effect on the absorption spectimovement from a non-polar to a polar environten
indicates that tyrosine and phenylalanine residehensurface of insulin protein. The results shbat tpH
resolved spectral behavior of Insulin in the neimtiood of 290 nm is determined predominantly by the
ionization of imidazole — NHof histidine. The results, however, do not rulé the possible contribution of

the phenol hydroxyl of tyrosine in the spectral dgbr.
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INTRODUCTION

Insulin is a polypeptide hormone that is
produced by thep cells of the Islets of
Langerhans within the pancreas. It consist of
two peptide chains (Nussey and Whitehead,
2001), A- and B-, linked by two inter-chain
disulfide bonds (A7-B7 and A20-B19), and
also possess an intra-chain disulfide bond in
the A-chain (A6-All). Disulfide bonds are
formed when the precursor protein, proinsulin,
is folded in the endoplasmic reticulum prior to
packaging into secretory granules (Seung-Gu
et al.,, 2003). The pathways of disulfide
formation and the role of disulfides in the
folding process have not been clearly
understood (Seung-Gu et ,al2003). The
number and disposition of the disulfide bonds
are highly conserved among the members of

the insulin family that include insulin itself,
IGF-1 and -Il (Humbel, 1990), relaxin
(Schwabe and McDonald, 1977) and
bombyxin (Nagata et al1995).

Insulin binding to its receptor (Insulin
receptor) on the membrane leads to a cascade
of events that eventually activates the genes
that control glucose and energy regulation
(Jackson, 2008). The insulin receptor is a
transmembrane tyrosine kinase belonging to
the tyrosine kinase receptor family (Farese et
al., 2005). The effects of insulin are initiated
on receptor occupancy through insulin
receptor-mediated phosphorylation of tyrosine
residues on the receptor substrate proteins
(Farese et al. 2005), activation of
phosphatidylinositol 3-kinase (PI3K), which
by means of increasing PI-3,4,5-triphosphate
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(PIP3) brings about recruitment of atypical
protein kinase C and protein kinase B (also
known as Akt (Farese et al.,, 2005), and
ultimately the activation of downstream
protein kinases and other target proteins
(Saini, 2010).

The amino acid cysteine plays an
important role in proteins structure and
function due to the presence of disulfide
bridges. There is evidence that modification of
the cysteine residues in Insulin affects its
biological activity as well as its conformation.
[Hecy7,20-A] insulin, an insulin analogue in
which two inter-chain disulfide bonds (A7-B7
and A20-B19) are elongated by a methylene
group, has low biological activity (Cosmatos
and Katsoyannis, 1975). In addition, change
of cysteine residues A6, A7, All or B7 in
insulin analogues to the D-form dramatically
lowers its biological activity (Marki et al.,
1997).

Proteins execute important tasks in the
metabolic process of cells. To play these roles
they must fold or assume particular
conformation. Structural and conformational
studies of proteins have been pursued by
various physical methods such as X-ray,
CDR, CD, NMR and crystallography under
vastly different conditions (Perez-Paya et al.
1996; Kelly and Price, 2000; Ulmer et al.,
2003; Bax 2003). Most of these techniques
require expensive equipments for data
acquisition or extensive technical knowledge
to analyse the data. On the other hand,
Ultraviolet (UV) method is a laboratory
technique devoid of these requirements (Melo
et al., 1995). UV absorbance change following
tyrosyl ionization has been used to monitor
changes in protein conformation. Melo et al.,
(1997) used UV absorbance to study thermal
unfolding of proteins at high pH range.
Literature regarding the use of solvent
perturbation and UV spectroscopy to study the
conformation of insulin is very scarce. In this
research we employed the use of solvent
perturbation and UV spectroscopy to
investigate the change in conformation of
insulin.
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MATERIALSAND METHODS

Lente insulin (Pig) was purchased from
NOVO Nordisk (A/S), Denmark;
Mercaptoethanol from  Sigma  Aldrich
Chemical Com., USA. All other chemicals
were from BDH Chemical Ltd., Pole, England
unless otherwise stated.

Solvent perturbation
Method 1

Four mL of 20% glucose solution was
pipetted into a test tube to which was added
0.5 ml of insulin (equivalent to 20 IU). The
mixture was then transferred into a quartz
cuvette and absorbance-wavelength scanning
performed from 200 to 400 nm using UV-
visible spectrophotometer (Pharmacia Ltd,
USA), and 20 mL of glucose solution as
blank.

Method 2

Two mL of 20% glycerol solution were
transferred into a cuvette to which was added
0.5 ml insulin. The mixture was allowed to
equilibrate for 30 mins. Absorbance-
wavelength scanning was performed from 200
to 400 nm after zeroing with 20% glycerol
solution.

Method 3:

Two mis of 0.1% mercaptoethanol
solution were transferred into a cuvette to
which was then added 0.5 ml insulin and
allowed to equilibrate for 30 mins.
Absorbance was measured from 200 to 400
nm after zeroing with same solution of
marcaptoethanol.

Method 4:

Two ml each of 0.015 M NaCl and 0.15
M NaCl solutions were transferred into
separate cuvettes. Then 0.5 ml of insulin was
added into each cuvette. Equilibration was
allowed for 30 mins and absorbance read from
200 to 400 nm.

Spectrophotometric pH titration

M citrate and 0.1 M disodium hydrogen
phosphate were used to prepare Macllaine’s
buffer of varying pH ranging from 2 to 8. To
each of these solutions was added 0.5 ml
insulin. Equilibration was allowed for 30 mins
and absorbance read from 200 to 400 nm,
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after blanking with the various solutions. The
effects of pH change on the absorption at 290
nm were fitted to the Henderson-Hasselbalch
equation using a computer programme.

RESULTSAND DISCUSSION

The optical spectrum of pig insulin (20
ul), in 0.15 M NaCl (pH 7) shows a
maximum peak absorptions at 208, 237 and
272 nm respectively while the minimum
absorption was recorded at 225 nm
wavelength (Figure 1).

The spectrum also showed in 0.015
sodium chloride solution (pH 7.0) maximum
peak absorption at wavelength 329.5 nm and
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minimum absorption at 329 nm. In figure 2,
20 (IU) insulin in 0.015 M NaCl, the

absorption spectrum shows maximum
absorption at 255 nm.

As shown in Figure 3, the optical
spectrum of pig insulin occurred maximally at
255 nm and minimum absorption at 225 nm in
20% glucose pH of 7.0. Mercaptoethanol
(0.1%.solution)  produced a  dramatic
obliteration of absorption consequent upon
reduction in disulfide bonds between the
sulfur of cysteine residues (Figure 4).
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Figure 1. Optical spectrum of pig insulin (20 IU) in 0.15N&CI (pH 7.0).
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Figure 2: Optical spectrum of pig insulin (20 IU) in 20% gérol (pH 7.0).
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Figure 3: Optical spectrum of pig insulin (20 IU) in glucose
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Figure 4: Absorption spectrum of insulin (20 1U) in 0.1% rogptoethanol.

In 0.15 M NaCl (pH 9.0) the peak of
maximum absorption occurs at wavelength
220 nm, and minimum absorption at 240 nm.
The peak absorption shifted dramatically from
220 nm to 260 nm when the pH was changed
from 9.0 to 10.0.
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To gain insight into the conformation
of insulin under different pH, we employed
the use of solvent perturbation and UV
spectroscopy to investigate the change in
conformation of insulin at various pH values
in the presence of NaCl, glucose, or
mercapthoethanol. These reagents resulted in
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different spectra for insulin. In line with
Freifelder’s observation (Freifelder, 1976), the
different spectra in 0.15 M NaCl were due to
the presence of aromatic amino acids; tyrosine
and phenylalanine. The reported absorption
maxima of tyrosine at neutral pH were 193,
222 and 274 nm. Our value of 272 as the
absorption maxima was near that of tyrosine
(272). The absorption maxima  of
phenylalanine (257, 260 and 188 nm)
(Freifelder, 1976) were confirmed by our
study.

lonic strength changes have modification
effects on absorption of electromagnetic
radiation by insulin. This could be due to the
effect of ions on tyrosine and phenylalanine
(Murakami et al., 1981; Rehms and Callis,
1993). These changes affect the ionization
states of these amino acids and hence the
interaction with radiation.

As non-electrolytic solutes, sugars
(glucose and glycerol) affect the extinction of
the main absorption band (Murakami et al.,
1981). The suggested amino acid in the
insulin molecule which could contribute to the
maximum absorption at these wavelengths is
not affected by the presence of glucose and
glycerol. The effect of NaCl is on the ionic
strength, which affects the phenolic hydrogen
in amino acids that are responsible for the
maximum absorption. Tyrosine residues in the
insulin possess this phenolic hydrogen hence,
it is responsible for the shift observed in the
absorption maxima (Pinho Melo et al., 1997).

Tamburo et al., (1970) showed that
mercaptoethanol reduces the disulfide bonds
between two cysteine residues. The S-S bond
functions to stabilize the folded structure in
the specific form necessary for biological
activity rather than to achieve the protein
conformation. In addition, Frederick (1982)
reported that mercaptoethanol causes the
cleavage of disulfide bonds in lysozymes from
chicken egg. Our study shows that
mercaptoethanol has effect on the absorption
spectrum which could be as a result of
reduction in disulfide bonds between the
sulfur of two cysteine residues. This is in
agreement with Sordari and Soltani (2009)
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who reported obliteration of absorption of
human insulin as a result of addition of
reagents that caused modification of sulfide
bond.

It can be concluded from solvent
perturbation approach used in this study that
the chromophore amino acids, tyrosine and
phenylalanine that brought about changes in
the absorption maxima of the Pig insulin (20
Ul) when the polarity of the solvent was
changed from 0.15 M NacCl, a polar solvent to
non-polar solvents, are on the surface of the
insulin  molecule and not buried within
(Freifelder, 1976).
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