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Abstract

Effects of acetylation on conformational changes of glycinin was studied using solvent pertur-
bation, second derivative spectroscopy, near uv circular dichroism spectra and viscosity. Glycinin
with purity of more than 93% was used for the experiment. Modification was carried out with
acetic anhydride and glycinin with lysine residue modification of 0%, 28%, 65%, 85%, and 95%
were used for the experiment. The result of solvent perturbation using some selected pertur-
bants, such as glycerol, ethylene glycol, and dimethyl sulfoxide revealed that acetylation has caus-
ed increase in solvent accessibility of tyrosine residues from less than 40% in native protein to
more than 70% for 95% acetylated glycinin. This was confirmed by second derivative spectro-
scopy. Near ultraviolet circular dichroism revealed that the spectra of native and acetylated gly-
cinin were almost identical differing only in intensity and no other useful information could be
derived from it. However, in the case of 95% acetylated glycinin the influence of tryptophan on
the spectrum was more pronounced. Specific viscosity of glycinin also increased by modification,
the extent of which depended upon the degree of acetylation. These results supported that acetyla-
tion had caused globular conformation of glycinin to be expanded and denatured.
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Introduction

Chemical modification improves functional
properties of food proteins as the result of changes
in conformation and physicochemical properties
of the protein."¥ As the result, elucidating confor-
mations of food proteins and correlating them to
functionalities should be of much interest to food
chemists.

Conformational changes of the protein can be
monitored by spectrophotometric techniques,such
as circular dichroism, ultraviolet, and floure-
scence spectroscopy. Spectroscopic studies on gly-
cinin have been performed by numerous resear-
chers“®, From optical studies of soy 11S globulin,
it has about 5% a-helix, about 35% S-sheet with the
remainder being random coil®”. The glycinin is
believed to be composed of six basic and six acidic
subunits packed as two identical hexagons facing
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each other. Glycinin is of special interest since
this protein exhibits some interesting properties in
the presence of salts®® and heat®1V. Also, wider
application of the protein as food ingredient in in-
dustry requires further research.

In the previous reports, we have reported ef-
fects of acetylation on physicochemical
properties of glycinin’?. In this work, we report
effect of acetylation on conformation of glycinin
and discuss in correlation with functionality
change. Solvent perturbation, second derivative
spectroscopy, viscosity, and near uv circular dich-

roism were employed in probing the changes.
Materials and Methods

Materials
Soy bean flour was purchased from Sigma

Chemical Company (St. Louis, MO). Acetic anhyd-
ride used for acetylation reaction was also of
Sigma brand. All other reagents used were of an-
alytical grade.
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Methods

11S Purification

Glycinin (11S protein) rich fractions obtained
by the methods of Thanh and Shibasaki™ was ap-
plied to a DEAE-Sephadex A-50 column. Buffer
used for eluting the protein was 30 mM phosphate
buffer, pH 7.5, with NaCl gradient of 0.25-0.45 M.
Purity of the glycinin fraction was found to be
more than 93% by a densitometric scanning of
SDS polyacrylamide electrophoresed gel of the
protein,!®

Acetylation

The acetylation procedure used was similar to
that of Riordan and Vallee'®. Acetic anhydride
was added slowly to the protein dissolved in 30
mM potassium phosphate buffer of pH 7.6 (desig-
nated as the “standard buffer’” hereafter) and the
pH 7.6 was maintained by using at pH stat with
1N NaOH. After the reaction, the sample was ex-
haustively ultrafiltered to get rid of salts before
lyophilization. Lysine residue modified was deter-
mined using ninhydrin reagent and samples of 0,
28, 65, 85, and 95% lysine residue modifications
were used for the subsequent experiments. Sam-
ples of native and acetylated proteins were quan-
tified using microkjehldal nitrogen analysis.

Solvent Perturbation

The general procedures for preparing matched
solution for solvent perturbation have been de-
scribed by Herskovits and Laskowski'?, It this
experiment, £ -mercaptoethanol was used as re-
ducing agent instead of glycolic acid. Protein con-
centrations were determined spectrophotometri-
cally with the use of the following extinction coef-
ficients: 0% modified protein,8.1; 28% modified
protein, 8.1; 65% modified protein, 7.5; 85% mo-
dified protein, 6.06; 95% modified protein, 5.94%
Protein concentration used were 0.08-0.12%. Per-
turbants employed were 20% ethylene glycol,
glycerol and dimethyl sulfoxide®. Measurements
were determined with a Jasco Spectrophotometer
with slit width of 5 mm.
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Second derivative spectroscopy

Second derivation spectroscopy of 0.1-0.05%
samples were obtained on a Shimadtzu Spectro-
photometer. Second derivative adsorption spectra
were obtained by placing the native and 6M guani-
dium hydrochloride denatured protein solutions in
the sample compartments'®?®. The derivative
wavelength difference, 4A, was 1 nm.

Near ultraviolet circular dichroism

CD measurments were carried out with a Jasco
spectropolarimeter equipped with a Xenon arc
lamp photomultiplier®2¥  Measurement were
made at room temperature. Protein concentra-
tions of 0.3% in the standard buffer were used for
the near uv measurement with 10 mm light path
length.

Measurement of viscosity

The specific viscosity of protein solutions (1%
on the phosphate buffer) was determined using
Oswald type viscometer®). Measurement was
made at 25°C and the time for the sample to flow
through the capillary tube under gravity was used
to calculate specific viscosity according to the
following equation:

specific viscosity = £1t,~1
where 1/, is the time for the sample and /; is the

time for the buffer solution flow through the capil-
lary tube.

Results and Discussion

Purification and Acetylation of Glycinin

Glycinin of more than 93% purity from soy-
bean flour was obtained after isoelectric point
precipitation and DEAE-Sephadex A 50 column
chromatography. Sodium chloride gradient ap-
plied was 0.25-0.45 M (Fig. 1). Purity of the pro-
tein was checked by a densitometric scanning of
SDS PAGE of glycinin. Acidic and basic subunits
of molecular weight of 35,000 and 20,000 are
shown, respectively. Fig. 2 shows SDS PAGE of
purified glycinin. To obtain glycinin with different
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Fig. 1. Elution profile of 11S soy globulin. Buffer used
was 30 mM phsphate buffer, pH 7.5, and NaC! gradient
waos 0.25-0.45 M. Column was 8x 15 cm, flow rate 16
mi/hr.
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Fig. 2. SDS-PAGE of glycinin
1, 4; soluble protein of soybean meal, 2; glycinin, 3; con-
glycinin

degree of acetylation, acetic anhydride was added
slowly to the protein solution with the pH main-
tained at 7.6 using a pH stat with 1N NaOH. Ly-
sine residue modified was determined using nin-
hydrin reagent and samples of 0, 28, 65, 85, and
95% lysine residue modification were obtained.
Native and acetylated samples were quantified us-
ing microkjedahl nitrogen analysis and correlated
to 280 nm.

Solvent perturbation and second derivative spec-
troscopy

Fig. 3 shows solvent perturbation spectra of
native and 85% modified glycinin, when ethylene
glycol was used as the perturbant. In the solvent
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Fig. 3. Solvent perturbation difference spectra of A)
native and B) 85% ocetylated 118, in buffer (1) and in
6M urea (2), due to ethylene glycol.

perturbation method of probing the surface of pro-
tein molecules, advantage is taken of the fact that
the spectra of chromophoric residue coming freely
n contact with the solvent are sensitive to chan-
ges in the physical properties of the solvent, such
as dielectric constant and refractive index""1®.
Mild nonagueous substances, in concentration
mild enough to cause measurable shifts on the
spectra of chromophoric residues, but mild
enough not to affect the conformation of the pro-
tein, are employed as perturbants. In this experi-
ment 20% ethylene glycol, glycerol, and DMSO
were employed as the perturbants. The fraction of
the total shift is relative measure of the fraction of
the chromophoric groups exposed to the solvent.
Total exposure of the chromophore of the protein
was achieved by treating the protein with 6M urea
and 0.1 M #-mercaptoethanol. Table 1 shows ex-

Table 1. Effects of various perturbants of the accessiblity
of tyrosine and and tryptophan residues of native and
acetylated glycinin. '

% Acetylated
Native Glycinin 85% Acetylate

Glycinin
Perturbant
Tyrosine Tryptophan Tyrosine Tryptophan

Ethylene 41 38 74 65
glycol

Glycerol 37 30 62 —
Dimethyl

sulfoxide 34 37 ’8 70
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" Fig. 4. Second derivative spectra of native and acetylat-
ed 11S soy protein. A} in the 30 mM phosphate buffer
and B) in 6M Gdn.HCl. Degree of acetylation: 1) 0%
2) 65%, and 3) 95%. Protein concentration were

0.05-0.07%.

posure of tyrosine and tryptophan residues of the
protein upon acetylation, using three different
perturbants. In native protein about 40% of tyro-
sine were found to be accessible to the solvent,
whereas in the 85% modified sample, 70% tyrosine
residues were solvent accessible.

Second derivative spectroscopy
In order to confirm the result obtained in the
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Fig. 5. Tyrosine accessibility due to acetylation as obta-

ined from second derivative spectra.

solvent perturbation experiment, second deriva-
tive spectra was performed. Second derivative
spectroscopy has proved to be an effective tool
because of its ability to resolve overlapping bands
in normal spectrum. This technique has been uti-
lized to resolve the complex protein absorption
spectrum into individual contribution of the three
aromatic amino acids and to carry out relatively
simple method for their quantitative estimation.
Fig. 4 shows that acetylation caused a progressive
blue shift in all the peaks and troughs, indicating
exposure of hydrophobic chromophores to ag-
ueous surroundng. This result coincides with the
result of uv spectra and solvent perturbation. Us-
ing the equation developed by Servillo et al®?
denaturation effects of acetylation on tyrosine
residue was quantitatively calculated (Fig. 5). At
native state tyrosine exposure was less than 40%
but the level increased to about 70% upon ex-
cessive acetylation of 95%. Initially, tyrosine is
rapidly exposed to the hydrophilic environment
but above lysine modification of 80%, the increase
in solvent accessibility of tyrosine resides were
less rapid, indicating less structural or refolding to
a new conformation. Qur previous report on uv ab-
sorption spectra and fluorescence spectra had
revealed that tyrosine residues and tryptophan
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Fig. 6. CD spectra of native and acetylated giycinin. The
degree of acetylation: (1) 0%, (2) 65%, (3) 95%.

residues were shifted to a more polar environment
following acetylation!#!3_ These results indicated
that the compact structure of glycinin was rup-
tured by chemical modification at lysine residues,
the extent of which depended upon the acetylation
degree.

Near ultraviolet CD spectra

Fig. 6 shows near uv CD spectra of native and
acetylated glycinin. The near ultraviolet spectra of
the samples in 30 mM phosphate buffer, pH 7.6,
all showed the contributions of aromatic groups.
Because side chain chromophores produce rela-
tively weak CD bands between 250 and 320 nm
and identical residues can have either positive and
negative CD band depending on their spatial ar-
rangement, interpretation of these near ultraviolet
CD bands is extremiely complex and at present on-
ly qualitative description could be presented.

As a main feature, the native and acetylated
glycinin have quantitatively nearly identical
positive spectra: signals displaying about the same
shape, showing the same substructures and locat-
ed at the same wavelengths and differing only in
the intensities. Generally CD band above 290 nm
can be assigned to tryptophan residues, these be-
tween 270 and 288 nm are mostly due to tyrosine
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Fig. 7. Specifiv viscosity of native and acetylated
glycinin. Specific viscosity measurement was done at
protein concentration of 1% in the standard buffer.

residues, and the two negative peaks near 269 and
261 nm can be attributed to phenylalanine
residues®??¥_ This the spectra suggest strong in-
fluence of tryptophan for all the protein samples,
especially the 95% acetylated glycinin, and little
other information could be drawn from the result.

Specific viscosity

The specific viscosity of native and acetylated
glycinin at 1.0% protein concentration (Fig. 7)
showed that with increasing levels of acetylation
viscosity of the protein increased, the highest level
being the glycinin with 95% acetylation.

According to Kim® the increase in the
hydrodynamic volume of the protein and an in-
creased member of particles had occurred as the
result of succinylation at lysine residues. The al-
teration of charge of lysine groups from positive to
neutral with acetylation destabilized the
oligomeric structure of native glycinin and the
native globule dissociated into intermediate
subunits. Accompanying dissociation, the change
of charge caused unfolding of intermediate sub-
units, which also increases the hydrodynamic
volume.

Nakai e al.?* reported that there exists direct
relationship between surface hydrophobicity and
emulsifying properties of the protein. Increase in
accessibility of hydrophobic residues, tyrosine and
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tryptophan, means surface hydrophobicity of gly-
cinin is increased by acetylation and thus emulsi-
fying properties of the protein could be improved
by the modification. Surface hydrophobicity and
emulsifying properties were indeed found to be

improved by acetylation!12:14)

prompting

usefulness of the modification in functionalities of
food protein, where surface properties are impor-
tant. Also increased in viscosity suggests that
acetylation might be applicable to food such as

gravies and soups, where viscosity is important.

10.
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