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Structural Investigation on Ovalbumin Solution
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Mesoscopic structures of ovalbumin solutions with several NaCl concentrations
are investigated by a small-angle neutron scattering (SANS) method. The
SANS profile of the ovalbumin solution with 0.1 M NaCl shows no peak and
is described well with a hard sphere model. On the other hand, the SANS
profiles of the ovalbumin solution with NaCl concentrations less than 0.01 M
have a peak around ¢=0.057 A~1. It is deduced that in the ovalbumin solution
with the low NaCl concentration an electric long range interaction exists to
maintain the distance between the ovalbumin particles and in the ovalbumin
solution with 0.1 M NaCl the interaction is shielded by the ions.
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1 INTRODUCTION

It is well known that egg white contains sev-
eral kinds of proteins, in which the main com-
ponent, ~60%, is ovalbumin (Mw~45,000).
Under watery conditions, the ovalbumin has
a globular shape with a radius of ~30 A[1]
and the ovalbumin globules exhibit a self-
organized mesoscopic structure.[2, 3] This
mesoscopic structure seems to be governed by
several conditions: temperature, the concen-
tration of the ovalbumin, the species and the
concentration of cations and anions around
the ovalbumin particles and so on.

In the present study, we have investigated
the mesoscopic structure of the ovalbumin
solution and the influence of NaCl-addition.
In order to observe the mesoscopic structure,
we adopted a small-angle neutron scattering
(SANS) method. It is one of the most use-
ful techniques to investigate the mesoscopic
structure of organic materials because of the
possibility of utilizing a contrast matching
technique with heavy water[4], and actually
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the ovalbumin heavy-water solutions were pre-
pared as starting specimens in the present
study, since deuterons have a smaller incoher-
ent scattering cross section than protons.

With the SANS technique, we successfully
made observations of the structural change
caused by adding NaCl into the ovalbumin so-
lution.

2 EXPERIMENTAL
2.1 Sample

A commercially obtained salt-free ovalbu-
min (Sigma, Grade V, lyophilized and crystal-
lized) was used without further purification.
The ovalbumin powder was dissolved into
heavy water with a concentration of 5 wt%
and then NaCl was added into the solution.
We prepared 4 samples with NaCl concentra-
tions of 0.1 M, 0.05 M, 0.01 M and 0.0 M(not
added).
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Fig. 1. (a) SANS profile of a 5 wt% ovalbumin D9O solution with an NaCl concentration of 0.1 M.
The circles indicate the observed scattering intensities. The solid line shows the scattering curve
of a single particle with a radius of 29.6 A and the dashed line shows the result of the least square
fitting with Percus-Yevics approximation of a hard sphere model. (b) Calculation of the scattering
curves from the particle solutions with the various volume fractions. Thick solid, thin solid, thick
dashed, thin dashed and dash-dotted lines show the scattering curves with the volume fraction of
0 (single particle), 0.025, 0.05, 0.075 and 0.1, respectively.

2.2 Small-angle neutron scattering

The SANS experiments were performed
with & KUR-SANS spectrometer installed at
Kyoto University Reactor, Kumatori, Osaka,
Japan. Scattering intensities with a scattering
vector (¢) range of 1.2x1072to 1.6x 10~ A-!
were measured with a 5.6 A-wavelength neu-
tron beam. The g-range corresponds to the
scale range of 5.2x10? to 4.0x 10" A in the real
space. The samples were sealed into quartz
cells of 2 mm thickness and their scattering
intensities were observed at room temperature
for 3 hours. After the corrections of the trans-
mission and measuring time, the scattering in-
tensities from the cell and solvent were sub-
tracted from the observed intensities. With
these corrections and normalization, the value
of the final data straightforwardly corresponds
to the scattering from the ovalbumin globules.

3 RESULTS AND DISCUSSION

Figure 1 (a) shows the SANS profile of a
5 wt% ovalbumin DO solution with an NaCl
concentration of 0.1 M. At first, we adopted
a single particle model (dilution limit) to ex-
plain this scattering intensity since it mono-
tonically decreases. The scattering intensity
I;(g) from a single particle with a radius of R
is given by

Js3/2(qR)?

I5(q) ~RE

15(0) (1)

Here, J, is Bessel function of order v. As
shown with the solid line in Fig. 1 (a}, equa-
tion (1) dose not explain this observed scatter-
ing intensity, especially for small ¢ values. It is
deduced that interference between the ovalbu-
min particles made the discrepancy between
the observed scattering intensity and equa-
tion (1), since the particle interference is ig-
nored in the single particle model. Taking the
particle interference into consideration, we re-
vise the scattering function I{q) as follows.

I(q) = Is(q) - 5(q). (2)

Here, S(q) is a structure factor of the solution.
To calculate the structure factor, we assumed
potential of the particle, U(r), as follows (hard
sphere model).

0<r <R,
T;R,_ (3)

where r is a distance from the particle center.
This model describes the particle system hav-
ing a short range interaction very well. Under
Percus-Yevics approximation[5], the structure
factor is given by,

24,
(29R)*

244;
(2qR)°

(Ao + A1 + As)

S~ =

1—24¢{—

_ cos(2¢R)
(29R)?
sin(2¢gR)

+W(AO + 241 + 4A3)
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Fig. 2. SANS profiles of the ovalbumin solutions with various NaCl concentrations. The NaCl
concentrations are (a) 0.1 M, (b) 0.05 M, (c) 0.01 M, and (d) no NaCl, respectively.

cos(2¢R)
+_—-(2qR)4 (24; + 1243)

A = —h

_ 66(1+0.5¢)2
A= T
b4

A3 = 9 *

where ¢ is the volume fraction of the particle.
Figure 1 (b) shows the scattering curves cal-
culated by equations (1), (2) and (4) for var-
ious volume fractions. In the small g-region,
the scattering intensity decreases with the in-
crease of the volume fraction. Therefore, we
adopted the hard sphere model to describe
the scattering intensity of the 5 wt% ovalbu-
min D,0 solution with 0.1 M NaCl, since the
observed scattering intensity was weaker than
that calculated from the single particle model
in the small g-region. The result is shown with
a dashed line in Fig. 1 (a) and the radius of

the ovalbumin particle was found to be 29.6 A.
This value agrees with that observed by a light
scattering. 6]

As shown in Fig. 2, the scattering profiles,
i.e. the structure of the ovalbumin solution
is deeply influenced by adding NaCl. In the
solutions with NaCl concentrations less than
0.01 M, the scattering profiles have a peak
around ¢=0.057 A~' as shown in Fig. 2 (c)
and 2 (d). This value corresponds to a scale of
110 A in the real space, which is different from
the size of the ovalbumin particles (~60A in
diameter). Therefore, we deduced that there
exists an electric long range interaction keep-
ing a distance of about 110 A between the
ovalbumin particles in these solutions whereas
the long range interaction would be shielded
by the ions in the solutions with the higher
NaCl concentrations. More detailed investi-
gations are in progress.
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