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The solubilities of the protein ovalbumin in aqueous ammonium sulfate solutions ranging from 18 to 30
g ammonium sulfate/100 g water at 30 °C were determined for pH values in the range 4.58-5.4. A
correlation of the data is presented which is estimated to predict solubilities within (5%.

Introduction

Although vital to protein crystal growth studies, protein
solubility data have only been published for a small number
of proteins. These include concanavalin A (Mikol and
Giege, 1989), porcine pancreatic R-amylase isoenzymes
(Boistelle et al., 1992), canavalin (DeMattei and Feigelson,
1991), lysozyme (Howard et al., 1988; Cacioppo and Pusey,
1991), glucose isomerase (Chayen et al., 1988), rennin
(Bunn et al., 1971), and ovalbumin (Sorensen and Hoyrup,
1915-17; Green, 1931).
Ovalbumin is soluble in water and is usually recovered

from solution by crystallization using high concentrations
of ammonium sulfate. The crystallization kinetics of
ovalbumin in such solutions have been studied (Judge
1995; Judge et al., 1995, 1996), and this paper reports the
solubility of ovalbumin in ammonium sulfate solutions.
Ovalbumin is the major protein in egg white. It has a

molecular weight of 45 000 and consists of a single chain
of 385 amino acid residues (Nisbet et al., 1981). Ovalbumin
contains a single disulfide bond (interconnecting two parts
of the chain) and a glycosylation (mainly mannose) site
(Stein et al., 1991). Three different phosphate forms of
ovalbumin occur in egg white, containing either two, one,
or zero phosphate groups per molecule. Typically, in egg
white, the ratios of each are about 85:12:3, respectively.
These forms are not separated by repeated crystallization
(Kitabatake et al., 1988). The isoelectric point for the
mixed natural egg white ovalbumin is pI ) 4.58 (Warner,
1954). In ammonium sulfate solutions ovalbumin forms
needlelike crystals (Sorensen and Hoyrup, 1915-17; Judge
et al., 1995).

Experimental Section

The solubility of natural ovalbumin at 30 °C was
determined as a function of ammonium sulfate concentra-
tion and pH. The results are compared with earlier results
of Sorensen and Hoyrup (1915-17) which also included the
effect of temperature (0-29 °C).
The ovalbumin used in this study was recovered from

egg white by crystallization (Judge et al., 1995), following
the method of Sorensen and Hoyrup (1915-17). Solubili-
ties were determined by adding a considerable excess of
the purified ovalbumin crystals to ammonium sulfate
solutions of known concentrations. The pH was adjusted
using either diluted aqueous ammonia or sulfuric acid. By
choice of starting conditions, equilibrium was approached
by both crystallization and dissolution. The results by the

two methods were found to be in good agreement. The
slurries were kept in sealed Schott bottles, each stirred
with a magnetic stirrer and maintained at 30 °C in a water
bath. The pH was checked throughout the runs, but
adjustment was seldom necessary. Every 2-3 days a
sample of solution was taken for ovalbumin concentration
analysis using UV spectrophotometry at a wavelength of
280 nm with A(1%, 1 cm) ) 7.0 (Stoscheck, 1990) (i.e. for
calculation purposes protein absorbances are expressed in
terms of an absorbance coefficient, in that for a 1 cm path
length at 280 nm, a 1% ovalbumin solution has an
absorbance of 7). The runs were continued until a steady
solution concentration was obtained (usually 10-15 days).
At the end of a run, the purity of the protein was checked
using HPLC and SDS-PAGE (sodium dodecyl sulfate-
polyacrylamide gel electrophoresis) analysis (Judge et al.,
1995). Deterioration was detected for a small number of
the tests, and those data were discarded. The solubility
results from this study are given in Table 1.

* To whom correspondence should be addressed. Email: tedw@
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Table 1. Ovalbumin Solubility, CO, in Ammonium Sulfate
Solutions (CA), at 30 °C

CA/(g/100 g of water) pH CO/(g/100 g of water) commentsa

18.10 4.75 10.87 C HS
19.30 4.70 8.73 C HS
21.00 4.86 8.16 D HS
21.95 4.85 4.87 C HS
21.97 4.88 5.20 C HS
23.20 5.20 9.84 C HS
23.58 4.90 1.93 D
23.93 5.10 3.51 C HS
24.00 4.71 1.00 C HS
24.00 4.90 1.70 D
24.00 5.20 7.00 D
24.00 5.40 13.58 C HS
24.20 4.70 1.00 C HS
24.20 4.92 1.22 C HS
24.20 5.13 3.18 C HS
24.25 5.32 7.42 C HS
24.50 4.91 1.17 C HS
24.70 4.65 0.78 C H
24.70 4.75 0.90 C HS
25.70 4.57 0.39 C HS
25.82 5.10 1.44 C HS
26.00 5.10 1.08 D HS
26.00 5.20 1.41 D
26.00 5.20 1.73 D HS
26.51 4.90 0.52 D
27.01 4.93 0.48 C HS
27.11 4.90 0.45 C HS
27.60 4.90 0.39 C HS
28.00 5.20 0.64 D
28.00 5.35 1.66 C H

a The letters C and D represent values by crystallization or
dissolution; H and S refer to ovalbumin purity checks by HPLC
and SDS-PAGE.
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All concentrations in this work are expressed as the mass
of the species per 100 g of water, i.e. ovalbumin, CO, and
ammonium sulfate, CA, as g/100 g of water.

Results

At a given pH and temperature, the ovalbumin solubility
falls exponentially as the ammonium sulfate concentration
is increased (Figure 1), as suggested by Green (1931). The
data from this work at 30 °C and the data of Sorensen and
Hoyrup (1915-17) at 18 °C are shown, and parallel lines
result for each pH and temperature. Adjusted for the effect
of ammonium sulfate concentration, the results can be
plotted against pH (Figure 2). For pH values above the

isoelectric point (pH > 4.58), the results can be fitted by a
quadratic curve. The present solubility values are consis-
tent with the earlier values but extend the data to lower
ammonium sulfate concentrations and higher pH. If the
effect of pH is now removed, these results and the earlier
results of Sorensen and Hoyrup (1915-17) can be plotted
against temperature (Figure 3). There is a slight, but
definite, linear trend.

Correlation

Using the form of correlation suggested by these plots,
best estimates of the coefficients were obtained by fitting
against the present and previous experimental data (80
points). The resulting correlation as a function of am-
monium sulfate concentration (18 e CA, g/100 g of water
e 30), pH (4.58 e pH e 5.4), and temperature (0 e t, °C e
30) is

where CO is the ovalbumin solubility concentration in g/100
g of water, t is temperature in °C, and CA is the ammonium
sulfate concentration in g/100 g of water. The 95%
confidence intervals on the coefficients in the correlation

Figure 1. Effect of ammonium sulfate concentration, CA, on
ovalbumin solubility, CO: Sorensen and Hoyrup (1915-17), 18 °C,
pH (O) 4.70, (3) 4.85, (0) 5.00, (4) 5.25; this work, 30 °C, pH (b)
4.70, (1) 4.90, (9) 5.10, (2) 5.20, ([) 5.40.

Figure 2. Effect of pH on ovalbumin solubility, CO: (0) Sorensen
and Hoyrup (1915-17), 18 °C; (b) this work, 30 °C.

Table 2. Confidence intervals (95%) on parameters in
correlation

term coefficient 95% confidence interval

constanta 5.06 (0.16
t/°C -0.006 (0.002
CA/(g/100 g of H2O) -0.205 (0.010
(pH - 4.58) 0.5 (0.4
(pH - 4.58)2 1.1 (0.5

a Evaluated after selecting coefficients for other terms.

Figure 3. Effect of temperature on ovalbumin solubility, CO: (0)
Sorensen and Hoyrup (1915-17); (b) this work.

Figure 4. Three-dimensional plot generated using correlation (eq
1) for ovalbumin solubility, CO, at 30 °C as a function of ammonium
sulfate concentration, CA, and pH.

log10 (CO) ) 5.06 - 0.006t - 0.205CA +

0.5(pH - 4.58) + 1.1(pH - 4.58)2 (1)
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are given in Table 2. This equation was used to draw the
lines shown in Figures 1-3.
A three-dimensional plot of ovalbumin solubility as a

function of CA and pH at 30 °C is shown as Figure 4.
The 95% confidence goodness of fit of the data to the

equation is a factor of 1.5 on CO ((0.16 on log10[CO]).
Treating the scatter as random experimental error, the
equation should predict mean values within a 95% error
of (5% on CO. Residual plots, such as Figure 5, indicated
no residual trend with any of the variables. The residuals
passed the Anderson-Darling criterion (in MINITAB) and
may be assumed to be normally distributed.
Using the correlation, changing the temperature from 0

to 30 °C decreases solubility by 40%, changing pH from
4.58 to 5.40 increases solubility over 10-fold, and increasing
the ammonium sulfate concentration from 18 to 30 g/100
g of water decreases the solubility by a factor of about 300.
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Figure 5. Ratio of ovalbumin solubility, CO, to that calculated
from eq 1, CO(calc). The lines enclosing 95% of the data within a
factor of 1.5 are shown.
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