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The isoelectric point of ovalbumin has been determined a number of times by different methods and investigators with widely
varying results (pH 4.55 to 4.88). In order to determine whether
the variations of the values reported could be due to the influence
exerted by the ionic strength of the buffer solvent and perhaps that
of the protein itself, the writer has made a study of different concentrations of ovalbumin in several buffers of varied ionic strength.
Methods

and Materials

Ovalbumin was prepared from hen’s eggs by the method of
Cannan (3). The protein was crystallized three times from the
sodium sulfate solutions, then filtered, and dried. As needed for
study, the resulting white powder was dissolved in distilled water,
filtered to remove any insoluble residue, and dialyzed in cellophane
tubes to a specific conductivity of about 1 X 10p4. This solution
was concentrated to an almost jelly-like consistency by suspending
the dialyzer in the stream of air from an electric fan. The concentration of protein in this material was determined by drying a
sample in an air oven at 110”; usually concentrations of 10 per cent
or higher were obtained. This stock solution was stored in the
cold room with merthiolate as a preservative.
The acetate buffers used were prepared according to the directions of Green (5) from standard solutions of acetic acid and of
sodium hydroxide. The phthalate serieswas prepared from stock
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solutions of potassium acid phthalate (prepared as for use in alkali
standardization)
and of sodium hydroxide.
The citrate solutions
were prepared from freshly recrystallized
citric acid and from sodium hydroxide and hydrochloric
acid.
The pH values were determined in the Simms type of hydrogen
electrode (10) at 25”. The standard of reference was 0.1 M HCI
(pH 1.07). Cataphoretic
migrations were observed at room temperature which was kept as near 25” as possible, rarely below 24’
or above 26”. The addition of quartz or collodion particles to the
protein solutions did not appreciably alter the pH values.
Mobility
measurements
were made in a modification
of the
microcell of Northrop and Kunitz (9)’ with a dark-field condenser.
The source of light was a microscope lamp with a 100 watt, 110
volt projection bulb. A 20X objective and a 10X ocular were
used in the microscope.
The source of electrical potential was a
110 volt D.C. line connected to the cataphoresis cell through a 40
watt lamp and a reversing switch.
Observations
were made at
five depths, equally spaced throughout
the cell; velocities were
determined with a stop-watch
and an ocular micrometer
scale.
The values of the speeds were obtained in micra per second and were
not corrected to unit potential gradient.
Most of the cataphoresis measurements
were made at a protein
concentration of 0.1 per cent. This quantity of albumin did not
produce a measurable change in the pH of the buffer solutions.
In the acetate series some observations
were made with a concentration of 1 per cent of protein; with this amount present it was
possible to estimate the isoionic point from minimal pH change
data as well as the isoelectric point from mobility studies.
With
2 per cent of albumin cataphoretic studies were not possible, but
calculations from minimal pH change in the buffer solvent were
made.
Cataphoresis
2 drops of a suspension
directions of Loeb (7) or of
to a solution of protein of
buffer, and the migration
of the buffers used ranged
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three concentrations of citrate, four of phthalate, and five of acetate
solutions were investigated.
Six solutions varying in pH from
about 3.9 to 5.2 were examined at each ionic strength, and the
isoelectric point for each concentration was determined graphically
from the average speeds of the suspended particles.
Fig. 1 shows
typical determinations.

pH

of citrate

buffw

FIQ. 1. Typical mobility
curves for three concentrations
of citrate
buffers containing 0.1 per cent of ovalbumin.
The average speed at each
pH is plotted against the pH scale. + and - indicate the charge on the
particle.
@ represents a solution having an ionic strength of 0.10; 0, of
0.05; and l , of 0.03.

It was found that the citrate solutions gave markedly lower pH
values for the isoelectric points than did the phthalate series, pH
4.56 at p 0.10, as against 4.70 and 4.72 for the other two buffer
systems. However, linear extrapolation to 0 ionic strength, by
plotting the apparent isoelectric point against the ionic strength of
the buffers, gave an identical point at 0 ionic strength for all three
series; the line for 0.1 per cent protein in each case intersects p
0 at pH 4.855 (see Fig. 2).
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As these experiments
had been made with collodion particles, it was decided to test the question of the influence of the
adsorbent, which was shown by Dummett and Bowden (4) to be
For this purpose particles
appreciable in the case of hemoglobin.
of quartz (c.P. silicic acid) were used in protein solutions made up
in three concentrations of acetate buffers. In this case the line of
the apparent isoelectric points (when plotted against the ionic
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FIQ. 2. The apparent isoelectric points of 0.1 per cent and 1 per cent
0 represents citrate
ovalbumin obtained by cataphoresis measurements.
buffers containing 0.1 per cent protein; @ represents phthalate buffers
containing 0.1 per cent albumin; 0 represents acetate buffers containing
0 on quartz; 0 represents acetate con0.1 per cent albumin on collodion,
taining 1 per cent albumin.

strength) was slightly lower than that obtained from the experiments with collodion, extrapolating to pH 4.845 at p 0 (seeFig. 2).
Examination of acetate buffers containing 1 per cent of ovalbumin gave apparent isoelectric points which again determined a
straight line when plotted against the ionic strength (p 0.025,
0.050, and 0.100). The pH value of the isoelectric point for each
concentration of the buffer was distinctly lower than that at the
corresponding ionic strength with 0.1 per cent protein present; the
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with 0 ionic strength was at pH 4.825 (see Fig. 2). This
that the protein has an amphoionic strength which tends
its own apparent isoelectric point as does the increasing
concentration.
Isoionic

Point by Minimal

pH Change

The pH change induced in acetate buffers by the addition of 1
or 2 per cent of ovalbumin was measured.
This change was
plotted against the original pH of the buffer and the minimal
1
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FIQ. 3. The apparent isoelectric points of 1 and 2 per cent albumin in
acetate buffers by minimal pH change. 0 represents 1 per cent albumin;
0 represents 2 per cent; l is the value found by Tiselius (13).

point determined graphically.
With solutions 1 per cent in protein, values were obtained which confirmed within 0.01 pH the
isoelectric
point found by mobility measurements at the same
protein concentration.
With 2 per cent of albumin present it was not possible to make
electric mobility determinations. The values found by minimal
pH change were again much lower on the pH scale than those for
less concentrated protein solutions; in the higher ionic strengths
they approached the figures obtained with citrate buffers and 0.1
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per cent albumin (compare Figs. 3 and 2). The values for the
three ionic strengths used fall on a straight line which intersects
0 ionic strength at pH 4.79 (see Fig. 3).
DISCUSSION

The apparent isoelectric point of ovalbumin is influenced in a
definite and regular manner by the ionic strength of the buffer used,
at least for the three systems so far studied, and by the concentration in which the protein itself is present.
The latter fact becomes
more evident if the pH values for the isoelectric points at 0 ionic
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FIQ. 4. The isoelectric
points
of ovalbumin
at different
concentrations
in buffers
at 0 ionic
strength
plotted
against
the concentration
of the
0 represents
values
from mobility
measurements;
0 from miniprotein.
mal pH change.

strength of buffer for each protein concentration
are plotted
against the percentage concentrations
of albumin; these three
points fall on a straight line which intercepts the axis of 0 protein
content at a slightly higher pH than the value found for 0.1 per
cent protein, at pH 4.86 (see Fig. 4).
The extrapolated
values obtained from minimal pH change
determinations,
where the ovalbumin is in solution, agree closely
with the results of the migration experiments where the protein is
adsorbed on quartz or collodion particles.
This agreement indicates that the behavior of ovalbumin in solution and as an ad-
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sorbed film is t’hc same. Abramson
(1) also showed that the
mobility of ovalbumin adsorbed on quartz corresponded almost
exactly to that in solution, as found by Svedberg and Tiselius (12)
with the moving boundary method.
While the line of extrapolated mobility results determined by
the citrate buffers has a much greater slope than that of either the
phthalate or acetate series (see Fig. 2), it is in general true that the
apparent isoelectric point varies inversely with the ionic strength
of the medium.
Lack of data for the activity coefficients of egg
albumin under these conditions precludes calculation of the magnitude of the effect exerted by the protein itself.
The differences
among the lines determined by the three buffer salts suggest that
there may be some specific ion effect, and experiments are planned
to test this possibility by extending the number of buffers used.
The differences between the values given by Ito and Pauli (6)
(pH 4.60), Abramson (2) (pH 4.57), Nichols (8) (pH 4.65), and
Tiselius (13) (pH 4.55 and 4.63 by the moving boundary method)
and those herein recorded cannot be explained wholly by the differences in buffer strength or in protein concentration.
Tiselius
observed an increase from pH 4.55 to 4.63 when he replaced the
sodium acetate of his buffer with barium acetate.
It is true that
most of these investigators
used ammonium sulfate instead of
sodium sulfate as the crystallizing salt (we intend to test the effect
of this difference in the near future), but Tiselius (13) determined
the isoionic reaction of his albumin by minimal pH change in 0.02
M acetate buffers with 2.5 per cent of protein, obtaining
a value
of pH 4.76. The line determined by the 2 per cent albumin
in the present study indicates an apparent isoelectric point for an
ionic strength of 0.02 at pH 4.75. This excellent agreement suggests that differences between albumin preparations
crystallized
from ammonium and from sodium sulfates must be small.
Sorensen, Linderstrgm-Lang,
and Lund (ll), in studying the
effect of salts on egg albumin ionization, determined the isoionic
point for this protein from combining capacity data at varying
concentrations
of ammonium sulfate and of ammonium chloride.
They found the isoionic reaction to be at paH 4.90 f 0.02, in the
presence of 0.05 to 2.96 N ammonium chloride.
With ammonium
sulfate, 0.06 to 4.12 N, the corrected paH values for the isoionic
points varied from 4.84 to 4.76. They calculate, for salt-free
solutions, an isoionic reaction between paH 4.87 and 4.89. This
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result agrees fairly well with the extrapolated
obtained in the present study from mobility
change estimations.

value of pH 4.85
and minimal pH

SUMMARY

The apparent isoelectric point of ovalbumin, cataphoretically
determined, is inversely related to the ionic strength of the buffer
used and to the concentration
of the protein present.
Extrapolation
of apparent values for the isoelectric point of
ovalbumin in 0.1 per cent solution in citrate, phthalate, and acetate buffers to 0 ionic strength gives an isoelectric point of pH
4.85 f 0.01.
Citrate buffers produce a greater depression in the apparent
isoelectric point than do phthalate or acetate solutions of the same
ionic strength.
Extrapolated
values for the isoelectric point of 1 per cent albumin, determined by cataphoresis or by minimal pH change, agree
at pH 4.82~0.01.
With 2 per cent protein the isoelectric point at 0 ionic strength
is at pH 4.79 f 0.01.
Values for the isoelectric point at the three albumin concentrations studied yield a straight line when plotted against the protein
concentration.
The intercept of this line at 0 protein concentration gives a “true” isoelectric point of 4.86 f 0.01.
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