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that stimulation of the medial thalamic struc-
tures may result in a “spike and wave” ac-
tivity of large areas of the cortex. This ac-
tivity was dependent on a stimulus frequency
of about 3 per second. It was also found(3)
that with metrazol sensitization and photic
stimulation, repeated stimuli applied with a
frequency of about 3 per second produce
“spike and wave” formations in the cortex.
However, the “spike and wave” discharges
lasted only as long as the stimulation and have
not been produced as a consistent self-main-
tained seizure activity after the withdrawal
of the stimulus. If a self-sustained discharge
occurred it consisted of “fast” spikes of the
type seen during the “tonic” phase of a “grand
mal” seizure.

The principles of development of the elec-
trocorticogram of the cat indicate a tendency
of the immature cortex to produce “slow”
frequencies. This physiological electrical
characteristic of immaturity is also manifested
during the pathological state of an epileptic
after-discharge. On this basis it is possible
that the electrical picture of focal and non-
focal “spike and wave” discharges so frequent-
Iy found in the EEG of epileptic children may
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be explained by the readiness of the immature
cortex to produce this type of discharge.
Summary. Metrazol and electrically in-
duced seizure activity in the cortex of kittens
at various stages of maturation reveals a rela-
tion of form and frequency of discharges to
age. Focal and non-focal “spike and wave”
discharges of frequencies seen in the EEG
of the epileptic human infant and child may
be reproduced in young animals. With in-
creasing age spikes of faster frequencies re-
place this slower ‘“spike and waves”. The
findings indicate the importance of electro-
ontogenetic studies in investigations of the
electrical patterns of epileptic seizures.
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The moving-boundary method of electro-
phoresis as developed by Tiselius(1) offers a
powerful tool for testing one aspect of the
purity of proteins, i.e., their homogeneity with
respect to mobility(2). Such crystalline pro-
teins as serum albumin(3) conalbumin, chy-
motrypsin, ribonuclease, etc.(4), B-lactoglo-
bulin(5) and many other proteins were found
to give a single moving boundary over a cer-
tain range of pH but 2 or more boundaries
under other conditions. By the technics of

* Aided by grants from National Multiple Sclerosis
Society and U. S. Public Health Service.

electrophoretic mobility, v.s. pH .(3,6-10),
prolonged electrophoresis(11,12), or electro-
phoresis in the presence of certain anions
(13,14), human serum albumin showed 2 or
more moving boundaries. Leutscher(3,6) car-
ried out his original studies at pH 4.0 and
with low ionic strength (.02) acetate buffer
and reported separation of normal human
serum albumin into 2 “components”. Miller,
et al.(9) also used acetate buffer at pH 3.9
but of high ionic strength (0.2, 90% NaCl)
and reported separation of human serum albu-
min into 4 “components”. It was our belief
that this discrepancy in the number of boun-
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daries formed, as well as in their sharpness of
resolution for quantitative analysis, could best
be resolved by a careful, systematic study of
the effect- of variation of the buffer ionic
strength on the electrophoretic mobility of
purified human serum albumin, The import-
ance of the ionic strength factor, especially at

low salt concentrations, on the electrophoretic

mobility of proteins has been stated by Svens-
son(15) as being of the same order of magni-
tude as that of pH. The experimental studies
presented in this paper show that it is possible
to separate human serum albumin, which
shows a single boundary at pH 8.6, 0.1 ionic
strength barbiturate buffer, into at least four
distinct peaks at pH 4.0, ionic strengths 0.06
to 0.03, acetate-NaCl buffer, for the ascending
boundaries. '

A decrease in the serum albumin component
at pH 8.6, 0.1 ionic strength is a characteristic
of many chronic diseases, e.g., multiple sclero-
sis(16), as well as of most acute diseases
(17,18). Leutscher(6) has shown that for
such diseases as nephrosis, or cirrhosis of the
liver, a reversal of the normal ratio of the
areas under the two peaks formed occurs at
pH 4.0 and .02 ionic strength, acetate buffer.
It is believed that the quantitative fractiona-
tion of human serum albumin into four or
more components, as described here, by mov-
ing boundary electrophoresis may prove to
be useful in the clinical study and evaluation
of many diseases.

Experimental. In order to determine the
electrophoretic mobility and homogeneity of
the albumint solution used in these studies,
2 ml of 25% solution are diluted to 10 ml
with barbiturate buffer(20) (pH 8.6, 0.1 ionic
strength) and then dialyzed in Visking tubing
for a minimum of 5 hours in a mechanical
dialyzer(21) against 400 ml of the buffer at
25°,° The analysis was performed with the
portable Aminco-Stern electrophoresis ap-

t Albumin in these studies obtained from American
National Red Cross through the courtesy of Dr.
J. N. Ashworth. It is prepared by the ethanol-low
temperature fractionation procedure of Cohn and
his associates(19). It consists of 25% albumin
solution and contains 0.02 M sodium caprylate and
002 M sodium acetyl tryptophanate as preserva-
tives.
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FIG. 1. Fractionation of 59 human serum albu-
min (A) solution; pH 8.6 barbiturate buffer,
ionic strengths (a) 0.1, (b) 0.02, (c) 0.005. All
conditions were kept constant except potential
gradient (E — volts/em) and duration (seconds)
as noted for each diagram. Vertical arrows indi-
cate starting positions. All photographs and dia-
grams in this paper are of the ascending bound-
aries. Peak 2 in Fig. la represents the classieal
protein-buffer salt (or delta) boundary.

paratus employing a previously published
technic(16). Electrophoresis was carried out
at 2 degrees and the pattern obtained was
photographed and traced (Fig. 1a). In the
experiments shown in Fig. 1b and Ic, the 5%
serum albumin solutions were run electro-
phoretically in barbiturate buffer at pH 8.6,
ionic strengths .02 and .005 respectively. A
series of electrophoretic determinations were
performed on an albumin sample diluted in
the same manner but dialyzed against acetate-
NaCl buffer (22) and pH 4.0 and at the ionic
strengths shown in Fig. 2. The final pH of
each buffer solution after dilution with dis-
tilled water was checked with a glass electrode
and adjusted to pH 4.0 = 0.02 pH units.
The electrophoretic analyses were run exactly
as described above except for changes in the
field strength and duration of run as shown
in Fig. 2a to 2h. The mobility of the leading
component for each ionic strength given in
Fig. 2 was calculated from the ascending
pattern and the results obtained in these runs
are plotted in Fig. 3. A number of other
samples fractionated with Cohn’s technic were
obtained and showed the same splitting into
4 distinct peaks under our experimental con-
ditions. In addition, an albumin sample was
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prepared from normal human serum by salt
fractionation with 28% sodium sulfite by the
procedure of Wolfson, et al.(23), the excess
salt was removed by dialysis and the sample
concentrated to about 2% albumin by evapo-
ration in a cellophane bag. The results ob-
tained for human serum albumin prepared in
this manner and run at pH 4.0 and 0.03 ionic
strength are shown in Fig. 4a. In order to
make certain that the splitting of the albumin
into a number of boundaries under our experi-
mental conditions does not represent denatura-
tion products or artefacts obtained at pH 4.0,
the following series of experiments were per-
formed: a) A 5% serum albumin sample was
run electrophoretically in the manner de-
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FIG. 2. Fractionation of 5% albumin solutions;

pH 4.0 acetate-NaCl buffer, showing increase in

number of boundaries with decrease in ionie

strength of the buffer. Note change in relative

areas in peaks labeled 1 and 2 with decreasing
ionie strength.
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FIG. 3. Change in electrophoretic mobility of

fastest movmg boundary (peak 1) with increase
in jonic strength of acetate-NaCl buffer.

scribed above at pH 4.0 and 0.03 ionic
strength and the usual 4 peaks were obtained
(Fig. 4b). The protein sample was withdrawn
and the acetate buffer removed by overnight
dialysis in cold running water. The solution
was then dialyzed mechanically at 25°
against repeated changes of barbiturate buffer
(pH 8.6, 0.1 ionic strength) and rerun electro-
phoretically, giving a single peak as is shown
in Fig. 4c. Satisfactory results were also ob-
tained with the reverse experiment, i.e., run-
ning the sample first at pH 8.6, 0.1 ionic
strength and then at pH 4.0, 0.03 ionic
strength to obtain the 4 boundaries. b) In
an experiment performed as described in (a)
above, the run was continued at pH 4.0, 0.03
ionic strength for 1 hour until 4 distinct
boundaries were obtained. The polarity of
the electrodes was then reversed and the same
potential applied for the same time, until the
pattern reformed into a single but less-sharp
boundary. ¢) In a run performed as de-
scribed under (a) above, photographs were
taken every 15 minutes for a total of 4 ex-
posures and the mobility of the leading com-
ponent calculated (Fig. 4d).

Results. A) Effect of ionic strength varia-
tion with barbiturate. The ascending electro-
phoretic patterns obtained for 5% human
serum albumin solutions at pH 8.6, barbitu-
rate buffer, and at ionic strength of 0.1, 0.02
and 0.005, respectively, are shown in Fig. 1.
These patterns provide experimental proof
that sufficiently large variations of the ionic
strength factor can be just as important in
affecting the mobility relationships of a pro-
tein mixture as are the pH changes previously



HETEROGENEITY OF HUMAN SERUM ALBUMIN 49

aAve. |

= N —

FIG. 4. (a) Electrophoretic pattern of normal
human serum albumin prepared by sodium sulfite
(28%) fractionation of serum. Acetate-NaCl buf-
fer pH 4.0, ionic stremgth 0.03. (b) American
Red Cross serum albumin prepared by ethanol-low
temperature fractionation. Electrophoretic sub-
fractionation in acetate-NaCl buffer, pH 4.0, ionic
strength 0.03. (¢) Recovered solution from (b),
redialyzed and rerun electrophoretically in barbi-
turate buffer pH 8.6, ionie strength 0.1. (d) Se-
quence photographs (every 15 min.) of the sub-
fractionation of 5% albumin solution in acetate-
NaCl buffer, pH 4.0, ionic strength 0.03. Solution
was recovered from a previous run in barbifurate
buffer, pH 8.6, ionic strength 0.1.

investigated (2-10). It can be noted that while
at an ionic strength of 0.1 (Fig. la), the
albumin appears as the usual sharp, single
boundary with a calculated descending mo-
bility of ~6.8 X 10%cm? per sec. per volt, a
5-fold decrease in the ionic strength of the
buffer to-0.02 (Fig. 1b) gives the “shoulder”
type of boundary found by Miller, et al.(9)
at pH 3.9, 0.2 (90% NaCl) ionic strength,
acetate buffer. When the ionic strength of the
barbiturate buffer at pH 8.6 is decreased 20-
fold to 0.005, the further separation of the
serum albumin into a number of separate
boundaries is clearly evident as is seen in

Fig. 1c. In these runs all other variables were
kept constant except those noted in Fig. 1.

B) Effect of ionic strength variation with
acetate buffer. The acetate buffer, pH 4.0,
used in these runs is that proposed by Miller
and Golder(22) in which 90% of the ionic
strength is furnished by the NaCl content of
the solution. The buffering capacity of this
acetate buffer is less and its conductivity
greater than the acetate buffer of the same pH
and ionic strength employed by Leutscher
(3,6) in his studies of albumin fractionation.
This difference in the acetate buffers used by
these investigators could serve to explain the
fact that with Miller’s buffer at pH 4.0, 0.20
ionic strength, the two boundaries obtained
by us and the relative areas under them, cor-
respond closely to those found by Leutscher
(3) for his acetate buffer at pH 4.0, 0.02
ionic strength, although the boundaries are
somewhat sharper in the latter case. As the
ionic strength of the acetate-NaCl buffer at
pH 4.0 is decreased from 0.20 to 0.02, the
number of distinct boundaries formed in-
creases from 2 to 5 as seen in Fig. 2. Only
ascending boundaries are shown in these trac-
ings. In general we have tended to designate
with numbers only those boundaries which are
both distinct and capable of quantitative
measurement of their areas. A decrease in the
ionic strength under our experimental condi-
tions, as is clearly evident in Fig. 2, also re-
sults in a change in the relative areas under
the two fastest moving ascending boundaries,
i.e., peaks 1 and 2. As the ionic strength de-
creases from 0.075 to 0.02, there is a continu-
ous increase of the area under peak 1 and a
corresponding decrease of the area under peak
2. According to the Debye-Huckel extension
of the diffuse “double layer” theory of Gouy
(24), as the ionic strength is increased, the
layer becomes thinner and the mobility de-
creases. That this is indeed the experimental
findings for the fastest moving ascending
boundary is shown graphically in Fig. 3 whete
the mobility decreases continuously toward an
asymptotic level as the ionic strength is varied
from 0.01 to 0.2. All other experimental con-
ditions were kept constant in these runs ex-
cept for those noted in Fig. 2a to 2h.

C) Effect of time of dialysis on electro-
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phoretic patterns obtained. Few studies(14,
25,26) have been made of the ionic strength-
mobility relationships of proteins over a wide
range of values for a particular buffer system
although pH-mobility studies of proteins ap-
pear quite frequently in the literature. Except
for Luetscher's(3) work with serum albumin
little work has been done in the low ionic
strength range, i.e., below 0.05. One of the
reasons for the lack of such studies has been
pointed out by Armstrong and his coworkers
(14). They state that at the extremes of the
ionic strengths studied, i.e., above 0.3 or
below 0.05, variability in resolution of the
individual diagrams proved too great to per-
mit the evaluation of the influence of the ionic
strength factor. Dialysis of protein solutions
is usually carried out against the buffer to be
employed for periods of 12 to 48 hours at
4-5° sometimes with several changes of the
buffer solution used, (9,27). While this may
be adequate for ionic strengths from 0.05 to
0.2, albumin solutions in low ionic strength
buffers require a dialysis period of 72 hours
or longer at 4° for reproducible results. For
the sake of convenience it is preferable to use
a mechanical dialysis set-up as recommended
by Reiner and Fenichel(21) for a minimum
of 5 hours at room temperature. Duplicate
patterns thus obtained with a 5% protein
solution in 0.03 ionic strength, acetate-NaCl
buffer, run under identical conditions but sev-
eral days apart, are practically superimposable
and give almost identical measurements of the
areas under the various peaks.

D) Effect of variation of albumin concentra-
tion. It would be advantageous for clinical
studies in protein metabolism to be able to
work at as low an albumin concentration as
would be consistent with good reproducible
results for the areas under each of the 4 peaks.
A series of determinations were then run as
above, at pH 4.0, 0.05 ionic strength, in which
the albumin concentration was varied from
0.5 to 5.0%. The results obtained in such
runs, which are not shown here, indicate that
clear-cut separations into 4 distinct peaks are
obtained at protein concentrations between
1.0-5.0%.

E) Effect of method employed for albumin
separation. Experimental evidence that the

observed boundaries for human serum albumin
are protein in nature, and not artefacts, is
provided by the work of Hoch and his co-
workers(12,28) and by Reinhold and Gilman
(10). Further evidence in this direction is
provided by running 5% albumin in acetate-
NaCl buffer ionic strength 0.1, pH 4.0; with-
drawing the sample after its fractionation, as
in Fig. 4b, and rerunning after suitable dialy-
sis in barbiturate buffer pH 8.6, ionic strength
0.1. Under the latter conditions the albumin
migrates as a single boundary as seen in Fig.
4c. Opposite results were obtained by the
reverse procedure, that is, running the albumin
sample in barbiturate buffer at pH 8.6 first.
Similarly the reversible boundary-spreading
test(2) while indicating the heterogenity of
serum albumin also shows the separation of
the albumin into 4 or more components to be
reversible since the original boundary can be
reformed by changing the polarity of the
electrodes. This would indicate that the form-
ing of multiple boundaries with serum albumin
solution is not due to either denaturation or
irreversible dissociation into smaller molecular
weight units.

The constancy of the mobility of the lead-
ing boundary with time would also provide
evidence against any change in the surface
charge density of the protein molecules such as
would occur with either denaturation or dis-
sociation of the molecule. In addition the
photographs shown in Fig. 4d, illustrate the
changes of the electrophoretic pattern with
time, until maximum development into sepa-
rate boundaries occurred, under the given ex-
perimental conditions.

Discussion. The use of the word “com-
ponent”, with its implied meaning of a distinct
molecular species, has been avoided. Instead
the terms “boundaries” or “peaks” have been
employed interchangeably. This usage more
accurately describes the phenomena which
occur during the electrophoresis of proteins
and which is observed and recorded photo-
graphically by the schlieren lens system(27).
Provided no false boundaries are present, the
number formed with the electrophoretic meth-
od must be considered to be a minimum esti-
mate of the number of distinct molecular
species (or components) present in a mixture.
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The criteria for the purity of a protein has
been reviewed by Li(29) who states that the
more satisfactory evidences are the physico-
chemical properties such as solubility, electro-
phoresis, etc. As previously mentioned few
purified proteins, if any, meet even these tests
of homogeneity. These experimental findings
had led Haurowitz(30) to assert that it is
possible that completely pure proteins do not
exist, and that each of the so-called “pure”
proteins is in reality a mixture of very similar
protein molecules. The experimental work
reported here for human serum albumin would
tend to support this viewpoint.

At jonic strengths of 0.01, or less, the pat-
terns obtained do not give the clearly resolved,
measurable peaks formed at the higher ionic
strengths. Since we are more concerned with
the guantitative rather than the qualitative
aspects of albumin fractionation, we arbi-
trarily chose an ionic strength of 0.03 (pH
4.0 acetate-NaCl buffer) which gives four
clearly resolved and measurable boundaries, as
the most convenient experimental conditions
for most of our studies.

As stated by Longsworth(28) and Alberty
(2) “ideal” electrophoresis of protein mixtures
should be carried out at low protein concen-
trations and with high ionic strength buffers
so that the protein itself would carry a negligi-
ble charge. In actual practice it is not pos-
sible to carry out electrophoresis under “ideal”
conditions and as a result there are always
differences between the ascending and de-
scending patterns. While the conditions under
which our experiments would run would ap-
pear to be “non-ideal”, a number of mitigating
factors exist. For example, most of our ex-
perimental work was performed at pH 4.0 at
which the albumin (isoelectric point, pH 4.5)
carries only a slight positive charge. In addi-
tion, reduction of the albumin concentration
to 1%, or less, still gives similar patterns as
were obtained at a 5% protein concentration.
However, it is an experimental fact that hu-
man serum albumin can be fractionated elec-
trophoretically into a number of peaks in low
ionic strength buffers whether the protein
carries a large negative charge (pH 8.6, .005
ionic strength, barbiturate buffer) or a small
positive charge (pH 4.0, .03 ionic strength,

acetate-NaCl buffer). We have preferred to
use the latter conditions for the same reasons
that most investigators working with plasma
proteins prefer to use barbiturate buffer at
pH 8.6 rather than phosphate buffer at
pH 7.7, namely, that additional ascending
boundaries are obtained and there is better
resolution of these boundaries for quantitative
purposes.

It should perhaps again be emphasized that
Miller’s(22) acetate-NaCl buffer is not the
same as the acetate buffer employed by
Leutscher(3,6) in his studies, although both
can be made up to an equal ionic strength, i.e.,
0.02. The fact that the addition of NaCl to
a buffer to increase the ionic strength causes
changes in the electrophoretic patterns has
been previously cited by other investigators
(13,31). In fact, Armstrong, et al.(14),
found that a synthetic mixture of albumin and
beta-globulin which gave one boundary with
sodium diethylbarbiturate buffer, 0.1 ionic
strength, was separated readily by -electro-
phoresis in sodium diethylbarbiturate-sodium
caprylate buffer, 0.1 ionic strength. By
combining the experimental conditions of
Luetscher(3) with the acetate-NaCl buffer of
Miller and Golder(22) we have been able to
verify Miller’s(9) findings that serum albumin
contains at least-4 “components” and that the
results obtained are highly reproducible.

Electrophoretic phenomena, similar to our
observations on serum albumin, at pH values
just below the isoelectric point have been re-
ported by Longsworth and Jacobsen(32) for
bovine serum albumin and B-lactoglobulin.
These authors suggest that under these con-
ditions the equilibria prevailing in the body
of the protein solution are being continually
adjusted in the boundary layers as electro-
phoretic separation takes place. It is also a
well known fact that serum albumin binds
readily with large molecules, e.g., lipoproteins
(14) and bilirubin(11), and with small ions
(33). The authors prefer to withhold their
own interpretation of these phenomena pend-
ing further experimental work. The electro-
phoretic separation and the quantitative an-
alysis of the substances present under each
peak seen in the electrophoretic patterns is
now in progress in this laboratory. Some pre-
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liminary results already obtained for other
proteins, e.g., human gamma globulin, indi-
cate that we are dealing with a generalized
phenomena in which additional boundaries can
be obtained by means of electrophoretic sepa-
ration just below the isoelectric point of the
protein in the presence of suitable low ionic
strength buffers. The extension of the tech-
nic of sub-fractionation described here to clini-
cal studies of isolated protein fractions from
sera of diseased cases such as nephrosis(6),
cirrhosis(6), multiple sclerosis, cancer, etc.,
may provide useful information about their
protein metabolism,

Summary and conclusions. 1. The ionic
strength-electrophoretic mobility relationship
of human serum albumin was studied at pH
4.0 in acetate-NaCl buffer over a wide range of
ionic strength values. 2. A 5% albumin solu-
tion which gave a single boundary at pH 8.6
in barbiturate buffer, 0.1 ionic strength,
showed separation into a number of ascending
boundaries at an ionic strength of 0.005. 3.
Similarly at pH 4.0 in acetate-NaCl buffer, the
number of ascending boundaries increases
from 2 to 5 as the ionic strength is decreased
from 0.2 to 0.02. Under these conditions, the
area under the fastest moving peak increases
continuously at the expense of the slower-
moving peak adjacent to it. 4. Using an
ionic strength of 0.03 (pH 4.0) as a standard
condition, since it gives 4 clearly resolved
boundaries, various other factors which may
influence the electrophoretic pattern were
studied, e.g., protein concentration, method of
preparation of albumin fraction, time of run,
and technic of dialysis used. 5. Reproducible
values for the areas under each of the 4 peaks
were obtained at protein concentrations be-
tween 1 to 5% and with mechanical dialysis
for 5 hours or longer at 25° against the ace-
tate-NaCl buffer, 0.03 ionic strength. 6. Pre-
liminary work would indicate that the elec-
trophoretic sub-fractionation of other proteins
or protein fractions, e.g., gamma globulin, is
also possible and that this behavior may be
part of a more generalized phenomena. 7.
The possible explanation of these phenomena
await quantitative analysis of the components
present under each observed peak. However,
evidence is presented that boundaries probably

represent protein components and not arte-

facts.
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The developing chick embryo has been used
as a medium for the cultivation of a wide
variety of obligate intracellular parasites, but
the host-parasite relationship involved has
received comparatively little attention. Since
the embryo undergoes marked changes in size
and composition during the growth period of
the infectious agent, it necessarily constitutes
a complex and dynamic medium.

The nucleic acids of the embryo are con-
stituents of particular interest because of the
direct correlation between ribonucleic acid
concentration and the rate of protein synthesis
(1-3). The invasion of unicellular hosts (E.
coli) with bacteriophage has been shown by
Cohen(4,5) to involve an inhibition of ribonu-
cleic acid synthesis, whereas the synthesis of
desoxyribonucleic acid proceeds at an essen-
tially normal rate. OQur observations have
indicated that infection of chick embryos with
the virus of Japanese encephalitis induces
changes in tissue composition of comparable
magnitude and in the same direction as those
found in bacterial cells invaded by phage.

Materials and methods. ~Embryonating
eggs of the White Leghorn were selected at
random from several large and representative

batches. All of the eggs used contained active-
ly motile embryos with pronounced peripheral
blood vessels visible upon candling. The eggs
were incubated at 38°C and a relative hu-
midity of 40 to 60%. Age of the embryo
was designated as the number of days of
incubator life. The embryos subsequently
dying in the course of the experimental work
were assumed to be dead when examination
by candling disclosed that spontaneous motion
of the embryo had ceased and the peripheral
blood vessels had retracted. Infection with
Japanese encephalitis virus (Nakayama strain,
egg-adapted) was accomplished by inoculation
of the chorio-allantoic membranes of 10-day-
old embryos with 0.1 ml doses of a 1% sus-
pension of infected chick-embryo tissue in
phosphate buffered saline solution, pH 7.8.
Twenty to 100 inoculated eggs were used in
each experiment, with an equal number of
control eggs from the same group. The eggs
were maintained at 35°C and examined by
candling at 4-hour intervals. All embryos
which died less than 48 hours after inocula-
tion were discarded. When the mortality ratio
exceeded 20% (generally 60 to 72 hours after
inoculation) both the infected and the normal



