Broop Prasma ProTEINS IN FETUS

otherwise molecularly similar species. In
moderate concentrations of buffers, the com-
pounds used in these experiments migrated as
round spots (#3 zone I), indicating minimal
adsorption(7). Spot spreading usually was
most salient near the electrolyte compart-
ments (compare #1A and #9A with #5A, Fig.
3). Lateral diffusion at M.E. occurs in ex-
periments of long duration. Changes in the
pH of the buffer in the electrolyte vessels are
minimal even when volatile electrolytes are
used(3). Positive ions exhibit maximal and
negative ions show minimal mobilities on the
anodal side of center. Conversely, cation mo-
bility is lowest, and anion mobility highest on
the cathodal side. Advantage may be taken
of these regions of increased and decreased
mobility by using longer strips of paper in a
standard open-type electrophoresis unit. The
extra length may be folded into the electro-
lyte vessels or counterpoised rollers may be
inserted into these compartments. If the un-
resolved components of a mixture migrate in-
to a region where differences in mobility are
very slight (e.g. #5B & C zone IT or #1C- & D
zone I) the paper may then be moved toward
that electrode where mobility differences are
greater (i.e. anode for #5 and cathode for
#1) and electrophoresis resumed. This prin-
ciple has been used to separate certain alka-
loids from urinary pigments (unpublished
data 1952) and more recently by Wolfson(8)
and by Lederer e al.(8) to separate normal
and abnormal adult hemoglobins. These in-
vestigators made successive analyses on the
cathodal side of center. The zone of mobility
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equilibrium for a given ion: (1) represents
the resultant of several forces, (2) occurs on
the side of least movement (cathodal for ca-
tions, anodal for anions), and (3) is indepen-
dent of the point of application of the sam-
ple. Its numerical value is equivalent to the
distance from the center of this zone to the
center line of the paper, with appropriate sign
affixed.

Summary. (1) A method for rapidly deter-
mining the mobility equilibrium of a com-
pound is described. The procedure provides
an analytical rather than the conventional
trial and error method for determining paper
electrophoretic characteristics of the compon-
ents in a mixture. (2) Some factors affecting
ion movement and mobility equilibria in open-
type paper electrophoresis units are discussed.
(3) An application of the method in separat-
ing urea and several indole derivatives is pre-
sented.
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The electrophoretic patterns of fetal plasma
proteins have been reported to differ from
their maternal counterparts mainly by the
presence of a special protein, fetuin(1), and

in some species by the lack of y-globulins
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(2,3). The present investigation deals with
distribution of fetal plasma proteins in 2
closely related species, the goat and sheep,
and with the quantitative changes which in-
dividual plasma proteins undergo during fetal
development.

Methods. Fetuses of goats and sheep of
various ages were delivered by cesarean sec-
tion and samples of heparinized blood taken
from the umbilical vessels. After centrifu-
gation, the plasma was removed and the total
protein content determined refractometrically.
Paper electrophoresis was carried out in the
hanging strip type (Durrum) cells, using bar-
biturate buffer with a pH of 8.6 and ionic
strength of 0.085. With 8 paper strips per
cell. a constant current of 7 ma was applied
for 16 hours. To prevent the precipitation of
fibrinogen. the strips were wetted with 50 ml
of buffer containing 10 mg of heparin. After
completing the run, the strips were dried at
125°C for 30 minutes, stained with brom-
phenol blue for 6 hours, rinsed 3 times in 5%
acetic acid and dried at 125°C for 15 min-
utes. Finally. they were exposed to ammonia
vapor and read in a recording densitometer.
A number of strips with maternal or fetal
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FIG. 1. Electrophoretic patterns of maternal and
fetal blood plasma proteins. Goat fetus 125 days
old, sheep fetus 128 days old.
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samples were stained also for plasma poly-
saccharides(4).

Results. An illustration of differences in
fetal and maternal patterns of plasma proteins
can be seen in Fig. 1. The y-globulin peak is
missing in both fetal sheep and goats, prob-
ably because the multicellular barrier of the
syndesmochorial placenta blocks the transfer
of these macromolecules, and the fetal or-
ganism is not able to synthesize them(2).
Human fetal plasma has been reported to con-
tain some y-globulins, as the unicellular hemo-
chorial type of human placenta allows passage
of some proteins(5). In the area of the al-
bumin-bordering single peak of a;i-globulins
in maternal plasma, the fetal pattern exhibits
2 peaks.

The changes in the quantitative aspects of
individual fetal plasma proteins, as they are
related to the age of the fetus, are reported in
Table I. These data are based on determina-
tions on single animals for each date and are,
therefore, subject to individual variations.
They show, however, the direction of changes
quite clearly. In agreement with previous re-
ports(6), the percentage of total plasma pro-
teins tended to increase with the progressing
fetal age. This tendency, because of the
small number of samples and individual vari-
ations, was somewhat obscured in the sheep
group. In both sheep and goats the per-
centage of plasma albumin rose with age of

the fetus. Regarding the two peaks next to
TABLE 1. Plasma Protein Fractions in Fetal
Goat and Sheep.

Ageof Total Albu- Globulins (%)
fetus, protein, min, Fetuin, ——m
days g% Po %o w1 e B

Goats
64 2.8 23.0 28.9 17.8 14.8 15.5
85 3.3 34.9 25.9 16.3 12.7 10.2
103 3.0 38.1 19.3 17.7 11.2 13.7
110 3.5 38.2 18.0 19.1 10.7 14.0
113 4.0 40.5 17.8 20.3 11.7 9.7
119 4.0 394 15.4 16.8 12.0 16.4
127 3.6 43.1 16.0 15.3 14.2 114
131 3.7 43.9 14.7 19.2 10.6 11.6

Sheep
49 20.2 13.1 464 83 11.9
57 20.2 7.5 44.7 106 17.0
64 2.5 28.0 9.0 42.0 12.0 9.0
128 3.5 39.6 8.3 26.6 8.9 16.6
138 3.7 42.1 6.2 19.4 8.1 24.2
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albumin, neither superimposing of the fetal
and maternal protein patterns, nor chemical
analysis of the 2 bands for polysaccharides
reported to contain fetuin(7) were of help in
disclosing which of the 2 peaks was fetuin.
Both fractions showed a relatively high con-
tent of polysaccharides; higher than the cor-
responding maternal «;-globulins. Taking an
additional reported property of fetuin into
account, e.g., the decrease in concentration
with the age of fetus(1,8), one can assume
that in goats the peak next to the albumin is
fetuin. In sheep the conditions are somewhat
more complicated, as both the first and espe-
cially the second peak decrease with age.

As to the remaining plasma proteins, the
ai-, ag-, and B-globulins of the goat did not
seem to be influenced by the age of the fetus.
In the fetal sheep the concentration of as-
globulins did not show any significant corre-
lation with age; the percentage of the 8-globu-
lins tended to increase, but as mentioned be-
fore, the number of samples is too small to al-
low a definite conclusion.

The age-correlated decrease and the rela-
tively high content of polysaccharides in
fetuin reminds one of Wharton jelly, a sub-
stance of fetal cord rich in mucopolysac-
charides(9), which reportedly also decreases
in amount with the growing fetus(10). The
similar fate and proximity suggest a possible
relationship.

Summary. Electrophoretic separation of
fetal and maternal plasma proteins in goats
and sheep revealed that the fetal plasma lacks
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y-globulins and exhibits an additional peak in
the area of a;-globulins. This peak probably
corresponds to fetuin. Quantitative condi-
tions of fetal plasma proteins seem to depend
largely on age of the fetus. In goats, the per-
centage of total plasma proteins and of plasma
albumin increases; percentage of fetuin de-
creases with the progressing age of the fetus.
The remaining plasma proteins do not seem
to be affected. In fetal sheep the percentages
of total plasma proteins, plasma albumin and
probably of p-globulins increase; levels of
fetuin and «;-globulins decrease with age.
The percentage of ag-globulins remains unaf-
fected.
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Specific intra-nuclear inclusions were ob-
served in routine celloidin preparations of in-
fected HeLa and primary bovine kidney cul-
ture monolayers during adaptation to HeLa
cells of infectious bovine rhinotracheitis
(IBR) virus(1). Since specific localization
of increased amounts of desoxyribonucleic

acid (DNA)(2) and of other constituents(3)
often has resulted from cellular changes pro-
duced by infection with other viruses, more
detailed cytologic observations of the effects of
IBR virus were undertaken. The morpho-
logical and chemical effects of IBR virus on
cells of an artificial host (HeLa) and of a



