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Fig. 1. Electrophoretic separation of lactic
and malic dehydrogenases in the nonpar-
ticulate fraction of heart homogenate
from a human fetal specimen measur-
ing 21.5 cm from crown to rump.

peaks of MDH were always present.
The electrophoretic pattern of an en-
zyme preparation from the heart of a
21.5 cm crown-rump specimen (Fig. 1)
demonstrates the five lactic dehydro-
genases and two malic dehydrogenases
typically found. The protein prepara-
tion was inserted in a slit in the starch
block at 11 centimeters. Thus, under
these conditions of electrophoresis,
three LDH peaks migrated toward the
anode and two toward the cathode.
One MDH peak migrated toward the
anode, the other toward the cathode.

Each peak of malic and lactic dehy-
drogenase was tested for its rate of re-
action with the thionicotinamide analog
of DPN (TNDPN) and the 3-acetyl-
pyridine analog of DPN (APDPN) as
well as DPN itself. From the ratios
of these activities we concluded that
the two MDH peaks were the same in
all tissues. The anodic peak has a
TNDPN/DPN ratio of 0.54, whereas
the cathodic peak has a TNDPN/DPN
ratio of 0.22. The APDPN/DPN ra-
tios were 0.44 for the cathodic MDH
and 0.34 for the anodic MDH. Kaplan
and Ciotti (9) reported APDPN/DPN
ratios ranging from 1.2 to 4.7 for the
MDH present in mitochondria of rab-
bit tissues. The APDPN/DPN ratio
of MDH activity in the unfractionated
soluble fraction ranged from 0.52 to
1.1 in the various tissues tested. The
highest ratios for both mitochondrial
and soluble fractions were found in
the heart. These different ratios could
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be due to varying amounts of two or
more enzymes, each with character-
istic APDPN/DPN ratios. The five
LDH peaks appear to be the same in
all tissues and at all ages, on the basis
of their rates of migration relative to
the rates of the two MDH peaks and
their activities with the DPN analogs.
There was, however, no such clear-cut
difference in activity with the analogs
as that observed with the MDH peaks
and TNDPN. Although the same five
peaks of LDH and two peaks of MDH
appeared in all the tissues studied,
there were variations in the relative
amounts of enzymatic activity in the
different fractions (Table 1).

The same two peaks of MDH activ-
ity were found in embryonic chick
heart, liver, brain, and skeletal muscle
and in adult rat liver, heart, and kidney.
The two peaks in these tissues were
similar to the two peaks found in hu-
man fetal tissues both in their electro-

phoretic mobility and in their rates of -

reaction with pyridine nucleotide ana-
logs. There appears to be a greater
similarity between the LDH enzymes
from different organs within the same
animal than there is between those
from the comparable organs in human
and chick.

In the human fetal tissues the several
molecular forms of lactic and malic
dehydrogenase were qualitatively the
same but there were quantitative differ-
ences in the relative amount of enzyme
activity associated with the different
peaks in different tissues, and in the
same tissue at successive stages of fetal
development.

B. WIGGERT
, C. A. VILLEE
Department of Biological Chemistry,
Harvard Medical School, and Research
Laboratories, Boston Lying-in
Hospital, Boston, Massachusetts
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A Protein Present in Fetal k
but Not in Maternal Rat Serum

Abstract. Immunoelectrophoretic com-
parison of maternal and fetal rat serum
proteins with antiserum to adult rat serum
proteins showed a unique protein in the
fetal serum. The fetal protein exhibited
in agar gel electrophoresis a variable
mobility that was dependent on concen-
tration. The fetal protein reacted strongly
with a nonspecific antiserum.

The presence of a serum globulin
with properties differing from those of
the adult globulins in the fetus and
newborn of certain ruminants has been
known for a number of years (1). A
characteristic change in the serum pro-
teins of tumor-bearing, pregnant, young,
and fetal rats has been described
(2-4).

Although it has been stated that
this protein is associated with tissue
growth (3), increased levels were also
found in fasted rats (3), and rats on a
biotin-deficient diet or with diarrhea
(4). The concentration of this protein
in the maternal rat serum is equal to
or greater than that in the fetal serum
at all stages of gestation (3). In those
species where quantitative techniques
have been used to study fetuin, its con-
centration in fetal serum is 25 to 50
times that of any similarly reacting
adult protein (5).

Our report describes some of the
properties of a protein in fetal rat
serum which could not be detected in
either normal adult or in maternal rat
serum.

Immunoelectrophoresis was carried
out in a system similar to that origi-
nally described (6) with modifications
(7). Rabbit antisera to normal adult rat
and pregnant rat serum- proteins were
produced by a complete Freund ad-
juvant technique (8). Antiserum diffu-
sion was carried out at room tempera-
ture.

Comparisons were made . of 25
matched maternal and fetal sera. At
least three ratios of maternal and fetal
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serum volumes were used in each case.
All the fetal sera showed a precipitate
that occurred in a position different
from any maternal precipitate. When
undiluted fetal serum was used the pro-
tein migrated at the same rate as the
as globulins of adult rat serum. This
fetal serum protein showed an apparent
increase in mobility on serial dilution;
at a 1:10 dilution it migrated with the
a: globulins. Prior dialysis of the fetal
serum against the electrophoretic buffer
did not affect this property. No other
fetal or adult protein showed a change
in mobility that was dependent on con-
centration. The position of the precipi-
tate between the line of electrophoretic
migration and the antiserum trough
was also unusual. That the precipitate
formed very close to the protein’s elec-
trophoretic position indicated minimum
diffusion during the development of the
immune precipitates with various anti-
sera. The location of the precipitate
changed only slightly, if at all, with
variations of the ratio of antigen to
antiserum, whereas all other fetal and
maternal protein precipitates shifted in
the expected fashion.

For undiluted fetal serum, the pre-
cipitation arc assumed a linear con-
figuration similar to that of the major
vy globulin component (6), but the
cause of this linear shape in the case
of the fetal protein is probably quite
different from that of y globulin. The
material was found throughout the last
7 days of gestation, and the absolute
concentration during this period, as
judged by serial dilutions of fetal
serum, did not change significantly. It
could not be detected after the tenth
day postpartum. In all 25 pairs of
fetal and maternal sera the concentra-
tion of this protein in the fetal serum
was at least 10 times that of any simi-
lar material in the maternal serum.
When samples of maternal sera were
concentrated (2.5 times) the fetal se-
rum contained at least 25 times as
much of this new protein. The fetal
protein reacted equally with antisera to
normal adult male rat serum and serum
of pregnant rats. Therefore a similar
antigenic determinant must be present
in the nonpregnant adult.

No reactions were seen between nor-
mal rabbit serum and fetal or adult
rat sera. An antiserum to normal hu-
man adult serum proteins (9) was
used to develop several of the maternal
and fetal rat .immunoelectrophoretic
plates. Weak reactions were seen be-
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Fig. 1. Immunoelectrophoretic comparison of maternal (C), fetal (4), and mixed
maternal and fetal serum (B and D). The arrows indicate the precipitate formed by the
fetal serum protein. Gestation age was 20 days.

tween this antiserum and adult rat al-
bumin and B globulin. With fetal rat
serum a rather strong precipitate oc-
curred which corresponded very closely
in shape and position to the precipitate
formed by the fetal protein and the
specific antiserum to rat serum proteins.
The time for precipitate development
with the nonspecific antiserum was 4
to 6 days, whereas only 2 days were
required with the specific antiserum.
Such cross reactions between human
and rat serum proteins as well as be-
tween various other species have been
reported (10).

Rat fetal and maternal sera were
mixed in a 1:1 ratio by volume and
compared with the unmixed sera (Fig.
1). The fetal protein was not seen to
form a reaction of identity with any
adult protein. Neither the position nor
shape of any of the adult protein pre-
cipitation arcs was altered by the ad-
mixture of fetal serum. This makes
unlikely the possibility that an adult
counterpart of this protein may be
present, but in a different electropho-
retic position, because of a concentra-
tion-dependent behavior similar to that
of dilute fetal serum.

Staining of the electrophoretic pat-
terns of maternal and fetal serum in
agar again indicated the presence of a
fraction in the fetal serum differing
from the maternal proteins. The con-
trast was less marked than that obtained
with immunoelectrophoresis. The pro-
tein did not show the characteristic

color reaction of hemoglobin with ben-
zidine reagent.

We have no explanation for the
concentration-dependent - electrophoretic
properties of this material in agar gel.
A physical or chemical interaction be-
tween it and the gel seems likely, how-
ever. At present the only demonstrated
similarity of this protein to fetuin is
the similar period in the life span of
the respective animals in which they
are present in the serum in high con-
centrations.

P. C. KELLEHER
C. A. VILLEE
Department of Biological Chemistry,
Harvard Medical School, and Research
Laboratories, Boston Lying-in
Hospital, Boston, Massachusetts
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