
to electrophoresis. Six-hour embryos 
show only three peaks for DPN L-malic 
dehydrogenase, I, II, and IV. After 12 
hours of incubation, peak V appears, 
and these four electrophoretically dis- 
tinct DPN malic dehydrogenases per- 
sist until the embryo is 48 hours of age. 
Band three does not appear in embryo 
extracts. After the 48-hour stage of 
development peaks I and II are less 
distinctive; peak II is spread over more 
fractions and overshadows peak I. 
Peak V, usually present in a single 
1-cm fraction, occupies three such frac- 
tions in the 48-hour embryos. 

At each age there are six or seven 
L-malic dehydrogenase peaks for 
APDPN and three for TNDPN, with 
no marked changes as development pro- 
ceeds. The ratio of APDPN/DPN 
malic dehydrogenase activity is 0.68 in 
the supernatant fraction from unfer- 
tilized eggs before electrophoresis, 0.56 
after the first 12 hours of develop- 
ment, and 2.2 by 48 hours of develop- 
ment. This change with embryonic age 
is not due to a change in the properties 
of the protein with the major L-malic 
dehydrogenase activity, peak II, for 
the APDPN/DPN ratio of this peak 
remains relatively constant throughout 
the period studied. The malic dehydro- 
genases of the sea urchin differ 
markedly from those of vertebrate tis- 
sues-chick, rat, and man-in which 
only two electrophoretically distinct 
proteins have been observed (6, 8). 
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Lactic and Malic Dehydrogenases 

in Human Fetal Tissues 

Abstract. The nonparticulate fraction 
of homogenates of heart, liver, kidney, 
lung, and cerebral cortex from human 
fetuses of varying gestational ages was 
subjected to electrophoresis on starch 
grains. Five lactic dehydrogenases and 
two malic dehydrogenases with charac- 
teristic rates with pyridine nucleotide 
analogs were found in all tissues at all 
ages. Quantitative differences in the rela- 
tive proportions of these peaks were ob- 
served as gestation proceeded. 

Multiple molecular forms of lactic 
dehydrogenase have been observed in 
human serum (1) and adult human 
heart and liver (2). Analyses of sev- 
eral adult human tissues revealed a 
total of five electrophoretically separa- 
ble lactic dehydrogenases. Not every 
tissue had all five of these forms (3). 
Changes in the relative proportions of 
the molecular forms of lactic dehydro- 
genase during development have been 
observed in rat tissues (4) and guinea 
pig tissues (5). 

Human fetal tissues were obtained 
at the time of operation during inter- 
ruptions of pregnancy and were im- 
mediately frozen in dry ice and stored 
at -7100C until analyzed (6). In prep- 
aration for starch grain electrophoresis, 
purified potato starch was washed ac- 
cording to the method of Bloemendal 
(7). A starch block, 33 by 7 by 1 cm, 
provided with flannel wicks to connect 
with the electrode vessels was prepared, 
and both block and wicks were wrapped 
in thin plastic. A starch segment 1 cm 

wide was cut out of the block 11 cm 
from the cathode end. A one to one 
homogenate of 2 to 4 grams of fetal 
tissue was made in a glass homogenizer 
with barbital buffer (pH 8.6, ionic 
strength 0.1) that was also used for 
electrophoresis. The homogenate was 
centrifuged at 10,000g for 1 hour, and 
the clear supernatant fraction was 
mixed with dry, washed starch. The 
resulting paste was placed in the 1-cm 
slit in the block. Horizontal electro- 
phoresis was continued for 36 hours 
at 250 v and 30 ma. Platinum elec- 
trodes were used; the electrode vessels 
were divided into two compartments 
with filter paper wicks to provide fluid 
bridges. During electrophoresis the 
starch block was cooled by circulating 
water at 1 VC. After electrophoresis 
1-cm fractions were cut and eluted 
with 0.15M NaCl. Lactic and malic 
dehydrogenase activities were measured 
in glycine-NaOH buffer at pH 10, 
with a Zeiss (PMQ II) spectrophotom- 
eter (8). Enzyme activity, calculated 
from the initial linear portion of the 
curve, was expressed as millimicro- 
moles (mltmole) of reduced pyridine 
nucleotide. 

Five electrophoretically separable 
forms of lactic dehydrogenase (LDH) 
and two forms of malic dehydrogenase 
(MDH) were found in human fetal 
heart, liver, lung, kidney, and cerebral 
cortex. In a few instances, one of the 
five peaks of LDH was not detected, 
but in none of the tissues examined 
was any one of the five peaks absent 
in all stages of development. The two 

Table 1. Percentage of total enzyme activity associated with each electrophoretically separated 
fraction. 

LDH activity (%) in peak MDHI activity (%) in peak 
Age* 

1 2 3 4 5 1 2 

Heart 
13.5 0.7 28.2 31.8 31.8 7.5 - - 
14.5 0.5 18.8 43.9 33.4 3.4 16.8 83.2 
16.0 2.5 12.2 34.8 37.8 12.7 30.4 69.6 
21.5 2.7 10.0 37.7 37.7 11.9 41.3 58.7 
24.0 1.6 4.5 28.5 31.6 33.8 29.4 70.6 

Term 7.8 3.9 29.8 40.3 18.2 40.8 59.2 
Lung 

10.0 2.2 36.5 27.4 23.9 10.0 27.4 72.6 
11.0 2.2 3.3 44.9 28.5 21.0 51.5 48.5 
14.5 1.1 1.4 27.9 49.3 20.3 47.2 52.8 
16.0 2.9 0.0 24.6 53.0 19.5 52.5 47.5 

Term 37.2 27.8 23.6 6.5 4.9 59.8 37.2 
Liver 

8.4 2.6 19.4 35.6 38.2 4.2 54.3 45.7 
10.0 6.6 21.1 34.4 22.2 15.7 51.6 48.4 
I11.0 4.5 23.2 39.8 27.2 5.3 57.8 42.2 
12.0 3.8 39.8 36.4 17.5 2.4 35.5 64.5 
14.5 15.3 19.4 40.1 16.6 8.6 36.0 64.0 
21.5 19.4 35.9 21.4 17.6 5.7 53.7 46.3 
24.0 11.6 5.0 35.2 41.5 6.7 45.2 54.8 

Term 4.5 9.9 37.1 37.4 11.1 51.6 48.4 
* Crown-rump length in centimeters. 
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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. 
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A Protein Present in Fetal 

but Not in Maternal Rat Serum 

A bstract. 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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