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Summary 

Human and ovine placental tissue homogenates were assayed 
for dipeptidase activity in vitro. Glycyl-L-leucine, L-leucyl glycine, 
glycyl-L-lysine, and L-lysyl glycine were hydrolyzed by placental 
homogenates. The pH optimum for the reaction was 8.0. The 
relationship between enzyme activity and concentration was linear 
for placental homogenate concentrations between 0.01 and 0.10 
mg protein/ml of reaction mixture. Enzyme activities were 1.92 
2 0.12 (S.E.) pnoles/min/mg protein for hydrolysis of glycyl-L- 
leucine, 0.34 + 0.06 (S.E.) pnoles/min/mg protein for hydrolysis 
of glycyl-L-lysine by human placenta, and 2.79 + 0.80 pmoles/ 
min/mg protein and 0.41 + 0.25 pnoles/min/mg protein, respec- 
tively, by ovine placenta. The infusion of glycyl-L-leucine into the 
uterine artery of unstressed catheterized pregnant ewes yielded 
increased concentrations of both component amino acids in uterine 
venous blood and of leucine in umbilical venous blood. 

Speculation 

The presence of dipeptidase activity in placental homogenates 
and the observation that glycyl-L-leucine when infused into the 
main uterine artery is hydrolyzed to its component amino acids 
support the hypothesis that leucine and possibly glycine extracted 
from the placenta by the umbilical circulation may be provided by 
placental hydrolysis of dipeptides which arise within the placenta 
from the degradation of larger peptides and proteins. 

During the last third of gestation, the sheep fetus accumulates 
nitrogen at approximately 0.65 g/day/kg body weight (17). Amino 
acids supply the nitrogen for fetal growth. and they also are 
utilized by the ovine fetus for gluconeogenesis (16). Amino acids 
may be utilized to meet the caloric needs of the fetus (2, 10). It is 
generally thought that maternal circulating free amino acids are 
the source of amino acids which are actively transported across 
the placenta to the umbilical circulation. Comparison of the ovine 
umbilical uptake of amino acids (10) with uptake of amino acids 
by the gravid ovine uterus (13) reveals, however, that a discrepancy 
exists between uterine and umbilical uptakes of certain amino 
acids. For example, the uptake of glycine by the gravid ovine 
uterus is not significantly different from zero, yet the umbilical 
uptake of glycine by a 2 kg fetus with an umbilical blood flow of 
168 ml/min/kg fetal weight is approximately 9.4 pmoles/min. A 
similar discrepancy exists for leucine. These data suggest that a 
source of amino acids other than maternal whole blood amino 
acids may provide some amino acids for the fetus. 

It is known that amino acids are transported across the gastroin- 
testinal mucosa as dipeptides as well as in the form of free amino 
acids. Dipeptides undergo carrier-mediated transport into the 
absorptive cells where they are hydrolyzed to their component 
amino acids which subsequently pass into the portal circulation 

(I I). Although there are no known dipeptides circulating in the 
normal human nor in sheep, the placentas of both species have 
well-documented proteolytic activities which could provide the 
trophoblast with a source of dipeptide (7). The purpose of this 
investitation was to examine the possibility that hydrolysis of 
dipeptides in the placenta might provide the free amino acids 
glycine and leucine which subsequently are extracted by the 
umbilical circulation. 

MATERIALS AND METHODS 

Placentas were obtained immediately after delivery and washed 
in cold normal saline to remove blood. Full-thickness sections of 
placenta (2 x 2 cm) were placed in scintillation vials and promptly 
frozen on dry ice. The sections were stored at -70°C until they 
were used within 4 wk in the assays. Preliminary studies demon- 
strated no loss of enzyme activity when fresh homogenates were 
compared with frozen aliquots which were frozen for as long as 4 
wk. 

A crude enzyme extract was prepared by homogenizing a section 
of placental tissue in 20 ml of cold normal saline. The homogenate 
was centrifuged at 10,000 x g in a Beckman J-21B refrigerated 
centrifuge for 30 min. The supernatant was used as the enzyme 
preparation in the assay. The protein content of the enzyme 
preparation was determined using the Lowry method of protein 
analysis (9). The enzyme extract was adjusted to the appropriate 
protein concentration by dilution with cold normal saline. 

The method used to determine enzyme activity was a modifi- 
cation of the fluorescent assay for proteolytic enzymes described 
by Schwabe (18) and Perrett et al. (15). Reaction mixtures of 200 
pl borate buffer (0.15 M, pH 7.9). 100 pl enzyme preparation, and 
100 p1 substrate (10 mM solution of a selected dipeptide) were 
incubated in 5 ml covered plastic tubes at 39S°C. At 0, 5, 10, 20, 
40, 60 min after initiation of the reaction, a tube was removed 
from the water bath, and the reaction was stopped by precipitating 
the enzyme protein with 3 ml ethanol. All tubes were centrifuged 
at 10,000 X g for 30 min. A 100 p1 aliquot of the supernatant was 
added to 2 ml borate buffer (0.2 M, pH 6.0). One ml of fluores- 
camine solution (15 mg fluorescamine in 100 ml acetone) was 
added to this mixture while vortexing. The fluorescence was read 
at 475 nm (excitation, 309 nm) on a Turner fluorometer. Blanks 
and dipe~tide standards were prepared in the same fashion. The 
rate of dipeptide hydrolysis was thus determined from the rate of 
decrease in fluorescence, which at pH 6.0 is linearly correlated 
with the concentration of dipeptide present. 

L-Lysyl glycine, glycyl-L-phenylalanine, L-leucyl glycine, glycyl- 
L-leucine, L-alanyl-L-alanine, L-alanyl glycine, glycyl-L-lysine, and 
lysyl-L-glycine were tested separately as possible substrates in the 
assay for dipeptidase activity. The assay was also carried out 
under the same conditions but substituting homogenized whole 
blood or normal saline for placental homogenate in the reaction 
to control for any change in fluorescence which might result from 
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contamination of placental sections with blood or from sponta- 
neous hydrolysis of the dipeptide during incubation. 

Glycyl-1.-leucine and glycyl-L-lysine were used as the substrates 
in subsequent assays to characterize and to quantitate enzyme 
activity in placental homogenates. To determine the optimum pH 
for the reaction. the activity for a given enzyme extract was 
measured at pH 6.0 to 9.0. The relationship between enzyme 
activity and concentration was studied by carrying out the reaction 
with enzyme extracts over a range of dil-utioni0.61 to 2.0 mg/ml). 
When optimal assay conditions had been established, quantitative 
determinations. in duplicate. were made of glycyl-L-leucine and 
glycyl-I.-lysine dipeptidase activity in tissue from 14 human pla- 
centas (12 full-term, appropriate for gestational age infants and 
two preterm, appropriate for gestational age infants) and three 
ovine placentas. 

Leucine amino peptidase (LAP), which has a broad range of 
substrate specificity including glycyl-I.-leucine and glycyl-L-lysine. 
has been reported to be present in placental tissue (6). The rate of 
hydrolysis for I.-leucyl peptides by this enzyme is maximum at pH 
9.1 with activation by manganese ion (3). Under these conditions, 
the rate of hydrolysis of glycyl-L-leucine is one-tenth the rate of 
hydrolysis of leucine amide. a specific substrate for LAP (20). To  
establish that the dipeptide hydrolysis by placental homogenates 
observed in this study resulted from dipeptidase activity and not 
LAP activity, four separate assays were performed: (1) using 
leucine amide as the substrate and purified LAP as the enzyme 
preparation; (2) using glycyl-L-leucine as the substrate with puri- 
fied LAP; (3) using leucine amide as substrate with the placental 
homogenate: and (4) using glycyl-L-leucine as substrate with the 
placental homogenate. The reaction conditions of these studies to 
distinguish dipeptidase from LAP activity were the same as those 
used in the assays for dipeptidase activity described above rather 
than optimal conditions for LAP activity. 

The in vivo role of placental dipeptidase was examined using 
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Fig. I. Time course for hydrolysis of glycyl-L-leucine and glycyl-L- 

lysine. Glycyl-[.-leucine and glycyl-I.-lysine were incubated separately with 
a placental enzyme extract (protein concentration, 0.064 mg/ml) at 39.5"C. 
The rate of hydrolysis is represented by the rate of decrease in fluorescence 
from intact dipeptide during incubation. The hydrolysis of glycyl-L-leucine 
(0). occurred more rapidly than the hydrolysis of glycyl-L-lysine (a). 
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Fig. 2. pH optimum for glycyl-L-leucine hydrolysis. The rate of hy- 

drolysis of glycyl-L-leucine was determined at 39.5OC at pH 6.0 to 9.0. 
The pH optimum for glycyl-L-leucine hydrolysis was 8.0. 
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Fig. 3. Enzyme activity as a function of concentration of enzyme 
extract. The hydrolysis of glycyl-L-leucine was determined at 39S°C, pH 
7.9, by enzyme extracts of increasing protein concentration from two 
different placentas (one represented by 0, the other by 0). A linear 
increase in enzyme activity was observed for increasing enzyme concen- 
tration for 0.01 mg protein per ml to 0.10 mg protein/ml. 

chronically instrumented pregnant sheep. Under spinal anesthesia. 
six ewes of 125 to 135 days gestation had indwelling catheters 
placed in the maternal femoral artery, one uterine artery, and 
directly in the umbilical vein. After a control period during which 
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saline was infused into the uterine artery, a solution of glycyl-I.- 
leucine in saline was infused into the uterine artery for 30 to 60 
min. The following concentrations and rates of infusion were used: 
5 mM solution at 0.2 ml/min (one ewe); 10 mM solution at I ml/ 
min (one ewe); and 250 mM at 1 ml/min (four ewes). The whole 
blood amino acid concentrations in maternal femoral arterial 
blood and in umbilical venous blood were measured before. 
during and after infusion of the dipeptide. Each umbilical venous 
blood sample was analyzed also for the dipeptide concentration. 

Four additional ewes were prepared with femoral artery. bilat- 
eral uterine vein, and unilateral uterine artery catheters (5. 12, 14). 
Into these four ewes. a solution of glycyl-[.-leucine (200 mM) in 
normal saline was infused via the right main uterine artery at I 
ml/min for 30 min after a control period during which saline was 
infused. The whole blood concentrations of amino acids were 

Time lminl 
Fig. 4. Placental dipeptidase activity distinguished from placental LAP 

activity. At pH 7.9, 39.5"C. and with no activation by metal ions. the 
following assays were performed: ( I )  placental homogenate + leucine 

measured in blood from both uterine veins and from the femoral 
artery before the infusion, at 10 and 30 min after the initiation of 
the infusion and 30 min after the infusion was stopped. Each 
blood sample was analyzed also for the presence of the intact 
dipeptide glycyl-L-leucine. 

Amino acid analysis was performed by column chromatography 
using a JEOL automated amino acid analyzer (13). The presence 
of dipeptide was detected by a quantitative gas liquid chromato- 
graphic/mass spectrometric method using glycyl-valine as a stan- 
dard, a method which is sufficiently sensitive to detect dipeptide 
in ng/ml concentrations (19. 24). 

RESULTS 

Of the dipeptides tested as possible substrates in the assay for 
dipeptidase activity, only L-lysyl-glycine, glycyl-L-lysine, L-leucyl 
glycine, and glycyl-L-leucine were hydrolyzed by human placental 
homogenates. Blood and saline controls consistently demonstrated 
no change in fluorescence after incubation for 60 min. Glycyl-L- 
leucine was hydrolyzed more rapidly than was glycyl-L-lysine. 
The rates of hydrolysis of glycyl-L-leucine and L-leucyl glycine 

TIME lminl 
amide (0); 2) LAP + glycyl leucine (a): (3) homogenate + glycyl leucine Fig. 6. Appearance of leucine in ovine umbilical venous blood in four 
(B): and (4) LAP + leucine amide (0). The placental homogenate rapidly fetal lambs subsequent to uterine artery infusion of glycyl-L-leucine (250 
hydrolyzed glycyl-L-leucine, but did not hydrolyze leucine amide. Purified mM in normal saline at I ml/min for 60 min). The whole blood concen- 
LAP rapidly hydrolyzed leucine amide; however, glycyl-L-leucine was only tration of leucine in umbilical venous blood increased during or after the 
minimally degraded by this enzyme. infusion in each animal. 

TIME lrninl 

Fig. 5. Appearance of glycine and leucine in uterine venous blood after infusion of glycyl-I.-leucine in normal saline (200 mM at I ml/min for 30 
min) into the right main uterine artery of each of four ewes. The whole blood concentrations of glycine and eucine rose in blood from the right uterine 
vein (m), the left uterine vein (0). and the femoral artery (A). The increases were most pronounced in the right uterine venous drainage where the 
concentration exceeded the arterial concentration. 
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were similar as were the rates of hydrolysis for lysyl-L-glycine and 
L-lysyl glycine. The time course for the hydrolysis of these two 
dipeptides is illustrated in Figure I. 

As illustrated in Figure 2, the pH optimum for hydrolysis of 
glycyl-L-leucine was 8.0. The pH optimum for hydrolysis of glycyl- 
L-lysine was similarly 8.0. The rate of hydrolysis of glycyl-L- 
leucine by enzyme extracts from two different placentas correlated 
directly with the protein concentration of the enzyme extract 
within the range of 0.01 to 0.10 mg protein/ml extract (Fig. 3). At 
protein concentrations above 0.10 mg/ml, the rate of reaction 
appeared to be substrate limited. The rate of hydrolysis of glycyl- 
L-lysine also directly correlated with the protein concentration of 
the enzyme extract over the same range of protein concentration. 

For human placentas, the mean activity for glycyl-L-leucine 
hydrolysis was 1.92 f 0.12 (S.E.) pmoles/min/mg protein. and the 
range was 1.30 to 2.93 pmoles/min/mg protein. The mean activity 
for glycyl-L-lysine hydrolysis was 0.34 f 0.06 (S.E.) pmoles/min/ 
mg protein; the range was 0.12 to 0.86 pmoles/min/mg protein. 
The enzyme activity of the preterm placentas was not significantly 
different from that of the full-term placentas. For the ovine 
cotyledonary tissue, the mean activity was 2.79 + 0.80 (S.E.) 
pmoles/min/mg protein for glycyl-L-leucine hydrolysis and 0.41 
f 0.25 (S.E.) pmoles/min/mg protein for glycyl-L-lysine hydrol- 
ysis. 

Under the conditions used in this assay, purified LAP rapidly 
hydrolyzed its specific substrated leucine amide, illustrated in 
Figure 4 by the rapid decrease in fluorescence from intact leucine 
amide with time. The dipeptide underwent negligible hydrolysis 
by LAP. On the other hand, the placental homogenate signifi- 
cantly hydrolyzed the dipeptide as in previous experiments, but 
did not hydrolyze leucine amide. The enzyme activity in the 
placental homogenate thus appears to be dipeptidase activity 
unrelated to LAP activity. 

The four animals prepared for the in vivo studies in which 
glycyl-L-leucine (200 mM at I ml/min) was infused into the 
uterine artery each exhibited a rise in both femoral artery and 
uterine venous blood concentrations of glycine and leucine; how- 
ever, the uterine venous concentrations of the amino acids were 
higher on the side of the uterus that was infused with dipeptide 
than the arterial concentrations (Fig. 5), indicating that the dipep- 
tide was hydrolyzed in the placenta and that the component amino 
acids subsequently were released into the maternal uterine venous 
circulation. 

Infusion of 5 mM glycyl-L-leucine at 0.2 ml/min into the uterine 
artery of a pregnant ewe did not yield a detectable increase in 
umbilical venous blood concentration of the component amino 
acids. Pre- and postinfusion blood samples contained no detecta- 
ble glycyl-L-leucine in either maternal or fetal blood. Infusion of 
10 mM glycyl-L-leucine at 1 ml/min into a second ewe was 
associated with a small increase in umbilical venous blood con- 
centration of leucine from 172 mM/liter to 21 1 mM/liter; glycine 
concentration did not increase. As illustrated in Figure 6, however, 
infusion of 250 mM glycyl-L-leucine at 1 ml/min in each of four 
ewes was associated with an increase in umbilical venous blood 
concentration of leucine. The umbilical venous blood concentra- 
tion of glycine, however, was not consistently increased by the 
dipeptide infusion. 

In the ewes infused with 200 or 250 mM dipeptide solution at 
1 ml/min, none of the preinfusion samples contained detectable 
dipeptide in either maternal or fetal blood, and umbilical venous 
blood samples obtained during the infusion were found to contain 
no detectable dipeptide; however, maternal femoral arterial and 
uterine venous blood samples collected during the infusion con- 
tained detectable quantities of glycyl-L-leucine (Table 1). By 30 
min after the infusion of dipeptide, the concentrations were neg- 
ligible. 

DISCUSSION 

Vescia and Fidanza (21) and Zoch (23) reported the presence of 
dipeptidase activity in human placenta; however, neither investi- 
gator quantitated the activity, nor did either attempt to distinguish 
the reported activity from that of other enzymes known to degrade 
dipeptides. In this study, we have confirmed in homogenates of 
human and sheep placentas the presence of dipeptidase activity 
which hydrolyzes glycyl-L-leucine, L-leucyl glycine, glycyl-L-ly- 
sine, and L-lysyl glycine. This activity is not LAP activity. The pH 
optimum for placental glycyl-L-leucine dipeptidase, pH 8.0, is 
similar to that reported for glycyl-L-leucine dipeptidase from pig 
intestine, pH 7.9 (4). The observed rates of reaction for glycyl-L- 
leucine hydrolysis by placental homogenates are comparable to 
those reported for glycyl-L-leucine hydrolysis by homogenates of 
rat jejunum and ileum (8). We have thus shown that dipeptidase 
activity which is similar to that observed in gut is present in 
~lacental  tissue. 

The physiologic significance of placental dipeptidase activity in 
providing amino acids for the fetus remains speculative. The in 
vivo studies reported in this paper are consistent with the premise 
that the placenta can process certain dipeptides to amino acids. 
When glycyl-L-leucine was infused into the uterine artery of 
pregnant ewes, the whole blood concentrations of both leucine 
and glycine in uterine venous blood rapidly increased to become 
greater than the concentrations in the maternal arterial blood that 
perfused the placenta. Subsequently, leucine concentration in- 
creased in umbilical venous blood, suggesting that one of the 
components of the dipeptide is released by the placenta into the 
umbilical circulation. Glycine concentrations increased in the 
umbilical venous blood of each of the four ewes, but at such 
variable intervals during or after the dipeptide infusions as to be 
inconclusive. Leucine injected intravenously into pregnant ewes 
has been reported to appear rapidly in umbilical venous blood, in 
contrast to glycine, which does not (22). 

Polypeptide nitrogen has been determined to be present in 
mammalian blood in amounts equal to 2.7 to 7.5 mg/100 ml (I). 
The proportion of that polypeptide nitrogen which is present as 
dipeptide has not been reported. In our study, there was no 
detectable dipeptide in ovine blood prior to dipeptide infusion. A 
number of peptide-cleaving enzymes have been identified in pla- 
cental tissue (7). We speculate that these peptidases may degrade 
hormones and other polypeptide molecules to form dipeptides 
which could then be hydrolyzed to their component amino acids 
by placental dipeptidases. Amino acids could thereby be provided 
for fetal uptake and account in part for the observed discrepancy 
between uterine and umbilical uptakes of leucine and possibly 
glycine. 

Table I. Serum concentrations of glycyl-L-leucine before, during, and after uterine artery infusion of glycyl-L-leucine (200 mM) at 1 ml/ 
rnin into the right uterine artery of two sheep 

Glycyl-L-leucine (pg/ml serum) 

Pre-infusion 10 min 30 min Postinfusion (30 min) 

Maternal femoral artery 0 30.1 f 4.5' 27.0 * 7.9 1.3 * 1.2 
Right uterine vein 0 85.1 * 18.3 78.8 * 8.3 2.2 * 1 . 1  
Left uterine vein 0 23.7 + 5.9 52.1 * 20.5 1.1 f 0.8 

' Mean * S.E.; n = five studies. 
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