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Abstract-Homogenized tissue of the human placenta is capable of inactivating bradykinin. Ultraceotri- 
fuging of the homogenate has shown that the highest activity cosedimeots with ribosomal fraction. Partial 
purification of the enzyme by filtration on Sephadex G-200 has been performed. Three protein peaks of 
kioioase and converting activities were obtained. The optimum pH of kinioase activity of placenta was 
determined. An attempt to determine molecular weight wab made with the use of Sephadex G-200. 

Presented results indicate that the placental tissue of a normal woman produces enzymes with kioinase 
activity and activity converting aogiotensioase I to aogiotensinase II, which may have significance in 
mechanisms of the local autoregulation of the blood flow. 

Kininases constitute a natural protection of the body 
against excessive action of kinins. These enzymes 
disrupt peptide bonds of the kioin chain. Severance 
of whichever of the bonds causes an inactivation of 
the kinin molecule. Most important kininases are: 
kininase I breaking off C-terminal arginin and kinin- 
ase II breaking off C-terminal dipeptide Phe-Arg, 
having also the activity of a converting enzyme 
14, 51. 

Tissues of the reproductive organ participate 
actively in plasma kininogenesis as well as in inactiva- 
tion of kinins. It has been shown for example that the 
extract from the human placenta contains kinin form- 
ing activity i.e. it has enzymes that release kinins from 
plasma kininogen [13]. It has been shown too, that 
aminopeptidases occur in the placenta and that they 
transform relatively poorly active kallidin to brady- 
kinin [ 181, as well as low molecular substances of a 
polypeptide character, blocking the influence of 
bradykinin on smooth muscles [ 111. 

This work reports investigations of the substance 
occurring in the placenta, which causes bradykinin 
inactivation and conversion of angioteosin I to 
angiotensin II. 

MATERIALS AND METHODS 

Reagents 

1. Sephadex G-25; G-200 (Pharmacia); 2. Brady- 
kinin (BRS-640, Sandoz and Calbiochem); 3. (Asp’- 
Ile’) Angiotensin I (Schwartz-Mann); 4. Angiotensin 
II (Ciba); 5. Blue Dextran 2000 (Pharmacia); 6. 
Aquacid II (Calbiochem); 7. Pepsin (Serva Entvick- 
lungslabor); 8. L-Arginine (Reanal, Hungaria); 9. 
DL-Arginine (Reanal, Hungaria); 10. Human Albumin 
(Bio.-Med. Poland); 11. Phsopho-glycero-aldehydo- 
dehydrogenase (Koch-Light Lab.); 12. Human Trans- 
ferine (Bio.-Med., Poland); 13. EACA (Chemapol., 
Czechoslovakia); 14. Tris (hydroxymethyl methyl- 
amine) (Koch-Light Lab.); 15. Silicon (Clay Adams); 
16. CoCl, x 6 H,O (P.O.Ch., Poland); 17. Na,EDTA 
(P.O.Ch., Poland); 18. Sodium desoxycholate (Polfa, 

Poland); 19. Phosphate buffer pH 6.8 (Chemicals- 
P.O.Ch., Poland); 20. Ringer-Tyrod’s solution: 21. 
Dialyzing membranes (C. H. Dexter). 

Material 

Placentae, obtained from women with the normal 
course of pregnancies resulting in normal delivery, 
were taken for investigations. The placentae im- 
mediately after delivery were placed into a container 
with ice-cold physiologic NaCl solution. Into the 
umbilical arteries canules were inserted and con- 
nected to a reservoir filled with cold physiologic 
NaCl solution and the placenta was washed out under 
the pressure of an 80mm water column until the 
blood was fully removed. Washed out lobes were 
separated from the placenta through its full thickness, 
fetal membranes and larger blood vessels were re- 
moved and then placental tissue was dried on filter 
papers. 

Methods 

Fructionution of human plucental homogenote. Frac- 
tionation was performed based on Schneider’s 
method [16]. Devoid-of-blood placental lobes were 
frozen in dry-ice. After thawing, the tissue was cut 
into small pieces and then mixed in the ratio: 10 g of 
the tissue with 50 ml of the solution 0.25 M sucrose 
and homogenized for 2 min in a Servall Omni- 
Mixer. Following preliminary centrifuging of the 
filtrate, fractionation was carried out using a centri- 
fuge (Servall) and ultracentrifuge (MSE). The follow- 
ing fractions were obtained: 

1. 755 g-10 min nuclei and destroyed cells; 
2. 2500 g-10 min-mitochondria; 
3. 15,000 g-20 min-lysosomes; 
4. 60,000 g-60 min-polysomes; 
5. 150,000 g-30 min-ribosomes; 
6. Supematant. 
To identify cell organelles, each obtained fraction 

was examined in the electron microscope EM-100 
(Philips). The material was placed on Formwar- 
carbon nets, and stained negatively according to 
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Home’s method [7]. All the fractions but the last 
filtrate were treated with ultrasounds (MSE, 400 W, 
5 min) in order to break up organelles and then the 
content of protein and kininase activity were deter- 
mined. 

Preparation of the materialfor puri$cation. Placental 
tissue was placed in phosphate buffer 0.02 M pH 
8.3 + 0.05 M NaCl/l and homogenized. The homo- 
genate was filtered through a nylon sifter and then 
centrifuged for 60min using 60,OOOg acceleration. 
The obtained material, containing polysomes and 
ribosomes and so-called soluble fraction, was saturated 
with sodium desoxycholate up to a final concentra- 
tion of 0.26 per cent. After one hour mixing at the 
temperature of 4”, desoxycholate was removed by 
filtering on gel Sephadex G-25. In the preparation, the 
protein content, kininase activity and converting act- 
ivity were determined. Water extract was concentrated 
by means of aquacid in dializing bags. 

Molecular filtration. Inner surface of the glass 
column (2.2 x 45 cm) was covered with silicon. 
Sephadex G-200 was used, applying the flow as phos- 
phate buffer 0.02 M pH 8.0 adding 0.05 M NaCl/l 
from the bottom of the column to the top, at the 
rate of 10 ml@. Protein in fractions was determined 
spectrophotometrically. At the same time, kininase, 
converting and angiotensin activities were esti- 
mated. The material for investigations was stored 
at - lo”. At particular stages of the preparation, the 
protein content was estimated by the Lowry method 

The influence ofkininase inhibitorson the investigated 
enzyme activity. The enzyme was incubated with some 
kininase I inhibitors at 37” for 30min and then the 
substrate was added to the system and incubated 
for further 30min at the same temperature. The 
incubation was interrupted by boiling for 10 min, the 
activity being measured with a biological test. An 
identical system with no inhibitor was used. 

The test to determine placental kininase molecular 
weight. Active fractions obtained from molecular 
filtration were used for investigations. The column 
2.2 x 45 cm filled with Sephadex G-200 was applied. 
Elution was carried out at the rate of 10 ml/hr. The 
volume of the introduced sample into the column was 
1 ml, the volume of the pooled fraction was 3.6 ml. 

The following standard proteins were used: cyto- 
chrome C, molecular weight 12,600; pepsin, molecular 
weight 35,000; bovine albumin, molecular weight 
69,000; human transferine, molecular weight 90,000: 
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Fig. 1. Distribution of kininase activity in subcellular frac- 
tion of homogenates of human placenta. 

phosphoglyceraldehyde dehydrogenase, molecular 
weight 140,000. Dextran Blue 2000 was used to deter- 
mine the void volume of the column (V,). In calcula- 
tions, the coefficient of the refative eluation volume 
(&QQ, recommended by Determan, was used [3]. 

RESULTS 

Kininase activity of subcell&r fractions. The 
highest activity was shown by the ribosomai fraction 
cont~ning about 1 per cent of total protein and 35.5 
per cent activity and by the polysoma1 fraction 
containing about 3.5 per cent of total protein and 23.5 
per cent activity (Fig. 1). 

Purification of substances with kininase activity. The 
removal of nuclei fragments of smashed cells and 
mitochondria from the preparation causes almost 
a three-fold increase in specific activity. Further a 
two-fold increase in the activity is noted after de- 
oxychoiate administration, filtration on coarse 
Sephadex G-25 and following concentration. In 
such a manner obtained preparation was filtered on 
the Sephadex G-200 column. It was found that frac- 
tions (I) 22-26, (II) 29-42, (III) Xl-54 and (Iv) 59-61. 
possess the capability to inactivate bradylcinin {Fig. 
2A). The activity of angiotensin conversion to angio- 
tensin II (Fig. 2B) occurred in these fractions, too. 
The purification process performed so far is shown 
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Fig. 2. Purification of placenta kininase by gel filtration on Sephadex G-200. Bed dimensions 2.2 x 45 cm. 
Flow rate: 10 ml/lx. Eluant: 0.02 M phosphate buffer, pH 8.0, and 0.05 M NaCl. The protein was detected 
spectrophotomarically.[Kininoseactivitywasme~undwithBRS640ontheisolated~eapigintestinum 

--(A). Converting activity with (Asp’-Iv) Angiotensin I on the isolated rat uterus--(B). 
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f 
Total Total Sppoific PWlfiC 

protrln 
(rngl 

Homog*nat* 342.00 325.50 0.66 

suprmatant 20.4OOrg-30mIn 66.40 162.90 2.07 3 

Sup*matent 
(Owxycholot.,O-26, 46.36 170.20 3.67 6.1 
Agvacid II ) 

I fraction 22-26 12.96 32.40 2.50 3.7 

P fro&Ion 29-42 II.20 114.20 10.20 16.4 

m fraction 60-54 1.32 2.57 1.95 2.6 

Fig. 3. Purification of kininase from human placenta. 

in Fig. 3. Homogenate centrifuging at the speed of 
20,400g for 30 min caused the loss of 75 per cent 
protein and a triple increase in specific activity 
compared to fresh homogenate. 

The action of sodium dezoxycholate and then 
filtration on Sephadex G-25 coarse, concentration 
and centrifuging caused the loss of 50 per cent of 
protein from the previous stage and a further two- 
fold increase in activity. Continuation of the table 
represents comparison of the protein content and 
activity in fractions from chromatography on Sepha- 
dex G-200. Fractions 22-26 containing 28 per cent 
of protein introduced into the column, and 19 per 
cent of activity, show almost a four-fold increase in 
activity compared to the homogenate activity. Frac- 
tions 29-42 contain 24 per cent of protein and 67 
per cent of activity and show more than l&fold 
increase in activity. Fractions Xl-54 contain 2.8 
per cent of protein and 1.5 per cent of activity, an 
almost three-fold increase in activity compared to 
homogenate. Fractions 59-61 contain 0.7 per cent 
of protein and 0.8 per cent of activity and show prac- 
tically no increase in specific activity. Angiotensinase 
activity was also determined in the fractions from 
chromatography. The activity is represented by a 
continuous line with circles in Fig. 4. 

The curve profile, representing angiotensinase 
activity does not allow any decisive isolation to be 
made of active sites in the chromatogram. In fractions 
28-32 slight activity occurs. Beginning occurs with 
two peaks visible in fractions 38-48. Angiotensinase 
activity has been calculated in ng of inactivated 
angiotensin II preparation with reference to the 
protein content in particular fractions. 

Action of inhibitors. The effect of inhibitors capable 
of affecting inhibiting kininase I capacity (carboxy- 
peptidase N) on the placental kininase activity was 
investigated. Besides Na,EDTA, the following com- 
pounds were used: cadmium sulphate (CdSO,), 
L-arginine, ot_-arginine and epsilon-amino capronic 
acid (EACA). In our conditions only Na,EDTA 
inhibits placental kininase activity. 

Influence of pH on bradykinin inactivation affected 
by placental kininase. Two buffers were used: phos- 
phate buffer 0.02 M at pH 6.0-8.0 and Tris-HCl 
buffer 0.02 M at pH 8.0-9.2. Most favourable to the 
reaction of placental kininase-bradykinin appeared 
to be the medium at pH about 8.0. 

At extreme values, i.e. at pH 6.0 and 9.2, enzymatic 
activity was lower, in the medium of both the buffers 
(Fig. 5). The change of pH to 7.0 caused a weaker 
(by about 35 per cent) bradykinin inactivation, 
whereas at pH 6.0 bradykinin inactivation occurred 
only in about 20 per cent. On the side of alkaline 
reaction the pH shift to 9.0 caused a decrease in 
inactivation by 25 per cent. Further pH increase to 
9.2 decreases inactivation by 40 per cent. 

Determination of molecular weight of placental kinin- 
use by gelfiltration on Sephadex G-200. Void volume 
(V,) of the column is 83.4 ml. Individual values of the 
so called relative elution volume (V,/V,) of active 
protein obtained from chromatography were from 
fractions 22-26 I c/V, = 1.04, from fractions 29-42 
II V,/l$ = 1.53.Figurebrepresentsthemodeofmolecu- 
lar weight calculation. Individual values of relative 
eluation volume of standard proteins were laid off 
on ordinate axis, their molecular weights were laid 
off on abscissa axis in the logarithmic scale. In the 
calculation of the linear dependence between these 
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Fig. 4. Angiotensimzse activity in the fraction of gel filtration on Sephadex G-200 (the same gel filtration as 
on Fig. 2). 
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Fig. 5. Optimum pH determination of placental kminase 
activity. Left curve, phosphate buffer; right curve, Tris- 

HCI buffer. Mol~ity of buffers 0.02. 

values, the method of least squares was used. Particu- 
lar peaks of placental kininase activity correspond 
with the following values of molecular weight: 
I-479,000: II-159,000: III-24,300. Because of an 
extreme position of I and III values of the peak, they 
should be accepted as calculated with large approxi- 
mation. 

DISCUSSION 

It has been found in this study that in the tissue 
homogenate of the womens placentae, beside angio- 
tensinase activity, kininase activity and activity 
converting angiotensinase I to angiotensinase II. 

Kininase activity sedimentates with both the ribo- 
somal and polysomal fractions: it has also been found 
in supernatant. In the molecular filtration on Sepha- 
dex G-200, the mixture of ribosomal and polysomal 
fractions and supernatant underwent division into 
three peaks with kininase activity. In each of these 
peaks there was the activity converting angiotensin 
I to angiotensin II, too. 

Using the methods recommended by Determan [3] 
we have approximately determined the molecular 
weight of the first peak as about 479,000, of the second 
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Fig. 6. Trial to determine molecular weight of placental 
kininase by gel filtration on Sephadex G-290. 

peak as 150,000 and that of the third as 24,300. 
The molecular weight value of the first peak is approxi- 
mate only, because it lies at the limit of distributive 
capability of the Sephadex used. 

With the use of inhibitors, such as EDTA, CdSO.,, 
L-arginine, DL-arginine and EACA, it results that m 
the placental tissue homogenates kininase II is 
found. Kininase II-converting enzyme shows opti- 
mum of action at pH 7.0-8.0; shifting towards acidic 
side of alkaline one causes rapid inactivation. The 
division of kininase activity in chromatography 
on Sephadex G-200 into three distinctly demarcated 
peaks shows that in the placental tissue different 
forms of the same enzyme are found, or different 
enzymes decomposing bradykinin and converting 
angiotensin I. Both the assumptions have real grounds 
since there are data concerning kininase II poly- 
merization-a converting enzyme Cl51 as well as 
enzymes forming kininase II are known 12, 61. The 
lack of a distinct division of angiotensinase activity 
may be caused by the presence in the placental tissue 
of various angiotensinases, also unspecified. 

It is known that angiotensinase activity of plasma 
of healthy pregnant women increases with the age of 
pregnancy and decreases immediately following de- 
livery [14]. The behaviour of the angiotensinase 
level is associated with the production of these en- 
zymes by the placenta [S]. The plasma of pregnant 
women with hypertension shows significantly lower 
values of angiotensinase activity compared to that 
of healthy pregnant women [lo]. These facts suggest 
that metabolic disturbance are responsible for 
some symptoms of gestosis. 

The occurrence of the enzyme converting angio- 
tensin I to angiotensin II and inactivating kininase 
in the human placenta may testify that the organ 
interferes with the local economy of active peptides 
within the sphere of the pregnant uterus, and it might, 
as with placental angiotensinases, participate in the 
systemic circulation. 

However, determination of the real role of the 
placental converting enzyme requires further investi- 
gation. 
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