voL. 34 (1959) BIOCHIMICA ET BIOPHYSICA AGTA 313

PLACENTAL PHOSPHATASES

Z. AHMED" axn E. J. KING
Postgraduate Medical School of London (England)
(Received August 8th, 1g58)

SUMMARY

1. Acid and alkaline phosphatase concentrations have been determined in human
foetal blond, maternal blooed and amniotic fluid. There appears to be no relation
between the concentrations of the enzymes in the three fluids.

2. Acid and alkaline phosphatase, pyrophosphatase and s-nucleotidase were
determined in several human placentas and their corresponding amniotic finids. The
alkaline phosphatase activity of placental tissue was high. There appeared to be no
constant relation between the amounts of the four diffcrent enzymes.

3- A difference between placental and erythrocyte pyrophosphatase was demon-
strated. Their behaviour towards magnesium activation and inhibition by several
cations was diilerent. .

4. Differential centrifugation of placental homogenates showed the acid phos-
phatase to be presecnt mainly in the cytoplasm, alkaline phosphatase and pyro-
phosphatasc mainly in the microsomes and cytoplasm, and most of the 5-nucleotidase
in the microsomes, mitochondria and cytoplasm.

INTROPUCTION

The fuli-term human placenta is 6 to 8 in. in diam., and 1 in. thick, and weighs about
500 g. The uterine surface is made up of 15-20 convex arcas which are called cotiyledons.
The foetal surface is not subdivided and is covered completely by the vascular
mescderm of the chorion with its large umbilical vessels. The placenta is the “‘tran-
sitory liver” of the foetus It is a storchouse of kailding and maintenance materials,
and contains large amounts of carbohydrates, proteins, fats, vitamins, hormones,
minerals and enzymes. The enzymes include alkaline and acid phosphatases, choline
esterase, and proteolytic and glycolytic enzymes.

Bussk! reported an active alkaline phosphatase in the placenta. BoOTELLA
Liusia? found it to increasc in activity in the human placenta until the sixth or
seventh month of pregnancy. NaTar? found that the phosphatase of pig’s placenta
increased as gestation proceeded. SEELICH AND GoMoOLKA? found a similar ratio of
alkaline to acid phosphatase in the placenta and amniotic fluid.

The plasma alkaline phosphatase was found by Youxc, Kmng, Woop anp
WoorToN® to rise during pregnancy. BERTHIOULT, BERGER AND GOUNET® likewise

* Present address: The General Company for Pharmaceuticals, S.AE., 26 Sherif Pasha Str.,
Immobilia Building, Cairo.
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found a rise, followed by a post-partum fall, Similarly SPEERT, GRAFF AND GRAFF?
found a three-fold increase by term and a rapid increase after delivery. The alkaline
phosphatase of the cord blood was higher than that of maternal blood and there
appeared to be no relation between the two. MariANL, HEREDIA AND SENINOS likewise
found an increase of plasma phosphatase during pregnancy but SEra® did not.

This paper rzports a study of the occurrence and distribution of phosphate-
splitting enzymes in the human piacenta 7.e. acid and alkaline phosphatases, pyro-
phosphatase and s-nucleotidase. An account of the placental 5-nucleotidase, its
behaviour and properties has already been published!®,

MATERIALS

Foetal and maternal blood. Simultaneous samples of the foetal blood {rom the cord and
of maternal blood were collected. They were centrifuged and the plasma used for the
determinaiion of acid and alkaline phosphatase (see below).

Amniotic fluid. Enzyme activities were carried out on centrifuged-fresh amniotic
fluid within 2 h of its collection.

Placenial extraci. The cord and membrane were removed, and the placenta
washed free of blood with heparinized saline {0.99% salt solution), inserting canulae
into the veins and arteries. A complete washing required about 5 1. The placenta was
dried with blotting paper, minced in & mechanical mincer, weighed and an equal
amount of water added. The mixture was homogenized in a Waring blender for 2 min,
centrifuged and the supernatant separated for the enrzyme estimations.

Placenta for listochewical cxamination. Specimens of the washed placenta were
treated for histological phosphatases as described by PEARSE!!L,

Placental howmogenate for diffevential centrifugation. About 25 g of placenta were
cut into small pieces with a knife. These were mixed with 80 ml ice-cold isotonic
sucrose {6.25 M, adjusted to pH 7.2). The mixture was treated in a small Waring
blender for 2 min, and diluted to 100 ml. This mixture was kept ice-cold. Part of it
(10 ml representing 2.5 g) was further homogenized in a pre-cooled glass homogenizer,
which was kept dipped in ice-cold water. The homogenizer tube was moved up and
down to force the tissue against the grinding surtace. Grinding was continued for
3 min. The procedure was considered satisfactory if there were very few cellular
structures remaining.

The homogenizer was made from a 50-ml pyrex syringe from which the nipple
had been cut and sealed ofi. The plunger was connected to a larger diameter rod. This
was connected to a mechanical stirrer through a flexible joint of rubber tubing.

Erythrocyte haemolysale. The packed cells were washed twice with 0.9% salt
solution, and then diluted with g vol. of distilled water, when a clear haemolysate was
obtained. Enzyme determination were carried cut immnediately after preparing the

hLaemolysate.
METHODS
Acid and alkaline phosphatases in blood plasma and amniotic fluid

The phenyi phosphate method of King anp ARMSTRONG!2 was used as described
by ArvL-Fapr axp Kixg?3, the aminocantipyrine-ferricyanide procedure of KiND AND
King*t being used to estimate the liberated phenol. Incubation times of 1 h for acid
References p. 324325,
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phosphatasc pH 4.9 and 15 min for alkaline phosphatase pH 10 were used. Resuits
are expressed as KiNG-ARMSTRONG units, Z.e. mg phenol liberated in 1 h for the acid
phosphatase, and in 15 min for the alkaline phosphatase.

Acid and atkalive phosphalase of placental extvact

Two methods were used, J.e. the above, and thic modification of the phenyl
phosphate procedure (KinG, ABUL-FapL axn WaLker!®) in which the liperaied
phosphate is determined instead of the phencl. Acetate buffer is used in the latter
procedure for acid phesphatase instead of the citrate usually employed for blood
plasma. The iwo methods gave closely comparable results. Kixg-ARMSTRONG units
are equal to '/, mg of liberated P (phosphate) when free phosphate is estimated instead
of free phenol (mol. wt. of phenol = 3 » at. wt. P).

Formol-stable acid phosphatase

Formaldehyde inactivates the acid phosphatase of the red cells, leaving that of
some tissues, e.¢. the prostate unaffected. The method is as above with the addition of
o.02 ml neutralized 409, formaldehyde solution.

PyropHosphatase

Reagents: 0.01 M sodium pyrophosphate, 0.27 g in 100 ml distilled water, freshly
prepared; pH 8.3 veronal buffer (for placental pyrophosphatase): pH 7.6 veronal
buffer (for erythrdoyte pyrophosphatase).

Procedurs. 1 ml g.o1 M =odium pyrophosphate 4 1 ml. H,0 (or 1 ml magnesium
sulphate solution) -+ 4 mli buffer {pH 8.3 or 7.6) in a tcst tube are warmed in a water
bath at 37° for 3 min. The enzyme solution (I mnl) is added and the tubes kept at 37°
for 30 min. Samples of @ ml are then pipetted into r3-ml flasks containing 1 ml
1 N H,;850,; + s ml. HO -+ rml 5% ammonium molybdate - 0.5 ml c.22, amino
naphthol suiphonic acid, and water added to the mark and well mixed. A high
concentration of strong acidt must be avoided, in order to prevent hydrolysis of pyro-
phosphate. KuniTtz!® found that z ml N H,SO, in 15 ml was suitable. The colour
should be read within 5 min. The pyrophosphatase unit is taken to be equal to 2 mg
of orthophosphate P liberated in 60 min (2 ortho-phosphate = 1 pyro-).

5-MNucleotidase

Two centrifuge tubes containing 1.6 ml of 0.05 A/ veronal buffer solution of
pH 7.5 and 0.2 of 0.0x M substrate solution also adjusted to pH 7.5 (sodium phenyl
phosphate for the one and aduaylic acid for the other) were placed in a water bath at
37° for about 5 min. Then o.z-ml samples of enzvyme solution (placental extract diluted
ten times) were added and the tubes incubated for exactly 3o min. The enzyme
reaction was stopped by 4 ml of 52, TCA solution. FThe samples were centrifuged and
free phrrphate estimated. Adenylic acid is hydrolysed by both the non-specific
phosphatase and the s-nucleotidase, phenyl phosphate only by the non-specitic
phosphatase; the difference between the two hydrolyses gives the 5-nucleotidase. The
unit is equal to 1 mg liberated P per hour,

Enzyme activity at different pH
Phthalate buffer solution, (CLARK AND Lups?) pH z2-6.6, and carbonate veronal
References p. 324f325.
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buffer solutions (KinGg aNp DELORYY) pH 7.5-10.5 were used. The exact pH of the
mixed buffer and substrate solutions was measured with a Cambridge meter. In
comparisons of enzyme activity at different pH wvalue, a constant timc of 30 min
incubation was used with all substrates.

Differential centrifugation

The homogeuate was centrifuged at oo rev./min for 10 min. The supernatant was
collected. The precipitate was washed with 1 ml o.25 M sucrose at 0° and centrifuged
for 1o min. This supernatant was added tothe first. The residue containing the cell
debris was ker: in a refrigerator.

The combined supernatants were centrifuged at 1500 rev./min for 20 min, the
re¢w supernatant collected and the precipitate washed with 1 ml ¢.25 M sucrose and -
centrifuged again for 10 min. The supernatants were combined. Some of the precipitate
was fixed on a slide with 2z % formalin, stained with eosin-haematoxylin and examined
microscopically. This was found to be mainly composed of nuclei. This constituted the
nuclear fraction.

The combined supernatants were centrifuged in a superspced centrifuge at
10,000 Tev./min for 45 min, the supernatant collected, the precipitate washed with
0.3 ml of 0.25 M sucrose solation, and again cenirifuged for 45 min. The supernatants
were combined. The combined supernatants were now centrifuged at 24,000 rev./min
for go min. A jelly-like precipitate appeared. This was the microsomal fraction. The
supernatant was separated, and constituted the cytoplasmic fraction. All fractions
were put immediately in the refrigerator after separation, and were examined for

alkaline and acid phosphatase, pyrophosphatase and 5-nucleotidase activity without
delay,

Histochenical alkaline phosphatase

The sample of tissue was fixed in cold formalin (4°, 8 h). Under these conditions
artefacts are small and ¢nzyme diffusion negligible. The method used depends on the
hydrolysis of Na f-naphthyl phosphate and the instant reaction in situ of the liberated
f-tiaphthol with diazotized a-naphthyl amine at pH g.4. A red precipitate is produced
at the site of phosphatase activity.

RESULTS
Phosphatases in blood plasma and amaiotic fluid

Table I shows the results obtained for acid and alkaline phosphatase cn maternal
and foetal blcod plasma and on amniotic fluid. The total cases examined were 13,
but the maternal blood of one case and the foetal bloods of g were not available. All
specimens of plasma and amniotic fluid were free of any traces of haemolysis. The
maternal plasma acid phosphatases were all within the normal range of 0—4 units. The
plasma alkaline phosphatases showed a slight but definite increase, one being twice
the upper limit of normal (KinG AND WooTToN give the normal range 3-12 units).
Similar elevations of alkaline phosphatase in maternal blood have been noted by
several authors referred to in the INTRODUCTION. Several explanations have been
advanced for this increase during pregnancy. Ramsay, THiEzws anD MAGEEZ®
suggested that there is evidence of deficient calcium and phosphorous metabolism;
References . 324)325.
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TARLLE T
ACID AND ALKALINE PHOSPHATASES IN MATERNAL AND FOETAL BLOOD PLASMA AND AMNIOTIC FLUID

{all expressed 1 units/100 ml)

NMaternal bload Frcterd Blond

Awntiotic fiuid

A — e . — - ] e
o ‘5: FSS O Atkaline 204 P ikadine .'fffr:J( FSs Aifdine
1 + 4 12.5 7.0 35 3 7
2 1 1 5.3 3.2 15 g0 4.7 3.0 2.3
3 L2 o 17,2 1.t 1.1
% 1.t (51 1.3 3.3 22 7.1
3 2.t 2.h 1.8 2. 2 i f
i 2.0y LN 10,40 1.0 .5 3.7
h 32 35 0.3 N 3.3 .4y
B oy 1008 2 Lo 2.5
9 3= 3 0.3 7.7 7.7 I 10 2.0 .6
10y 3.4 1.0 ter 3 Lo B 1.2
1t -4 3 21 1.1 SRy i.g
4 1 n 1.5 2 .5 4.3
13 0 [ 10,5 0HoN (9] ¥ I18.5
H 2.1 2.1 23 4.2 .2 16k, 47 I.m =3
I3 1.7 0.9 ty.2 1.7 1.5

* F.8, = formol-stable acid phosphatase.

Bonaxsky?! thoughit that occasional high values might be due to increased para-
thyroid stimulation.

_Although the foctal bloods examined were very few, it seems that there is no
definite relation between the alkaline phosphatase in maternal, foctal blood and
amniotic fluid. Case No. g, "ahydramnous™ is remarkable for its very high acid
phosphatase (though normal formol-stable acid phosphatase) in both maternal blood
plasma and amniotic fluid, and an exceptionally low aikaline phosphatase in the
maternal plasma. Case No. 7 also had very high acid phosphatases, this time in the
foetal plasma, the maternal not having been done, and in the amniotic fluid. Several
tissues of the body, particularly the red blood cells, have an acid phosphatase which is
destroyed by formaldehyde: the large differences between the total and the formol-
stable acid phosphatases in these two cases represent this formaldehvde-labile
phosphatase. From what tissue it came is not known, but it could not have been
from the blood cells since both plasmas and amniotic fluids were free of haemolysis,
Case No. 7 was one of streptococcal toxaemia.

Phosphatases in placenta and amniotic fluid

The acid and alkaline phosphatases, pyrophosphatase and 5-nucleotidase were
measured in 10 placentas and their corresponding amniotic fluids (Table II). The
placental total acid phosphatase varied from 1.2 to 5 units whereas the formol-stable
acid phosphatase was from o0 to 3 units; only a small proportion of the acid phosphatasc
of the placenta is therefore formaldehyde-labile lie that of the red cells. The alkaline
phosphatase varied from 8 to 41 units/g wet tissue; pyvrophosphatase from 0.6 ta 3.4
units and 5-nucleotidase from 0.4 to 10 vnits. There seems to be no obvious relation
between any of the enzymes and the clinical conditions. DEMPSEY AXD WISLOCKI®??
reported an increase in alkaline and acid phosphatase in pre-eclamptic placentas. The
References p. 3241323,



318 Z. AHMED, L. J. KING voL. 34 (1959)

cases reported here are too few either to support or to contradict this finding. There is
no relation between the placental enzymes and their corresponding values in the
amniotic fluids. SEELICH AND GOoMOLEKA? claimed that the ratio between alkaline and
acid phosphatase in placenta and amniotic fluid is constant. The figures in Table IT do
not support this. It is perhaps worth noting that the concentration of enzymes in the
placentus {expressed as units’g wet tissue) are a hundred or more times those in the
amniotic fiuid (expressed as units/T00 mi of Auid).

Histochemical phosphatase

The MEXTEX, JUNGE AND GREEN® S8-naphthol method as modified by GroOGG AND
PE.ArsE® gave excellent results {(Fig. 1). Intense colour of the highly inscluble red dye
allows the use of a very short incubation time. There was practically no staining of
tissue nuclei, and the phosphatase activity was clearly limited to the placental
epithelium. This resuit is similar to that described by DEMpPsEY axD WisLockl and
by DuyoxT. Attemnpts to study acid phosphatase and s-nucleotidase by histocheinical
means gave very weak staining reactions, although it appeared that their sites of
principal activity were the same as that of alkaline phosphatase.

Fig. 1. Alkaline phasphatase in human placenta. Histological section stained by f#-naphthol
rhoesphate diazo method, % 1oo.

Some proporiies of placental plosphatases

IFig, 2 shows the results of hydrolysis of phenyl phosphate by fresh crude aqueous
placental extract at different pH values. There are 2 peaks of activity, one at pH 5
and another between pH 10 and 10.3. The activity found at the alkaline pH is about
20 times greater than that at pH 5. Formal-stable enzyme was found to be 30 % of the
total acid phosphatase. With added magnesium (final concentration o.o1 M) the acid
References p. 324[3235.
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phosphatase was inhibited while the alkaline phosphatase displayed a 23 9% increase
of activity at the optimum pH.

Table 1II shows the effect of different concentrations of Mg, Co, and Zn on
alkaline phosphatase of the crude placental extract, before and after dialysis against
running tap water overnight and then against distilled water for a further 1z h. Mg
was found to exhibit a maximum activation of the enzyme before dialysis at 0.005 M.

TABLE IIX

EFFECT OF DIVALENT cATioxs (Mg?*, Cov?, Zntt) o8 CRUPE PLACENTAL ALKALINE PHOSPHATASE
e . s

e P Mheraled 1t sl
Melar concentrations

Beflore diaiys !'; Afrer dialvsis

No Cation added T2 63
1. Mg o.02 Qo 75
0.01 93 84
0.0035 ag 23
53,0032 75 75
0.00T1 70 74
0.0005 75 72
05.Q002 s 7o
0.0001 72 6g
2, Co  o.01 57 Go
0.005 B31 78
0.G02 5 93 76
0.0 87 75
0.0005 86 74
©.0002 84 72
C.0001 Sz 72
0.00005 70 66
3. £Zn  w©.001 12 o)
©.0003 | 3 1z
0.0002 [ 12
0.0001 8 12
0,00005 18 12
0,000025 2 13
0.00002 2 13
0.00001 30 30
=
£
9) -
B £
£
R of a
e 5o p"Q'Mg ¥ L
1] t ur
3 L ' 4
2 ) ap
240 :.:: Lo
B g
i G
h
£ E’uai» e il
o L L 5
5777 e 345 6 7 8,509

Fig. z. pH hydrolysis curve of phenyl phosphate  Fig, 3. pH hydrolysis curve of pyrophosphate
by fresh aqueous placental extract with and by fresh agueous placental exiract with and
without added magnesium (c.01 3 Mg). without added magnesium {o.o1 M).

References p. 324{325.
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After dialysis, however, Mg was found to be maximally effective at g.01 M showing
that some Mg, which always accompanies alkaline phosphatase in crude extracts, was
probably lost during dialysis. The diminution of enzyme activity after dialysis may be
due to dilution by osmosis or partial denaturation or both. Co showed an inhibitory
effect at o.0o1 M but at lower voncentrations activation of the enzyme occurred and
was maximal at o.002z3 M and still evident at o.00003 3. After dialysis activation was
maximum at 0.005 M. Another experiment was performed in which both Co and Mg
were added to the enzyme preparation in amounts required to produce maximum
activation when used individually. In such an experiment the enzyme activity was
found to be enhanced to a much higher level than that obtained by the use of either
Mg or Co alone. Zn was inhibitory in all the dilutions used.

Fig. 3 shows the pyrophosphatase pH activity curve of crude placental extract
with and without Mg (0.o1 3}. In the absence of Mg two peaks of activity.appeared,
one at pH 3.4 and the other at about pH 8.5. The latter activity is almost seven times
as high as the former. With Mg, however, the two peaks of optimal activity were at
3.4 and at about 6.0. The component of very high activity at pH 8.5 without Mg is no
longer apparent after the addition of Mg; instead a new one at pH 6 appeared. The
activity at this new peak is not as high as that at pII 8.5. The activity at pH 6 with
Mg is only 2.5 times as much as that at pH 3.4.

As with phosphomonoésterase, so pyrophosphatases also display isodynarmic
properties. Three are known, one with an optimum pEl bctween 7.2 and 8.z and
activated by Mg. This is abundantly present in animal tissues (Kav®®, ROCHE AND
Bavupoin®)., Another has an optimum pH between 5-5.5. This is not activated bj;.r
Mg and is always associated with alkaline phosphatase in animal tissue and is abundant
especially in iver (ROCHE anD Baupoix®). The third has an optimum activity between
PH 3.2 and 4 (THo%),

Erythrocytcs are amongst the tissues known to contain relatively high con-
centrations of pyrophosphatase (JENNER anD Kav®). It is oplimally active at about
7.6 and is activated by Mg (Nacaxna and MENox3)., Experiments were carried out to
compare erythrocytes and placental tissue with respect to pyrophosphatase activity
in the presence and absence of Mg.

Fig. 4 shows the effect of different concentrations of Mg ion on the erythroeyte
and placental pyrophosphatases at their optimum pH values. Mg is indispensable for
the activity of red blood cell pyrophosphatase; no hydrolysis occurred in its absence.
Maximum activation occurred in the presence of o.c01 M Mg. Such a concentration
of Mg was strongly inbibiting to the placental enzyme. This was activated with
relatively lower concentrations, 7.6, 0.00025 and o.oocozs M.

Nacanyva AxD Menon® jound that without added Mg the erythrocyte pyro-
phosphatase aciivity was negligible and that o0.02 M increased the acivity more than
roc-fold. Kunitz® found that yeast pyrophosphatase has an optimum activity round
pH 7 and that it is activated by 0.003 4{ Mg.

Zn, Co and Ca inhibited placental pyrophosphaiase activity. Inhibition ceased
at nbout o.oc0025 M in the case of Zn and Co. Ca was the least inhibiting of the
three and at o.oocox M, Ca showed some activation. These results are shown in
Table IV.

NAGANNA AND MEeNon2® found Zn, Co and Ca to inhibit erythrocyte pyro-
phosphatase, but in concentrations different from those shown here for placental

References p. 324]325-
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TABLE IV

ACTION OF ZINC, COBALT AND CALCIUM I0NS OF DIFFERENT MOLAR CONCENTRATIONS
ON PLACENRTAL PYROPHOSPHATASE
1

No
Cation wided

L' nits sl

[P L7 o.oul wOG60%5 Q0008 (2R e}l g ] [7Re /1200 3 2.0100102 5
2.4 Zntt 0.15 0.30 a.45 1.3 .3 2.1 2.3
2.4 Co™t 0.15 .30 0.67 1.3 2.1 2.3 2.4
2.4 Cat+ D.22 1.6 1.7 2.0 2. 2.8 2.4

pyrophosphatase. The two enzymes differ in their optimum pH, and their activation
by Mg and in their inhibition by several metals.

The rates of hydrolvsis of adenylic acid and phenyl phosphate by placental
extract at varying pH values are represented in Fig. 5. The curves are similar to those
described by REuis®t for the tissues where a strong alkaline phosphatase and 5-nucleo-
tidase are preseni together, e.g. human ossifying cartilage or choroid plexus. At about
PH 9 the rate of hydrolysis of phenyl phosphate is much higher than that of adenylic
acid; the reverse applies at pH 7.5. This fact may have some importance as concerns
the physiological significance of phosphatases and indicates the procedure to be
followed in measuring 5-nucleotidase activity.

The steep descent of the curve at low pH values suggests the occurrence of
phosphorylation in this region.

The alkaline phosphatase and s-nucleotidase activity in 16 placentas were
estimated. The results are shown in Table V. The mean value of non-specific phos-
phatase is 1.3 mg P/g tissue/h when phenyl phosphate was used as substrate. Sub-
tracting this from the mean value obtained when adenylic acid was used as substrate,
cne obtains an approximate value for §5-nucleotidase activity. The results obtained fall
over a wide range. No correlation exists between those obtained for specific and non-
specific phosphatase activity.

It wzs of interest to check how the methods used for alkaline phosphatase
purification affected 5-nucleotidase activity. The purified alkaline phosphatase showed
no 3-nuclectidase activity. We found that autolysis of placenta in the presence of

£
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Fig. 4. Effect of different mapgnesivm concen-
trations on ptacental {at pH 8.3) and erythro-

cyte (at pEH 7.6) pyrophosphatases.

Fig. 5. pH hvdrolysis curves on phenyi phos-
phate and adenylic aci<d by placental extract.
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TABLE V

ALKALINE PHOSPHATASE (NON-SPECIFIC PHOSPHATASE] AND
5-NUCLEGTIDASE (SPECIFIC PHOSPHATASE} ACTIVITIES IN 10 HUMAN PLACENTAL EXTRACTS

Enzvme activity expressed as mg P liberated/g tissue/h at pH 7.5.

Hydrolysis of :

X N . . Natio 5-nucleotiduse]
Phenyl phosphate Adesylic acid s-Nuclotidase S o
(rnan-specific phosphatase  (non-sp. phosphatase’+ non-specific phosphatise
activtiy) s-nnclentidase)
Average: .3 3.9 z.6 2,0
Range: a.5—-3.0 2.0—5.5 0.4-5.1 0.3—-9.2

toluene anqd ethyl acetate destroyed the 5-nucleotidase, while autolysis in the presence
of a few drops of chloroform did not affect it. Fromn this it is obvious that the 5-nucleo-

tidase is destroyed during the first step of the procedure usually used for the alkaline
phosphatase.

Driffercntial centrijugation

Table VI shows the results of fractionating placental tissue, and for ~omparison
gives those obtained by NoVIKOFT ¢ al,*2. More than half the acid phosphatase was
found in the cytoplasm. The mitochondrial and microsomal fractions each- contain
149% while there was none in the nuclei. The cell debris contained only #%;; this may
be due to inefficient washing of the cell debris. The sum of the activities of the fractions
was 2% of that measured in the whole tissue homogenate.

The alkaline phosphatase was present mainly in the cytoplasmic {37%) and
microsomal fractions (33 %) and mitochondria (139,). The remainder was found in the

nuclear fraction {79%) and cell debris (89,). The high alkaline phosphatase activity

TABLE VI

DISTRIRUTION OF PHOSPHATASES IN PLACENTAL CELL FRACTIONS (UN!Tng TISSUE}

Ph “:Iff ;":I’ . Alkaline phosphatase P rophosphatase 5-Nucleotidase
Units o, Units 5 P Units v prld Units o
Total 2.8 100 24 100 30.8 2.2 100 5.2 1.5 100
Residue
(cell debris} 0.2 7 2.0 s 2.4 o.z2 9 0.4 .8 18
Nuclear fraction a 0 1.6 7 1.7 o o o o. 2
Mitochondria o.4 14 3.0 13 3.2 a.2 g 0.7 1.0 22
Microsomes 0.4 T4 S.o0 33 9.6 o.8 36 1.6 1.6 35
Cytoplasm 1.6 57 8.8 37 10.8 0.8 36 1.0 1.0 zz
Recovery (24 9z o8 90 99
- Plistribution in rat liver (NoVvIKoFF of al.3%)
Total ' GO—100 85105 . 83-105
Nuclear fraction 3—I0 10-18 40350
Mitochendria 3540 1720 40—45
Microsomes 5-10 o—10 . 510
“Suapernatant” 35—50 55—70 io—I3
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of the cytoplasmic fraction may be duc to the presence of smaller particles which
could not be completely sedimentoed by the centrifugal force available.

The distribution of pyrophosphatase is more or less the same as that of alkaline
phosphatase, One third of the 5-nucleotidase was in the microsomal fraction and one
quarter in the mitochondria and cytoplasm. The large amount found in the cell debris
could account for the low content of the nuclear fraction.

Dovxyee's® finding of o higher alkaline phosphatasc in the nuclei was no doubt
due to contamination by microsomal particles, for ALLFREY of al.®, using a floatation
technique for the isolation of nuclei, has shown that they are almost devoid of alkaline
phosphatasc activity.

It is not rlear whether mitochondria do in fact have any appreciable alkaline
phosphatase activity, and this would be simpler to ascertain if there were no doubt
concerning the identity of the so-called “‘mitochondria’. HIRs ef al.% clearly recognised
the possibility of small mitochondria which would sediment with the microsomal
fraction. The results obtained by them using kidney of both rat and rabbit suggest
that the mitochondria do in fact carry some phosphatase activity. However, it is clear
that the microsomal fraction carries by far the greater activity.

DISCUSSION

The placenta is a very rich source of enzymes particularly of alkaline phosphatase.
There seems little doubt that this high content of alkaline phosphatase is formed in the
placental tissue itsclf. What its role is in the placenta is not clear, but it may take part
in the exchange of various substances between mother and foetus as suggested by
DumonT. Its activity in the placenta is comparable with that in the intestinal mucosa
and in the kidney, both tissues in which active transfers are taking place. The several
phosphatase enzymes may also have a part in the metabolism of the placenta itself,
It is hoped that further work on placental enzymes may vicld information of both
scientific and clinical value.
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EFFECT OF INHIBITORS OXN LYTIC ENZYME SYNTHESIS
BY BACILLUS SUBTILIS R
M. H. RICHMOND®

Pepartiment of Biocheniistry, Undversity of Caanrbridge (Great Britain)

{(leceived Qctober 3oth, 1o33)

v

SUMMARY

8-aza-guanine has been shown to be a potent inhibitor of lytic enzvme synthesis
in B. subtilis R. Its action is detectable within 5 min ¢f addition to the system and
is complete before incorporation of the analoguc into the RNA fraction of the cclls
is appreciable. 8-aza-guanine was also found to be a potent inhibitor of general
protein synthesis in the cell whether measured by the incorporation of 1-1-14C7-
lencing, 1.-[i-¥C]phenylalanine, pr-T-"Clalanine or [1Clglycine. Cell wall synthesis,
as measured by the incorporation of pr-1Clalanine into the egg-white lysozyvme
sensitive portion of heat-killed B. subfilis R, was not effected significantly by con-
centrations of the analogue causing inhibition of protein synthesis.

A method is suggested whereby the amine acid composition of small quantities
of cell wall may be determined.

INTRODUCTION

It has been shown previously!:? that, during exponential growth in simple synthetic
media, cullures of Bacillus subtilis R synthesise an extracellular lytic enzyme similar
to egg-white lysozyme. As the extracellular lytic activity at any instant is a constant
proporiion of the total enzyme activity in the culture, the appearance of lvticactivity
in tire growth medium may be used as a measure of enzyme synthesis. In the past a

* Present addvess: Nationat Institute for Medical Rescarch, The Ridgeway, Mill Hill, London
NWz7, England.
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