
Biol. Chem. Hoppe-Seyler
Vol. 370, pp. 1093-1102, October 1989

Human Placental Sterylsulfatase:
Immunocytochemical and Biochemical Localization

Leif DIBBELT*, Volker HERZOG5 and Erich Kussa

a I. Frauenklinik der Universität München
b Institut für Cytologie der Universität Bonn

(Received 31 May 1989)

Summary: Human placental Sterylsulfatase was
localised in situ by light and electron microscope im-
munocytochemical techniques as well as in homoge-
nate and tissue extract fractions by enzyme assays.
Light microscope observations on frozen sections of
term and preterm placenta revealed Sterylsulfatase
immunoactivity primarily in the syncytiotrophoblast.
Electron microscope observations confirmed the
light microscope findings; in addition, they showed
that the sulfatase is present in the endoplasmic re-
ticulum of endothelial cells, too. In the syncytio-
trophoblast, the enzyme was detectable in the cyto-
plasmic membrane of the nuclear evelope, in the
membranes of the rough endoplasmic reticulum, in
the plasma membrane with predominant localisation
in coated pits, and in the membranes of endosomes
and multivesicular bodies; little or no reactivity was
detectable over the membranes of the Golgi complex
and of lysosomes. Sterylsulfatase immunoactivity was
absent in placentas with hereditary Sterylsulfatase de-

ficiency. The observations indicate that human pla-
cental Sterylsulfatase is normally present in the mem-
branes of compartments along the secretory pathway
and the endocytic route of cells lining the fetal and
maternal blood.
Homogenates of normal term placenta as well as
membrane vesicle preparations obtained by extrac-
tion of trophoblast tissue with isotonic saline were
fractionated by differential centrifugation; the frac-
tions were assayed for specific activities of Sterylsul-
fatase and several marker enzymes of cellular topo-
graphy. In agreement with our immunocytochemical
findings, the results of these biochemical localisation
experiments indicate the repeatedly described associ-
ation of the placental Sterylsulfatase with microsomal
membranes but also point to the presence of the en-
zyme's activity in the microvillous plasma membrane
of the syncytiotrophoblast. This localisation of Steryl-
sulfatase may have functional implications in the pla-
cental uptake of circulating steroid sulfates.

Key words: Human placental Sterylsulfatase, immunocytochemistry, marker enzyme analysis, cellular and subcellular localisation
of the enzyme.

Enzymes:
Sterylsulfatase, sterylsulfate sulfohydrolase (EC 3.1.6.2);
Alkaline phosphatase, orthophosphoric monoester phosphohydrolase (EC 3.1.3.1);
Lactate dehydrogenase, L-lactate:NAD® oxidoreductase (EC 1.1.1.27);
NADPH-cytochrome c reductase, NADPH:cytochrome c oxidoreductase (EC 1.6.2.4);
5'-Nucleotidase, 5'-ribonucleotide phosphohydrolase (EC 3.1.3.5);
Succinate-cytochrome c reductase, succinatexytochrome c oxidoreductase (EC 1.3.99.1).
Abbreviations:
Na/Pj, phosphate-buffered saline; DHEA-S, dehydroepiandrosterone sulfate.
Trivial names:
Dehydroepiandrosterone sulfate, 17-oxo-5-androstene-3/3-yl sulfate. Estrone sulfate, 17-oxo-l,3,5(10)-estratriene-3-yl sulfate.
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Immuncytochemische und biochemische Lokalisation der plazentaren Sterylsulfatase des Menschen

Zusammenfassung: Die Sterylsulfatase der menschli-
chen Plazenta wurde in situ licht- und elektronenmi-
kroskopisch mit Hilfe immuncytochemischer Techni-
ken sowie in Homogenat- und Gewebeextraktfraktio-
nen mit Hilfe enzymatischer Verfahren lokalisiert.
Lichtmikroskopische Betrachtungen von Gefrier-
schnitten der Plazenta, die mit Anti-Sterylsulfatase-
Antiserum behandelt worden waren, ergaben, daß
das Enzym in der frühen wie in der späten Schwanger-
schaft hauptsächlich im Syncytiotrophoblast nach-
weisbar ist. Die Resultate der Elektronenmikrosko-
pie bestätigten die lichtmikroskopischen Befunde
und zeigten darüber hinaus, daß geringe Mengen an
Sulfatase auch im endoplasmatischen Retikulum pla-
zentarer Endothelzellen vorhanden sind. Im Syncy-
tiotrophoblast ist das Enzym in der cytoplasmati-
schen Kernmembran, der Membran des rauhen endo-
plasmatischen Retikulums, der Plasmamembran (mit
vorwiegender Lokalisation in „coated pits") und den
Membranen von Endosomen und „multivesicular bo-
dies" nachweisbar. Die Membranen des Golgi-Ap-
parates und der Lysosomen ließen keine oder nur
geringe Immunreaktivität erkennen. Plazenten mit
fehlender Sterylsulfatase-Aktivität (hereditärer
X-chromosomaler Sulfatasemangel) zeigten keine

immuncytochemische Reaktivität des Enzyms. Die
Beobachtungen machen deutlich, daß die Sterylsulfa-
tase normalerweise in den Membranen zellulärer
Kompartimente lokalisiert ist, die Bestandteile der
sekretorischen und endocytotischen Transportwege
plazentarer Zellen sind, und zwar solcher Zellen, die
in direktem Kontakt mit dem maternen und fetalen
Blut stehen.
Homogenate normaler, reifer Plazenten sowie durch
Gewebeextraktion mit isotonischer Kochsalzlösung
gewonnene Membranvesikel-Präparate wurden mit-
tels differentieller Zentrifugation fraktioniert; in den
Fraktionen wurden die spezifischen Aktivitäten der
Sterylsulfatase und verschiedener Markerenzyme der
zellulären Topographie bestimmt. Übereinstimmend
mit den immuncytochemischen Befunden bestätigen
die Ergebnisse der biochemischen Lokalisationsver-
suche die mehrfach beschriebene Assoziation der pla-
zentaren Sterylsulfatase mit mikrosomalen Membra-
nen; sie zeigen darüber hinaus, daß die Enzymaktivi-
tät auch in der Mikrovilli-Plasmamembran des Syncy-
tiotrophoblasten vorkommt. Aufgrund dieser Lokali-
sation scheint es möglich, daß die Sterylsulfatase an
der plazentaren Aufnahme zirkulierender Steroidsul-
fate beteiligt ist.

Sterylsulfatase activity (EC 3.1.6.2) catalyses the hy-
drolysis of sulfuric acid esters of steroids such as
cholesterol, dehydroepiandrosterone or estrone. In
several steroid hormone-sensitive mammalian organs
including brain, uterus, prostate or breast cancer
cells, the enzyme may be involved into the activation
of these tissues by liberating free steroids from cir-
culating sulfoconjugated precursors^1"4!. Among
human fetal and adult tissues, the placenta is the rich-
est source of Sterylsulfatase activity. The placental en-
zyme initiates estrogen synthesis by hydrolysing de-
hydroepiandrosterone sulfate and loa-hydroxy-
dehydroepiandrosterone sulfate which stem mainly
from the fetal but also from the maternal circulation.
At term, the placenta ingests and hydrolyses up to 0.5
mmol sulfoconjugated C-19 steroids per day (about
0.05 mmol of that amount being provided by the ma-
ternal blood), aromatizes the neutral steroids re-
leased, and finally excretes the resulting phenolic
steroids, mainly estriol, into the maternal compart-
mentl5-8].

The Sterylsulfatase resembles arylsulfatase C, a type I
arylsulfatase, in many properties; both enzyme ac-
tivities are highly insoluble and preferentially found

in the microsomal fraction of tissue homogenates[5'6i.
These enzymes clearly differ, however, from the type
II arylsulfatases (arylsulfatases A and B) which are
soluble enzymes of lysosomal origin^.

In order to study the subcellular localization of the
Sterylsulfatase in more detail, we measured the ac-
tivities of this enzyme as well as those of several
marker enzymes of cellular topography in membrane
fractions prepared from placental homogenates and
in placental microvillar plasma membrane fractions
obtained separately by a rather simple procedure
which, nevertheless, results in preparations highly en-
riched in plasma membrane marker enzyme activi-
t-es[io,i3] while this work was in progress, similar ex-
periments were published by others[14]. To confirm
and to extend our results as well as those described in
ref J14', immunocytochemical studies were added. For
this purpose, we solubilized the Sterylsulfatase from
microsomes of human term placenta^, purified it to
apparent homogeneity^16'17^ and raised specific anti-
sera against the enzyme^. By this means, the in situ
localisation of the sulfatase was investigated by light
and electron microscopy.
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Materials and Methods

For immunocytochemistry, placentas obtained from normal
human term pregnancies or from therapeutic abortions within the
12th to 20th week of pregnancy were immediately processed in the
cold. After removal of decidua and fetal membranes, the tissue was
cut into small cubes and was washed with phosphate-buffered (10
mmol//, pH 7.4) saline (Na/Pj). In addition, tissue pieces were also
taken from four placentas which had been stored prior to treatment
for several weeks at - 20 °C; two of them had been shown biochem-
ically116' to be deficient of Sterylsulfatase activity, the other two
were normal male placentas used as controls.

For biochemical study, placentas from normal human term preg-
nancies obtained within 15 min after delivery were processed im-
mediately on ice. After removal of decidua and fetal membranes,
the trophoblast tissue was cut into pieces of about 10 g of weight.
Homogenates were prepared from these tissue pieces using an
Ultra-Turrax mixer'7' and were fractionated by differential centrifu-
gation according to ref.'18': all pellets obtained were recentrifuged,
and then resuspended in the homogenisation buffer (10 mmol//Tris/
HC1. pH 7.4, containing 250 mmol// sucrose and 5 mmol//EDTA).
Microvillar plasma membrane vesicles were prepared from
trophoblast pieces and were further purified by treatment with
Mg2® according to ref.'10'; the membrane pellets were resuspended
in isotonic saline buffered with 10 mmol//Tris/HCl, pH 7.4. If not
used instantly, all fractions were stored at - 20 °C; prior to analysis,
they were diluted at least five-fold with distilled water.

The preparation and properties of rabbit anti-sterylsulfatase anti-
serum were as described previously'16'. Rabbit antiserum against
human placental alkaline phosphatase was purchased from
Dakopatts, D-2000 Hamburg. All other immunochemicals were
from Vector Laboratories, Burlingame, CA94010, U.S.A. (Vectast-
ain ABC Kit). 3-Amino-9-ethylcarbazole and 3,3'-diaminoben-
zidine tetrahydrochloride were from Sigma Chemie, D-8024
Deisenhofen.

Immunohistochemistry was performed employing the avidin-
biotinylated horseradish peroxidase complex technique'19' accord-
ing to the instructions given by the manufacturer of the Vectastain
ABC Kit. For light microscope examinations, 6-μιη cryostat sec-
tions of placental tissue were mounted on gelatine-coated glass
slides and fixed with acetone for 10 min at room temperature. Fol-
lowing a 5 min incubation in Na/Pj, the slides were rinsed in
methanol containing 0.3% hydrogen peroxide for 30 min to block
the endogenous peroxidase activity. The sections were further
treated with diluted goat serum for 20 min followed by anti-steryl-
sulfatase or anti-alkaline phosphatase antiserum (diluted 1:1000 to
1:5000 with Na/Pj) for 30 min. In control experiments, antisera
were replaced either by rabbit serum drawn prior to immunization
or, in the case of sulfatase immunostaining, by antiserum preab-
sorbed with purified Sterylsulfatase (100 μξ/ml working antiserum
dilution). Peroxidase staining was performed using 3-amino-9-
ethylcarbazole as the chromogenic substrate. All incubations were
carried out at room temperature.

For electron microscope examinations, tissue fragments of about 5
mm in diameter were fixed for 3 h in freshly prepared 2% formal-
dehyde (pH 7.4), washed with Na/Pj, and treated for 30 min with 5
mmol// ammonium chloride in Na/Pj followed by 10% dimethylsulf-
oxide in Na/Pj. All steps were performed at 8 °C. Subsequently, the
fragments were rapidly frozen by dipping into melting 2-methyl-
butane, and 20-μ.τη sections were prepared with a cryomicrotome.
These sections were processed in suspension as described above for
the sections mounted on slides except that fixation with acetone
was omitted and 3,3'-diaminobenzidine was used as peroxidase
substrate. Finally, the sections were extensively washed in Na/Pj,
postfixed in 1% unbuffered OsO4, and embedded in Epon. 50 nm
thick sections were prepared by the use of diamond knives, briefly
stained with lead citrate, and examined in a Siemens Elmiskop I or
102 at 80 kV.

Sterylsulfatase activity was measured as described previously'7'
using both 35S-labeled dehydroepiandrosterone sulfate and estrone
sulfate as substrates and either 100 mmol//Tris/acetate, pH 7.0|7), or
100 mmol//phosphate, pH 8.0':>', as the buffer. Specific activities of
alkaline phosphatase'20', lactate dehydrogenase'20', NADPH-cyto-
chrome c reductase'21', 5'-nucleotidase'22', and succinate-cyto-
chrome c reductase'21' were determined photometrically and are
given as nmol product formed per min and mgprotein. Protein con-
centrations were measured according to ref.'23'.

Results

The immunohistochemical light microscope study of
human term placenta cryostat sections revealed
Sterylsulfatase immunoactivity in the syncytio-
trophoblast and in some cytotrophoblast cells under-
neath the syncytium (Figs. 1, 2). Occasionally, a faint

Fig. 1. Light micrograph of human term placenta.
Nuclei are stained with hematoxylin. Bar: 50 μπι.

Fig. 2. Light micrograph of human term placenta incubated
with anti-sterylsulfatase antiserum (for details see Methods).
Sterylsulfatase is present primarily in the syncytial trophoblast.
Nuclei and stromal tissue constituents are negative. Bar: 50
μ,ηι.

Bereitgestellt von | Universitäts- und Landesbibliothek Bonn (Universitäts- und Landesbibliothek Bonn)
Angemeldet | 172.16.1.226

Heruntergeladen am | 04.07.12 15:41



1096 L. Dibbelt, V. Herzog and E. KUSS Vol. 370 (1978)

reaction was also observed in endothelial cells. The
reaction was negative with control sections treated
either with rabbit normal serum instead of the anti-
serum or with antiserum preabsorbed by purified sul-
fatase (not shown).The distribution of sterylsulfatase
i^nmunostaining was similar to that of alkaline phos-
phatase except that the latter appeared to be concen-
trated within the apical and basal plasma membrane
df the syncytiotrophoblast (not shown) whereas the
sulfatase immunoactivity was dispersed over the syn-
qytiotrophoblast sparing only the nuclei (Fig. 2).
Similar results were obtained when preterm (12th to
20th week of pregnancy) placental sections were
studied (not shown). Sections taken from two steryl-
sulfatase-deficient placentas did not react with the

anti-sterylsulfatase antiserum. Since these placentas
had been stored frozen for several weeks prior to
analysis, normal placentas stored for the same time
intervals were also analysed. Sections from such
placentas exhibited the same sterylsulfatase im-
munoactivity pattern as described above. Neither
sterylsulfatase nor alkaline phosphatase were detect-
able in placental paraffin sections.
Immunocytochemical electron microscope analyses
of cryostat sections of human term placenta con-
firmed the presence of sterylsulfatase in the mem-
branes of syncytial trophoblast cells (Figs. 3, 4a and
5). Minor amounts of the specific reaction product,
however, were also observed in endothelial cells (Fig.
4b). In both syncytium and endothelial cells, intense

V'MICROVILU
ι

(Fig. 3. Electron micrographs of human term placenta incubated with anti-sterylsulfatase antiserum.
a) Apical region of syncytiotrophoblast; b) Cytoplasmic portion of syncytiotrophoblast. In addition to the plasma membrane, the
membranes of multivesicular bodies (MVB) and of endosomes (ES) are labeled. The membranes of the rough endoplasmic re-
Iticulum (RER) are strongly stained. Few vesicles (arrowhead) in the apical region are not reactive. Bars: 0.5 μτη.
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Fig. 4. Electron micrographs of human term placenta incu-
bated with anti-sterylsulfatase antiserum.
a) Nucleus (N) and perinuclear region of syncytiotrophoblast.
Note the labeled outer membrane (OM) and the unlabeled
inner membrane (IM) of the perinuclear cisternas (PC). Bar:
0.5 μτη. b) Placental capillary, lymphocyte and endothelial cell
with nucleus (N). Membranes of the rough endoplasmic re-
ticulum (RER) and the perinuclear cisternas (PC) are labeled
in the endothelial cell. Bar: 1 μτη.

Sterylsulfatase immunostaining was observed over
the membranes of the rough endoplasmic reticulum
(Figs. 3b and 4).The reactivity in the endoplasmic re-
ticulum was also demonstrated by the presence of im-
munoreaction product in the perinuclear cisternas
where exclusively the membrane directed towards the
cytoplasm was labeled (Fig. 4). Within the syncytio-
trophoblast, reaction product was also detected at the
apical and, to a lesser extent, at the basal plasma
membrane and observed there primarily in coated
pits at the bases of microvilli and endocytic vesicles
(Fig. 5a). Most vesicular elements close to the apical
cell surface and multivesicular bodies were reactive
for Sterylsulfatase (Figs. 3a, b and 5b). Vesicles simi-
lar in size to multivesicular bodies but labeled only at
the inner surface of their membranes were defined as
endosomes. Their function in the endocytic process
remains to be established. Only few apical vesicles
were free of reaction product (Fig. 3a).
Owing to mild fixation and freezing of the tissue mul-
tiple artifacts were observed. The syncytial tropho-
blast was often disrupted and detached from the base-
ment membrane which in this case usually carried
small fragments of the basal cell surface of the syn-
cytiotrophoblast. The most prominent intracellular ar-
tifacts were large distensions of the rough endoplas-
mic reticulum which occasionally occured as vacuolar
elements with a diameter of up to one micrometer.
The specificity of the immunoreaction was de-
monstrated by two different controls, namely the ap-
plication of pre-immune serum and the reaction of
antiserum with placental tissue from fetuses affected
with X-linked Sterylsulfatase deficiency. In both ex-
periments (not shown) the syncytial trophoblast was

Fig.5. Electron micro-
graph of human term
placenta incubated with
anti-sterylsulfatase anti-
serum.
a) Coated pits (cp) in
the apical plasma mem-
brane and vesicles under-
neath show labeling
(40000 x). b) Multivesicu-
lar bodies (mvb) and endo-
somes (ES) are reactive
(25000 x).
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free of reaction product; placental endothelial cells
showed a very low level of reactivity which clearly dif-
fered from that observed in experiments using anti-
serum and normal placental tissue.
For biochemical study, freshly prepared homogenates
of normal human term placenta were fractionated by
differential centrifugation according to a frequently
used scheme. When the various membrane pellets
and the final supernatant obtained were tested for ac-
tivities of sterylsulfatase and of several other enzymes

commonly used as markers of cellular topography,
the distribution of specific sterylsulfatase activity
over the fractions clearly differed from those of the
cytoplasmic and mitochondrial marker enzymes but
closely resembled the ones of the microsomal and
plasma membrane marker enzymes (Table 1). A
microvillous plasma membrane fraction was sepa-
rately prepared by extraction of placental tissue with
isotonic saline and was further purified by preferen-
tial aggregation of intracellular membranes with

Table 1. Total amount of protein [mg] per fraction and specific activities [nmol product per min and mg protein] of sterylsulfatase and of
marker enzymes as measured in human term placental homogenates (obtained from 40 g tissue) and in fractions prepared thereof by diffe-
rential centrifugation.
Mean value ± standard deviation; n: number of preparations tested; n.d.: not determined: * below the limit of detection as stated; ** values
determined either withTris/acetate, pH 7.0 (upper row), or with phosphate, pH 8.0 (lower row), as the reaction buffer.

Enzyme
(main subcellular location)

Lactate dehydrogenase
(cytoplasm)

Succinate-cytochrome c
reductase (mitochondria)

Alkaline phosphatase
(plasma membrane)

5'-Nucleotidase
(plasma membrane)

N ADPH-cytochrome c
reductase
(endoplasmic reticulum)

Sterylsulfatase**

Amount of protein

Homogenate

320 ± 32

2.54 ±0.56

1 150 ± 420

10.2

4.09 ±0.80

0.72 ±0.19
(0.40 ± 0.09)

3 726 ±443

Pellet
1000 x g

109 ± 18

1.69 ±0.21

650 ± 300

4.7

3. 73 ±0.41

0.86 ±0.23
(n.d.)

960 ± 70

Pellet
8000 x g

77 ±23

18.97 ±3.39

3 110 ±440

19.2

9.32 ±1.96

1.16 ±0.22
(0.66 ±0.11)

45 ±4

Pellet
15 000 x g

62 ±13

15. 76 ±4.57

5 870 ±400

31.6

8.41 ±0.50

1.27 ±0.25
(0.65 ± 0.09)

60 ±7

Pellet
150 000 x g

36 ±8

2.94 ±1.02

8 880 ±3 030

42.9

24.39 + 3.49

3.02 ±0.91
(1.72 ±0.21)

135 ±11

Supernatant
150 000 x g

583 ± 139

<0.09*

530 ± 250

2.5

1.43 ±0.45

0.15 ±0.09
(n.d.)

1545 ±143

n

3

3

9

2

4

9
(3)

3

>unt of protein [mg] per fraction and specific activities [nmol product per min and mg protein] of sterylsulfatase and of
5 measured in isotonic saline extracts of human term placental tissue (60 g) and in membrane fractions prepared thereof

Table 2. Total amo
marker enzymes as
by differential centrifugation (Details seeTable 1).

Enzyme
(main subcellular location)

Lactate dehydrogenase (cytoplasm)

Succinate-cytochrome c reductase
(mitochondria)

Alkaline phosphatase
(plasma membrane)

5'-Nucleotidase (plasma membrane)

N ADPH-cytochrome c reductase
(endoplasmic reticulum)

Sterylsulfatase**

Amount of protein

Tissue extract

350 ± 55

<0.03*

950 ± 230

7.2

0.41 ±0.20

0.04 ±0.02
(0.02 ±0.01)

497 ± 139

Crude microvilli

63 ±29

<0.35*

19 280 ±8 950

145

1.24 ±0.84

0.26 ±0.13
(0.12 ±0.06)

6.2 ±2.3

Mg2@-precipitated
membranes

22 ±9

<0.19*

17030 ±7 110

129

1.41 ±0.86

0.29 + 0.13
(0.16 ±0.06)

2.4 ±0.9

Purified microvilli

21 ±10

<0.13*

29 100 ±10 660

227

0.96 ± 0.47

0.35 ±0.17
(0.18 ±0.09)

3.1 ±1.2

n

3

3

9

2

3

9
(3)

3
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Mg2®. The resulting membrane fractions likewise
were tested for the enzyme activities mentioned
above and the following results (Table 2) were ob-
tained:
1) as compared to placental homogenate, the crude
and the purified microvillous membrane fraction
showed about 15- and 25-fold increased specific ac-
tivities of the plasma membrane marker enzymes;
2) the specific activity of the microsomal marker en-
zyme was rather low in the crude microvillous mem-
brane fraction and was even further decreased in the
purified fraction;
3) with all preparations analysed, specific Sterylsul-
fatase activity was also low in the crude microvillous
membrane fraction but, in contrast to the specific ac-
tivity of the microsomal marker enzyme and in agree-
ment with the ones of the plasma membrane marker
enzymes, was slightly increased in the purified micro-
villous membrane fraction.
Specific Sterylsulfatase activities listed inTables 1 and
2 are those obtained with dehydroepiandrosterone
sulfate as the substrate. The respective values mea-
sured with estrone sulfate as the substrate are about
four-fold higher (not shown). The determination of
Sterylsulfatase activity, especially in crude samples,
may be influenced by the presence of other sulfatases;
therefore, experimental conditions were established
by others to permit the nearly independent measure-
ment of the activity of the former enzyme151. When
these conditions (phosphate buffer, pH 8.0) were
applied in the present study, activity values obtained
were reduced by about 50% (Tables 1 and 2). The
characteristic distribution of the specific Sterylsul-
fatase activity throughout the various fractions, how-
ever, remained unchanged.

Discussion

Human placental Sterylsulfatase immunoactivity was
studied in situ with polyclonal anti-sterylsulfatase
antibodies employing immunoperoxidase labeling of
the enzyme. The purity of the corresponding immuno-
gen exceeded 95% as was proven by electro-
phoresis'161 and amino-acid sequencing'171. The
specificity of the antiserum was established previ-
ously'161 and confirmed in the present study by the ab-
sence of immunoactivity in tissue samples from
placentas affected by Sterylsulfatase deficiency, a
metabolic disease with a recessive X-linked mode of
inheritance[24l.This finding also demonstrates that the
deficiency is caused by a failure in enzyme synthesis
rather than by a mutation affecting the enzyme activ-
ity.

The light microscope results indicate that human pla-
cental Sterylsulfatase is present predominantly in the
syncytiotrophoblast. This finding agrees with im-
munofluorescence data reported previously'251. Other
enzymes involved in the transformation of neutral
steroids to phenolic estrogens had also been localized
in the syncytiotrophoblast'26·271. Thus, the syncytium
once again was confirmed to be the principal steroid
transforming compartment in the human placenta.
Besides the syncytiotrophoblast, however, low but
significant amounts of Sterylsulfatase immunoactivity
were also detectable by electron microscopy in en-
dothelial cells of the placenta. Hence, the enzyme
seems to be present in placental cells lining both the
fetal and the maternal blood.

Electron microscope results revealed the most in-
tense staining for Sterylsulfatase immunoactivity over
the membranes of the endoplasmic reticulum includ-
ing the nuclear envelope as would be anticipated for a
highly insoluble microsomal type I arylsulfatase'5 61.
Immunoactivity of the enzyme, however, was also de-
tected in the plasma membrane, especially in coated
pits, and in vesicles close to the cellular apical surface
of the syncytiotrophoblast. Lysosomes were found to
be devoid of Sterylsulfatase immunoactivity.Thus, the
subcellular location of Sterylsulfatase differs signific-
antly from that of type II arylsulfatases which are
primarily localized in lysosomes[9].The different sul-
fatase classes are therefore distinguished by their spe-
cific intracellular distribution and, consequently, by
their presumed site of action. The Golgi complex also
appeared to be essentially free of Sterylsulfatase im-
munoactivity; the sulfatase does not seem to be en-
riched there, although it should be processed, as a
glycoprotein, in this compartment'281.

In a recent publication on the histochemical and im-
munohistochemical localization of arylsulfatase C in
rat liver and kidney, this enzyme likewise was re-
ported to be found mainly in hepatocytes and in
epithelial cells of the tubuli but, although less fre-
quently, also in endothelial cells'291. Sterylsulfatase
was also immunolocalized in endocytic pits and vesi-
cles of cultured human fibroblasts'301. These results
are consistent with our findings in the human
placenta. The particular localization of the enzyme
clearly shows that it is present in membranes along
the pathway of receptor-mediated endocytosis. Be-
cause the placental Sterylsulfatase was limited to the
membranes of endosomes and multivesicular bodies
but could not be detected in lysosomes, we conclude
that the enzyme is not delivered to lysosomes but is
presumably recycled back to the cell surface or trans-
ported to other cellular compartments.
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In order to quantify the sterylsulfatase present in the
placental subcellular compartments, its activity was
measured by an assay routinely applied in our labora-
tory using 3:>S-labeled substrates andTris/acetate, pH
7.0, as the buffer[7l In addition, all measurements
were repeated using phosphate, pH 8.0, instead of
Tris in order to meet the recommendations for opti-
mal assay conditions given, for instance, in ref.!5].
Phosphate ions as well as high pH values are known to
strongly inhibit the activities of (acid) lysosomal sul-
fatases; these conditions, however, also impair the ac-
tivity of the placental sterylsulfatase[5*31]. Indeed,
sterylsulfatase activities determined by the modified
assay were lower by about 50% than those measured
with our routine assay. Nevertheless, both assays re-
sulted in essentially the same distribution of specific
sterylsulfatase activity over the various subcellular
fractions. It thus appears that the determination of
sterylsulfatase activity even at neutral pH and in the
absence of phosphate is not affected by the presence
of lysosomal sulfatases.

The results from marker enzyme analyses largely
agree with data given in the literature with the only ex-
ception of the specific activity of 5'-nucleotidase
which is considerably lower than values reported by
others[io,i3,i4,32-34] The ̂ ^ findingj however, may
be due to the precautions taken in the present assay to
prevent the unspecific cleavage of the nucleotidase
substrate by other placental phosphatases[22].The en-
richment of specific activities of the plasma mem-
brane markers alkaline phosphatase (25-fold) and 5'-
nucleotidase (22-fold) in the purified microvillous
membrane over their activities in the placental
homogenate is comparable to the higher levels of en-
richment reported by others using, in principal, the
same preparative technique^10'11'13'331; it is about two-
fold higher than the enrichment reported for conven-
tional preparations of plasma membranes from
homogenates using density gradient centrifuga-
tion[13'34'35]. The small difference between the enrich-
ment factors of alkaline phosphatase and 5'-nuc-
leotidase may be explained by the recent finding of a
soluble isoform of the latter enzyme in human plac-
enta[32,36j. apart from tm-s? none Of trie marker en_
zymes can be expected, of course, to be found exclu-
sively in a unique subcellular compartment under the
dynamic conditions that exist in living cells[37].

The data presented inTables 1 and 2 are in line with a
preferential association of placental sterylsulfatase
with membranes of the endoplasmic reticulum. In ad-
dition, they agree with the recently made contention
that at least part of the enzyme's activity is bound to
the microvillous plasma membrane of the syncytiotro-

phoblast^. The latter conclusion is based on the fol-
lowing observations:
1) When the crude microvillous membrane fraction
was treated with Mg2® in order to aggregate and sepa-
rate intracellular membranes, the resulting fraction of
microvilli exhibited increased specific activities of the
plasma membrane marker enzymes but a decreased
specific activity of the microsomal marker enzyme as
was expected110·131; nevertheless, the microvilli frac-
tion also exhibited an increased specific activity of
sterylsulfatase. The differences between the mean
values of specific enzyme activities of the crude and
the purified microvillous membrane fraction, respec-
tively, may be regarded as not to be statistically signif-
icant because the standard deviations obtained for
these values were rather high. However, these stan-
dard deviations mainly reflect the largely varying en-
zyme activities as measured with preparations from
different placentas, that is the biological variability of
enzyme activities which in the case of sterylsulfatase
also includes sex-related differences^; the relative
error of enzyme activity determination within a single
preparation of each of these fractions did not exceed
20%.
2) As was already quoted[14], the contamination of the
microvillous membrane fraction by microsomes is
rather low (about 14% in ref.(14], less than 5%
(purified microvilli) in the present study as judged
from specific activities of NADPH-cytochrome c re-
ductase of both fractions). This contamination by
microsomal membranes would account for less than
50% of the specific sterylsulfatase activity measured
in the microvillous membrane fraction. The remain-
ing part of the enzyme's specific activity therefore
should be bound to non-microsomal membranes,
most likely the microvillous plasma membrane. The
biochemical results thus support the im-
munocytochemical observations in that they likewise
point to the association of sterylsulfatase not only
with the membranes of the endoplasmic reticulum
but also with the microvillous plasma membrane of
the syncytiotrophoblast.

It is commonly thought that mammalian sterylsul-
fatases hydrolyse steroidal sulfoconjugates which
stem from the circulation and reach the intracellular
compartment by mechanism(s) not well under-
stood11"^. In agreement with this hypothesis, the
sterylsulfatase of human placenta likewise was found
to be located intracellularly for the major part. How-
ever, the observation of the enzyme being present not
only in the membranes of the endoplasmic reticulum
but also in the plasma membrane and in membrane-
ous compartments along the endocytic pathway of at
least the syncytial trophoblast suggest that it may
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serve further physiological function(s).Thus it may be
speculated that the sulfatase is involved in the uptake
of circulating steroid sulfates by the placenta: the en-
zyme, for instance, could hydrolyse the anionic, hy-
drophilic steroid sulfates either at the outer side of the
microvillous plasma membrane or inside the endocy-
tic vesicles and the lipophilic steroidal product then
might easily traverse the membrane to gain access to
intracellular steroid metabolizing enzymes.

Alkaline phosphatase and 5'-nucleotidase are plasma
membrane-bound enzymes which likewise are as-
sumed to be involved in cellular substrate uptake
from blood (ref.[4] in ref.[36],[38]). Specific activities of
these enzymes in the placental microvillous mem-
brane fraction were found to be considerably higher
than the specific activity of the Sterylsulfatase (Table
2). However, the respective value for the sulfatase
(0.35 nmol dehydroepiandrosterone sulfate (DHEA-
S) hydrolysed x min'1 x mg protein"1) roughly meets
specific activity values calculated for sulfate or
DHEA-S uptake by human placental brush border
membrane vesicles in vitro (about 0.5 and 3 nmol x
min'1 x mg protein"1, respectively^12·39!) as well as the
value estimated for the uptake of DHEA-S from the
uteroplacental circulation by the placenta in vivo (at
least 0.05 nmol x min"1 X mg protein"1, based on the
following data: maternal blood DHEA-S concentra-
tion 2 nmol/m/8^, placental clearence rate for mater-
nal DHEA-S 25 m//min (flux limited) (refJ68! in
ref.i8]), 10 g syncytiotrophoblast protein per
placenta[40], about 10% of them microvillous pro-
tein). Thus from both subcellular localisation and en-
zyme capacity it seems to be at least not unreasonable
to assume a role of human placental Sterylsulfatase
within the mechanism of steroid sulfate membrane
transport. This hypothesis is further supported by the
fact that the sulfatase activity is affected by well
known anion transport inhibitors to about the same
degree as is the transport of inorganic and organic an-
ions across the plasma membrane^31'41!.
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