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Summary-Partial purification (mx 140-fold) of estrogen sulphotransferase (EC 2.8.2.4) in 
human mammary estrogen receptor positive cancer tissue was achieved by affinity chromatog- 
raphy on adenosine-3’,5’-diphosphate-agarose. It had a M, of approximately 70,008 by gel 
filtration and upon electrophoresis on concave gradient polyacrylamide gels, showed a major 
(M, 70,000) and a minor (M, 200,000) peak of activity. Kinetics of this preparation 
(estra~ol-17~ and estrone as substrates), and also that of hydroxysteroid sulphot~sfera~ 
(EC 2.8.2.2) contained in the cytosol of human mammary cancer MCF-7 cells (%ndrostene- 
3@,17/?-diol and dehydroepiandrosterone as substrates), were compared. The enzymes showed 
very similar behaviour, characterized by high affinity for their steroid substrates (low nM 
range) and co-operativity in their binding. For hydroxysteroid sulphotransferase, the adrenal- 
derived estrogen S-androstene-3/3,17@-diol was the preferred substrate compared to dehydro- 
epiandrosterone in the w nM concentration range. Such properties of the enzymes might 
be designed to limit the exposure of nuclear receptor to free l&and. Alternatively, a defined 
subcellular location would perhaps involve the enzymes in the elimination of estrogen after 
processing of the lig~d-fund receptor. 

INTRODUCTION 

The ability of human mammary tumours to sulph- 
urylate steroids in vitro has been shown to be associ- 
ated with both prognosis and response to hormone 
ablation[l]. Patients whose tumours lacked sulph- 
urylating ability uniformly failed to respond to 
adrenalectomy and this also reflected a very poor 
prognosis. Hormone sensitivity of the tumour was 
also indicated by the relative sulphurylation rates of 
two substrates, viz. estradiol-17B (E2) and dehydro- 
epiandrosterone [I]. These steroids are substrates 
for estrogen sulphotr~sfera~ (EST) (EC 2.8.2.4) 
and hy~oxys~roid s~photransfe~~ (HST) (EC 
2.8.2.2), respectively. The expression of EST in 
human mammary tumours and cell lines is positively 
correlated with the presence of the estrogen recep 
tor [2-6]. More recently, a similar relationship for the 
expression of HST in human mammary tumours and 
cell lines, has been established [a]. 

When the metabolism of 1 nM concentrations of E; 
and the a~e~l-delve estrogen 5-androstane- 
3@,17@liol (Adiol) [7l (a substrate for HST but not 
EST) were studied in four estrogen receptor positive 
and four estrogen receptor negative cell lines, then 
sulphate ester formation was generally the major 
route of metabolism in estrogen receptor positive 
cells. Oxidation of E2 to estrone, or Adiol to dehy 
droepiandrosterone. was the major metabolic route 
in the estrogen receptor negative cell lines [S, 61. Adiol 

is capable of acting as an estrogen in human mam- 
mary cancer cell lines at concentrations found in the 
blood of Western women (w 2 nM). For example, in 
MCF-7 cells it induces synthesis of the estrogen- 
dependent 52 K ~ycopro~in 181, and in ZR-75-l cells 
it stimulates cell growth [9]. At these concentrations 
it is also estrogenic in the rat [lo]. 

We now report that EST and HST of human 
mammary cancer origin, share common properties 
highlighted by very high athnity and cooperativity in 
binding of their respective steroid substrates. 

Sephacryl S-200 and adenosine-3’,5’-diphosphate- 
agarose were obtained from Pharmacia, Uppsala, 
Sweden. Adenosine-3’,5’-diphosphate, adenosine-3’- 
phosphate-5’-phosphosulphate, bovine serum albu- 
min and other protein molecular weight markers, 
and unlabelled steroids were obtained from Sigma 
Chemical Co., (St Louis, MO.). [~5S]S~pha~ (carrier- 
free), [2,4,6,7-3mstrone (80 Cifmmol), [2,4,6,7-3H]- 
E, (96 Ci/mmol), [ 1,2,6,7-‘HJAdiol and [ 1,2,6,7- 
‘Hldehydroepiandrosterone (89 Ci/mmol), were 
obtained from the Radiochemical Centre, Amer- 
sham, England. Adenosine-3’-phosphate-S-phospho- 
[35S]sulphate was prepared as previously 
described [l 11. Bovine EST was purified from 
placenta cotyledons 1121. Human mammary turnouts 

695 



696 J. B. ADAM and N. S. PHILLWS 

were received on dry ice and stored at - 80°C. Assay 
for estrogen receptor (dextran charcoal method) in 
the cytosol was carried out as described previously [2] 
and was performed on these samples within a period 
of 1-2 weeks. For enzyme purification, estrogen 
receptor positive tumour tissue was removed after 
storage at -80°C. for periods up to 4 months. 

~~~i?y chromutography 

Estrogen receptor positive ( > 6 fmol/mg cytosol 
protein) human mammary cancer tissue was pooled, 
cleaned of connective tissue and fat, and a sample 
(5 g) homogenised in 4 vol of 0.05 M ‘Iris-HCI buffer, 
pH 7.4, containing 1 mM EDTA, 0.1 mM dithio- 
threitol and aprotinin (Sigma), 200 KIU/ml (Ultra- 
turrax instrument, Janke and Kunkel, K. G. Ikawerk, 
Stansen I., Breisgaw, West Germany). Cytosol 
was prepared by centrifugation at lOO,OOOg for 
1 h. The procedure for absorption of EST onto 
adenosine-3’,S’-diphosphate-agarose and elution with 
adenosine-3’,S’-diphosphate, was exactly as described 
previously [S]. 

Gradient polyacrylamide gel electrophoresis 

Concave (2.S-27%) gradient gels (8 cm x 8 cm 
x 3 mm) were purchased from Gradipore Ltd, 

Sydney, Australia. These gels were prepared in 
2.7 mM Na,EDTA, 16 mM boric acid and 19 mM 
(NH&Sod. A continuous buffer system (0.08 M 
Tris/boric acid, pH 8.3 containing 3 mM EDTA) was 
employed, and this was cooled continuously by 
pumping through coils immersed in ice-water. Before 
applying to the grad&ore gel, EST, eluted from the 
affinity gel by adenosine-3f,S-diphosphate, was freed 
of nucleotide by passage through a small column of 
Sephadex G-100 equilibrated with homogenization 
buffer (50 mM Tris-HCl, pH 7.4, containing 1 mM 
EDTA and 0.1 mM dithiothreitol). Samples were 
then concentrated in a collodion sac to a vol of 0.1 ml 
under vacuum at ice bath temperature in the appar- 
atus (SM 16304) supplied by Sartorius Gmbh., 
GBttingen, Germany. Glycerol (10 ~1) and tracking 
dye (5 ~1 of 0.01% bromophenol blue in water con- 
taining 10% glycerol) were mixed with the sample 
and 50 p 1 applied to a gel slot. A sample of bovine 
serum albumin (6Opg), prepared in the same way, 
was run as a reference protein. Electrophoresis was 
carried out (300 V, w 150 mA) until the marker dye 
was 1 cm from the end of the gel (40min). Enzyme 
was assayed in 0.4 mm segments of the gel (see legend 
to Fig. 2). Protein in companion tracks was stained 
with colloidal Coomassie Blue G-250 (Gradipore 
Ltd, Sydney, Australia). 

EST assays 

Determination of enzyme units (I pmol estro- 
gen sulphate produced/h) in cytosol, affinity gel 
eluates and washes, was carried out with PH]E, 
(10 p M) and adenosine-~-phosphate-~-phospho- 
sulphate (0.1 mM) and isolation of the estrogen 

sulphate by thin-layer chromatography, as previously 
described[5]. Assay on gradient gels after electro- 
phoresis, or on Sephacryl column fractions, was 
carried out with [35S]nucleotide as described in figure 
legends. 

Kinetic data 

EST assays were carried out in duplicate or tripli- 
cate for each concentration of [‘H]Er or [‘Hlestrone, 
exactly as described previously (51. The amounts of 
protein used were 0.2-0.3 mg (0.1 ml) for cytosol or 
1 pg of affinity gel eluate. For EST derived from 
bovine placenta, 9pg of protein was employed. 
After elution of EST from affinity gels by adenosine- 
3’,S’-diphosphate, the latter was removed by Sepha- 
dex G-109 chromatography and the enzyme used 
immediately. 

Cytosol was prepared from MCF-7 cells harvested 
at confluence, as previously described [S]. HST in 
the cytosol was assayed with [3H]Adiol or 
[3H]dehydroepiandrosterone (in the concentration 
ranges given in the legend to Fig. 5) in an analogous 
manner to EST. The volume of cytosol used was 
0.1 ml and incubation carried out for 45 min at 37°C. 
After addition of carriers, labelled conjugates were 
isolated and counted as for EST, viz. by thin-layer 
chromatography, employing the same solvent sys- 
tems [5]. Under these conditions, the maximum 
conversion of Adiol or dehydroepiandrosterone to 
sulphate ester, was 1.8%. 

Protein 

This was determined by the method of 
Bradford 1131. 

RESULTS 

Isolation of ESTfrom human mammary cancer tissue 
by afinity chromatography 

Conventional methods, such as (NH&SO4 frac- 
tionation and ion-exchange chromatogmphy, which 
were successfully used in the isolation of EST from 
bovine sources 1121, proved unrewarding in the case 
of human mammary cancer tissue. This was evidently 
due to the far greater instability of the human 
enzyme. A rapid method of isolation, such as affinity 
chromatography, was then indicated. Previous work, 
in which E, was linked at various positions in the 
molecule via spacer arms to agarose, yielded uni- 
formly negative results empIoying bovine placenta as 
a source of EST (Clarke and Adams, unpublished 
work). However, adenosine-3’,5’-diphosphate (a 
potent inhibitor of EST [ 141) when linked to agarose, 
proved to be effective as an affinity chromatography 
system for the partial purification of EST in small 
amounts from human mammary carcinoma MCF-7 
cells [S]. This system was then employed with cyto- 
solic preparations derived from pooled estrogen re- 
ceptor positive human mammary cancer tissue. EST 
was absorbed onto the affinity gel and eluted with an 



Mammary cancer sulphotransferases 

Table 1. Purification of estrogen suiphotransferase (EST) from pookd human mammary 
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carcinoma tissue 
Protein RecoVery 

Fraction (mnt Units Sne&fic activity (%) 

Cytosol II2 2318 20.7 100 
Affinity gel supematant 104 400 3.8 17 
Buffer wash 1 3 0 316: 0 
PAP eluant’ 0.32 1014 44 
Senhacrvl Relb 0.013 30 2308 1 

Cytosol was prepared from pooled estrogen receptor positive human mammary cancer tissue 
(5 9). 

‘PAP = aden~ne-~,~diphosp~~. 
b250 fig of the protein in the PAP eluant was applied to the Sephactyi S-200 column. Values 

quoted for protein and enzyme Units have been adjusted to total protein in the PAP 
eluant. 

Two additional buffer washes were carried out prior to elution of the aihnity gel with PAP. 
Protein levels in these washes were not determined. Although hydroxysteroid sulpho- 
transferam activity (HST) (dehydroepiandroaterone as substrate) was present in the 
cytosol (1300 Units), very low activity (35 Units) was found in the PAP &ant and no 
activity was detected in the pooled fraction after Sephacryl gel filtration. 

excess of ~enosine-~,S-diphosphate. Results are 
shown in Table 1. 

Molecular weight of EST hy gel filtration 

Although the affinity chromatography system en- 
abled considerable purification of enzyme to he 
achieved, subsequent steps such as gel filtration led to 
rapid loss of enzyme activity (Table 1). However, gel 
filtration on a calibrated Sephacryl S-200 column, 
revealed a single peak of enzyme activity with a Mr 
of approxima~ly 70,~ (Fig. I). The results depicted 
in this figure was obtained with two separate enzyme 
preparations, but a third preparation showed the 
presence of some associated active enzyme in addition 
to the main M, 70,000 peak. This latter enzyme 
profile was almost superimposable on that of a 
sample of bovine serum albumin when chro- 

Bhs dextran 1 T ;; 

FRACTION No. 

1 

Fig. 1. Gel filtration of EST isolated by afiinity chromatog- 
raphy. Enzyme eluted by adenosine-3’,5’-diphosphate 
(Table 1) was concentrated to 1 ml and applied to a column 
(69 x 0.8 cm) of Scpbacryl S-200 ~ui~b~~ with 25 mM 
Tris/HCI, 0.1 mM di~o~tol, 0.1 M NaCl, pH 7.4. Frac- 
tions (0.6ml, 3 ml/h) were collected and 0.2 ml aliquots 
assayed in an incubation which contained: 5gM adeno- 
sine-3’-phospbate-5’-phospho-[“S]sulpbate (17 x 101 dpm), 
10 FM E,, 10 mM MgCl,, 0.1 mM ditbiothreitol and 
40 mM Tris/HCl, pH 7.4 in a total vol of 0.4 ml. Incubation 
was carried out for 2 h at 37°C and Er-[‘%+ntlphate assayed 
by the method of Wengle(261. The positions of reference 
proteins (bovine serum albumin monomer (BSA), ovalbu- 
mm (0), trypsinogen (T), and lysozyme (L)] are indicated. 

matographed on the column under identical con- 
ditions and monitored by U.V. absorption (data not 
shown). The sample of bovine serum albumin was 
shown to contain monomer, dimer and trimer species 
by gradient polyacrylamide gel electrophoresis (see 
below). 

Gradient polyacrylamide gel electrophoresis 

When EST, contained in aiIinity chromatography 
eluates (Table 1) was subjected to gradient polyacryl- 
amide gel electrophoresis, a major enzymically active 
peak, travelling in a position close to bovine serum 
albumin monomer, was present in 414 separate 
preparations. In 3/4 preparations, a minor enzym- 
ically active peak was present in the area correspond- 
ing to bovine serum albumin trimer. Protein staining 
of a companion enzyme track revealed a band corre- 
sponding to the main active peak in all cases. Other 
protein species were also evident (Fig. 2). Electro- 
phoresis on concave gradient acrylamide gels enables 
an assessment to be made of the molecular weight of 
a protein by comparison with standards run concur- 
rently. This is so since the mobility to a great extent 
depends on protein size relative to the pore size of the 
medium. On this basis, the molecular weight of the 
main enzymically active fraction would be slightly 
higher than bovine serum albumin monomer and 
thus in good agreement with the value of -70,000 
found by gel filtration. 

HST in human mammary MCF-7 cells 

Rozhin et al. [15] have reported that HST present 
in the cytosol of MCF-7 cells can be partially purified 
by Sephadex G-200 chromatography. Using the exact 
procedure described by these workers for the prepar- 
ation and chromato~aphy of cytosol from MCF-7 
cells, we found that the enzyme did not survive gel 
filtration. The reason for this is unknown, but per- 
haps may reside in differences in enzyme levels in the 
cell strains employed. 

HST present in human adrenal glands was also 
found to be unstable and this prevented purification 
by conventional means. The enzyme from this source 
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^ ‘21 was obtained in pure form by affinity chromatog- 
raphy on gels obtained by coupling dehydro- 
epiandrosterone-17-(O-carboxymethyl)oxime to AH 
Sepharose 4B [16]. When applied to an (NH,)$04 
cut from MCF-7 cell cytosol preparations, some 43% 
of enzyme activity was absorbed. However, eluates 
made with high concentrations of dehydroepiandro- 
sterone, which was the procedure successfully em- 
ployed in the isolation of HST from human adrenals, 
did not contain detectable levels of HST. In addition, 
barely detectable levels of HST were found in the 
adenosine-3’,5’-diphosphate eluates of adenosine- 
3’,5’-diphosphate-agarose affinity gel, employed in 
the isolation of EST from MCF-7 cells [5]. Since 
attempts to purify the HST were unsuccessful, kinetic 
data for this enzyme were subsequently obtained with 
separate MCF-7 cytosolic preparations made from 
cells grown at different passage numbers. 
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Fig. 2. Electrophoresis of EST on concave (2.S27%) gradi- 
ent polyacrylamide gels. Enzyme obtained from pooled 
human mammary tissue and purified by affinity chromatog- 
raphy was freed of adenosine-3’,-5-diphosphate and concen- 
trated (see Experimental). The concentrate was divided into 
2 parts and subjected to electrophoresis: one channel 
assayed for enzyme activity, and the second stained for 
protein. Segments (0.4cn-1) of gel were placed in tapered 
glass centrifuge tubes, macerate with a glass rod with a 
sharpened point, and assayed for enzyme activity as in 
Fig. 1. The stained gel reveals monomer (M), dimer (D), and 
trimer (T) species of bovine serum albumin (top channel) 

and the enzyme (lower channel). 
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Kinetic data 

Velocity vs estrogen substrate curves for EST 
obtained from pooled ER positive cancer tissue by 
affinity chromatography are shown in Fig. 3. For 
comparison, data obtained with purified EST from 
bovine placenta cotyledons is also shown in Fig. 3. 
For EST isolated from human mammary tumour 
tissue by affinity chromatography, estrone was 
sulphurylated at a lower rate than E, in the O-20 nM 

t ._ 
E 60- 
0 

r: 
5 5o 
3 
E 
P 40 - 

Fig. 3. Velocity-substrate curves for EST preparations. Left: enzyme isolated from human mammary 
cancer tissue by affinity chromatography was used. Right: for comparative purposes, the enzyme purified 
from bovine placenta was employed. Bars represent range of values of assays performed in duplicate or 
triplicate. In each individual assay, product was isolated and counted after thin layer chromato~aphy [SJ. 
Conversion of estrogen to product did not exceed 2.5% in any one instance. Inserts: double reciprocal 

plots. 
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Fig. 4. (a) Influence of electrolyte on kinetics obtained with variable concentrations of &. Enzyme (a 
separate preparation from that used in Fig. 3) was isolated by affinity chromatography, freed of 
adenosine-3’,5’-diphosphate (see Experimental), NaCl added to a concentration of 0.1 M, and allowed to 
stand at 0°C for 2 h. Assay was then carried out as in Fig. 3. The final concentration of NaCl was 0.066 M. 
(b) Kinetic data with variable adenosine-3’-phosphate-5’-phosphosulphate (E2 concentration; 40 nM). The 

same enzyme preparation as in (a) was employed, but treatment with NaCl was omitted. 

estrogen concentration range. At concentrations 
beyond 20 nM, then estrone exhibited a stronger 
positive cooperatively compared to E2 for the prep 
aration illustrated in Fig. 3. Cooperativity in the 
binding of both estrogens was observed for all en- 
zyme preparations. In repeated experiments, data 
similar to that shown in Fig. 3 was obtained with 
peaks and/or inflections occurring at generally the 
same estrogen concentrations, but with some vari- 
ability in their magnitude. Purified estrogen sulpho- 
transferase exhibits non-Michaelis-Menten kinetics 
when estrogen is varied in the nanomolar range 
(Fig. 3), or micromolar range [12, 141. In the present 
experiments, data has been limited to studies in which 
the estrogen concentration approached physiological 
intracellular levels. 

Since the cooperativity in binding of estrogen may 
have been due to an association-dissociation of en- 
zyme protein-and indeed evidence for the presence 
of an associated form of the enzyme was seen from 
the gradipore gel electrophoresis experiments-the 
influence of addition of an electrolyte which might be 
expected to influence the equilibrium in an associa- 
ting system was investigated. Enzyme isolated by 
affinity chromatography was allowed to stand for 2 h 
in 0.1 M NaCl. However, as shown in Fig. 4(a), no 
effect of prior treatment with 0.1 M NaCl was evident 
on the shape of the velocity-substrate curve. 

Kinetic data was also obtained by varying 
adenosine-3’-phosphate-S-phosphosulphate at con- 
stant E2 concentration (Fig. 4b). In common with 
other sulphotransferase enzymes, substrate inhibition 
was apparent. However, this was observed at an 
unexpectedly low value of N 60 PM and thus the 
concentration of 0.1 mM used routinely (Fig. 3) 
would not be optimum. 

Velocity-substrate plots for HST contained in 
cytosol preparations from MCF-7 cells are shown in 
Fig. 5. A similar steroid concentration range to that 

SB 3616-M 

used to EST was employed. Three separate prepar- 
ations from MCF-7 cells grown at different times 
yielded very similar results and the collective data are 
presented as means It SEM for each concentration 
point. For Adiol, there is a strong resemblance to the 
velocity vs E2 concentration curves obtained with 
EST (Fig. 3). Although dehydroepiandrosterone ap- 
peared to exhibit normal Michaelis-Menten kinetics, 
the double reciprocal plots were cm-vi-linear and 
similar to the data obtained with Adiol (Insert, 
Fig. 5). This was also the case when dehydroepi- 
androsterone was varied in a higher concentration 
range (O-l PM) (data not shown). Controls were 
carried out with 2 x 1O’dpm (20 nM) [‘H]Adiol 
incubated with MCF-7 cytosol in the absence 
of adenosine-3’-phosphate-Y-phosphosulphate. After 
chromatography in the solvent systems used to 

0.8 r 3or 
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Fig. 5. Velocity-substrate curves for HST in MCF-7 cell 
cytosols. Data are presented as means& SEM for three 
separate cytosol preparations. Assays were carried out 
in duplicate and the lab&d sulphate esters counted 
after isolation by thin layer chromatography. Insert: 
Double ruziprocal plots. An incubation time of 45min 
was employed for each velocity-substrate curve. DHEA = 

dehydroepiandrosterone. 
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separate and measure [3H]Adiol sulphate in the kin- 
etic experiments, radioactivity scanning showed that 
no change had occurred to the [‘H]Adiol substrate. 

DlSCUSSlON 

Human EST has proven to be much more unstable 
than the bovine enzyme. Instability was also a major 
problem in attempting to isolate the enzyme from 
human placenta [17]. Employment of an affinity gel 
based on adenosine-3’,5’-diphosphate has enabled a 
140-fold purificataion of the enzyme in human mam- 
mary tumours to be achieved. Further purification, 
for example by gel filtration, was not possible due to 
a marked loss of activity. The h4, of 70,000 obtained 
by this technique is similar to the value of 74,000 for 
the purified bovine enzyme [14], and that of 68,000 
for the partially purified human placenta enzyme [ 171. 
The affinity gel eluate did survive rapid gradipore gel 
electrophoresis where the major enzymically active 
peak ran in a similar position to bovine serum 
albumin monomer (M, 66,000). Adenosine-3’,5’- 
diphosphate-agaro~ has also been exploited in the 
partial purification of EST from guinea pig liver and 
chorion, and the estimated M, in this instance was 
_ 50,000 [ 181. 

Tseng et a[.[41 first reported non-Michaelis- 
Menten kinetics for EST from human breast cancer 
cytosol preparations when E, was varied in the 
O-l PM range. A departure from Michaelis-Menten 
kinetics, when either Ez or estrone was varied in the 
O-O.5 FM range, has also been described using EST 
isolated from guinea-pig chorion by chromatofocus- 
ing and affinity chromatography 1181. Enzyme present 
in the cytosol of human endometrial cancer cells 
showed a very high affinity for E, and estrone [19]. 
Although the kinetics obtained by varying estrone in 
the CL-30 nM range were stated to be “non-complex” 
in this particular study, close examination of the data 
shows that this is not the case, and the double 
reciprocal plot is curvi-linear. Brooks et a1.[20] have 
partially purified EST from porcine endometrium, 
and although high affinity for Ez and estrone were 
reported, it was not stated whether a depature from 
Michaelis-Menten kinetics occurred. 

Adiol was observed to have a high affinity for HST 
in MCF-7 cytosol and cooperativity was exhibited at 
Adiol concentrations in the 0-SOnM range. It is 
important to emphasise that EST is specific for 
phenolic estrogens [21] and will not sulphurylate 
other steroids; the sulphurylation of Adiol and de- 
hydroepiandrosterone then being catalysed by HST. 
Thus, both EST and HST present in human mam- 
mary cancer cells share common properties character- 
ized by high affinity for their steroid substrates and 
cooperativity in the velocity vs steroid concentration 
curves. Highly purified HST from human adrenal 
glands also exhibited cooperativity when dehydro- 
epiandrosterone was the variable substrate 1.221. In 
the latter studies, departure from Michaelis-Menten 

kinetics ([3H]dehydroepiandrosterone as substrate) 
as seen by double-reciprocal plots, was more pro- 
nounced upon addition of unlabelled steroid sub- 
strates. Non-Michaelis-Menten kinetics have also 
been reported for HST purified from female rat 
liver [23]. Early studies with HST contained in cytosol 
preparations from human adrenal glands revealed 
the presence of an ass~iation~issociation system 
involving monomeric, dimeric and trimeric states. 
Both dehydroepiandrosterone and adenosine-3’- 
phosphate-5’-phosphosulphate altered the position of 
equilibrium as shown by density gradient ultracen- 
trifugation. Cysteine and Mg2+, which individually 
activated the enzyme, were shown to favour associ- 
ation of the enzyme [24]. 

The close similarity then in the data obtained with 
EST and HST (Figs 3 and 5) would indicate a 
common feature responsible for the non-Michaelis- 
Menten kinetics. Detection of a trimeric enzymically 
active species in the human mammary tumour EST 
parallels the behaviour of bovine adrenal EST [25] 
and human HST from adrenal glands. Changes in 
composition of an ass~iation~iss~iation system by 
the presence of substrate might be responsible for the 
unusual kinetics. A more complete discussion of this 
question is given in Ref. [24]. An alternative explan- 
ation for the non-Michaelis-Menten kinetics would 
be the presence of multiple interacting steroid binding 
sites. This model allows the generation of theoretical 
curves closely resembling those seen with the sulpho- 
transferase enzymes [5]. 

Since expression of EST, HST and the estrogen 
receptor, are linked in human mammary cancer tissue 
and ceI1 lines ]26], this could reiIect a functional 
relationship between estrogen action (E2 and Adiol) 
via the receptor and sulphotransferase activity in 
mammary cancer cells. Whilst the exact nature of this 
relationship is still unknown, one possibility is that 
the enzymes may function to eliminate excess steroid 
from the cell as water-soluble conjugates incapable of 
combining with the estrogen receptor. The properties 
of the enzymes, as judged by their relatively high 
affinities for their steroid substrates coupled with 
cooperativity of binding, might be designed for limit- 
ing the exposure of nuclear receptor to free ligand. As 
an alternative, a defined subcellular location of EST 
and HST in human mammary cancer cells could 
perhaps allow the elimination of estrogen after pro- 
cessing of the ligand-bound receptor in the nucleus. 
Although both enzymes appear in the cytosol, this 
could conceivably occur by disruption of a mem- 
brane-bound site within the cell. 

acknowledgements-This work was supported by a grant 
from the National Health and Medical Research Council of 
Australia. We wish to thank MS K. P. Ho and Mr A. R. 
Kennerson for carrying out the estrogen receptor assays. 

REFERENCES 

1. Dao T. L. and Libby P. R.: Steroid sulfate formation 
in human breast tumors and hormone dependency. In 



Mammary autcer sulphotransferases 701 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

Estrogen Target Tissues and Neoplaria (Edited by T. L. 
Dao). The University of Chicago Press, Chicago (1972) 
pp. 181-200. 
Pewnim T., Adams J. B. and Ho K. P.: A relationship 
between estrogen sulfurylation and estrogen and pro- 
gesterone receptor status in human mammary carcin- 
oma. Cancer Res. 40 (1980) 1360-1362. 
Pewnim T., Adams J. B. and Ho K. P.: Estrogen 
s~fu~lation as an alternative indicator of hotmone 
dependence in human breast cancer. Steroids 39 (1982) 
47-52. 
Tseng L., Mazella J., Lee L. U. and Stone M. L.: 
Estrogen sulfatase and estrogen sulfotransferase in 
human primary mammary carcinoma. J. Steroid 
&o&m.-19 (1983) 1413-1817. 
Adams J. B.. Phillios N. S. and Hall R.: Metabolic fate 
of estradiol in human mammary cancer cells in culture: 
estrogen sulfate formation and cooperativity exhibited 
by estrogen sulfotransferase. Molec. Cell. Endocr. 58 
(1988) 231-242. 
Adams J. B., Phillips N. S. and Pewnim T.: Expression 
of hydroxysteroid sulphotransferase is related to estro- 
gen receptor status in human mammary cancer. 
J. Steroid Biochem. 33 (1989) 637-642. 
Adams J. B.: Hermaphrodiol: A “new” estrogen 
and its role in the etiology of breast cancer. In Commen- 
taries on Research in Breast Disease, Vol. 3 (Edited 
by R. D. Bulbrook and D. J. Taylor). Liss, New York 
(1983) pp. 131-161. 
Adams J. B., Garcia M. and Rochefort H.: Estrogenic 
effects of physiological concentrations of S-androstene- 
3&17@-dibl and itsmetabolism in MCF-7 human breast 
cancer cells. Cancer Res. 41 (1981) 47204726. 
Poulin R. and Labrie F.: Stimulation of cell prolifer- 
ation and estrogenic response by adrenal C,,-A+steroids 
in ZR-75-1 human breast cancer cell line. Cancer Res. 
46 (1986) 49334937. 
Seymour-Munn K. and Adams J. B.: Estrogenic effects 
of S-androstene-3~, 17&diol at physiolo~~l concen- 
trations and its possible implication in the etiology of 
breast cancer. Endocrinology 112 (1983) 486-491. 
Adams J. B. and Poulos A.: Enzymic synthesis of 
steroid sulphates. III. Isolation and properties of estro- 
gen sulphotransferase of bovine adrenal glands. 
Biochim. Biophyf. AC@. 146 (1967) 493-508. 
Adams J. B. and Low J.: Enzymic synthesis of steroid 
sulphates. X. Isolation of oestrogen sulphotransferase 
from bovine placenta and comparison of its properties 
with adrenal oestrogen sulphotransferase- Ei&him. 
Biophys. Actu 370 (1974) 189-196. 
Bradford M. M.: A rapid and sensitive method for the 
quanti~tion of microgram quantities of protein utii- 
izing the principle of protein-dye binding. Anulyf. Bio- 
them. 72 (1976) 248-254. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

2s. 

26. 

Adams J. B., Ellyard R. K. and Low J.: Enzymic 
synthesis of steroid sulphates. IX. Physical and chemical 
properties of purified oestrogen s~pho~ansfe~~ from 
bovine adrenal glands, the nature of its isoenzymic 
forms and a proposed model to explain its wave-like 
kinetics. Biochim: Biophys. Acra. 3fi (1974) 160-188. 
Rozhin J.. Corombos J. D.. Horwitz J. P. and Brooks 
S. C.: Endocrine steroid sulfotransferases: steroid alco- 
hol sulfotransfe~ from human breast carcinoma cell 
tine MCF-7. J. Steroid Biochem. 25 11986) 973-979. 
Adams J. B. and McDonald D.: Enzymic’synthesis of 
steroid sulphates. XII. Isolation of dehydroepiandro- 
sterone sulphotransferase from human adrenals by 
affinity chromatography. Biochim. Biorrhys. Acta 567 
(1979) 144-153. - - _ 

_ _ 

Tseng L., Lee L. Y. and Mazella J.: Estrogen sulfotrans- 
ferase in human nlacenta. J. Steroid Biochem. 22 (1985) 
611615. - 

. I 

Hobkirk R.: Heterogeneity of guinea pig chorion and 
liver sulfotransferases. J. Steroid Biochem. 2Q 11988) . , 
87-91. 
Gross0 D. S. and Way D. L.: Characterization of 
cytosolic estrogen sulfotransferase from RL95-2 endo- 
metrial cancer cells. J. Cfin. Endocr. Met& 59 (1984) . , 
829-833. 
Brooks S. C., Battelli M. G. and Corombos J. D.: 
Endocrine steroid ~fotmnsfer~: porcine endo- 
metrial estrogen sulfotransferase. J. Steroid Biochem. 26 
(1987) 285-290. 
Rozhin J., Soderstrom R. L. and Brooks S. C.: Specifi- 
city studies on bovine adrenal estrogen sulfotransferase. 
J. Biol. Gem. 249 (1974) 2079-2087. 
Adams J. B. and Mooned D.: Enzymic synthesis of 
steroids sulphates. XIV. properties of human adrenal 
steroid alcohol sulphotransferase. Biochim. Biophys. 
Acra 664 (1981) 460-468. 
Fames S., Buchina E. S., King R. J., McBumett T. and 
Taylor K. B.: Bile acid sulfotransferase 1 from rat liver 
sulfates bile acids and 3-hydroxy steroids: pu~E~tion, 
N-terminal amino acid sequence, and kinetic properties. 
J. Lipid Res. 30 (I 989) 529-540. 
Adams J. B. and Edwards A. M.: Enzymic synthesis of 
steroid sulphates. VII. Association-dissociation equi- 
libria in the steroid alcohol sulphotransferase of human 
adrenal gland extracts. Biochim. Biophys. Aeta 167 
(1968) ~22-140. 
Adams J. B. and Chulavatnatol M.: Enzymic synthesis 
of steroid sulphates. IV. The nature of the two forms of 
estrogen sulphotransferase of bovine adrenals. Biochem. 
Biophys. Acta 146 (1967) W-521. 
Wengle B.: Studies on ester sulphates. 16. Use of 
35S-labelled inorganic sulphate for quantitative studies 
of sulphate conjugation in liver extracts. Acra Chem. 
Scund. 18, (1964) 65-76. 


