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Abstract 
 

Human estrogen sulfotransferase 1E1 (SULT1E1) is involved in the regulation of 
17-estradiol (E2) responsiveness and is believed to protect peripheral tissues from 
excessive estrogenic effects. Several assays already have been developed to investigate the 
inhibitory effect of endocrine disruptors on SULT1E1. However, most of these assays make 
use of the radiolabeled cofactor [35S]3’-phosphoadenosine 5’-phosphosulfate (PAPS) or 
radiolabeled substrate [3H]-E2. In this article, we describe the development and validation 
of an assay for the inhibition of human SULT1E1 which is rapid and simple and uses the 
non-radioactive and non-carcinogenic 1-hydroxypyrene (OHP). A gradient HPLC 
separation of 15 minutes using a C18-RP column was developed to detect OHP and its 
metabolite pyrene 1-sulfate fluorescently. Time- and protein-dependent formation of pyrene 
1-sulfate was investigated and enzyme kinetics were determined (Km = 6.4 ± 0.8 nM and 
Vmax = 158 ± 19 pmol/min/g SULT1E1). At higher OHP concentrations the assay 
displayed non-Michaelis-Menten kinetics involving substrate inhibition. IC50 values have 
been determined for 8 known SULT1E1 inhibitors/competing substrates (E2, 17-estradiol 
(E2), genistein, 17-ethinylestradiol (EE2), estrone (E1), diethylstilbestrol (DES) and 
estriol (E3)) and 2 until now unknown SULT1E1 inhibitors, namely zearalenone (ZEN) and 
dienestrol (DIS). The method was demonstrated to be easy, well feasible and highly 
reproducible for SULT1E1 screening assay inhibition studies. 
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2.1 Introduction 
 

An endocrine disruptor is an exogenous substance or mixture that alters function(s) 
of the endocrine system and consequently may cause adverse health effects in an intact 
organism, its progeny, or its (sub-) populations [1]. Endocrine disrupting chemicals (EDCs) 
may have different mechanisms of action. They can mimic or antagonize the actions of 
steroid hormones, disrupt the biosynthesis or metabolism of steroids, or alter hormone 
receptor populations. Modification of sexual development and reproductive function in 
reptiles [2], birds [3, 4], amphibians [5, 6], crustacean [7, 8] and fish [9] by environmental 
exposure to EDCs have been reported. In mammals, evidence for endocrine disruption is 
less clear, but EDCs are believed to exert similar effects on human reproductive health and 
also to be involved in the initiation of some hormone-dependent cancers [10-13].  

Sulfotransferases (SULTs) are enzymes which catalyze the sulfo conjugation of 
xenobiotic and endogenous substrates and produce highly water soluble sulfuric acid esters 
using the ubiquitous donor 3’-phosphoadenosine 5’-phosphosulfate (PAPS) as a cofactor 
[14-16]. Human estrogen sulfotransferase 1E1 (SULT1E1) is a cytosolic sulfotransferase 
which shows high affinity for estrone (E1) and 17-estradiol (E2) [17] and is involved in 
the regulation of E2 responsiveness at physiological concentrations [18]. SULT1E1 is 
widely distributed in various normal human tissues, including the liver [19, 20], small 
intestine, endometrium [21], and breast [22]. It is believed that SULT1E1 is involved in 
protecting peripheral tissues from excessive estrogenic effects. Decreased SULT1E1 
expression or SULT1E1 inhibition by EDCs can lead to an increased in situ availability of 
biologically active estrogens, which can result in a higher estrogen stimulated DNA 
synthesis or cell proliferation [22-27]. This may be related to various estrogen-dependent 
features and shows that SULT1E1 may thus play an important role in the protection against 
several different carcinomas. Consequently identification of EDCs which can inhibit 
SULT1E1 is seen as important.   

Several assays already have been developed to investigate the inhibitory effect of 
EDCs on SULT1E1 [27-36]. However, most of these assays make use of the radiolabeled 
cofactor [35S]PAPS [28, 29, 36] or the radiolabeled substrate [3H]-E2 [27, 30-32] which 
makes these assays relatively cumbersome and expensive. Other assays [33-35] make use 
of metabolites of benzo[a]pyrene, which is classified as a carcinogen [37, 38]. In this paper, 
we describe the development and validation of a fluorescence HPLC-based assay for the 
determination of human SULT1E1 inhibition which is rapid and simple and uses the non 
carcinogenic 1-hydroxypyrene (OHP) [39] thus omitting the use of radioactive or 
carcinogenic compounds. This assay was used to investigate the inhibitory effect of 19 
different EDCs and IC50 values have been determined for 10 SULT1E1 inhibiting 
compounds. 

 
2.2 Materials and methods 
 
2.2.1. Chemicals 
 

Ethylenediaminetetraacetic acid (EDTA) and dithiothreitol (DTT) were obtained 
from Applichem (Lokeren, Belgium). Riedel de Haën (Seelze, Germany) supplied endrin, 
potassium dihydrogenphosphate (KH2PO4) and dipotassium hydrogenphosphate (K2HPO4), 
ammonium acetate (NH4CH3COOH), acetic acid (AcOH), ethanol (EtOH) and dimethyl 
sulfoxide (DMSO). Nonylphenol was obtained from Acros (Geel, Belgium). HPLC grade 



Chapter 2                                                       Development of a SULT1E1 inhibition assay 

 50 

acetonitrile (ACN), 3’-phosphoadenosine-5’-phosphosulfate (PAPS), 1-hydroxypyrene 
(OHP), all inhibitors and all other chemicals were purchased from Sigma-Aldrich 
(Zwijndrecht, The Netherlands).  
 
2.2.2. Cytosolic  preparations 
  

The cDNA of human SULT1E1 and SULT1A1 had been cloned and expressed in 
Escherichia coli XL-1 Blue cells using the pKK233-2 expression vector [20]. The plasmids 
were adapted to the restriction enzymes of Salmonella typhimurium LT2 by passaging them 
through the restriction-deficient, but methylation-proficient Salmonella typhimurium strain 
LB5000. The plasmids were then used to transform the his-strain TA1538. The newly 
generated Salmonella typhimurium strains were designated TA1538-hSULT1E1 and 
TA1538-hSULT1A1 (or TA1538-hEST and TA1538-hP-PST in earlier papers) [40, 41]. 
SULT1E1 and SULT1A1 constitute approximately 0.5 and 1% of the cytosolic protein 
[42]. 

The transformed bacterial strains were grown overnight in the presence of 
ampicillin (100 g/mL) to reinforce the maintenance of the recombinant plasmid. Bacterial 
cytosol was prepared by ultrasonication and dialyzed for 4 h against a 100-fold excess of 
buffer (150 mM KCL in 10 mM sodium phosphate buffer (pH 7.4)) [41, 43].  

The use of Salmonella cytosol has advantages over the use of purified SULTs. A 
stabilization was observed for various SULTs (e.g. SULT1A1) in the presence of the 
cytosolic proteins (H. R. Glatt, unpublished result). Moreover, Salmonella cytosol rapidly 
degrades PAP (H. R. Glatt, unpublished result), the product formed from PAPS during the 
sulfo transfer reaction, which is a potent inhibitor of various SULTs, including human 
SULT1A1 [44]  and SULT1E1 [17]. 
 
2.2.3. HPLC analysis of OHP and pyrene 1-sulfate 
 
 Extracts (50 L) from cytosolic fractions incubated with OHP were analyzed for 
the formation of pyrene 1-sulfate by HPLC (pumps 303 and 305, manometer 805, dynamic 
mixer 811B and auto-injector 234, manufactured by Gilson, Middleton, USA) using a 
reversed phase C-18 column (ChromSpher 5 m, 100 mm x 3 mm, Chrompack, The 
Netherlands) and a gradient elution with solvent A (5% ACN, 95% 10 mM ammonium 
acetate (pH 5)) and solvent B (90% ACN, 5% 10 mM ammonium acetate (pH 5)). A linear 
gradient from 5 to 90% ACN in 4.5 min, constant for 4 min, and back to 5% ACN in 0.5 
min followed by 6 min equilibration at 5% was applied. The flow rate of the mobile phase 
was 0.5 mL/min. Detection was accomplished with a fluorescence spectrophotometer (ex = 
346 nm, em = 384 nm; RF-10AXL, Shimadzu, Kyoto, Japan). Peak areas of OHP and 
pyrene 1-sulfate were quantified by the Shimadzu Class VP 4.3 software package. 
 
2.2.4. Calibration curves of pyrene 1-sulfate 
 
 Calibration curves of pyrene 1-sulfate were made for quantification purposes. 
Because no chemically prepared pyrene 1-sulfate was available, pyrene 1-sulfate was 
biosynthesized by incubating OHP in the presence of PAPS and human SULT1A1 with a 
resulting pyrene 1-sulfate yield of >97% in all cases [45]. To 150 L of a mixture 
containing 205 ng/mL SULT1A1 (equivalent to 82 g/mL of total protein of the cytosolic 
fraction) and different concentrations of OHP (10-100 nM final concentration) in a 100 mM 
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phosphate buffer (pH 7.4) containing 2 mM EDTA and 1 mM DTT, 50 L 100 M PAPS 
was added. The mixtures were incubated at 37 °C for 1 h. The incubations were terminated 
by addition of 200 L ice-cold ACN. The incubation mixture was left on ice for 5 min and 
was then mixed and subsequently centrifuged for 10 min at 2000 rpm. Supernatant (300 
L) was transferred to a HPLC vial, and the pyrene 1-sulfate formed was detected using the 
HPLC analysis procedure described above. 
 
2.2.5. Time and protein dependency of pyrene 1-sulfate formation 
 
 Prior to the inhibition studies, linearity of the formation of pyrene 1-sulfate and its 
protein dependency were investigated. Linearity of the formation of pyrene 1-sulfate was 
investigated by incubating a 200 L mixture containing 37.5 nM OHP, 1.0 ng/mL 
SULT1E1 (equivalent to 200 ng/mL of total protein of the cytosolic fraction), and 12.5 M 
PAPS at 37 °C in a 100 mM phosphate buffer (pH 7.4) containing 2 mM EDTA and 1 mM 
DTT. Incubations were stopped at different time-points by addition of 200 L ice-cold 
ACN.  

Protein dependency was investigated by incubating a 200 L mixture containing 
50 nM OHP, 12.5 M PAPS and different SULT1E1 concentrations (0.05 – 15 ng/mL) in a 
100 mM phosphate buffer (pH 7.4) containing 2 mM EDTA and 1 mM DTT. The mixtures 
were incubated at 37 °C for 30 min. The incubations were terminated by addition of 200 L 
ice-cold ACN. Sample preparation was performed as described above and the amount of 
pyrene 1-sulfate formed was determined using HPLC analysis (see above). 
 
2.2.6. Enzyme kinetics of pyrene 1-sulfate formation by human SULT1E1 
 

Enzyme kinetics were determined by adding 50 L 50 M PAPS to a 150 L 
mixture containing 0.2 ng SULT1E1 and OHP concentrations ranging from 0 to 50 nM (12 
concentrations) in a 100 mM phosphate buffer (pH 7.4) containing 2 mM EDTA and 1 mM 
DTT. The mixtures were incubated at 37 °C for 30 min. The incubations were terminated 
by addition of 200 L ice-cold ACN. Sample preparation was performed as described 
above and the amount of pyrene 1-sulfate formed was determined using HPLC analysis (see 
above). 
 
2.2.7. Inhibition screening 
 
 After optimizing the SULT1E1 assay conditions, the ability of the assay to identify 
SULT1E1 inhibitors was tested with a selection of 19 known estrogenic compounds. The 
reactions were initiated by adding 50 L 50 M PAPS to a 150 L mixture containing 0.2 
ng SULT1E1, 18.75 nM OHP, and 2.5 M of each library compound in a 100 mM 
phosphate buffer (pH 7.4) containing 2 mM EDTA and 1 mM DTT. The mixtures were 
incubated at 37 °C for 30 min. The incubations were terminated by addition of 200 L ice-
cold ACN. Sample preparation was performed as described above and the amount of 
pyrene 1-sulfate formed was determined using HPLC analysis (see above). 
 
2.2.8. IC50 measurements 
 
 Measurements were performed to determine the IC50 values for SULT1E1 
inhibiting compounds. In a total volume of 200 L, 18.75 nM OHP, 0.2 ng SULT1E1, and 
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12.5 M PAPS were incubated at 37 °C for 30 min in the presence and absence of various 
concentrations of the SULT1E1 inhibiting compounds. The incubations were terminated by 
addition of 200 L ice-cold ACN. Sample preparation was performed as described above 
and the amount of pyrene 1-sulfate formed was determined using HPLC analysis (see 
above). 
 Measurements were performed to determine the type of inhibition for several 
SULT1E1 inhibiting compounds. Enzyme kinetics were determined as described above 
with and without fixed amounts of inhibitor. 
 
2.2.9 Assessing the performance of the assay 
 
 To assess the performance, coefficients of the variation (CV) and the Z’ factor, 
introduced into the literature by Zhang et al. [46] as a simple and dimensionless parameter 
to evaluate the overall quality of assays, were determined for positive and negative controls. 
The Z’ factor is defined as the ratio of separation band to the dynamic range of the assay 
based on the positive and negative control data of the assay. It is formulated as: 

 









cc

ccZ

 33

1'  

 
in which c+ and c- represent the means of the positive and negative control signal, 
respectively. The standard deviations of the signals are denoted as c+ and c- respectively.  

The CV and the Z’ factor were determined using 15 positive and negative control 
samples. 
  
2.3 Results
 
2.3.1. HPLC analysis of OHP and pyrene 1-sulfate 
 
A 30 min incubation of 0.2 ng SULT1E1 protein with 18.75 nM OHP and 12.5 M PAPS 
at 37 °C and subsequent HPLC analysis with fluorescence detection of the sample resulted 
in a chromatogram with peaks at 6.0 and 8.63 min (Fig 1). These peaks were absent in 
blank samples (OHP omitted). Injections of OHP and pyrene 1-sulfate standards confirmed 
that the retention time for pyrene 1-sulfate is 6.0 min and for OHP 8.63 min (Fig 2). 
 
2.3.2. Linearity of pyrene 1-sulfate formation by SULT1E1 

 
The time- and protein-dependent formation of pyrene 1-sulfate from OHP has been 

investigated. As can be seen from Fig 3A, the formation of pyrene 1-sulfate by SULT1E1 is 
linear (R2 = 0.9954) with respect to protein concentration up to at least 10 ng/mL 
SULT1E1. Fig 3B shows that the product formation was also linear (R2 = 0.9674) in time, 
for at least 45 min, at a SULT1E1 concentration of 1.0 ng/mL. 
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Figure 1 HPLC fluorescence chromatogram of OHP and pyrene 1-sulfate. 

HPLC fluorescence chromatogram after baseline subtraction of a typical incubation mixture 
of 0.2 ng SULT1E1 protein after 30 min incubation with 18.75 nM OHP and 12.5 M PAPS 
at 37 °C at pH 7.4.  
 
 
 

 

 
 
Figure 2 HPLC chromatograms after baseline subtraction of a 75 nM 1-OHP (t = 

8.63 min) and a 75 nM pyrene 1-sulfate (t = 6.0 min) incubation.  
A typical OHP calibration curve (inset) was obtained by incubating varying OHP 
concentrations (0 – 150 nM) with 25 mM PAPS at 37 ºC at pH 7.4 for 1 h. A typical pyrene 
1-sulfate calibration curve (inset) was obtained by incubating varying OHP concentrations (0 
– 150 nM) with 25 mM PAPS in the presence of  82 ng SULT1A1 at 37 ºC at pH 7.4 for 1h. 
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Figure 3  Protein- and time-dependent OHP sulfonation by SULT1E1.  

(A) Protein-dependecy is shown for an incubation of 30 min at 37 °C at pH 7.4. (B) Time-
dependent formation of pyrene 1-sulfate from OHP in the presence of 1 ng/mL SULT1E1 at 
37 °C at pH 7.4. 
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Figure 4  Enzyme kinetics of SULT1E1-mediated OHP sulfo conjugation. 

(A) Rate of sulfo conjugation of OHP to pyrene 1-sulfate by SULT1E1 plotted against the 
substrate concentrations. (B) Michaelis-Menten kinetics of the sulfo conjugation of OHP by 
SULT1E1. The OHP concentration range was sufficiently low that inhibition by OHP was 
negligible. Incubations were performed in the presence of 1 ng/mL SULT1E1 for 30 min at 
37 °C at pH 7.4. 

 
2.3.3. SULT1E1 enzyme kinetics 
 

The data of the SULT1E1-mediated sulfo conjugation of OHP to pyrene 1-sulfate 
shown in Fig 4A demonstrate that the rate passes through a maximum (at approximately 
18.75 nM) as the concentration increases, which is associated with non-Michaelis-Menten 
kinetics. At lower concentrations the sulfo conjugation data displayed apparent Michaelis-
Menten kinetics (R2 = 0.9791), as demonstrated by Fig 4B. Apparent Km and Vmax values 
measured by the HPLC assay were 6.4 ± 0.8 nM and 158 ± 19 pmol/min/g SULT1E1. 
 
2.3.4. Inhibition screening and IC50 measurements 
 
To demonstrate the applicability of the SULT1E1 assay to identify SULT1E1 inhibitors, a 
library of 19 compounds with known estrogenic properties was tested (n=3) at one 
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concentration. Compounds were considered “strong inhibitors” when more than 50% 
inhibition was observed at an inhibitor concentration of 2.5 M. Fig 5 shows that 10 
“strong inhibitors” were identified. E1, E2, E2, EE2 and E3 were found to be very strong 
inhibitors. Zearalenone, DES, hexestrol, dienestrol (DIS), and genistein also showed more 
than 50 % SULT1E1 inhibition. For these 10 compounds IC50 values (n=6) were 
determined as described under Materials and Methods. The IC50 curves are depicted in Fig 
6 and the corresponding IC50 values are listed in Table 1.  
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Figure 5  Inhibition screening of 19 compounds with known estrogenic properties. 

Incubations were performed in the presence of 1 ng/mL SULT1E1, 18.75 nM OHP, and 2.5 
M inhibitor for 30 min at 37 °C at pH 7.4. 

  
To determine the type of inhibition, a concentration series of OHP was incubated 

with increasing amounts of the inhibitor DES using a fixed amount of SULT1E1. A double 
reciprocal (Lineweaver-Burk) plot of the kinetic data resulted in linear regression lines, 
which are depicted in Fig 7. The resulting kinetic data can be found in Table 2. 
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Figure 6  IC50 value measurements using the SULT1E1 inhibition assay.  

Incubations were performed in the presence of 1 ng/mL SULT1E1, 18.75 nM OHP, and 
various inhibitor concentrations for 30 min at 37 °C at pH 7.4. 
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Table 1  IC50 values for the inhibition of SULT1E1 mediated OHP sulfo 
conjugation by EDCs a 

 

Compound IC50 (M) 
DIS 

Genistein 
DES 

Zearalenone 
Hexestrol 

EE2 
E2 
E3 
E2 
E1 

2.14 ± 0.25 * 10-6 
1.30 ± 0.12 * 10-6 
7.46 ± 0.83 * 10-7 
6.42 ± 0.79 * 10-7 
5.43 ± 0.87 * 10-7 
6.07 ± 0.58 * 10-8 
5.91 ± 0.61 * 10-8 
3.62 ± 0.41 * 10-8 
2.77 ± 0.25 * 10-8 
5.45 ± 0.49 * 10-9 

a Values are the mean ± S.D. (n = 6) 
 
2.3.5 Establishing the SULT1E1 inhibition assay performance. 
 
 The CV and Z’ factor were determined by using replicated positive and negative 
controls. Negative controls represent the fluorescence intensity in the pyrene 1-sulfate peak 
area (noise) in the presence of 10-4 M DES (equal to 100% inhibition) and positive controls 
represent the fluorescence of pyrene 1-sulfate peak in the presence of 10-11 M DES (equal 
to 0% inhibition). The CV values for the negative and positive controls were 4.0 and 3.8% 
respectively. The Z’ factor of 0.87 indicates the high quality of the assay.   
 
2.4 Discussion 
 
 The aim of this study was to develop a rapid and simple fluorescence based high-
performance liquid chromatography (HPLC) method for determination of SULT1E1 
inhibition. The substrate of choice was OHP, because of the fluorescent properties of the 
compound itself and its metabolite pyrene 1-sulfate. A HPLC method has been developed 
and optimized which can separate OHP and pyrene 1-sulfate and detect both compounds 
fluorescently: a gradient of  5-90% ACN containing 10 mM ammonium acetate (pH=5) in 
4.5 min followed by a isocratic elution at 90% for 4.0 min resulted in a good resolution. 
Calibration curves for OHP and pyrene 1-sulfate, which were made for each single 
experiment, were linear over a large range and limit of detection (LOD) for pyrene 1-sulfate 
and OHP was 0.1 pmol.  

No SULT activity was detected in cytosolic preparations from the control 
(untransformed) Salmonella typhimurium strain TA1538 with any of the following 
substrates studied: 4-nitrophenol, 1-naphthol, 2-naphthol, 1-hydroxymethylpyrene, 2-
hydroxy-methylpyrene, 5-hydroxymethyfurfural, ethanol and E2 (H. R. Glatt, unpublished 
results). Likewise, no SULT activity was observed in cytosol from this control strain with 
OHP in the present study. 

For a suitable inhibition assay the substrate and co-substrate concentrations should 
be as low as possible (for competitive inhibitors), however it should be above the Km value 
for SULT1E1 to prevent substrate PAPS availability from becoming a rate limiting factor in 
the assay. Based upon these measurements the optimal conditions for the inhibition assay 
were set. The OHP concentration was set at 18.75 nM as low as possible to prevent 
substrate inhibition. The PAPS concentration was set at 12.5 M, which is well above the 
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Km value of PAPS for SULT1E1 (0.66 M) [16]. A SULT1E1 concentration of 1.0 ng/mL 
was appropriate to give linear reaction conditions. 
 Kinetic experiments showed that partial substrate inhibition, a characteristic of 
many sulfotransferases [47], occurred starting at OHP concentrations above 18.75 nM. 
However, by measuring at OHP concentrations below 18.75 nM Km and Vmax values could 
be determined. The catalytic mechanism of E2 sulfo conjugation by SULT1E1 has been 
investigated by Zhang et al. [17] and they report that with E2 partial substrate inhibition 
occurs. They have shown that the stoichiometry of E2 binding is 2:1 and proposed that one 
binding site is catalytic and the other is an allosteric site, which regulates turnover [17]. Ma 
et al. [45] have already described an HPLC separation for OHP to investigate the 
SULT1E1-mediated sulfo conjugation in the absence and presence of organic solvents. 
They also showed substrate inhibition. Their Km and Vmax values were 21 ± 6 nM and 81 ± 
7 pmol/min/g SULT1E1, which are in the same order of magnitude as the values we 
determined.    
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Figure 7  Kinetics of SULT1E1 inhibition by DES.  

The reciprocal rate of OHP sulfo conjugation is plotted against the reciprocal substrate 
concentration to determine the type of inhibition. 

 
 In order to illustrate the utility of inhibition of OHP sulfo conjugation for 
identification of SULT1E1 inhibitors, a library of 19 compounds with known estrogenic 
properties was screened. From these compounds, 10 “strong inhibitors” were selected and 
IC50 values were determined. Until now only for E2 an IC50 value of 3.8-7.1 nM has been 
determined in literature [30], which is lower than the value of 27.7 ± 2.5 nM we found. 
These IC50 values which were determined using two different substrates, near their 
respective Km values, are in the same order of magnitude. For all the other “strong 
inhibitors” investigated no IC50 values have yet been reported. The lowest IC50 values were 
measured for E2 and E2, E1, E3 and EE2, compounds which have a structure very similar 
to that of E2. For the other 5 “strong inhibitors” it seems that the IC50 values increase when 
the substitutions at the position which approximately corresponds with that of the C17 atom 
of E2 become bulkier. However, all the inhibitors have a hydroxy group at the same 
position as the 3-OH group of E2 which therefore seems necessary for SULT1E1 
inhibition. The SULT1E1 inhibition assay thus provides an adequate tool for identifying 
SULT1E1 inhibitors.  

The kinetics of OHP sulfo conjugation inhibition by DES have been investigated 
and mixed inhibition occurs. At low DES concentrations the inhibition mechanism displays 
competitive properties and at higher DES concentration the mechanism seems to be non-
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competitive. For good experiments the substrate concentration range should be broader but 
due to the occurrence of substrate inhibition this was not an option. However, the kinetic 
data do correspond with the hypothesis that the stoichiometry of OHP binding is 2:1, as has 
been observed for E2 by Zhang et al. [17]. At low inhibitor concentrations competition for 
the catalytic site takes place which results in competitive kinetics, at high concentrations 
the inhibitor will also bind to an allosteric site, which will result in a non-competitive 
inhibition pattern. 
 

Table 2  Kinetic data of OHP sulfo conjugation inhibition by DES. 
 

[DES] (nM) Km (nM) Vmax (pmol/min/g SULT1E1)a R2 
0 

1.25 
25 

125 

3.26 ± 0.45 
3.36 ± 0.42 
3.13 ± 0.39 
3.87 ± 0.35 

184.7 ± 9.1 
160.0 ± 7.1 
136.3 ± 5.9 
88.6 ± 3.0 

0.9779 
0.9855 
0.9829 
0.9926 

a Values are the mean ± S.D. (n = 2) 
 

In conclusion, a fluorescence HPLC-based assay is available, which is suitable for 
screening of inhibitors and for determining activity of SULT1E1. This assay is easy to use, 
rapid and sensitive. The assay makes use of the selective SULT1E1 substrate OHP as a 
fluorescent probe, and represents a significant improvement over previous assays, which 
make use of radioactive [27-32] or carcinogenic [33-35] compounds. It was shown that the 
method was suitable for obtaining rapid insights into the inhibitory properties of EDCs. The 
assay offers opportunities to investigate for example human tissue samples upon the 
presence of EDCs and possibly can be used to establish causative predictions between 
levels of EDCs and health problems concerning SULT1E1.  
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