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ABSTRACT 

Homogeneous  human  placental 17/#hydroxysteroid dehydrogenase was obtained by a procedure consisting of two fast protein liquid 
chromatographic (FPLC) steps using Phenyl-Scpharose hydrophobic interaction and Blue-Sepharose affinity columns. In the first 

chromatography,  the enzyme eluted only when an additional decrease in ionic strength was inserted after the ammonium sulphate 
concentration had reached zero, thus enhancing the separation. In the affinity chromatography,  separation of contaminating proteins 
occurred at different stages of  loading and washing, The specific elution of the enzyme by the co-factor NADP + is very efficient in 
obtaining a homogeneous  preparation in high yield. The rapidity of FPLC was further increased by a maximum simplification of the 
intermediate steps, and the whole procedure lasted only two days. This preparation has a yield of more than 50% and a high specific 
activity, catalysing the formation of 7.9 #tool of  estrone from estradiol per minute at pH 9.2 and 23°C. It has an apparent molecular 
mass of  35 000. This provides an efficient candidate for the purification of other membraue-associaled proteins, 

I N T R O D U C T I O N  

The development of  protein structure studies 
requires highly homogeneous and active pro- 
teins. Since the early 1980s, fast protein liquid 
chromatography (FPLC) has been demonstrated 
to be very efficient in preparing high-quality pro- 
teins [1-5]. We have demonstrated the impor- 
tance of the rapid purification to enzyme activity 
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[6,7], which has been shown to be extremely im- 
portant for crystal growth and other physico- 
chemical studies of proteins [4,5,7-10]. 

A further need in the application of FPLC is 
the maximum simplification of the preparative 
steps. 17fl-Hydroxysteroid dehydrogenase (17fi- 
HSD, EC 1.1.1.62) is responsible for the conver- 
sion of most active androgens and estrogens, thus 
being of critical importance both in basic re- 
search and in the therapy of breast and prostate 
cancers [11-16]. In this work, we used the hydro- 
phobicity of 17[]-HSD from human placenta, and 
purified it efficiently first using a Phenyl-Sepha- 
rose hydrophobic interaction column. Combined 
with an affinity column (Blue-Sepharose CL-6B), 
we were able to purify 17fi-HSD within two days, 
yielding highly active enzyme. With this method. 
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the dialysis process is completely avoided and the 
sample volume for loading is markedly reduced. 
This protocol may also be used for other mem- 
brane-associated proteins. 

EXPERIMENTAL 

Materials 
NAD+, NADP+,  glycerol, phenylmethylsul- 

phonyl fluoride (PMSF) and protein standards 
for gel permation chromatography were obtained 
from Sigma (St. Louis, MO, USA). 17fl-Estra- 
diol, 2-mercaptoethanol (/#SH) and dithiothrei- 
tol (DTT) were purchased from Aldrich (Mil- 
waukee, Wl, USA). Protein markers (low molec- 
ular mass) for sodium dodecyl sulphate poly- 
acrylamide gel electrophoresis (SDS-PAGE) 
were supplied by Bio-Rad Labs. (Richmond, CA, 
USA). Phenyl-Sepharose and Blue-Sepharose 
CL-6B columns were packed in the laboratory; 
the empty columns were obtained from Pharma- 
cia LKB (Montreal, Canada), All reagents were 
of  the best grade available. Centricon-30 and 
Centri-prep-30 concentrators were purchased 
from Amicon (Beverly, MA, USA). 

The resulting homogeneous 17fi-HSD activity 
was checked with a direct assay of the formation 
of [14C]estrone from [14C]estradiol under similar 
conditions. At different time intervals, aliquots 
were taken and the reaction was stopped with 
cold dichloromethane. Estradiol and estrone 
were extracted and separated by thin-layer chro- 
matography, then cut and counted in a scintilla- 
tion liquid, as described by Wahawsan and Go- 
rell [17]. 

SDS-PAGE 
SDS-PAGE was carried out in the Laemmli 

discontinuous buffer system [18] using a Bio-Rad 
Mini-Protean I! or. Pharmacia PhastSystem. The 
gels were 12% polyacrylamide-N',N'-bismethyl- 
eneacrylamide (37:1) and the samples contained 
0.5% SDS and 10% glycerol. When doing immu- 
noblotting, duplicate gels were run: one under- 
went Coomassie Brilliant Blue staining and the 
other was electroblotted with nitrocellulose. The 
blots were washed and treated with polyclonal 
anti-17fl-HSD serum from rabbit and ~zsl-la- 
belled anti-rabbit immunoglobulin G from goat, 
similarly to the method of  St. John [19]. 

17~-HSD assay 
The enzyme was assayed by measuring NAD + 

reduction monitored by the increase in absorp- 
tion at 340 nm with a Beckman DU-70 spectro- 
photometer. The reaction mixture contained 25 
/tM estradiol, 0.5 mM NAD + in 50 m M  sodium 
hydrogencarbonate buffer (pH 9.2). An enzyme 
unit (U) is defined as the amount of enzyme pro- 
tein that catalyses the reduction of 1 #tool of 
NAD + in 1 rain under the above conditions. The 
absorbance change per minute is divided by 6.22 
to yield the reduction of  NAD + in mM/min, 
which is equivalent to the number of  enzyme 
units per ml (raM/rain = /,~mol/ml/min = U/ml). 
A blank value using the same reaction mixture 
but containing no estradiol was subtracted dur- 
ing assays throughout the purification. The reac- 
tion is as follows: 

17/3-HSD 
estradiol + NAD + , -~ estrone + N A D H  

+ H  + 

Protein concentration measurements 
We used the optical method of Warburg and 

Christian [20] and the measurements were made 
with a Beckman DU-70 spectrophotometer. For 
determination of homogeneous 17fi-HSD, a mi- 
crocuvette requiring 50/d of  sample was used. 

Pur~B'cation steps 
Unless mentioned otherwise, buffer A, which 

contained 40 mM Tris-HC1 (pH 7.5), 1 mM 
EDTA, 0.2 mM DTT and 20% glycerol, was 
used as the principle buffer of low ionic strength 
after placenta fractionation. A Pharmacia FPLC 
system was used, consisting of  two P3500 pumps, 
a UV-M monitor and an LCC-500 controller. 

Placental homogenization and cell extract 
The placentae were refrigerated on ice immedi- 

ately after delivery and treated within 45 rain. 
The umbilical cord, blood clots and membranes 
were removed and the placentae were washed 
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with 0.9% sodium chloride Irrigation USP (neu- 
tralized). About 260 g of wet tissue were obtained 
per placenta, which was then cut into pieces and 
mixed with 520 ml of buffer containing 50 mM 
Tris-HC1 (pH 7.2), 7 mM fi-SH, 0.25 M sucrose, 
5 mM EDTA and 1 mM PMSF. The tissue was 
then ground in a liquefier-blender (Osterizer) 
three times for 10 s at 1-min intervals. All the 
above treatments were carried out in a cold room 
(4°C). The homogenate was centrifuged for 30 
min at 800 g in a Sorvall RC-3 centrifuge. The 
resulting supernatant was decanted and recentri- 
fuged at l0 000 g in a Sorvall RC-5 centrifuge. 
The above supernatant was finally recentrifuged 
at 100 000g for 60 min in a Beckman L5-65 ultra- 
centrifuge. The centrifugations were also carried 
out at 4°C. 

The supernatant after the ultracentrifugation 
was submitted to ammonium sulphate fraction- 
ation. During the fractionation, the sample was 
always kept neutral with ammonia solution. The 
enzyme fractions precipitating between 30 and 
50% saturation were collected and dissolved in 
buffer A made 0.85 M in ammonium sulphate. 
The sample volume at this stage was about 250 
ml per placenta. 

RESULTS 

Hydrophobic interaction chromatography 
The sample obtained as described above was 
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Fig, l. Hydrophobic interaction chromatography. A 17/#HSD 

sample after ammonium sulphate fractionation was dissolved in 
the presence of 0.6 M (NH4)2SO 4 and loaded directly on a Phen- 
yl-Sepharose column (65 mm x 26 mm I.D.). The sample was 
only eluted when the ammonium sulphate concentration reached 

zero and with a further decrease in Tris HCI concentration 
yielding fractions containing up to 20% of 17fi-HSD protein. 
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Fig. 2. Affinity chromatography. The Phenyl-Sepharose frac- 

tions of 17fi-HSD were loaded directly on a Blue-Sepharose 
CL-6B column (100 m m x  16 mm 1.D.). The column was first 

washed with buffer A of low NaC1 content (0.1 M) and re-equili- 

brated with the same buffer ("0 M NaCI"), then eluted with 

NADP +. Homogeneous 17/:LHSD fractions eluted at 35 ~M 

NADP + . The fraction size is 2 ml each. 

loaded directly on a Phenyl-Sepharose column 
(65 mm x 26 mm I.D.) and washed with buffer A 
made 0.6 M in ammonium sulphate. A large 
amount of contaminating proteins was removed 
during the loading. Then a reverse gradient of 
0.6-0 M ammonium sulphate in buffer A (Fig. 1) 
was generated by the LCC-500 controller, which 
decreased slowly at the beginning to separate well 
many contaminating proteins. The decrease in 
ammonium sulphate concentration was fastest 
between 0.45 and 0.15 M during the gradient 
where few proteins were eluted. 173-HSD activ- 
ity was eluted only after the ammonium sulphate 
concentration had reached zero and when the 
column was further washed with a buffer similar 
to buffer A but containing less Tris-HCl (10 
mM), yielding fractions containing up to 20% of 
17/~-HSD protein, as revealed by gel scanning us- 
ing an Amersham PAS system and GL-1000 soft- 
ware (Fig. 3, lanes 1 and 2). Only the fractions 
with four times or more 17/~-HSD specific activ- 
ity than that in the applied sample, i.e., fractions 
between 35 and 52 ml elution volume after 10 
mM Tris buffer was applied, were collected. In 
this way, a 24-fold purification of the enzyme 
could be obtained with this column. In this step, 
a flow-rate of 10 ml/min was easily achieved with 
the joint functioning of two P3500 pumps. Here, 
0.5 mM PMSF was added to the buffers. 
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Fig. 3. SDS-PAGE of different 17fi-HSD fractions. Lanes 1 2 = 
fractions eluled fi'om Phenyl-Sepharose column. Lane M = pro- 
rein markers: from top to botlom: phosphorylase h (M~ 974 

000), serum albumin ( M  662 000), ovalbumin (M r 45 000): bo- 
vine carbonic anhydrase ( M  31 000), main soybean trypsin in- 

hibitor (M~ 215 000) and lysozyme ( M  144 000). Lanes 3-5 
17{7-HSD fractions eluted from the Blue-Sepharose affinity chro- 

matography.  

A[h'nity chromatography 
The above-collected fractions (only about 27 

ml) were applied directly to a Blue-Sepharose 
CL-6B column (100 mm x 16 mm I.D.) at a 
flow-rate of 3-4 ml/min. About 45-50% of the 
proteins passed directly through the column and 
possessed no 17fl-HSD activity. The column was 
then washed with 0.1 M sodium chloride in buffer 
A, separating further about 10% of interfering 
proteins (over the total applied protein) and then 
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Fig. 4. Apparent molecular mass evaluation of  17fl-HSD fi'om 
SDS-PAGE. Protein markers (O) are of  M, 66 000, 45 000, 

31 000, 215 000 and 144 000 fronl top lo boltom, 

re-equilibrated with buffer A. Stepwise washing 
of NADP + was carried out at a flow-rate of 2-3 
ml ml/min and the enzyme activity eluted at 35 
/~M NADP + in the same buffer (Fig. 2) where 
most fractions were homogeneous, as verified by 
SDS-PAGE (Fig. 3). A further increase in 
NADP + did not elute more 17[]-HSD activity. 
The yield was about 80% in this step. PMSF (0.2 
mM) was included in all butters during the affin- 
ity chromatography. 

(~oncentration, ,spec(]Tc aclivi O' and storaL, e 
The homogeneous fractions resulting from the 

affinity column were collected, then concentrated 
and equilibrated in a buffer containing 40 mM 
Tris-HC1 (pH 7.5), I mM EDTA, 0.4 mM DTT 
and 50% glycerol with Centricon (or Centri- 

TABLE 1 

17/7-HSD (PLACENTA)  P U R I F I C A T I O N  BY TWO C H R O M A T O G R A P H I C  STEPS 

Step Total Total protein Specific activity Yield Purification 

units (mg) (U/mg) (%) (fbld) 

Cell extract 50 12238 0.0040 100 I 
50% (NH4)zSO ~ 40.6 971 0.0418 81 1(I.5 
Phenyl-Sepharose 34.5 34.2 1.01 69 253 
Blue-Scpharose 26.9 3.4 7.9 54 1980 
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prep) concentrators using centrifugation at 4500 
g. This preparation has a high specific activity 
which can catalyse the oxidation of nearly 8 nmol 
of estradiol per minute and per milligram of en- 
zyme protein [21-24]. When stored at - 20°C  in 
the above buffer in the presence of 50% glycerol, 
the activity can be maintained for many months. 

S D S - P A G E  and immunoblotting 
Our preparation showed a unique band on 

SDS-PAGE (Fig. 3, lanes 3-5). This band hy- 
bridized with polyclonal anti-17~-HSD serum 
from rabbit in immunoblotting (data not shown), 
The plot of the relative migration versus the loga- 
rithm of the molecular mass of protein standard 
determined the apparent molecular mass of 17fi- 
HSD as 35 000 (Fig. 4). 

DISCUSSION 

Placental 17/~-HSD is a hydrophobic and rela- 
tive unstable enzyme, and therefore has been rel- 
atively diffficult and long to prepare to high ho- 
mogeneity by conventional chromatography [21- 
24]. Using FPLC, we have substantially simpli- 
fied the chromatographic steps to the use of two 
columns. The conventional dialysis, often a time- 
consuming and destabilizing step for enzyme ac- 
tivity, is completely avoided and the sample vol- 
ume is minimized by making use of Phenyl-Se- 
pharose in FPLC. On this column, the enzyme is 
well separated because of its high hydrophobic- 
ity. When the enzyme is eluted at nearly the low- 
est ionic strength possible, it is ready to be loaded 
on a second column, avoiding any dialysis or di- 
lution. In this way, the sample volumes are sub- 
stantially reduced. 

Because of the rapidity of FPLC and the sim- 
plicity of the procedure, we can obtain large 
amounts of  17/#HSD with high specific activity. 
This is probably due to the elimination of protein 
microheterogeneity from in vivo modifications, 
e.g., oxidation-reduction effects or partial prote- 
olysis [25,26] using the fast procedure. 

Such a procedure may also be applied to many 
other hydrophobic and membrane-associated 
proteins. The laboratory-packed FPLC columns 

are fairly inexpensive and can provide quantita- 
tive and fast preparations because of their high 
flow-rates and large diameters. The column size 
mentioned is suitable for purification using two 
placentae, but larger-scale purification can be 
easily achieved by increasing the column size. For 
example, a Phenyl-Sepharose column of 130 mm 
x 26 mm I.D. combined with a Blue-Sepharose 

column of 100 m m x  26 mm I.D. afforded good 
separations for three or four placentae, although 
the elution profile was slightly changed, i.e., 17/~- 
HSD eluted from the first column slightly before 
the end of the reverse gradient, earlier than in the 
work described here. After the Phenyl-Sepharose 
chromatography more than a 200-fold purifica- 
tion was achieved. 

Hydrophobic interaction chromatography is 
suitable for many membrane-associated proteins, 
e.g., human placental 3/~-hydroxysteroid dehy- 
drogenase [27], while the second step can be al- 
ternated with another high-resolution FPLC col- 
umn, such as ion-exchange (anionic or cationic, 
e.g., Pharmacia Q or S series), affinity columns 
other than Blue-Sepharose or gel permeation. It 
is important to note that the present procedure 
yields very reproducible results. Application of 
the above procedure to several other hydropho- 
bic proteins is in progress to develop a more gen- 
eral purification method for membrane-associat- 
ed proteins whose biological importance has 
been increasingly recognized in recent years. 
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