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A'-Steroid-Sa-reductase (3-oxo-Sa-steroid: NADP * A*-oxidoreductase, EC 1.3.1.22), is a membrane-bound enzyme. In
the veniral prostate of the rat, its activity is found within the nuclear envelope. Solubilization of this enzyme can only be

hieved in the pr of d ts. We studied the inhibitory effect of vari d onS v
as a function of detergent concentration, of pH, of incubation time, of salt and of additives to the buifer
system. Four detergents (Lubrol WX, CHAPS, L-a-lysophosphatidylcholine and octyl D-glucop ide) were sel

for subsequent solubilization studies. The overall recovery of solubilized enzyme activity was about 30% when compared

to 100% of Sa-reductase activity found in freshly prepared nuclei. Up to 20-30% of the

P were ex

during the sclubilization procedure. Among tlle various treatments tested, a concentration of 3 mg/ml L-a-iysophospha-

tidylcholine per 10 mg/mi of Jear p in the p
mM NADPH yielded the 1]

of 5 mM MgCi,, 0.1 M KCl, 0.1 M sodium citrate and 5
ymic activity of 56%, 15% of the nuclear proteins being solubilized in an active

and stable lorm. The activity in these extracts could be kept stable for 2 days at 4° C with a recovery of 75% of enzymic

ivity. A 3-fold i

of specific 5

Introduction

The y 3-0x0-5a- id: NADP* A'-oxido-
reductase (EC 1.3.1.22) of rat prostate is bound to the
nuclear envelope and is responsible for the co: ion
of 4-ene-3-oxc-steroids into the corresponding 3-oxo-
Su-dnhydrostermds The physiological sngmflcance of
activity resides in the
format-on of the biologically active metabolite dxhydro—

from one. A 1 h -
tion of the enzyme is impeded by the low enzyme
concentration in androgen target tissues, its instability
in vitro, even in intact membrane preparations, and its
structural integration into membranes rendering it highly
hydrophobic [1] and requiring a sclubilization for fur-
ther characterization. Phospholipid — protein interac-
tions are known to markedly affect Se-reductase activ-
ity in rat epididymis [2] and rat prostate [1,3].

Abbrmalxons CHAPS, 3{(3 ido propyl)di io)
1 DHT, 5a-dil PAGE, polyacryl-
amide gel electrophoresis; SDS, sodium dodecylsulfate.

C G. v Dep of y and Cell
Biology, Philipps-Uni g, D-3550 Marb F.R.G.

activity was obtained during solubilization under optimai conditions,

Methods have been described for the solubilization
and partial characterization of the microsomal A%steroid
Se-reductase of rat liver, an enzyme with properties
completely different from S3a-reductase in androgen
target tissues {4.5]. Little is known about this enzyme in
androgen target-dependent organs. Some progress has
been made towards solubilizing [6] 5 d in rat
epididymis and human prostate [7]. Solubilization of
Sa-reductase from rat prostate has been reported by use
of digitonin and KCI [8]. This procedure has been
difficult to reproduce in our hands. Therefore, we were
forced to establish our own solubilization protocol. We
report here the optimisation of conditions for the solu-
bilization of rat nuclear Sa-reductase using varions
detergents.

Materials and Methods

Matermls, 1,2,6,7-3 H]Tﬂstosterone (X 4 TBq/mmal)
was < ined from A h
Silica gel TLC-plates (Polygram Sl]—GH) were obtained
from Macherey & Nage! Co., Diiren.

Detergents. Sodium deoxycholate was purchased from
Serva KG, Heidelberg; CHAPS, Lubrol WX and L-a-
lysophosphatidylcholine from Sigma, Munich; octyl

0005-2736,/89,/503.50 © 1989 Elsevier Science Publishers B.V. (Biomedical Division)



22

p-glucopyranoside from Riedel-Ddeé Haen, Hannover;
and Nonidet P-40 from Fluka, Neu F'Im.

Chemicals. NADPH, unlabeled steroids, acrylamide
and additional chemicals required for gel electrophore-
sis were obtained irom Serva, Heidelberg and L-a-phos-
phatidylcholine {egg yolk Type V-E) from Sigma,
Munich. All other chemicals were of analytical grade
and supplied by Merck, Darmstadt.

Animals. Male Wistar rats, weighing 300-400 g, were
obtained from Ivanovas, Kisslegg.

Preparation of purified prostatic nuclei. Purified nuclei
were prepared from rat prostate as previously described
[1]. Briefly, a homogenate was centrifuged at 1000 X g
for 15 min according to Moore and Wilson [9]). The
pellet was suspended in 2.0 M sucrose containing 0.5
mM CaCl, at a volume equal to 3 ml/g of starting
tissue. Aliquots of this suspension were layered on 10
ml of 2.2 M sucrose containing 0.5 mM CaCl, and the
tubes were centrifuged at 56000 X g for 90 min. This
procedure was repeated twice. The 56000 X g pellet was
again homogenized in 50 mM Tris-HCI buffer (pH 7.4)
containing 5 mM MgCl, yielding 10 mg protein per ml
suspension. This suspension was used for the experi-
ments.

Assay of steroid 5a-reductase activity. Steroid Sa-re-
ductase activity wzs assayed radiometrically by measur-
ing the conversion of [*H]testosterone to [*H]dihydro-
testosterone according to Enderle-Schmitt et al. [1). The
routine assay for the enzyme was carried out in a final
volume of 30 pl containing 15 ul 50 mM Tris-HCl1
buffer (pH 7.0), 5 mM NaCl, 1 mM NADPH and 0.5
pmol testosterone including the tritiated testosterone
(specific activity 3.4 TBq/mmol). The reactions were
started by the addition of 15 ul of a S5a-reductase
containing sample (15-75 pg of protein) and incubated
for 15 min at 37°C. The reaction was stopped by
addition of 50 pl ethanol/acetone (1:1, v/v). After
shaking the mixture vigorously, precipitated protein was
removed by centrifugation. The supernatant was ap-
plied to a TLC-plate and the plate was developed in
dichloromethane/ether (8 : 2, v/v). Radioactivity on the
plate was scanned and analyzed from quantitative plots
printed by a TLC-analyzer (Berthold, Wildbad).

Detergent trearment. Sodium deoxycholate, L-a-lyso-
phosphatidylcholine, octyl p-glucopyranoside, CHAPS,
Lubrol WX and Nonidet P-40 were kept as stocks of 10
mg/ml in 50 mM Tris-HCl buffer (pH 7.4) at room
temperature. Prior to membrane solubilization, the stock
was diluted with appropriate buffer t~ the concentra-
ticn desired for solubilization. Purificd nuclei (50 pl of
a suspension containing 2.5-5 mg protein/ml in inhibi-
tion experiments or 5-10 mg protein/ml in solubiliza-
tion experiments) were precipitated by centrifugation (5
min, 10000 X g). The supernatant was discarded and
the solubilization was initiated by adding 50 pl of the
tespective deiergent to the pelleted nuclei. The resultant

detergent-membrane sample was vortexed for 30 min at
4°C and centrifuged at 100000 < g for 1 h (Airfuge,
Beckmann, 22 psi). The supernatant and pellet were
collected separately. The pellet was suspended in deter-
gent containing phosphate buffer. Activities released to
the supernatant by this treatment were considered to be
solubilized.

Solubilization in the presence of phosphatidylcholine.
The phospholipid used in all experiments was L-a-phos-
phatidylcholine (egg yolk type V-E). The phospholipid
was dissolved in chloroferm/diethyl ether solution
which then was evaporated and the phospholipid was
resuspended twice prior to use. Phosphatidylcholine was
suspended in phosphate buffer (pH 6.0) and sonicated
to clarity before use. A stock solution of 50 mg/ml
phosphatidylcholine was prepared, which was diluted
for solubilization experiments. Using CHAPS as a
detergent, the solubilization buffer contained 0, 1, 2, 3,
6 or 10 mg CHAPS with 0 or 12.5 mg phosphatidyl-
choline, respectively (higher phosphatidylcholine con-
centrations caused an unsoluble precipitate in the pres-
ence of CHAPS); using L-a-lysophosphatidylcholine as
detergent, the solubilization buffer contained 0, 0.6, 1.5,
3, 6 or 10 mg detergent with 0, 12.5 or 25 mg phospha-
tidylcholine, respectively. A ion of 1 mg nuclear
protein in 50 p] of this buffer was incubated for 30 min
at 4° C and subsequently centrifuged at 100000 X g for
1 h. Sa-Reductase activity was measured and specific
activity was calculated.

Gel exclusion chromatography. A 1 cm X 10 cm col-
umn of Sepharose 4B (Pharmacia) was equitibrated with
50 mM Tris-HCI (pH 7.4) containing 5 mM MgCl ., 0.1
M KC], 0.1 M sodium citrate, 1 mM NADPH and 1
mg/ml Lubrol WX. A 200 pl aliquot of solubilized
nuclei in solubilization buffer containing 3 mg/mi
Lubrol WX was chromatographed. Fractions of 600 pl
were collected and tested for Sa-reductase activity. The
column was calibrated with Dextran blue (void volume),
bovine serum albumin (66 kDa), catalase (230 kDa),
ferritin (450 kDa) and myosin (500 kDa).

Protein measurement. Protein concentrations were
determined using the method of Bradford [11] with
ovalbumin as standard. For determination of protein in
solubilized enzyme preparations standard curves were
prepared in the presence of equivalent amounts of
solubilization medium.

Electrophoretic  technigues. Gel electrophoresis on
gradient gels of 7.5-20% polyacrylamide in the presence
of SDS was performed according to Laemmli {12]. 30
pg protein per sample were applied to the gel and gels
were staired with Serva blue G.

Results

Membrane fractionation
Rat prostatic Se-reductase is pre-dominantly local-
ized in the nuclear envelope [1,8,9,13). During purifica-



tion of the nuclei, the specific Sa-reductase activity
increased by about 15-fold when compared to ihe ho-

genate. Isolation of the envelope as further
purification step again increased the specific activity
about 150-fold when compared to the purified nuclei.
Because of the considerable loss of absolute enzyme
activity during preparation of the nuclear membranes,
we simply used purified rat prostatic nuclei as source
for the solubilizaiton studies of Sa-reductase. An elec-
tron microscopic examination of the nuclei revealed a
negligible amount of residual microsomes. The outer
nuclear membrane was seen nearly free of adherent
microsomal residues (results not shown).

Preliminary studies indicated that Sa-reductase activ-
ity was not solubilized by simply resuspending the
nuclei in buffer containing KCl concentrations up to 1.5
M [1]. This indicated that the enzyme was not a periph-
eral membrane protein requiring the use of a detergent
for solubilization [14]. In a first set of experiments we
studied the inhibitory effects of various detergents on
Sa-reductase activity. Detergents which caused low in-
hibition, were selected for subsequent solubilization ex-
periments.

Effect of Lubrol WX on Sa-reductase activity

‘The inhibitory effects on 5a-reductase activity of iow
concentrations of Lubrol WX (a nonionic detergent,
which has been used previously for the solubilization of
the epididymal steroid Sa-reductase [6]), was studied by
using the enzyme assay. Lubrol WX was tested in a
concentration range from 0.01 to 10 mg/mk. Concentra-
tions above 1 mg/ml da ion-depend
i ition of 5a-red activity. 50% of the enzyme
activity was inhibited at a concentration of 3 mg/ml
Lubrol WX and 80% at a concentration of 10 mg/ml.

The influence of different parameters such as pH
value, concentration of KCl, NADPH etc. on Lubrol
WX-dependent decrease of Sa-reductase was studied in
experiments starting with 3 mg/ml of Lubrol WX per

TABLE 1
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incubation. The pH optimum of Sa-reductase activity
{pH 6.0) was unchanged independent from the presence
of 3 mg/ml Lubrol WX (Fig. 1A).

The effect of KC1 concentrations increasing up to 1
M was assayed in phosphate buffer at pH 6.0 (250 pg of
nuclear protein). 5a-Reductase activity was slightly in-
creased by the addition of KCl when incubated without
detergent. The addition of KCl in the presence of
Lubrol WX, however, caused a concentration-depen-
dent decrease of enzyme activity at concentrations above
0.1 M KClI (Fig. 1B).

Table I illustrates a slight increase of Sa-reductase
activity in the presence of Lubrol WX, the incubation
medium containing of either 1 mM MgCt, or a combi-
nation of 1 mM MgCi,. 0.1 M KCI, 0.1 M sodium
citrate and 10% glycerol. A significant effect (39% in-
crease in enzyme activity when compared to a control
without additional chemicals) was observed in a buffer
system, where glycerol had been replaced by 1 mM
NADPH (Table I: H).

Therefore. a phosphate buffer pH 6.0 containing 1
mM MgCl,. 0.1 M KCL 0.1 M sodium citrate and 1
mM NADPH was chosen for further experiments.

Effects of different detergents on Sa-reductase activity
The effects of six different detergents on enzyme
activity were tested at a concentration range from 0.1 to
10 mg/ml (Fig. 2). The buffer system used for this set
of experiments has been described above. Detergents
tested belonged to different groups (for review see Ref.
15): Lubrol WX, Nonidet P-40 and octyl p-gluco-
pyranoside are nonionic detergents. L-a-Lysophosphati-
dylcholine and CHAPS. a derivative of cholic acid {16].
are zwitterionic detergents, and sodium deoxycholate is
an anionic detergent. All detergents caused a concentra-
tion-dependent inhibition of activity. CHAPS, Lubrol
WX, and octyl p-glucopyranoside had no effect on
Sa-reductase activity over a concentration fange up to 3
mg/ml, while Nonidet P-40 and sodium deoxycholate

Effects of various chemicals to the buffer system on Sa-reductase activity in the presence und absence of Lubrol WX

MgCl, Ka Sodium citrate Glycerol NADPH DHT Percentage of Sa-reductase
{1 mM) (0.1 M) (0.1 M) 10%) {1 mM) sawd. relative to control value
no 3 mg/ml
Lubrol WX Lubrol WX
A - - - - - - +0 +0
B + - - - - - +45 +14.4
C - + - - - - +49 +8.0
D - - + - - - +26.5 +9.7
E + + - - - +134 +54
F + + + - - - +23.9 —0.9
G + + + + - - +19.6 +137
H + + + - + - +21.2 +392
1 + + + +

- - +5.5 +2.5
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Fig. 1. 5a-Reductase activity in the presence of Lubrol WX as a

function of pH, KC1 and various ch Is. Activity of

Sa-reductase (250 pg of protein, respectively) was assayed with and

without the addition of 3 mg/ml Lubrol WX after an mcubauon time

of 30 min at 4°C. The ‘was varied g 10

the following parameters: (A) Effecl of pH: (B) effect of KCl con-
centrations.
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inhibited 50% of the enzyme activity at concentrations
of less than 0.1 mg/ml and 1 mg/ml, respectively.
These data indicate that Lubrol WX, CHAPS, L-a-lyso-
phosphatidylcholine and octyl D-glucopyranoside yield
the highest recovery of 5a-reductase activity.

Solubilization of S«-reductase using various detergents

In contrast to the afor toned experi which
addressed the guestion of Sa-reductase inhibition by
various detergents and selection of optimal incubation
conditions, a second set of experiments checked the
ability of detergents, of solubilizing nuclear Sa-re-
ductase from rat prostate. The solubilization capacity of
various detergents for 5e-reductase was studied by re-
suspending purified nuclei (5-10 mg of protein per ml)
in the presence of detergent. After an mcubauon time
of 30 min (longer incubation times i ition of
Sa-reductase activity), the samples were centnfuged at
100000 X g for 1 h. The Sa-reductase activity and pro-
tein concentrations were assayed in the pellets and
supernatants, respectively. During initial experiments, a
detergent concentration which resulted in a 50% de-
crease of Sa-reductase actwvity (see Fig. 2) was tested.
Using sodium deoxycholate and Nonidet P-40, no 5a-
reductase activity could be recovered in the solubilized
supernatant. Other detergents left part of the enzyme
active in the supernatants as well as in the pellets. For
more detailed solubilization studies Lubrol WX,
CHAPS, L-a-lysophosphatidylcholine and octyl bD-
glucop ide were sel d. Using i ing con-
centrations of these detergents (up to 10 mg,/ml), 5a-re-
ductase activity and protein concentrations were
analyzed in the 100000 X g supernatants and pellets.
Results are shown in Fig. 3 and are summarized in
Table II.

The maximum recovery of solubilized 5a-reductase
activity was dependent on the detergent used reaching
23-56% of an untreated control pellet. Optimal solubili-
zation was achieved at detergent concentrations of 2-3
mg/ml. This indicates an optimal detergent/ protein
ratio of about 1:4, independent of the nature of the
detergent. Maximal protein concentration after solubili-
zation varied between 20% to 30%: The addition of
increasing detergent concenirations resulted in a con-
centration-dependent release of protein into the 100 000
X g supernatant extracts at the solubilization optimum,

i.e., at the point where maximum S«-reductase activity
is solubilized, the concentration of solubilized protein is
below the value of the solubilization maximum. The

gl recovery of Sa-reductase in the supernatant
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Fig. 2. Effects of various detergents on Sa-reductase activity. Activity
of Sa-reductase of prostatic nuclei (250 ug of protein/150 pl, respec-
tively) was assayed in the presence of various detergents in a con-
centration range up to 10 me/ml.

(56% of the control activity) was obtained using 3
mg/ml L-a-lysophosphatidylcholine in a phosphate
buffer (pH 6.0) containing 5 mM MgCl,, 0.1 M KCl,
0.1 M sodium citrate and § mM NADPH (nuclear
protein concentration: 5 mg/ml). The activity in these
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Fig. 3. Solubilization of Sa-reductase and protein with i i ion of d Prostatic nuclei (56 gi of a s;::.pc-s-nn wuh 5-10
mg/ml nuclear protein) were incubated with CHAPS, Lubrol WX, L-a-l hosph Icholi

and octyl ly. in a

concentration-dependent manner for 30 min. After centrifugation (100000 X g, 1 h) the protein and the di aclwuy were
analyzed in the pellets and supernatants. The solubilized protein in the supernatant is the percentage of the total protein concentration of the
sample (pellet plus supernatant). Data represent mean values of three experiments.

extracts could be kept stable for 2 days at 4°C with a

should not be pelleted by a 100000 X g centrifugation
recovery of 75% of enzymic activity.

for 1 h. The supernatant formegd after long-term, high-
speed centrifugation (1 h, 100 000 X g) of the
detergent-treated 1 p ined Sa-re-
ductase activity. (2) Solubilized proteins should be re-
tained on a Sepharose 4B column. Using the 100000 x g
supernatant of Lubrol WX-treated nuclei for gel exclu-
sion chromatography on a Sepharcse 4B column (equi-

Criteria of complete solubilization

Razin [17] has established three criteria for solubili-
zation of membrane-bound proteins. We have moni-
tored our detergent-treated 100000 X g supernatants
with respect to these criteria: (1) Solubilized proteins

TABLE I

Solubilization of Sa-reductase with different detergents. D ination of the solubili

Detergent ion at ilized Sa-red bound Sa- Solubilized
the solubilization (mg/ml) tase activity * (%) reductase activity ® (%) protein € (%)

CHAPS 2 554 84.1 173

Lubrol WX 3 269 431 253

L-a-Lysophosphatidylcholine 3 56.3 283 148

Octyl p-glucopyranoside 2 231 Y79 6.2

Pescentage of Sa-reductase activity in the 100000 g supernatant relative to the activity of a non-detergent-treated 100000 g pellet (control
activity 100%).

® Percentage of Sa-reductase activity in the 100000 x g pellet relative to the activity of a non-detergent-treated 100000 g pellet.
© Percentage of solubilized protein (100000 X g supernatant) relative to the total protein concentration of the sample (pellet + supernatant).
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TABLE 1II

Solubiiization in the presence of phosphatidylcholine

Phosphatidyl- Maximum solubil- Detergent concentration Protein concentraticn

choline ized Sa-reductase at the solubilization at the solubilization

(mg/mi) activity * (%) optimum (mg/ml) optimum ® (%)
CHAPS o 2 554 17.3

12.5 3 50.2 9.4
L-a-Lysophosphatidylcholine o 3 56.3 14.8

12.5 6 29.6 17.3

25 10 18.5 9.7

= Percentage of Sa-reductase activity in 100000 % g supernatant relative to the activity of a non-detergent treated 100000 g pellet.
® Percentage of solubilized protein (100000 X g supernatant) relative to the total protein concentration of the sample (pellet plus supernatant).

librated with the solubilization buffer containing 1
mg/ml Lubrol WX), 5a-reductase activity was eluted
immediately after the void volume of the column.
According to the calibration of the column the molecu-
lar size of this fraction was about 500 kDa (data not
shown). (3) No membrane fragrents should be detecta-
ble in the solubilized sample by electron microscopy.

Electron microscopic examination of negatively
stained 100000 X g supernatant of CHAPS-solubilized
nuclei failed to reveal any membranous structures.
Instead, particles of about 30 nm in diameter were
present (results not shown).

Solubilization in the presence of phosphatidylcholine

Phosphatidylcholine was added to the solubilization
buffer containing CHAPS or L-a-lysophosphatidyl-
choline at detergent concentrations ranging from 1-10
mg/ml; phosphatidylcholine concentrations tested were
0, 12, 5 and 25 mg/ml, respectively. The results are
summarized in Table III.

‘With increasing amounts of phosphatidylcholine, the
solubilization optimum was shifted to higher detergent
concentrations (CHAPS: from 2 mg/ml to 3 mg/ml;
L-a-lysophosphatidylcholine: from 3 mg/ml to greater
than 10 mg/ml). Sa-Reductase activity decreased after
solubilization in the presence of phosphatidylcholine
especially when L-a-lysophosphatidylcholine was used
as a detergent (Table 1II). Concentration of solubilized
protein were likewise de d. In conclusion, the
addition of phosphatidylcholine to the solubilization
buffer resulted in a shift of the solubilization -ptimum
to higher detergent concentrations. Solubilized Sa-re-
ductase activity, however, was not stabilized, it even was
decreased. Therefore, the presence of phospholipids as
protectives during solubilization is not required, but
must instead be avoided.

Dilution of solubilized Sa-reductase

Solubilized prostatic nuclei (8 mg/ml nuclear per
protein, 2 mg/ml CHAPS) were diluted 1:1, 1:3 and
1:9 with a detergent-free phosphate buffer. After a
100000 X g centrifugation for 1 h, enzyme activities and

protein concentrations in the pellets and supernatants
were assayed. No significant loss of Sa-reductase in the
supernatant was obtained, if the detergent concentra-
tions was decreased to 1 mg/ml or even 0.5 mg/ml
(10% loss of enzyme activity). Contrary, a dilution to
0.2 mg/ml caused a 50% loss of solubilized Sa-re-
ductase activity. The higher the degree of dilution was,
the more Sa-reductase activity was precipitated in a
protein-lipid-detergent complex. A 2-fold increase of
specific Sa-reductase activity was obtained in the 1:3
diluted precipitate. In purification experiments of the
solubilized enzyme, a dilution exceeding 1:3 should be
avoided to prevent precipitation.

MW

80kDa
69xDa

47kDa

RO

24kDa

14kDa

1 2 3 4

1:Molecular weight marker

2:Prostatic nuclei

3:CHAPS solubitized nuclei,supernatant
4 CHAPS solubitized nuclei,pellet

Fig. 4. SDS-PAGE of CHAPS-solubilized prostatic nuclei. Nuclei and

CHAPS (2 mg/ml) treated nuclei (100000X g supernatant and

100000 X g pellet) were applied to a 7.5-20% gel. Lane 1, molecular

weight markers: transferring (80 an. human serum albumin (69

kDa) in (47 kDa), chy P (24 kDa), lysozyme (14

kDa). Lane 2, prost~tic nuclei. Lane 3, CHAPS-treated nuclei, super-
natant. Lane 4, CHAPS-treated nuclei, pellet.




SDS-PAGE of CHAPS solubilized nuclei

An electrophoretic analysis of the polypeptide com-
ponents was performed after CHAPS treatment (2
mg/ml) of prostatic nuclei (100000 X g supernatant
and 100000 X g pellet) and compared to the poly-
peptide pattern of intact nuclei (Fig. 4). The 100000 x g
pellet, representing the residual membranous structures
and the chromatin, contained most of the histone pro-
teins. Its distribution pattern of polypeptides was simi-
lar to that of intact nuclei. In contrast, the solubilized
fraction showed enrichment of several polypeptides,
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Our overall recovery of solubilized enzyme (up to
58%) exceeds that reported by several previous authors.
Houston et al. [7] report a recovery of about 30% using
a related detergent, Lubrol PX for solubilizing Se-re-
ductase from human prostatic tissue. Scheer and Robaire
[6] four that 21% of the Sa-reductase activity in rat
epididymal membranes could be solubilized by incuba-
tion in the presence of 0.1 M KCl and 0.1 M citrate in
the absence of detergent. The solubilization ratio of
Sa-reductase could only slightly be increased to 25% in
the presence of Lubrol WX. Neither in the hands of
Houston and co-workers [7], nor in our hands. the
presence of salt alone did result in any solubilization of

d tly in the molecular weight range of 40 kDa
to 80 kDa. This indicates a selective solublhzanon of
some of the 1 ( \; includi d

Sa-reductase. Increased specific Sa-reductase activity m
the solubilized fraction might be due to the enrichment
of proteins in the 100000 X g supernatant of CHAPS-
treated nuclei.

Discussion

Recent data indicated that protein—phospholipid in-
teractions are important factors for 5Sa-reductase activ-
ity in androgen target tissues such as rat epididymis {2]
and rat ventral prostate [1]. We have studied the effects
of low concentrations of detergents on enzyme activity
prior to attempting the solubilization of a membrane-
bound enzyme. Among the detergents used in this study
only CHAPS, Lubrol WX, octyl D-gh'copyranost

idylcholine were sui for furlher
solubilization studies. An inhibitory effect of detergents
on Sa-reductase activity was only considered in the
paper of Houston et al. [7], reporting of solubilization
studies on human prostatic Sa-reductase. It has not
been mentioned by others [6,8]. Thus, the amount of a
given detergent concentration is decisive for the amount
of solubilized but simul ly also for the
degree of i ion of the 18y

The following mixture was found to be suited for the
solubilization of maximum Sa-reductase activity from
nuclei of rat ventral prostate: 3 mg/mi L-a-lysophos-
phatidylcholine in phosphate buffer (pH 6.0) containing
5 mM MgCl,, 0.1 M KCl, 0.1 M sodium citrate and 5
mM NADPH. Under such conditions we succeded in
solubilization of 14.8% of the nuclear protein and were
able to preserve 56% of the enzymic activity in soluble
form. At high detergent concentrations enzyme activily
of the supernatant is lower than expected. This is due to
the concentration dependent inactivation of S5a-re-
ductase by the detergent. Thus, Sa-reductase activity
recovered at a certain detergent concentration is a func-
tion of both the amount of enzyme solubilized at that
detergent concentration and the degree of inactivation
occurring at the same concentration. Specific enzyme
activity increased by about 3-fold when ¢ to

o,

L-a-lysophosph

Se-r activity. This might be due to species
specificity or it could be that the results of Scheer and
Robaire [6] were due to the stabilization of a small
amount of Sa-reductase simply released by resuspend-
ing the membranes. Moore and Wilson [8] report a 35%
recovery of solubilized 5e-reductase from rat ventral
prostate using digitonin in the presence of KCI, Using
the experimental protocol of Moore and Wilson [8], we
were unable to reproduce their result. We found a
detergent-protein ratio of 1:4 at the solubilization opti-
mum, being in the same order of magnitude for all four
detergents tested.

All three criteria for solubilization of membrane-
bound proteins claimed by Razin [17] have been fulfilled.
It seems reasonable to conclude that enzyme-containing
iembranes have been disrupted by the agents and that
Sa-reductase has been solubilized. Stringent evidence,
however, for solubilization (proof of separation from

brane lipids, sep ion of the enzyme from the
detergent) has not been obtained. Because of the low
amount of 5a-reductase activity and the instability of
the enzyme in the ventral prostate of the rat, complete
purification does not appear feasible as yet.
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