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Aa-Sterald-Sa-reductase (3-oxo-Sa-steroid: NADP 4- A, Loxidoreductase, EC 1.3.1.22), is a membrane-bound enzyme. In 
the ventral ca'astute of the rat, its activity is found within the nuclear envelope. Solubilization o |  this enzyme can only be 
achieved in the presence of detergents. We studied the inhibitory effect of various detergents on 5a-reductase activity 
as a function o! detergent concentration, of pH, of incubation time, of salt concentration and of additives to the buffer 
system. Four detergenls (l.,ubrol WX, CHAPS,  L-a-lysopimsl~lmtidyleholine and oetyl l)-glucopyranoside) were selected 
for subsequent solubilization studies. The overall recovery of solubilized enzyme activity was about 30% when compared 
to I00~ of 5 a - r e ~ c t a s e  activity fomul in freshly pcepared nuclei. Up to 20-30% of the nuclear proteins were extracted 
during the sclubilization procedure. Among the various treatments tested, a concentration of 3 m g / m l  L-a-tysophospha- 
l i~ ld to l ine  per 10 m g / m l  of nuclear protein in the presence of 5 mM MgCl z. 0.1 M KCl, 0.1 M sodium citrate and 5 
mM NADPH yielded the maximal enzymic activity of 56%, 15% of the nuclear proteins being solub;lized in an active 
and stable form. The activity in these extracts could be kept stable for 2 days at 4 ° C  with a recovery of 75% o! enzymic 
activity. L 3-fold increase of specific 5a-reductase activity was obtained during solubilization under optimai conditions. 

Introduction 

Tho enzyme 3-oxo-Sa-steroid: NADP + A4-oxido - 
reductase (EC 1.3.1.22) of rat prostate is bound to the 
nuclear envelope and is responsible for the conversion 
of  4-eneo3-oxo-steroids into the corresponding 3-oxo- 
5a-dihydrostcr0ids. The physiological significance of 
nuclear prostatic 5a-reduotas¢ activity resides in the 
formation of the biologically active mctabolit© dihydro- 
testosterone from testosterone. A complete characteriza- 
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 high]y 
hydrophobia [1] and requiring a sohibilization for fur- 
ther characterization. Phospholipid - protein interac- 
tions are known to markedly affect 5a-reductase activ- 
ity in rat epididymis [2l and rat prostate [1,3]. 

Abbreviations: CHAPS, 3-[(3-cholamido propyl)dimethylammonio|- 
1-propanesu|fonate; DHT, 5a-dihydrote,,stosteron¢; PAGE, polyae:'yl- 
am]de gel eleetrophoresis: SDS. sodium dodecylsulfate. 

Correspondence: G. Aumt~ller, Department of Anatomy and Cell 
Biology, Philipps-University Mar'burg, D-3SS0 Marburg. F.R.G. 

Methods have been described for the solubilization 
and partial characterization of the microsomal A4-steroid 
5a-reductase of  rat liver, an enzyme with properties 
completely differeht from 5a-reductase in androgen 
target tissues [4,5]. Little is known about this enzyme in 
androgen target-dependent organs. Some progress has 
been made towards solubiiizing [6] 5,,-reductase in rat 
epididymis and human prostate [7]. Solubilization of 
5a-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 5a-reductas¢ using various 
detergents. 

Materials and Methods 

Materials ,  [1,2,6.7-3H]Testosterone (3.4 TBq/mmol)  
was obtained from Amersham Buchler, Braunschweig. 
Silica gel TLC-plates (Polygram Sil-GH) were obtained 
from Macherey & Nagel Co., Diiren. 

Delergents .  Sodium deoxycholate was purchased from 
Serva KG, Heidelberg; CHAPS, Lubrol WX and L-~- 
lysophosphatidylcholine from Sigma. Munich; octyl 
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D-glucopyranosidc from RJedeI-De Haen, Hannover; 
and Nonidet P-40 from Fluka, Neu Ulm. 

Chemicals. NADPH, unlabeled steroids, acrylamide 
and additional chemicals required for gel electrophore- 
sis were obtained ~'fom Serva, Heidelberg and L-a-phos- 
phatidylcholire (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 × g 
for 15 min according to Moore and Wilson [9]. The 
pellet was suspended in 2.0 M sucrose containing 0.5 
mM CaCI 2 at a volume equal to 3 m l / g  of starting 
tissue. Aliquots of this suspension were layered on 10 
ml of 2.2 M sucrose containing 0.5 mM CaCI z and the 
tubes were centrifuged at 56 000 × g for 90 rain. This 
procedure was repeated twice. The 56000 × g pellet was 
again homogenized in 50 mM Tris-HCl buffer (pH 7.4) 
containing 5 mM MgCI 2 yielding 10 mg protein per ml 
suspension. This suspension was used for the experi- 
ments. 

Assay of steroid 5~-reductuse activity. Steroid 5a-re- 
ductase activity wz.s assayed radiometricaUy by measur- 
ing the conversion of [3H]testosterone to [3H]dihydro- 
testosterone according to Enderle-Schmitt et al. [1]. The 
routine assay for the enzyme was carried out in a final 
volume of 30 #1 containing 15 ~1 50 mM Tris-HCl 
buffer (pH 7.0), 5 mM NaCI, 1 mM N A D P H  and 0.5 
pmol lestosterone including the tritiated testosterone 
(specific activity 3.4 TBq/mmol) .  The reactions were 
started by the addition of 15 /xl of a 5~-reductase 
containing sample (15-75/xg of protein) and incubated 
for 15 rain at 37°C. The reaction was stopped by 
addition of 50 #1 e thanol /acetone  (1:1,  v/v) .  After 
shaking the mixture vigorously, precipitated protein was 
removed by centrifugation. The supernatant was ap- 
plied to a TLC-ptate and the plate was developed in 
dicb!oromethane/ether  (8 : 2, v /v) .  Radioactivity on the 
plate was scanned and analyzed from quantitative plots 
printed by a TLC-analyzer (Berthold, Wildbad). 

Detergent treatment. Sodium deoxycholate, L-OMyso- 
phosphatidylcholine, octyl D-ghicopyranoside, CHAPS, 
Lubrol WX and Nonidet P-40 were kept as stocks of 10 
m g / m l  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- 
ti,~n desired for solubilization. Purifi~.i rmclei (50 /~1 of 
a suspension containing 2.5-5 mg prote in/ml  in inhibi- 
tion experiments or 5-10 mg prote in /ml  in solubiliza- 
tion experiments) were precipitated by centrifugation (5 
min, 10000 × g ) .  The supernatant was discarded and 
the solubilization was initiated by adding 50 pl  of the 
respective detergent to the pelleted nuclei. The resultant 

detergent-membrane sample was vortexed fo'," 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 
sohibilized. 

Solubilization in the presence of phosphatidyleholine. 
The phospholipid used in all experiments was L-et-phos- 
phatidylcholine (egg yolk type V-E). The phospholipid 
was dissolved in chloroform/die thyl  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 sonieated 
to clarity before use. A stock solution of 50 m g / m l  
phosphatidyleholine 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 nag detergent with 0, 12.5 or 25 mg phospha- 
tidylcholine, respectively. A suspension of 1 nag nuclear 
protein in 50 ~1 of this buffer was incubated for 30 min 
at 4 ° C  and subsequently centrifuged at 100000 × g for 
1 h. 5a-Reductas¢ activity was measured and specific 
activity was calculated. 

Gel exclusion chromatography. A 1 cm × 10 cm col- 
umn of Sepharose 4B (Pharmacia) was equilibrated with 
50 mM Tris-HCI (pH 7.4) containing 5 mM MgCI ~, 0.1 
M KCI, 0.1 M sodium citrate, 1 mM N A D P H  and 1 
m g / m l  Lubrol WX. A 200 /tl aliquot of solubilized 
nuclei in solubilizatian buffer containing 3 m g / m l  
Lubrol WX was chromatographed. Fractions of 600 ~1 
were collected and tested for 5a-reductase activity. The 
column was calibrated with Dextran blue (void volume), 
bovine serum albumin (66 kDa), eatalase (230 kDa), 
ferritin (450 kDa) and myosin (500 kOa). 

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

Electrophoretic techniques. Gel electrophoresis on 
gradient gels of 7.5-20% polyaerylamide in the presence 
of SDS was performed according to Laemmli [12]. 30 
/~g protein per sample were applied to the gel and gels 
were stait~ed with Serva blue G. 

Results 

Membrane fractionation 
Rat prostatic 5a-reductase is pre-dominantly local- 

ized in the nuclear envetope [L8,9,13]. During purifica- 



tion of  the nuclei, the specific 5a-reductase activity 
increased by about  15-fold when compared to the ho- 
mogenate.  Isolation of  the nuclear 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 dur ing preparat ion of the nuclear membranes ,  
we simply used purified rat prostatic nuclei as source 
for  the solubilizaiton studies of  5a-reductase. An elec- 
t ron microscopic examinat ion of  the nuclei revealed a 
negligible amoun t  of  residual microsomes.  The outer 
nuclear  m e m b r a n e  was seen nearly free of adherent  
microsomal  residues (results not shown).  

Preliminary studies indicated that  5a-reductase activ- 
ity was not  solubilized by simply resuspending the 
nuclei in buffer  containing KC! concentrat ions up to 1.5 
i [1]. This  indicated that the enzyme was not  a per iph-  
eral m e m b r a n e  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  
5a-reductase  activity. Detergents  which caused low in- 
hibition, were selected for subsequent  solubilization ex- 
periments .  

E f f e c t  o f  L u b r o l  W X  on  5 a - r e d u c t a s e  ac t i v i t y  
The  inhibitory effects on  5~-reductase activity of  low 

concentra t ions  of  Lubrol  WX (a nonionic detergent, 
which has been used previously for the solubilization of  
the epididymal steroid 5a-reductase  [6]), was studied by 
using the enzyme assay. Lubrol  WX was tested in a 
concentra t ion  range f rom 0.01 to 10 m g / m t .  Concentra-  
t ions above I m g / m l  caused a concentra t ion-dependent  
inhibit ion of  5a-reductase  activity. 50% of the enzyme 
activity was inhibited at a concentra t ion of  3 m g / m l  
Lubro l  WX and 80% at a concentra t ion of  !0  m g / m l .  

The  influence o f  different parameters  such as p H  
value, concentra t ion of  KCI, N A D P H  etc. on  Lubrol  
WX-dependen t  decrease of  5a-reduetaze was studied in 
exper iments  start ing with 3 m g / m l  of  Lubrol  WX per 
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incubation. The pH op t imum of 5¢¢-reductase activity 
(pH 6.0) was unchanged independent  from the presence 
of 3 m g / m l  Lubrol WX (Fig. 1A). 

The effect of KCI ,~oncentrations increasing up to l 
M was assayed in phospha te  buffer at pH 6.0 (250/~g of  
nuclear protein). 5a-Reductase  activity was slightly in- 
creased by the addition of KCI when incubated without  
detergent. The addition of KC! in the presence of  
Lubrol WX, however, caused a concentrat ion-depen-  
dent decrease of enzyme activity at concentrat ions above 
0.1 M KCI (Fig. 1B). 

Table I illustrates a slight increase of  5a-reductase 
activity in the pre_~e0ce of  I,ubrol WX, the incubation 
medium containing of either 1 mM MgCi ,  a t  a combi-  
nation of 1 m i  i g C l  2, 0.1 i KCI, 0.1 i 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 
N A D P H  (Table I: H). 

Therefore, a phospha te  buffer pH 6.0 containing 1 
mM MgCI 2. 0.1 i KCI, 0.t i sod ium citrate and I 
mM N A D P H  was chosen for further experiments,  

Ef f ec t s  o f  d i f f e ren t  de t e rgen t s  on 5 a - r e d u c t a s e  ac t i v i t y  
The effects of six different detergents on  enzyme 

activity were tested at a concentra t ion range from 0.1 to 
10 m g / m l  (Fig. 2). The  buffer  system used for this set 
of  experiments  has been described above, Detergents 
tested belonged to different g roups  (for review see ReL 
15): Lubrol  WX, Nonidet  P-40 and oetyl I>-gluco- 
pyranoside are nonionie 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-  
t ion-dependent  inhibition of  activity. CHAPS,  Lubrol  
WX, and octyl D-glucopyranoside had no effect on 
5a-reductase activity over a concentrat ion range up  to 3 
m g / m l ,  while Nonidet  P-40 and sodium deoxycholate 

TABLE I 

Effects of various chemicals to the buffer system on 5a-reductase activity in the preset~ce and absence ol Lubrol JVX 

MgCI 2 KCI Sodium citrate G l y c e r o l  NADPH 
(l mM) (0.l M) (0.1 M) (10%) (l raM) 

DHT Percentage of 5a-reductase 
satd. relative to control value 

no 3 mg/ml 

Lubro[ "~IX Lubrol WX 

A . . . . . .  ±0 ±0 
B + . . . . .  +4.5 +14.4 
C -- + . . . .  .4.9 +8.0 
D - - + - - - +26.5 +9.7 
E + + - - - +13.4 +5.4 
F + + + - - - +23,9 --0.9 
G + + + + -- - +19.6 +13.7 
H + + + - + - +21.2 +39.2 
I + + + + - - -  + 5 . 5  + 2 . 5  
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Fig. l. 5n-Reductase activity in the presence of Lubrol WX as a 
function of pH, KCI concentrations and various chemicals. Activity of 
5a-reductase (250 pg of protein, respectively) was assayed with and 
without the addition of 3 mg/ml Lubrol WX after an incubation time 
of 30 rain at 4°C. The experimenta! protocol was varied according, to 
the following parameters: (A) Effect of pH; (B) effect of KCI con- 

centrations. 

L--,(- lysophospha- 
o CHAPS • Lubrol WX o tidylcholine 

. Sodium-- + Nonldet P40 Ii Oc~yI-D- 
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120 
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Fig. 2. Effects of various detergents on 5ce-reduetase activity. Activity 
of 5a-re.ducta.se of prostatic nuclei (250 jag of protein/150/zi, respec- 
tively) was assayed in the presence of various detergents in a con- 

centration range up to 10 mt,/ml. 

inhibi ted 50% of  the e n z y m e  act iv i ty  at concen t r a t i ons  
o f  less t han  0.1 m g / m l  a n d  1 m g / m l ,  respectively.  
These  da ta  indicate  tha t  Lubro l  WX,  C H A P S ,  L-¢-Iyso- 
phospha t idy leho l ine  a n d  oetyl  D-g lueopyranos ide  yield 
the h ighes t  recovery o f  5 a - r e d u c t a s e  activity.  

Solubilization o f  5~-reductaae using various detergents 
In  con t ras t  to the  a f o r e m e n t i o n e d  expe r imen t s  wh ich  

addressed  the  ques t ion  o f  5 a - r e d u c t a s e  inh ib i t ion  by  
var ious  de te rgen t s  and  select ion o f  op t ima l  i n c u b a t i o n  
condi t ions ,  a s econd  set  o f  e x p e r i m e n t s  checked  the  
abil i ty o f  detergents ,  o f  solubi l iz ing nuc lea r  5a - re -  
duc t a se  f rom rat  pros ta te .  T h e  solubi l iza t ion  capac i ty  o f  
va r ious  de te rgen t s  for  5~- reduc ta se  was  s tud ied  by  re- 
s u s p e n d i n g  pur i f ied  nucle i  ( 5 - 1 0  m g  of  p ro te in  pe r  ml)  
in the  p resence  o f  de tergent .  Af t e r  an  i n c u b a t i o n  t ime  
of  30 m i n  ( longer  i n c u b a t i o n  t imes  c a u s i n g  inh ib i t ion  o f  
5¢~-reductase activity),  the  s a m p l e s  were  cen t r i fuged  at  
100000  X g for 1 h. T h e  5 a - r e d u c t a s e  act ivi ty  a n d  p ro -  
tein concen t r a t i ons  were a s sayed  in the  pel lets  a n d  
supe rna t an t s ,  respectively.  D u r i n g  init ial  expe r imen t s ,  a 
de te rgen t  concen t r a t i on  wh ich  resu l ted  in a 50% de-  
c rease  o f  5a - r educ t a se  act ivi ty  (see Fig. 2) was  tested.  
U s i n g  s o d i u m  deoxycho l a t e  a n d  N o n i d e t  P-40, n o  5ot- 
~-eduetase act ivi ty cou ld  be  recovered  in t he  solubi l ized  
supe rna t an t .  O t h e r  de t e rgen t s  left  par t  o f  the  e n z y m e  
active in the  s u p e r n a t a n t s  as  well as in the  pellets.  Fo r  
m o r e  de ta i led  soh ib i l i za t ion  s tud ie s  Lubro l  W X ,  
C H A P S ,  L - , - I y s o p h o s p h a t i d y l c h o l i n e  a n d  octyl  D- 
g lueopyranos ide  were selected.  U s i n g  inc reas ing  con-  
cen t r a t ions  o f  these  de t e rgen t s  ( up  to 10 m g / m l ) ,  5a - r e -  
d u e t a s e  act ivi ty  a n d  p ro t e in  c o n c e n t r a t i o n s  were  
ana lyzed  in the  100000  x g s u p e r n a t a n t s  a n d  pellets .  
Resu l t s  are  s h o w n  in Fig. 3 a n d  are  s u m m a r i z e d  in 
Tab l e  II. 

T h e  m a x i m u m  recovery  o f  solubi l ized 5ot-reductase  
act iv i ty  was  d e p e n d e n t  on  the  de te rgen t  used  r each ing  
2 3 - 5 6 %  of  an  u n t r e a t e d  con t ro l  pellet .  O p t i m a l  solubi l i -  
za t ion  was  achieved at  de t e rgen t  c o n c e n t r a t i o n s  o f  2 - 3  
m g / m l .  Th i s  ind ica tes  an  op t ima l  d e t e r g e n t / p r o t e i n  
rat io  o f  a b o u t  1 : 4 ,  i n d e p e n d e n t  o f  the  n a t u r e  o f  the  
detergent .  M a x i m a l  p ro t e in  c o n c e n t r a t i o n  af te r  solubil i -  
za t ion  var ied be tween  20% to  30%: T h e  add i t i on  o f  
increas ing  de te rgen t  c o n c e m r a t i o n s  resul te0  in a con-  
¢¢n t r a t i on -dependen t  release o f  p ro t e in  in to  the  100000  
× g s u p e r n a t a n t  ex t rac t s  at  t he  solubi l iza t ion  o p t i m u m ,  
i.e., at  the  po in t  whe re  m a x i m u m  5 a - r e d u c t a s e  act ivi ty  
is solubil ized,  the  c o n c e n t r a t i o n  o f  solubi l ized p ro t e in  is 
below the  value  o f  the  solubi l iza t ion  m a x i m u m .  T h e  
h ighes t  recovery o f  5g - r educ t a se  in the  s u p e r n a t a n t  
(56% of  the con t ro l  act ivi ty)  was  o b t a i n e d  u s i n g  3 
m g / m l  t - ~ - l y s o p h o s p h a t i d y l c h o l i n e  in a p h o s p h a t e  
buf fe r  (pH 6.0) c o n t a i n i n g  5 m M  MgC12,  0.1 M KCI,  
0.1 M s o d i u m  ci t ra te  a n d  5 m M  N A D P H  (nuc l ea r  
pro te in  concen t r a t i on :  5 m g / m l ) .  T h e  act ivi ty  in these  
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Fig. 3. Solubilization of 5a-reduetas¢ and protein with increasing concentration of detergent. Prostatic nue!ei (50 /~i of a .~uzpension with 5 -10  
m g / m l  nuclear protein) were incubated with CHAPS, Lubrol WX, L-a-ly~opho~phaudylcholine and octyl D-glucopyranoside. respectively, in a 
concentration-dependent manner for 30 min. After centrifugation (100000× g, I h) the protein concentration and the 5a-reductasc activity 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 supematant). Data represent mean values of three experiments. 

e x t r a c t s  c o u l d  b e  k e p t  s t a b l e  f o r  2 d a y s  a t  4 ° C  w i t h  a 
r e c o v e r y  o f  7 5 %  o f  e n z y m i c  a c t i v i t y .  

C r i t e r i a  o f  c o m p l e t e  s o l u b i l i z a t i o n  
R a z i n  [17]  h a s  e s t a b l i s h e d  t h r e e  c r i t e r i a  f o r  s o l u b i l i -  

z a t i o n  o f  m e m b r a n e - b o u n d  p r o t e i n s .  W e  h a v e  m o n i -  
t o r e d  o u r  d e t e r g e n t - t r e a t e d  1 0 0 0 0 0  × g  s u p e r n a t a n t s  
w i t h  r e s p e c t  t o  t h e s e  c r i t e r i a :  (1 )  S o l u b i l i z e d  p r o t e i n s  

s h o u l d  n o t  b e  p e l l e t e d  b y  a 1 0 0 0 0 0  × g c e n t r i f u g a t i o n  
f o r  1 h .  T h e  s u p e r n a t a n t  f o r m e d  a f t e r  l o n g - t e r m ,  h i g h -  
s p e e d  c e n t r i f u g a t i o n  (1 h ,  1 0 0 0 0 0  × g )  o f  t h e  
d e t e r g e n t - t r e a t e d  n u c l e a r  p r o t e i n s  c o n t a i n e d  5 a - r e -  
d u c t a s e  a c t i v i t y .  (2)  S o l u b i l i z e d  p r o t e i n s  s h o u l d  b e  re -  
t a i n e d  o n  a S e p h a r o s e  4 B  e o l u n m .  U s i n g  t h e  1 0 0 0 0 0  × g 
s u p e r n a t a n t  o f  L u b r o l  W X - t r e a t e d  n u c l e i  f o r  ge l  e x c l u -  
s i o n  c h r o m a t o g r a p h y  o n  a S e p h a r o s e  4 B  c o l u m n  ( e q u i -  

TABLE !i 

Solubilizatton o f  5a-reduetase with different detergents. Determination o f  the solubilization optimum 

Detergent Detergent concentration at Solubilized S~-reduc- Membrane-bound 5a-  Solubilized 
the solubilization (mg/ml)  last  activity a (~)  reductasc activity b (~) protein c (~) 

CHAPS 2 55,4 84.1 17.3 
Lubrol WX 3 26.9 43.1 25.3 
L-a-Lysophosphatidyicholin© 3 56.3 38.3 14.8 
Octyl D-glucopyranoside 2 23.1 97.9 6,2 

* Percentage of 5a-recluctase activity in the lO0000× g supernatant relative to the activity of a non+detergent-treated tO0000x g pellet (cOntrol 
activity 100%). 

b Percentage Of 5a-rcductas¢ activity in the 100000;:< g pellet relative to th© activity of a aon-dctersent-tre, ated 100O00x g pellet. 
c Percentage of solubilized protein (100000× g supernatant) relative to the total protein concentration of the sample (pelIet-I- supcrnatant). 
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TABLE ill 
Solubiiiza,on in the presence of phosphatidyleholine 

Phosphatidyl- Maximum solubil- Detergent concentration Protein concentration 
choline ized 5a-reductase at the solubilization at the solubilization 
(mg/ml) activity " (~) optimum (mg/ml) optimum b (%) 

C H A P S  0 2 55.4 17.3 
12.5 3 50.2 9.4 

L-a-Lysophosphatidylcholine 0 3 56.3 14.8 
12.5 6 29.6 17.3 
25 10 18.5 9.7 

= Percentage of 5a-redactase activity i n  100000X g supernatant  relative to the activity of  a non-detergent treated 100000× g pellet. 
b Percentage of  solubilized protein (100000 × g superuatant)  relative to the total protein concentration of  the sample  (pellet plus superuatant) .  

l ibrated with the solubi l izat ion buf fe r  con t a in ing  1 
m g / m l  Lubrol  WX),  5a - r educ t a se  act ivi ty was  e lu ted  
immedia te ly  af ter  the  void vo lume  o f  the co lumn.  
Accord ing  to the cal ibra t ion o f  the  c o l u m n  the  mo lecu -  
lar size of  this  f ract ion was abou t  500 k D a  (da ta  no t  
shown).  (3) N o  m e m b r a n e  f r agmen t s  shou ld  be  detecta-  
ble in the solubil ized s amp le  by e lec t ron  microscopy .  

Electron microscopic  e x a m i n a t i o n  o f  negat ive ly  
s ta ined  100000 X g s u p e r n a t a n t  o f  CHAPS-so lub i l i zed  
nuclei  failed to reveal any  m e m b r a n o u s  s t ructures .  
Ins tead,  part icles o f  abou t  30 n m  in d i ame te r  were 
p resen t  (resul ts  no t  shown) .  

Solubilization in the presence of phosphatidylcholine 
Phospha t idy lcho l ine  was  a d d e d  to the  solubi l iza t ion 

buf fe r  con ta in ing  C H A P S  or  L-a - lysophospha t idy l -  
chol ine  at  de te rgen t  concen t r a t i ons  r ang ing  f rom 1 - 1 0  
m g / m l ;  phospha t idy l cho l ine  concen t r a t i ons  tested were 
0, 12, 5 and  25 m g / m l ,  respectively.  T h e  resul ts  are  
s u m m a r i z e d  in Tab le  III. 

Wi th  increas ing  a m o u n t s  of  phospha t idy lcho l ine ,  the  
solubi l izat ion o p t i m u m  was  shi f ted  to h igher  de te rgen t  
concen t r a t i ons  ( C H A P S :  f rom 2 m g / m l  to 3 m g / m l ;  
L-c~-tysophosphatidylcholine:  f rom 3 m g / m l  to grea ter  
t h a n  10 m g / m l ) .  5 a - R e d u e t a s e  activi ty decreased  af te r  
solubi l izat ion in the  p resence  o f  phospha t i dy l cho l i ne  
especial ly w h e n  L-a - lysophospha t idy lcho l ine  was  used  
as a de tergent  (Table  1II). C o n c e n t r a t i o n  o f  solubi l ized 
prote in  were likewise decreased.  In  conc lus ion ,  the  
addi t ion  o f  phospha t i dy l cho l i ne  to the  solubi l iza t ion 
buf fe r  resul ted in a shif t  o f  the  solubi l iza t ion - . ,ptimum 
to h igher  de te rgen t  concen t ra t ions .  Solubil ized 5a- re -  
duc tase  activity,  however ,  was  n o t  stabil ized,  it even was  
decreased.  Therefore ,  t he  p resence  o f  phospho l i p id s  as  
protect ives  du r ing  solubi l izat ion is no t  required,  b u t  
m u s t  ins tead  be avoided,  

Dilution of solubilized 5a-reductase 
Sohibilized pros ta t ic  nuclei  (8 m g / m l  nuc lea r  per  

protein,  2 m g / m i  C H A P S )  were d i lu ted  1 : 1, 1 : 3 a n d  
1 : 9  with a de tergent- f ree  p h o s p h a t e  buffer .  Af te r  a 
100000 × g cen t r i fuga t ion  for 1 h. e n z y m e  activi t ies and  

pro te in  concen t r a t i ons  in the  pellets  a n d  s u p e r n a t a n t s  
were assayed.  N o  s igni f icant  loss o f  5a - r educ t a se  in the  
s u p e r n a t a n t  was  ob ta ined ,  if the  de te rgen t  concen t r a -  
t ions  was  decreased  to 1 m g / m l  o r  even  0.5 m g / m l  
(10% loss of  e n z y m e  activi ty) .  Con t r a ry ,  a d i lu t ion  to 
0.2 m g / m l  caused  a 50% loss  o f  solubi l ized 5a - re -  
duc t a se  activi ty.  T h e  h igher  the  degree  o f  d i lu t ion  was.  
the  m o r e  5a - r educ t a se  act iv i ty  was  p rec ip i t a ted  i n  a 
pro te in- l ip id-de tergent  complex .  A 2-fold inc rease  o f  
specific 5a - r educ t a se  act ivi ty was  ob t a ined  in the  1 : 3  
d i lu ted  precipi ta te .  In  pur i f i ca t ion  e x p e r i m e n t s  o f  the  
solubi l ized enzyme,  a d i lu t ion  exceed ing  1 : 3 shou ld  be 
avoided  to p reven t  prec ip i ta t ion .  

M W  - ,:~. . _ 
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6 7 k D a  
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. . . .  

1 2 3 4 

l : M o l e c u l o r  w e i g h t  m a r k e r  
2" P ros ta t i c  n u c l e i  
3" CHAPS s o l u b i l i z e d  nuc le i ,  s u p e r n a t a n t  
4 C H A P S  s o l u b i l i z e d  n u c l e i , p e l l e t  

Fig. 4. SDS-PAGE of CHAPS-solubilized prostatic nuclei, Nuclei and 
CHAPS (2 mg/ml) treated nuclei (100000Xg supemataot and 
100000::< g pellet) were applied to a 7.5-20% gel, Lane 1, molecular 
weight markers: transferring (80 kDa. human serum albumin (69 
kDa) ovalbumin (47 kDa), chymotrypsinogen (24 kDa), lysozyme 04  
kDa). Lane 2, prost,"tic nuclei. Lane 3, CHAPS-treated nuclei, super- 

natant. Lane 4, CHAPS-treated nuclei, pellet. 



S D S - P A  GE o f  C H A P S  solubHized nuclei 
A n  elec t rophore t ic  analys is  o f  the  po lypept ide  com-  

p o n e n t s  was  p e r fo rmed  after  C H A P S  t r ea tmen t  (2 
m g / m l )  o f  pros ta t ic  nuclei  ( 1 0 0 0 0 0 × g  s u p e r n a t a n t  
a n d  1 0 0 0 0 0 × g  pellet) and  c o m p a r e d  to the poly-  
pep t ide  pa t t e rn  o f  in tac t  nuclei  (Fig. 4). The  100000 x g 
pellet ,  r epresen t ing  the  residual  m e m b r a n o u s  s t ruc tures  
a n d  the  eh ro ma t in ,  con ta ined  mo s t  o f  the  h i s tone  pro-  
teins.  I ts  d i s t r ibu t ion  pa t t e rn  o f  po lypept ides  was  s imi-  
lar  to tha t  o f  in tac t  nuclei.  In  cont ras t ,  the  sohibi l ized 
f ract ion showed  e n r i c h m e n t  o f  several  polypept ides ,  
p r e d o m i n a n t l y  in the  molecu la r  weight  range  o f  40 k D a  
to 80 kDa.  Th i s  indica tes  a selective solubi l izat ion o f  
s o m e  of  the  nuc lear  ( m e m b r a n e )  prote ins ,  inc lud ing  
5a - reduc ta se .  Inc reased  specific 5t~-reductase activi ty in 
the  solubi l ized fract ion migh t  be  due  to the e n r i c h m e n t  
o f  p ro te ins  in the 100000  × g s u p e m a t a n t  o f  C H A P S -  
t rea ted  nuclei .  

Discussion 

Recen t  d a t a  indica ted  tha t  p r o t e i n - p h o s p h o l i p i d  in-  
t e rac t ions  a re  i m p o r t a n t  fac tors  for 5 a - r e d u c t a s e  activ-  
i ty  in a n d r o g e n  target  t i ssues  such  as ra t  ep id idymis  [2] 
a n d  rat  vent ra l  p ros ta t e  [1]. W e  have  s tud ied  the  effects  
o f  low concen t r a t i ons  o f  de t e rgen t s  on  e n z y m e  activi ty 
p r io r  to a t t e m p t i n g  the  solubi l iza t ion o f  a m e m b r a n e -  
b o u n d  enzyme .  A m o n g  the  de te rgen t s  used in this  s tudy  
on ly  C H A P S ,  Lubro l  W X ,  octyl o-el),,'opyranosLa_.e ~,;~,-! 
c -a - ly sophospha t idy lcho l in¢  were su i table  for  fu r ther  
sohib i l iza t ion  s tudies .  A n  inh ib i to ry  effect  o f  de t e rgen t s  
o n  5r , - reductase  act ivi ty was  on ly  cons idered  in the  
p a p e r  o f  H o u s t o n  et  al. [7], r epor t ing  o f  solubi l iza t ion 
s tud ies  on  h u m a n  pros ta t i c  5a - reduc tase .  It  h a s  no t  
been m e n t i o n e d  b y  o thers  [6,8]. Thus ,  the  a m o u n t  o f  a 
g iven  de te rgen t  co ncen t r a t i on  is decisive for the  a m o u n t  
o f  solubi l lzed enzyme ,  b u t  s imu l t aneous ly  a lso for the  
degree  o f  inac t iva t ion  o f  the  e n z y m e  [18]. 

T h e  fol lowing mix tu r e  was  f o u n d  to be  su i ted  for the  
so lubi l iza t ion  o f  m a x i m u m  5a - r educ t a se  act ivi ty f rom 
nuc le i  o f  ra t  vent ra l  pros ta te :  3 m g / m l  L-a- lysophos-  
pha t i dy l cho l lne  in p h o s p h a t e  b u f f e r  ( pH  6.0) con t a in ing  
5 m M  M g C l z ,  0.1 M KCI,  0.1 M s o d i u m  ci trate  a n d  5 
m M  N A D P H .  U n d e r  such  cond i t ions  we succeded  in 
solubi l iza t ion  o f  14 .8~  of  the  nuc lea r  p ro te in  and  were 
ab le  to preserve  5 6 ~  of  the  enzymic  act ivi ty in soluble  
fo rm.  A t  h igh  de te rgen t  concen t r a t i ons  e n z y m e  act ivi ty 
o f  t he  s u p e r n a t a n t  is lower t h a n  expected.  Th i s  is due  to 
the concen t r a t i on  d e p e n d e n t  inac t iva t ion  o f  5a- re-  
duc t a se  by  the  detergent .  Th us ,  5 a - r e d u c t a s e  act ivi ty 
recovered a t  a cer ta in  de te rgen t  concen t ra t ion  is a func-  
t ion  o f  b o t h  the  a m o u n t  o f  e n z y m e  solubi l ized a t  tha t  
de t e rgen t  concen t r a t i on  a n d  the  degree  o f  inac t iva t ion  
occur r ing  a t  the  s a m e  concen t ra t ion .  Specific e n z y m e  
act iv i ty  increased  by  a b o u t  3-fold when  c o m p a r e d  to 
the  specif ic 5a - r educ t a se  act ivi ty in puri f ied nuclei .  
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Our  overall  recovery of  solubil ized enzyme  (up  to 
587o) exceeds that  repor ted by several  previous  authors .  
H o u s t o n  et al. [7] report  a recovery o f  abou t  30% us ing  
a related detergent ,  Lubrol  PX for solubil izing 5a- re -  
duc t a se  f rom h u m a n  pros ta t ic  t issue.  Scheer  and  Roba i re  
[6] four  tha t  21% of  the 5a - reduc ta se  activity in rat 
ep id idymal  m e m b r a n e s  could  be  solubil ized by  incuba-  
t ion in the presence  of  0,1 M KCI and  0.1 M ci t ra te  in 
the absence  of  detergent .  The  solubil izat ion rat io of  
5¢t-reductase cou ld  only sl ightly be  increased to 25% in 
the presence of  Lubrol  WX.  Ne i the r  in the h a n d s  of  
H o u s t o n  and  co-workers  [7], nor  in our  hands ,  the  
presence  of  sal t  a lone  did result  in any  solubil izat ion of  
5~- reduc tase  activity. Th i s  m igh t  be due  to species  
specificity or  it could  be  tha t  the  resul ts  o f  Scheer  a n d  
Roba i re  [6] were due  to the s tabi l izat ion o f  a smal l  
a m o u n t  of  5~- reduc tase  s imply  released by r e suspend-  
ing  the m e m b r a n e s .  Moore  and  Wi l son  [8] report  a 35% 
recovery of  so!ubil ized 5n - reduc ta se  f rom rat ventral  
p ros ta te  us ing  d ig i tonin  in the  presence  o f  KCL U s i n g  
the exper imen ta l  protocol  of  Moore  and  Wi l son  [8], we 
were unab le  to r ep roduce  their  result .  W e  found  a 
de te rgen t -p ro te in  rat io o f  1 : 4 at  the  solubi l izat ion opti-  
m u m ,  being in the  s ame  order  of  m a g n i t u d e  for all four  
de te rgen ts  tested.  

All three  cr i ter ia  for sohibi l izat ion o f  m e m b r a n e -  
b o u n d  pro te ins  c la imed by  Razin  [17] have  been fulfilled. 
It  s eems  reasonab le  to conc lude  tha t  e n z y m e - c o n t a i n i n g  
r~embranes  have  been d i s rup ted  by  the  agen t s  a n d  tha t  
5a-reductase has  been  solubil ized.  S t r ingent  evidence,  
however ,  for sohibi l iza t ion (p roof  o f  separa t ion  f rom 
m e m b r a n e  lipids,  s epa ra t ion  o f  the  e n z y m e  f rom the  
de te rgent )  has  no t  been obta ined .  Because  o f  the  low 
a m o u n t  o f  5 a - r e d u c t a s e  activity a n d  the  instabi l i ty  of  
the  e n z y m e  in the ventral  p ros ta te  o f  the  rat,  comple t e  
pur i f ica t ion  does  no t  a p p e a r  feasible  as yet. 
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