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A s i m p l e  a n d  efficient  m e t h o d  t'~r pur i f i ca t i tm of  a- and  ~-hy ,droxy: , te ro id  d e h v d r o -  
g e n a s e s  f r o m  Psendomona-s testo~teroni ha~ been de~crilx~d. T h e s e  e n z y m e s  are p l o b -  
a b l y  o f  sma l l  m o l e c u l a r  ~ize. 

I N T R O D t ' ( ' T I O N  

"I'ALAX.AV i n t r o d u c e d  t h e  u.~e of  .~terec~pceific h y d r o x y s t e r o i d  dehy, d rogenase~  in 
a n a l y s i s  o f  .~teroids in b io logica l  fluids I. Such  m e t h o d s  can  be  app l i ed  to  cradt" 
e x t r a c t s  a n d  e x u d a t e s ,  b u t  enzvme.~ free of  i n t e r f e r ing  s: |h.~tances a re  requi red .  

Pseudonwnas testosteroui produces ,  w h e n  cu l t u r ed  on t e s t o s t e r o n e  a., . ,  the  sole 
sou rce  o f  c a r b o n ,  a n  e n z y m e  t h a t  c a t a l y z e s  the  d e h y d r o g e n a t i o n  o f  3a - I ' vdr t~xy-  
s t e ro id s  a n d  a n o t h e r  e n z y m e  t h a t  o x y d i z e s  3fl- and  z7 /5 -hydroxys te ro ids .  T o  he: 
use fu l  tools  for a n a l y s i s  o f  such  s t e ro id s  the  e n z y m e s  m u s t  be  s e p a r a t e d  f rum each  
o t h e r .  T A I . A L A Y  ha.-~ (lem:ribe*.i a l e n g t h y  m e t h o d  t tmt  involve , ,  r e lx .a ted  p r e c i p i t a t i o n  
w i t h  a c e t o n e  a o d  a . rnmonium sul fa te .  T h e  f r a c t i o n a t i o n  i-~ i n c o m p l e t e  ba,~i<tes be ing  
t ed ious .  W e  h a v e  t h e r e f o r e  de¢ i sed  a s i m p l e r  anti  there  r a p i d  m e t h o d  which  yie lds  
e n z y m e  p r e p a r a t i o n s  o f  , ,ory  h igh  5terc,Jspecif i ty .  

A c c o r d i n g  to  "I','I.AI.AY t h e  fo l lowing  two  type.~ of  r e a c t i o n s  can  be d i s t ingu i shed .  
I. 3 a - h y d r o x y s t e r o i d  d e h y d r o g e n a s e  ( a - e n z y m ~ ;  

A n d r o s t e r o n e  i N A t )  ~ a n d r o s t a T t - 3 . t 7 - t l i o n t .  - -  N A I ) H  - [ l  - 

I I .  3,17/]- h y d r o x y s t e r o i d  d e h y d r o g e n a s e  ( i l -enzymc)  : 
" r t ~ t o s t c r o n e  i- N . X D  a z ~ 4 - a n d r o s t c n e - 3 ,  i 7 - ; h o n e  + N A D H  -~ H -  

.XIATERt, 'xL A N D  M E T H O D S  

Preparation of starting material 
Pse~lm*vonas testosteroui (ATC(" No x IOtX~) was  g r o w n  in F c r n b a c h  flasks, in a 

m e d i u m  of  tile fo l lowing c o m p o s i t i o n :  (NH~)aH PO 4, i .o  g;  ( N H ~ J H a P O  ,, z.o g:  
K H = P O  4. z .o  g ;  MgSO 4, o . o o t  g ;  xo g y e a s t  e x t r a c t  (Difco) : distilk~d w a t e r  t o  10oo ml. 

8oo  m l  o f  th i s  m e d i u m  were  s ter i l ized,  im~culated a n d  i n c u b a t e d  I8  h on a 
s h a k e r  i n c u b a t o r  a t  3~ °. T~.ais c u l t u r e  wa_s u_~ed to  ino~udate 7-z ! o f  t h e  .,~ame m e d i u m .  
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4 g of  t~,~tosterone" were  .~mica ted  in a R a y t h e o n  sonic  osc i l l a to r  t o g e t h e r  w i th  
48 m l  o f  w a t e r ,  for  30 rain a t  9 kc. T h e  e m u l s i o n  w a s  a d d e d  to  the  f lasks  a f t e r  9 h 
~ rowth .  Af te r  a n o t h e r  x0 h t h e  cells w e r e  h a r v e s t e d  b y  c e n t r i f u g a t i o n  a t  3o00 × g 
for 3o ra in  a n d  w a s h e d  w i t h  cold  o .o3 M p o t a s s i u m  p h o s p h a t e  bu f fe r ,  ( p H  7.2). 8 1 
o f  m e d i u m  g a v e  a b o u t  5o g o f  cells (we t  wt.) .  T h e  cells w e r e  t h e n  r e s u s p e n d e d  in t he  
s a m e  buffer ,  t o0  m l / x o o  g o f  cells (wet  wt . ) ,  a n d  s o n i c a t e d  in 4o -ml  p o r t i o n s ,  2o rain 
each  a n d  s t o r e d  a t  ~ 3  o~. 

Euz3,~7,¢ assay 

Reagents: o.x 3i p ~ - r o p h o s p h a t e  bu f fe r  ( p H  5.9);  x.2 m M  aq.  so lu t i on  o f  N A D "  
n e u t r a l i z e d  to  p H  7 '~qth solid N a H C O a ;  s t e r o i d  so lu t i ons  in d i o x a n e ,  a n a l y t i c a l  
g r a d e ;  ~o m g  t c s t o s t e r o n e ' / m l  for  the  ~ a c t i v i t y ;  1.5 m g  i 7 f l - e ~ t r a d i o l ' / m l  fo r  the  

a c t i v i t y  ; 3.0 m g  a n d r o s t e r o n e ' / m l  for t h e  a a c t i v i t y .  
N A D H  has  a s t r o n g  b r o a d  a b s o r p t i o n  b a n d  a r o u n d  340 m/~, w h i c h  is a b s e n t  in 

N A D .  Th i s  m a k e s  it  poss ib l e  to  foUow t h e  r e d u c t i o n  o f  N A D  in an  E p p e n d o r f f  
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Fig. t. The propOrtionnlity bt*tw~am enzym~ er~ncentra.tion and, initial reaction rate. 

t)hot~m~eter a t  334 m/a. T h e  r e a c t i o n  w a s  fo l lowed in x - c m  pyrex c u v e t t ~ .  In  t h e s e  
were  p i l )e t t ed  5o0/z l  p y r o p h o s p h a t e  buf fe r ,  xo/~l s t e r o i d  so lu t ion ,  w a t e r  a n d  a f inal  
a d d i t i o n  o f  xu-5o  FI e n z y m e  ~olut ion  to  a t o t a l  v o l u m e  o f  x ml .  T h e  bl~xtk c o n t a i n e d  
t h e  .~ame r e a g e n t s  ex t : ep t  for  t h e  s te ro id .  I n s t e a d  xo / j !  d i o x a n e  waa  a d d e d .  T h e  
a b s o r b a n c y  w a s  d e t e r m i n e d  e v c r y  15 :¢ec. Be fo re  e a c h  r e a d i n g  the  b l a n k  w a s  ad -  
j u s t e d  to  zero.  T h e  in i t ia l  r e a c t i o n  r a t e  w a s  t a k e n  .a~ a m e a s u r e  o f  e n z y m e  a c t i v i t y .  
Ohe  un i t  o f  e n z y m e  is de t ined  as the  a m o u n t  wh ich  cause s  a c h a n g e  in a b s o r b a n c y  
o f  o .oox pe r  ra in  u n d e r  t h e  a b o v e  cond i t i ons .  T h e  in i t i a l  r a t e  o f  r e d u c t i o n  o f  H A D  
wa_s s h o w n  to  be  p r o p o r t i o n a l  to  t h e  e n z y m e  c o n c e n t r a t i o n  .See Fig .  x. 

Purif icat ion 

All o p e r a t i o n ~  were  c a r r i e d  o u t  a t  5* unless  o t h e r w i s e  s t a t e d .  
t o o  m l  of  son i ca t e  ( e q u i v a l e n t  t o  5 ° g o f  cells),  w a s  c e n t r i f u g e d  a t  xo ooo  × g 

* Obtaiued from Sigma Cht.mical Co.. St. Louis. Mo. (U.S.A.}. 
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for 3 ° rain. About  75 ml clear supe rna tan t  was obtained.  The  re~id~w was washed 
twice with the same volume distilled water,  zoo ml distilled water  and 30 mt neu- 
t ral ized s t r ep tomyc in  sulphate  solution (0.06 g]ml water} wa.~ added .  (p14 ~hould be 
7.) After  2 h the precipi ta te  was removed by  centr i fugat ion and (NH~)~( ) ,  to 25'~/o 
sa tu ra t ion  was added  to the superna tan t  and di.~oived under  gentle stirring. The  
p H  was the reby  luwered to 5.5. The solution was slowly readjus ted  bark  Lt) pH 7.2 
with o.r  M NaOH.  After  s tanding for at least 2 h the precipi ta te  was rem()ved by  
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Fig .  z. T h e  +~eparation o f  t h e  c o m p o n e n t s  a f t e r  p a s s a g e  t h r o u g h  th(; c o l u m n .  :J+~-- $). a b s o r b a n c y  

a t 2 ~ roll ; I I I~1  zhe  ff a c t + v t t y ;  . ~ - -  Jl~. t h e  (z a c t i v i t y .  

cent r i fugat ion .  The supe rna tan t  was concen t ra ted  from 375 ml to 62.5 ml by dia- 
lysis unde r  reduced  pr~-~ure, according to vo.'," HOFS-rE.~ A.~l) F.+d+t+l+t~L~'~, ±+ 4 ml of 
this c onc e n t r a t e d  solut ion wa~ pa_~sed th rough  a column packed with Sel)had,:x a 
G xoo, I4O-4OO me+~h. Sephadex  wa.~ ob ta ined  from Phaxmacia,  Upp.~ala. Sweden. 
The  co lumn was e luated  with 0.o3 M potassium phospha te  buffer (pH 7 2)  contain-  
ing o . o o z  M EDTA+ The  rate o f  elut ion was z 7 m l ' h .  Each fract ion conta ined  5.7 ml. 
The washing was finished within a days.  

T A  llLl'+" I 

T H F .  S I . ~ C 1 F I ( . :  A C T I % . ' I T I E ~  A N D  T O T A L  R E C O % ' E R * E S  l , ~  E. A C I I  ~ T ' E . P  

D U R | . ~ ° G  T i l e  P R E P A R A T I O N  

$ " olum¢ / um)r~ J Preireirt 
/ m l )  " ~ i , ~ / i  

o # 

34.o I+ e+)c>̀  ]<)+' -i.4"-.I " ;u'm .18+j 

360 ],.5 R+to+ 4.4¢~. I,) + - -  
375 1+58 * 1o 7 4.36 + frOG' 717 

6 2 .  5 J . 3 ( ) "  | 0  ~ J . ~ 4  + t O  lIS 4 0 .  i~ 

~SJ 7-4 °+ ] < I s  Z r ~ 0  " I 0  ) 0,2:7 o+44 

S o n i e a t e  
S o n i c a t c  -I- s t r e p t o -  

m y c i n  s u l f a t e  
As  a b o v e  + [ N H 4 ) r S ( )  , 
A f t e r  c o n c c n ~ a t / o n  

A f t e r  p a s , ~ g e  t h r o u g h  
¢.~)1 u ITI.I~ 

¢,j t,o~e4 jr~z¢.~s 4¢n.',.'," 

o ~ a 6 

+'+54 "1o$ o. 7l . l o  ~ zoo  I<:~I 

--- -- 9(:I 99 

5-5"I~ l+5-IC~ 99 99 

5 I ~ " I ~ [ " 5 " [ O ~ 8 3 8 6 

3 . 2 " I O  t l , O - l o "  76 83 

B i o ¢ k i m .  B i o p h y s .  ,4~la. I'17 11963) 1 9 7 - z o o  



2OO S. DELIN, J. PORATH 

"rlae n i t r ogen  c o n t e n t  w a s  d e t e r m i n e d  a c c o r d i n g  to  K j e l d a h l  on m a t e r i a l  d i a l y z e d  
x~ h a g a i n s t  d is t i l led  wa te r .  A c o n v e r s i o n  f a c t o r  o f  6.25 was  u s e d  to  c a l c u l a t e  the  
]>rot ei,~t c o n t e n t .  

RESULTS 

Ti le  f r a c t i o n a t i o n  o b t a i n e d  b y  gel f i l t r a t i on  on  S e p h a d e x  G xoo is s h o w n  in Fig. 2. 
T h e  spc.cific a c t i v i t y  a n d  t o t a l  r e c o v e r y  in e a c h  ~tep is p r e s e n t e d  in T a b l e  I. 

A numl>er  o f  p r e p a r a t i o n s  h a v e  b e e n  m a d e .  T h e  d i s t r i b u t i o n  o f  u l t r a v i o l e t -  
ab . .~rbing m a t e r i a l  h a s  v a r i e d  f r o m  b a t c h  t o  b a t c h  b u t  t h e  e n z y m e  a c t i v i t i e s  h a v e  
been  f o u n d  in the  . a m e  place .  T h e s e  p r e p a r a t i o n s  t h e r e f o r e  m a y  se rve  as  exce l l en t  
>tereospecif ie  g r o u p  r e a g e n t s  for  h y d r o x y s t e r o i d s .  

T h e  r e l a t i v e l y  s t r o n g  r e t a r d a t i o n  on  t h e  c o l u m n  i n d i c a t e s  t h a t  t h e  e n z y m e s  
a re  .~maii-nize pr~>teins, 
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