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T A B L E  I I  

C.p.m./em 2 at infinite thickness 

Ba tetrahydroPGA HCHO dimedone 

Before t r ea tmen t  wi th  o.i M HCHO 7,168 
After I s t  t r ea tmen t  6,556 
After 2nd t r ea tmen t  6,I94 

561 
220 

As a final proof of dissociation, sa tura ted  dimedone solution was added to a solution of Ba 
t e t r ahydroPGA (6,194 c.p.m./cm 2 at infinite thickness) in O2-free water.  White crystals im- 
mediately commenced to separate  and after  s tanding were dissolved by the addition of ethanol. 
The Ba t e t r ahydroPGA was precipitated, washed wi th  ethanol and prepared for radioactivi ty 
determination.  I t  had 2,o6o c .p.m./cm 2 at  infinite thickness. The ethanolic superna tan t s  from 
the precipitat ion of the bar ium t e t r ahydroPGA were t reated with carrier formaldehyde and the 
dimedone compound  crystallized. I t  had 1,75o c .p.m./cm 2 at infinite thickness. The expected 
radioact ivi ty of the formaldehyde calculated from the loss of activity of the Ba t e t rahydroPGA 
waS 1,42o c.p.m./cm ~. 

These results indicate tha t  formaldehyde combines non-enzymically with t e t rahydroPGA to 
form NS-hydroxymethyl te t rahydroPGA,  a compound  which dissociates appreciably in solution. 
On incubat ing enzyme, glycine and NS-hydroxymethy l te t rahydroPGA labelled in the hydroxy-  
methyl  group with lac, approximate ly  69 % of the 14C appeared in the serine synthesised. A similar 
result  was obtained with NS-hydroxymethyl-Nl°- formyl te t rahydroPGA. Present  evidence there- 
fore suggests t ha t  NS-hydroxymethy l te t rahydroPGA reacts on the enzyme surface wi th  the 
Schiff's base of glycine and pyridoxal  phospha te  to form the Schiff's base of serine and pyridoxal  
phospha te  with regeneration of t e t rahydroPGA.  
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Preliminary Notes 

Studies on the nature of steroid 11-p hydroxylation 

Previous work in several laboratories has shown tha t  adrenal prepara t ions  are able to hydroxyla te  
steroids at  the i i -pos i t ion  in the presence of T P N H  and molecular oxygen1, 2. Studies wi th  180 
have indicated t h a t  the oxygen a tom which is introduced is derived exclusively from the gaseous 
a tmosphere  and not  f rom the solventa,4, 5. These findings suggest  a similari ty between the mecha- 
nisms for the hydroxyla t ion  of steroids and of aromatic  compounds,  as well as a number  of 
apparen t ly  unrelated oxidations6,L 

The present  communica t ion  deals with fur ther  studies on steroid i I-/~ hydroxyla t ion  carried 
out  with extracts  of calf adrenal acetone powder  which were prepared by homogenizat ion in 
o. I M t r i s (hydroxymethy l )aminomethane  (TRIS) buffer, p H  7.4, containing o. 5 ° o digitonin and 
in which enzyme act ivi ty was not  sedimentable  on centr ifugat ion at  ioo,ooo × g in i h. The 
reaction was detected by a modification of the  method described by  SWEAT 8 based on the fact 
tha t  in acid-ethanol mixtures,  i i -hydroxys tero ids  display an intense fluorescence not  shown by 
their  I i -deoxy analogues. The subs t ra tes  were 4-pregnen-2I-ol-3,2o-dione (DOC) and 4-pregnene- 
17,2I-diol-3,2o-dione (compound S), which on I i -hydroxyla t ion  yielded 4-pregnene- i 1,21-diol- 
3,2o-dione (compound B) and 4-pregnene- i I, 17,2 I-triol- 3,2o-dione (compound F), respectively. 
These reaction products  were fur ther  identified by paper  chromatography".  

The data  presented in Table I indicate t h a t  in the presence of T P N H  and 02, at  least two 
distinct  enzymes were required to catalyze the overall reaction. Fur thermore ,  it can be seen tha t  
one of these enzymes was present  not  only in the adrenal,  bu t  also in extracts  of rabhi t  liver. 
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R a t  spleen and  lung  were  also found to r e a c t i v a t e  the  aged adrena l  ex t rac t .  L ive r  catMase, 
horse rad i sh  peroxidase ,  h y d r o g e n  peroxide ,  or a h y d r o g e n  peroxide  gene ra t ing  sys t em (glucose 
and  glucose oxidase)  were unab le  to  replace th i s  second, wide ly  d i ssemina ted ,  enzyme  fract ion.  

T A B L E  I 

ENZYME REQUIREMENTS FOR I I-fl HYDROXYLATION 

The reac t ion  m i x t u r e  con ta ined  T P N H ,  0.2 #moles ;  DOC, 0 .o58/ ,moles ;  T R I S  buffer, p H  7.4, 
8 /zmoles ;  and  enzyme  in a vo lume  of i .o  ml. i o  rain i ncuba t ion  a t  37 ° C in air. 

i,moles 
Enzyme product/ormed 

In i t i a l  ad rena l  m i tochondr i a l  e x t r a c t  0.030 
Frozen  and  t h a w e d  m i t o c h o n d r i a l  e x t r a c t  

( E x t r a c t  II)  o 
E x t r a c t  I I  + l iver  e x t r a c t  o.o41 
E x t r a c t  I I  + boiled l iver  e x t r a c t  o.ooi  
L ive r  e x t r a c t  o 
L ive r  e x t r a c t  + boiled e x t r a c t  I I  o 

Add i t iona l  observa t ions ,  some of which are  shown in Table  II ,  sugges t  t h a t  a t  l eas t  one of 
the  componen t s  invo lved  in the  h y d r o x y l a t i o n  of DOC differs f rom t h a t  requi red  for c o m p o u n d  
S h y d r o x y l a t i o n .  This  conclusion is based on the  wide  v a r i a t i o n  in the  ra t io  of a c t i v i t i e s  t owards  S 
and DOC from p r e p a r a t i o n  to p r e pa r a t i on  and  in the  same p r e p a r a t i o n  a f te r  age ing  or freezing 
and  thawing .  

T A B L E  I I  

RELATIVE HYDROXYLATING ACTIVITIES OF SEVERAL ADRENAL PREPARATIONS 

Reac t ion  cond i t ions  as in Table  I w i t h  s u b s t r a t e  as ind ica t ed  below. 

Relative activity 
Preparation DOC / S 

S DOC 

I 26 71 2.8 
2 7 6o 8.6 
3 o o 

3 + l iver  e x t r a c t  5 74 I4.8 
4 o 39 - -  

I t  would  appear ,  then,  t h a t  I I - f l  h y d r o x y l a t i o n  is a more  complex  process t h a n  i m a g i n e d  
heretofore,  and  t h a t  the  concept  of an  " i i - ~  h y d r o x y l a s e "  which  func t ions  for all  s u b s t r a t e s  
regard less  of the i r  s t ruc ture ,  c anno t  a d e q u a t e l y  exp la in  the  p resen t  resul ts .  
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