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Conversion of androstenedione to estrone by placental microsomes* 

The  convers ion  of and rogens  to es t rogens ,  in re la t ive ly  low yield, has  been conclus ively  demon-  
s t r a t ed  wi th  h u m a n  ovar ian  and  p lacen ta l  slicesl.e, 3. The  significance of th is  enzymic  s tep  has  
no t  ye t  been clearly defined, b u t  t he  convers ion  has  been proposed  as an  i n t e r m e d i a r y  reac t ion  
in t he  no rma l  b iosyn thes i s  of e s t r o g e n # .  

The  p r e sen t  work  ha s  d e m o n s t r a t e d  the  convers ion,  in  vitro, of A4-andros tene-3 , i7-d ione  
to  es t rone  in yields of 4 ° % to 60 % by  a p l acen ta l -mic rosome  fract ion in the  presence of reduced 
t r i phosphopy r id ine  nucleot ide  (TPNH) .  Es t rone  was  no t  de tec ted  by  ex t r ac t ion  of the  comple t e  
s y s t e m  a t  zero t ime  or by  i ncuba t i on  w i t h o u t  s u b s t r a t e  (Table I). The  reac t ion  requi res  oxygen  
a n d  ha s  a p H  o p t i m u m  of 7. T P N  is no t  act ive  unless  a T P N H - g e n e r a t i n g  s y s t e m  is added  Table  II).  

T A B L E  I 

C O N V E R S I O N  O F  A N D R O S T E N E D I O N E  TO E S T R O N E  

The incuba t ion  m i x t u r e  con ta ined :  mic rosomal  
Estroneyield f rac t ion  (8mg prote in/ml)  in 0,05 M p h o s p h a t e  

(ug) buffer, p H  7, IOO # g  andros t ened ione  and  9 ]~moles 
T P N H  in a to ta l  vo lume  of 5 ml. I n c u b a t i o n  was  
for i h a t  37 ° in air. E s t r o n e  p roduc t ion  was  

45 m e a s u r e d  by  f luorescence and  conf i rmed b y  pape r  o 
o c h r o m a t o g r a p h y  and  coun t e r - cu r r en t  d i s t r ibu t ion .  

In f ra - red  spec t roscopy  of severa l  pooled e x p e r i m e n t s  
was  used for f u r t he r  ident i f icat ion.  

Comple te  s y s t e m  
Comple te  s y s t e m  a t  zero t i me  
S y s t e m  m i n u s  s u b s t r a t e  

Additions 

T P N  (5 / ,moles )  
T P N H  (5 #moles)  
T P N  (2 / ,moles ) ,  g lucose -6 -phospha te  and  
g lucose -6 -phospha t e  dehyd rogenase  

T A B L E  II  

C O F A C T O R  R E Q U I R E M E N T S  

Microsome fract ion (4 m g  pro te in /ml)  
Estroneyidd in 0.0 5 M p h o s p h a t e  buffer, p H  7, and  

(ag) 200 /~g andros tened ione .  I n c u b a t i o n  
was  for I h in air  a t  37 °. E s t r o n e  pro-  
duc t ion  was  m e a s u r e d  as in Table  I. 

o 

3 ° 

30 

H u m a n  p l acen ta s  ob ta ined  i m m e d i a t e l y  fol lowing de l ivery  were homogen ized  in buffered 0.25 M 
sucrose  a n d  sub jec t ed  to dif ferent ia l  cen t r i fuga t ion  p rocedures  descr ibed prev ious ly  ~. The  micro-  
somal  f rac t ion  was  ob ta ined  be tween  io ,ooo × g a n d  8o,ooo × g and  i ncuba t ed  wi thA4-andros tene  - 
3 , i7-dione,  d issolved in p ropy lene  glycol, a n d  cofactors  in a i r  a t  37 ° for  i h. The  m i x t u r e s  were  
e x t r a c t e d  th ree  t imes  wi th  6 vol. chloroform,  evapo ra t ed  and  t he  ch loroform res idues  dissolved in 
95 % e thanol .  A l iquo t s  were used  for pur i f ica t ion  and  assay .  P roduc t i on  of e s t rone  was  m e a s u r e d  
di rect ly  by  a modif ica t ion  of t h e  f luor imetr ic  m e t h o d  descr ibed by  SWEAT e. 

E s t r o n e  was  identif ied by  t he  following me t hods .  (I) Pape r  c h r o m a t o g r a p h y  was  carr ied 
ou t  in two  s y s t e m s  wi th  modif ied B u s h  so lven t s  ( l ig ro ine : to luene  (2: I)/7o % m e t h a n o l  and  
toluene/75 % methano l )  and  t h e  FeCI3-K3Fe(CN)s  r eagen t  was  used to de tec t  s u b s t a n c e s  on t he  
paper .  Mobili t ies were c o m p a r e d  wi th  k n o w n  s t a n d a r d s  r u n  on the  s a m e  c h r o m a t o g r a m s ,  and  
s imi la r  resu l t s  were a lways  ob ta ined  w h e t h e r  or no t  t he  s ample  was j u s t  separa ted  as a phenol ic  
f ract ion.  (2) Af ter  ini t ial  ch loroform ex t rac t ion ,  res idues  were pa r t i t i oned  be tween  90 % m e t h a n o l  
a n d  p e n t a n e  to r e m o v e  lipids and  t h e n  sub jec ted  to a h i gh ly  efficient p rocedure  for separa t ion  of 
phenols  2. The  phenol ic  f rac t ion  was  sub jec ted  to a 24- t ransfe r  coun te r - cu r r en t  d i s t r ibu t ion  in a 
50 % methanol/CC14 s y s t e m  7 and  good a g r e e m e n t  of  t he  e x p e r i m e n t a l  and  theore t ica l  d i s t r ibu t ion  
curves  was  observed.  The  pa r t i t i on  coefficient was  ident ica l  w i th  t h a t  d e t e r m i n e d  for e s t rone  
(3) The  peak  t u b e s  f rom  t he  c o u n t e r - c u r r e n t  d i s t r ibu t ion  were pooled, ace ty l a t ed  and  e s t rone  
ace t a t e  identif ied b y  infra-red spec t roscopy** .  

* Th i s  work  was  suppor t ed  by  a g r a n t  f rom t he  Jo s i ah  Macy,  Jr .  F o u n d a t i o n  to  H a r v a r d  
Medical  School. 

* * I n f r a - r e d  spec t roscopy  was  carr ied ou t  by  Mrs. D. WHEEI, ER t h r o u g h  t he  cour t e sy  of 
Dr. L. L. ENGEL. 
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I t  is in t e res t ing  to no te  t h a t  t h e  presence  of ac t iv i ty  in t h e  mic rosomal  f rac t ion  wi th  requ i re -  
m e n t  of a reduced  coenzyme  is ident ical  w i th  s y s t e m s  descr ibed for ad rena l  h y d r o x y l a t i o n  5. T h e  
h igh  yields ob ta ined  are  cons i s t en t  w i t h  a q u a n t i t a t i v e l y  s ignif icant  role for t h e  react ion.  De ta i l ed  
s tud ies  of t he  m e c h a n i s m s  involved  are  now in progress .  

The  a u t h o r  wishes  to  express  his  apprec ia t ion  to  Miss ANN FOLEY for t echnica l  ass is tance .  
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Isolation and identification of p-mercaptopyruvate desulfurase* 

Earl ier  e x p e r i m e n t s  of  MEISTER et al. 1 d e m o n s t r a t e d  t h a t  l iver ex t r ac t s  decompose  f l -mercap to-  
p y r u v a t e  to  su l fur  and  p y r u v a t e .  More recent ly  S6RBO 2 repor ted  t h a t  h o m o g e n a t e s  of r a t  l iver and  
k idney  as well  as  blood cells ca ta lyse  t he  t r ans fe r  of su l fur  f rom f l - m e r c a p t o p y r u v a t e  to  sulfi te a n d  
sulf inates.  These  obse rva t ions  sugges t  t h a t  t he r e  are  a t  least  two  t y p e s  of e n z y m e s  wh ich  a t t a c k  
f i - m e r c a p t o p y r u v a t e  and  resu l t  in e i ther  " d e s u l f u r a t i o n "  or " t r a n s s u l f u r a t i o n " .  

I n  t he  course  of our  s tud ies  deal ing wi th  enzymi c  reac t ions  of cys te ine  and  f l -mercap to-  
pyruvateS,4,5,  6 we h a v e  isola ted a p ro te in  f rom ra t  l iver wh ich  in t he  absence  of a su l fur  acceptor  
c leaves  f l - m e r c a p t o p y r u v a t e  to su l fur  and  p y r u v a t e .  I n  a g r e e m e n t  w i th  t he  obse rva t ions  o f  
MEISTER et al. 1 we find t h a t  f l -mercap toe thano l  ac t iva te s  th i s  react ion.  Sulfite in t he  absence  of  
m e r c a p t o e t h a n o l  also increases  t he  ra te  of enzyme-ca t a l yzed  p y r u v a t e  f o rma t ion  f rom f l -mercap to-  
p y r u v a t e .  I n  conf i rma t ion  of S6RBO'S resu l t s  ~ we find t h a t  sulfi te is conver t ed  to th iosu l fa te  in 
t he  course  of t he  l a t t e r  react ion.  

U l t r acen t r i fuga l  a n d  e lec t rophore t ic  ana lyses  revealed t h a t  our  purif ied e n z y m e  is a t  l eas t  
85 to  95 % homogeneous .  T hus ,  it  appea r s  t h a t  desu l furase  a n d  t r an s su l fu r a se  ac t iv i t ies  are associ-  
a t ed  wi th  a single pro te in .  T h e  course  of reac t ion  is de t e rmined  b y  e x p e r i m e n t a l  condi t ions  (e.g 
presence  of su l fur  acceptors) .  Cer ta in  phys ica l  p roper t ies  of th i s  e n z y m e  are:  isoelectric point ,  
7.4; $20, 2.7; D, 5.2. io-6cm2sec-X; mol .wt .  ( f rom S,0 and  D), 35,ooo-4o,ooo;  ab so rp t i on  
m a x i m a ,  28o m/~ and  415 ml~, E28 o ml,]E415 mu, 15.7; E tl s r~ ,  56; S content ,  4 a toms /mole .  
Spec t rographic  ana lyses  revealed  copper  as t he  single meta l l ic  c o n s t i t u e n t  of th i s  prote in .  The  
p ro te in  in i ts  purif ied fo rm easi ly loses copper  w i t h  c o n c o m i t a n t  loss of enzymic  ac t iv i ty .  Q u a n t i -  
t a t i ve  copper  ana lyses  are  for th i s  r eason  uncer ta in .  I t  is e s t i m a t e d  t h a t  two  a t o m s  of coppez 
m a y  be assoc ia ted  wi th  one molecule  of enzyme.  P re l imina ry  ana lyses  indicate  t h a t  two  s u l f h y d r y l  
g roups  are  p r e sen t  per  e n z y m e  molecule  as m e a s u r e d  by  t he  spec t ropho tome t r i c  m e t h o d  of 
BOYER 7. F u r t h e r  b iochemical  p roper t ies  of th i s  e n z y m e  as well as m e t h o d s  for i ts  isolat ion will 
be pub l i shed  in detai l .  
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