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The  g lands  r e m o v e d  f rom p a t i e n t s  w i th  b r e a s t  cance r  
w i t h o u t  p rev ious  ACTH s t i m u l a t i o n  h a v e  been  cons idered  
as f unc t i ona l l y  n o r m a l  on h a n d  of cl inical  a n d  l a b o r a t o r y  
d a t a ;  h is to logical ly ,  t h e y  showed  t he  t h r ee  classical  zones 
of the  cor tex ,  w i th  a clear  cu t  s e p a r a t i o n  of the  zona  
fa sc icu la ta  in to  an  o u t e r  c lear-cel led a n d  an  i nne r  da rk -  
celled layer .  H i s tochemica l ly ,  a d i f f e ren t  p a t t e r n  of dis- 
t r i b u t i o n  has  been  obse rved  acco rd ing  to t he  t y p e  of 
e n z y m e  s t u d i e d :  a s t r o n g  steroid-3fl-ol  d e h y d r o g e n a s e  
a c t i v i t y  was e v i d e n t  in t he  c lear  cells of t he  fasc icu lar  
zone and  a weak  one  in some cell grouF s of t he  g lomeru losa  
(Figure  1), whereas  non-speci f ic  l ipase and  a lka l ine  phos-  
p h a t a s e  were p r o m i n e n t  in the  d a r k  cells of the  zona  
re t icular is .  

A s h o r t - t e r m  in t ens ive  t r e a t m e n t  w i th  exogenous  ACTH 
has  increased  in these  g lands  the  w i d t h  of the  e n z y m e  
act iv i t ies ,  t o g e t h e r  wi th  a l ipid dep le t ion  of the  c lear  cells. 
The  steroid-3fl-ol  d e h y d r o g e n a s e  a c t i v i t y  was found  to  
s p r e a d  to  t he  whole  of t he  zona  fa se icu la ta  (F igure  2), 
whereas  the  non-specif ic  l ipase a n d  a lka l ine  p h o s p h a t a s e  

Fig, 8. Steroid-gfl-ol dehydrogenase activity in adrenal cortex of a 
patient with Cushing's syndrome, x 60. 

ac t iv i t i e s  e x t e n d e d  o u t w a r d s  up  to t h e  o u t e r  zona  fascicu- 
la ta .  

T h e  f ind ings  in cases of Cush ing ' s  s y n d r o m e  h a v e b e e n  
d i f f e ren t  accord ing  to  t h e i r  morpho log ica l  back -g round .  
In  the  s ingle case r e su l t i ng  f rom cor t ica l  t u m o u r  (ade- 
noma) ,  b o t h  c lear  an d  d a r k  t u m o u r  cells showed  a large 
q u a n t i t y  of all t h e  e n z y m e s  s t u d i e d ;  converse ly ,  the  
t u m o u r - f r e e  co r t ex  was ve ry  poor  or p rac t i ca l ly  free of 
enzymes .  

On t h e  o t h e r  h a n d ,  in cases r e su l t i ng  f rom h y p e r p l a s i a  
of t h e  a d r e n a l  cor tex ,  no  e v i d e n t  c h a n g e  in e n z y m e  dis- 
t r i b u t i o n  h a s  been  o b s e r v e d ;  general ly ,  t h e  steroid-3fl-ol  
dehyd rogenase ,  as well as non-specif ic  l ipase a n d  a lka l ine  
p h o s p h a t a s e ,  were w i t h i n  n o r m a l  l imi ts  (Figure  3). 

F r o m  t h e  resu l t s  ou t l ined ,  t h e  fol lowing conclus ions  
m a y  be  d r a w n  : 

(1) In  f u n c t i o n a l l y  n o r m a l  glands ,  t h e  p resence  of 
steroid-3fi-ol  d e h y d r o g e n a s e  in t h e  c lear  cells of t h e  fas- 
c icu la r  zone, as well as in cell g roups  of t h e  g lomerular i s ,  
s u p p o r t s  the  view t h a t  these  e l e m e n t s  are  d i r ec t ly  r e l a t ed  
to s t e r o i d - h o r m o n e  s y n t h e s i s  or, a t  least ,  to  a n  i n t e r m e d i -  
a t e  s t ep  of th i s  process.  Moreover ,  t h e  p resence  in t h e  
r e t i cu l a r  zone of some  e n z y m e  ac t iv i t ies ,  such  as n o n -  
specific l ipase a n d  a lka l ine  p h o s p h a t a s e ,  poses t h e  p r o b l e m  
of t h e  func t i on  of th i s  zone, as i t  m a y  be  exc luded  t h a t  i t  
is on ly  a zona consumptiva.  

(2) E x o g e n o u s  ACTH leads to a n  increase  of all  t h e  
e n z y m e  act iv i t ies ,  wh ich  shou ld  be i n t e r p r e t e d  as a sign of 
f u n c t i o n a l  s t i mu l a t i o n .  

(3) In  Cush ing ' s  s y n d r o m e  due  to cor t ica l  a d e n o m a ,  as 
expec ted ,  t h e  t u m o u r  cells a p p e a r  to  be v e r y  ac t ive ,  where-  
as t h e  t u m o u r - f r e e  co r t ex  is f u n c t i o n a l l y  a t  rest .  

(4) Converse ly ,  in C u s h i n g ' s  s y n d r o m e  d u e  to  a d r e n a l  
hype rp l a s i a ,  t h e  cor t ica l  e n z y m e s  show a p a t t e r n  which  is 
ve ry  nea r  to  n o r m a l  or qu i t e  no rma l .  Th i s  sugges ts  t h a t  in  
th i s  v a r i e t y  of t h e  synd rome ,  t h e r e  exis ts  an  i n t e r a c t i o n  of 
some o t h e r  sti l l  u n k n o w n  fac to r  or m e c h a n i s m ,  a p a r t  f rom 
ACTH s t i m u l a t i o n .  

Zu s a m m en / a s s u n g .  Ber i ch t  fiber h i s t o ch emi s ch e  U n t e r -  
s u c h u n g e n  an  m e n s c h l i e h e n  N eb en n i e r en ,  die ch i ru rg i sch  
bei  FXllen v o n  i n o p e r a b l e m  M a m m a c a r c i n o m  (mi t  ode r  
o h n e  v o r h e r g e h e n d e  S t i m u l a t i o n  m i t  e x o g e n e n  ACTt t )  
sowie bei F/i l len von  Cu s h i n g s ch e r  K r a n k h e i t  e n t f e r n t  
worden  waren .  

A n h a n d  de r  Ve r t e i t ung  de r  v e r s c h i e d e n e n  E n z y m e  u n d  
in sbesonde re  des  Steroid-3fl-ol  D e h y d r o g e n a s e  wird au f  
F r a g e n  de r  B e z i e h u n g e n  der  Morpholog ie  u n d  F u n k t i o n  
der  n o r m a l e n  l)rf ise e ingegangen  u n d  die Cush ingsche  
K r a n k h e i t  i n t e r p r e t i e r t .  

C. CAVALLERO a n d  G. CHIAPPINO 

Is t i tu to  di A n a t o m i a  e Istologia Patologica della Universi th 
di P a v i a  (I taly) ,  November 20, 1961. 

Modifications of Myosin Caused by Adenosine- 
triphosphate, Adenosinediphosphate, and Pyro- 

phosphate 

In  r ecen t  years ,  a d e n o s i n e ~ r i p h o s p h a t e  a n d  pyro-  
p h o s p h a t e  h a v e  o f t en  been  used for the  e x t r a c t i o n  of 
muscle  p ro t e in s  z-a. I t  was  t h o u g h t  t h a t  t h e y  would help  
se lec t ive ly  e x t r a c t i n g  myos in  f rom the  myof ibr i l s ,  b u t  i t  
was  soon real ised t h a t ,  in a d d i t i o n  to  myos in ,  o t h e r  
p ro t e in  m a t e r i a l - e x t r a - p r o t e i n %  X - p r o t e i n  5, f rac t ion  T 6 

- p a s s e s  i n to  so lu t ion  a n d  does no t  p r ec i p i t a t e  when  t h e  
ionic s t r e n g t h  is r educed  to 0.04. 

I W. R. A.~IBERSON et al., Biol. Bull 99, 314 (1950). 
2 W. HASSELBACH and G. SCHN~;IDER, Biochem. Z. 821, 462 (1951). 
a j .  HANSON and H. E. HUXLEY, Nature 172, 530 (1953); Syrup. 

Soc. exp. Biol. 9, 2'28 (1955). 
* A. G. SZENT-GY6R6'Zt et al., Biochim. biophys. Acta 16,339 0955). 

J. HANSON and H. E. HUXLEY, Biochim. biophys. Acta 23, 250 
(1957). 
I. I. IVANOV et al., Acta phys. Acc. Sci. Hung. 16, 7 (1959). 
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This f rac t ion var ies  considerably ,  in q u a n t i t y  and  com- 
position, in re la t ion to  the  expe r imen ta l  condi t ions .  After  
ex t rac t ion  in the  presence  of adenos ine t r i phospha t e  or 
py rophospha te ,  h igh figures were r epor ted  rang ing  f rom 
11% 5 up to  a b o u t  20% 46 of the  to ta l  myof ibr i l la r  prote in .  
This is diff icul t  to  reconcile wi th  the  resul ts  of the  ana-  
lysis of whole muscle  ~, and  also wi th  the  resul ts  ob ta ined  
by o the r  s tud ies  of isolated myofibr i l s  7 8. 

The poss ibi l i ty  t h a t  the  ex t r a -p ro t e in  is in pa r t  some 
modified form of myos in  was not  exc luded  by  PERRY and  
ZYDOWO 9 and  by  HANSON and  HUXLEY ~. Our exper i -  
ments  have  been carr ied out  wi th  the  aim of s t udy ing  this  
possibili ty more  closely. 

Methods. Myosin was p repa red  by  a m e t h o d  descr ibed 
by PERRY 10; in mos t  cases it was fu r the r  purif ied by the  
a m m o n i u m  su lpha te  f rac t iona t ion  p rocedure  of 1)UgU[S- 
SON n,  as a d o p t e d  by  SZENT-GYORGYI t~. Myofibri ls  were 
prepared  f rom fresh muscle  of t he  r abb i t  by  PERRY'S 
me thod  ~z. Ni t rogen  was e s t ima ted  by  a conven t iona l  
m i c r o - K j e l d a h l  p rocedure .  A d e n o s i n e t r i p h o s p h a t a s e  
(ATPase) m e a s u r e m e n t s  were carr ied  ou t  a t  25°C in a low 
ionic s t r e n g t h  m e d i u m  wi th  5 m M  CaCI~ and 2.5 m;Tl ATP.  
Viseometry  m e a s u r e m e n t s  were carr ied ou t  a t  0°C wi th  
the Os twald  v iscometer .  Tota l  phospho rus  was de te r -  
mined by  the  m e t h o d  of FISKE and  SUBBAROW H af te r  
digest ion wi th  perchlor ic  acid. Adenos ine t r i phospha t e  
(ATP) and  a d e n o s i n e d iphospha t e  (ADP) were suppl ied by 
Sigma Chemical  Co. P y r o p h o s p h a t e  was suppl ied  by  
Merck AG. 

Results. We repea t ed  the  obse rva t ions  of BORB1RO 15 and 
of SPICER and  VV'EISE 16, t h a t  A T P  apprec iab ly  changes  
the solubi l i ty  of myosin,  so t h a t  it m a y  remain  in solut ion 
almost  comple te ly  a t  low ionic s t reng th .  

A D P  causes  a s imilar  change,  bu t  the  concen t r a t i on  
required is m u c h  higher .  P y r o p h o s p h a t e  has  the  same 
effect:  the  level requi red  is s o m e w h a t  i n t e rmed ia t e  be-  
tween those  of A T P  and  AI )P  (Figure).  
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Effect of ATP, ADP, and pyrophosphate on the turbidity of a 
myosin suspension in 0.011 M KCI, (L018 2~1 borate buffer, pH 7. 

(Turbidity was measured at 6o(} mix. ) 

Myosin in sohltion after treatment with different amounts of Na 
pyrophosphate and 20 h dialysis against 0A}3I M KC1 + 0.(}0'25 M 

phosphate buffer (pH 6.9) 

Initial concentration of pyrophosphate % of total protein 

0.01 M 9.7 
0.02 M 37.2 
0.04 M 55.1 
0.08 M 56.3 
0.16 M 70.4 

We  have  conf i rmed  the  resul ts  of SmCV:R and \VEisE t6 
t h a t  Mg ++ inh ib i t s  the  effect  of ATI '  on myosin ,  and we 
have  observed  t h a t  also the  effect  of p y r o p h o s p h a t e  is 
inhib i ted  by Mg ++. 

ATP, A I)P, and  p y r o p h o s p h a t e ,  all a p p e a r  to be bound  
to myosin  very t ight ly ,  so t h a t  t h e y  can be only  r emoved  
wi th  diff icul ty  on dialysis.  If the  initial  concen t ra t ion  of 
added  po lyphospha te  was high (0.01 ltI or more),  dialysis  
over  one night ,  agains t  abou t  100 wfl of a low ionic 
s t r e n g t h  KCI solution, would not  usual ly r emove  the  poly- 
phospha t e  comple te ly  so t h a t  an apprec iab le  a m o u n t  of 
myosin  was still sohtble at  low ionic s t r e n g t h  (Table). 

Myosin dialysed over  one n ight  a f te r  t r e a t m e n t  wi th  
0.1-0.16 21I py rophospha te ,  showed a much  reduced  ATP-  
ase ac t iv i ty  though  the concen t r a t ion  of p y r o p h o s p h a t e  
left in the  dialysis bag was very little, less t h a n  l × 10 4 M ,  
cer ta in ly  much below the  a m o u n t  which affects  the  en- 
zymic  ac t iv i ty  of myosin  when added  to the  i ncuba t ion  
me d i u m in the ATPase  exper imen t s .  The viscosi ty  of t he  
solut ion was high a t  low ionic s t r e n g t h  (Z *1 ' 0.6), b u t  
fell apprec iab ly  if the  ionic s t r e n g t h  was raised by ad-  
di t ion of KC1 or NaC1, as if there  were a large a m o u n t  of 
t ropomyos in .  

Only af ter  a two days  dialysis  aga ins t  a large a m o u n t  of 
sal t  solut ion could the bound p o l y p h o s p h a t e  be r emoved  
so t h a t  myosin  showed again its typ ica l  proper t ies .  (This 
resul t  can be obta ined more easily if Mg ++ was added  to 
myos in  toge ther  with the po lyphospha te . )  

E x p e r i m e n t s  carried out  with isolated myof ibr i l s  t r e a t e d  
wi th  concen t ra t ed  pyrophosp l t a t e  (0.1--0.16 M), have  
shown t h a t  as much as 75% of the  pro te in  e x t r a c t e d  does 
not  prec ip i ta te  af ter  uver- lf ight  dialysis  aga ins t  a low 
ionic s t r eng th  solution,  bu t  if dialysis  is carr ied ou t  for 
two  days  against  2t}0 w)lumes of sal t  solut ion,  the  a m o u n t  
of mater ie l  soluble a t  low ionic s t r eng th  does no t  genera l ly  
exceed 12% of the  to ta l  prote in  ex t r ac t ed ,  aml is a lways  
less t h a n  10% of the  prote in  c o n t e n t  of the myofibr i ls .  

t t  appears  t ha t  using p o t y p h o s p h a t e s  for e x t r a c t i o n  of  
myofibr i ls  may  lead to ove re s t ima te s  of the  e x t r a - p r o t e i n  
f rac t ion if the  po lyphospha te s  are not  comple t e ly  re- 
moved.  An obvious corollary is t h a t  the  f igures of myos in  
ex t r ac t ed  from the  myofibri ls  are likely to be h igher  t h a n  
they  are of ten assumed to be ~7. 

l?iassunto. In presenza  di :VI'I ~ o :\1)1 ~ o pirofosfato,  in 
concentrazioni  da l 0 ,a a 1 (1 4 ill, la solubilittt  della mios ina  
a u m e n t a  no tevo lmen te  a bassa  forza ionica, I I legame che 
si fo r in t  fra la miosina e i polifosfati  6 tale  che solo una  
dialisi p ro lunga ta  pu6 a l lontanar t i  i n t e r amen te .  
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