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Bu t  in the  case of chronic t r ea tmen t ,  the  hepat ic  me ta -  
bolic a l te ra t ions  descr ibed by  some authorsl3 had  appar-  
ent ly  reached  a s tage of at  least  par t ia l  adap ta t ion ,  since 
hepa t ic  excre t ion  of cholesterol  suffers no a l te ra t ion  and 
the  lipid excre t ion  is only d iminished  by  the  act ion of 
PGE1. As regards  cholesterolemia,  a difference be tween  
P G E  I and  P G E  2 is observed,  the  former  increasing and 
the  la t te r  no t  modify ing  t h a t  parameter .  We would t end  
to in t e rp re t e  the  rise of blood cholesterol  caused by  P G E  
as a d i rect  effect  on its processes of bio-synthesis ,  since 
the  exogenous con t r ibu t ion  of cholesterol  would be inhib-  
i ted by  a lesser con t r ibu t ion  of in tes t inal  bi l iary salts  due 
to  the  clear ant icholere t ic  effect. 

As regards  the  effect  on lipids, the  difference be tween  
P G E  1 and  P G E  2 in chronic t r e a t m e n t  appears  again. 
W i t h  respec t  to the  former,  our results  agree wi th  those  
of o ther  au thors  ~4, who found the  ant i l ipolyt ic  effect  of 
th is  pros taglandin .  We  found no var ia t ions  in the  blood 
values of to ta l  lipids. P G E  2, on the  o ther  hand,  increases 
the  blood values of to ta l  lipids w i thou t  al ter ing the i r  
bi l iary excret ion.  According to the  low dosage employed  
for the  p resen t  s tudy,  a l ipolytic effect  m a y  be observed,  
which  had  been a l ready  descr ibed in ano the r  an imal  

species adminis te red  in vivo ~4. On dealing wi th  p ros ta -  
glandins  and the i r  effects on organs and tissues, results  
are con t r ad i c to ry  and even more  controvers ia l  in the  
field of the  lipid metabol i sm.  Endogenous  mechanisms,  
as well as the  exogenous or in tes t ina l  reabsorp t ion  contr i -  
but ions ,  are d i s tu rbed  by  the  direct  effect  of the  pros-  
tag landins  on the  in tes t inal  muscular  sys t em ~5,1~. 

Large con t r ad i c to ry  cont r ibu t ions  of exper imenta l  
da t a  a t t r i bu t e  the  effect  of p ros tag land ins  bo th  to di rect  
mechan i sms  act ing on the  in t r amura l  neuronal  plexus ~7 
and to  indi rec t  mechan i sms  which  are e i ther  d e p e n d a n t  
on oxygen  or med ia ted  by  the  A T P - c A M P  sys tem 1% 
Dispar i ty  and var ie ty  cont r ibu t ions  increase the  in te res t  
and exci te  a t t en t ion  to th is  field, jus t i fy ing the  need of 
deeper  s tudies  to reach more es tabl ished conclusions. 
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Summary. Corticotropin~_2~ and  ~Gly*~corticotropinl_xS amide increased the  fluorescence of 1-ani l inonaphthalene-8-  
sul fonate  which  bound  to the  bovine adrenocor t ica l  membranes .  The two ACTH f ragment s  in te rac ted  wi th  the p ro te in  
of t he  m e m b r a n e s  and increased the  ne t  posi t ive  charge of the  membranes .  

1-Ani l inonaphthalene-8-sul fonate  (ANS) is a fluoro- 
probe  which  emits  s t rong  fluorescence when i t  b inds  to 
biological membranes ,  and its f luorescence is a sensi t ive  
indica tor  of changes  in m e m b r a n e  charge S. If  ACTH 
changes  the  charge of adrenocor t ica l  m e m b r a n e s  when  i t  
b inds  to them,  it would be possible to de tec t  the  changes  
of m e m b r a n e  charge by  inves t iga t ing  changes  in ANS 
fluorescence.  The p resen t  s t u d y  was p lanned  to invest i -  
gate  w h e t h e r  ACTH f ragments  affect  the  ne t  posi t ive  
charge of bovine  adrenocor t ica l  membranes ,  using ANS 
as a probe.  

~Iater,ials and methods. Corticotropin~_2~ was ob ta ined  
f rom Ciba, Basel, [Glyl lcor t icotropinl_lsamide,  EGlyt]- 
corticotropin~_x~ and EGlyS]corticotropin~_10 were ob ta ined  
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Fig. 1. Effect of corticotropin analogs on the fluorescence of ANS- 
adrenocortical membrane complexes. 63 [zg membrane protein/mI; 
ANS, 76 [zM. The fluorescence without cortieotropin analogs was set 
at 100%. 1-24, Corticotropiul_~4; 1 18(NH2), EGlyI]eorticotropinl_ls 
amide; 1 14, [Glyl]cortieotropinl_14; 1 10, ~Glyl]corticotropinl_i0. 

f rom Shionogi, Osaka. Pig ACTH was purchased  f rom 
Sigma. Cort icotropins  were dissolved at  a concen t ra t ion  
of 1 mg /ml  0.01 N HC1 for t i t ra t ion .  ANS (Tokyo Chem- 
ical Indus t ry)  was used as the  sodium salt. Phospha t i -  
dylchol ine eho l inephosphohydro lase  EE.C.3.1.4.3.] (phos- 
phol ipase  C f rom Cl. welchii) was purchased  f rom Sigma, 
pronase  (grade E) f rom Kakenkagaku ,  Tokyo.  The p lasma  
m e m b r a n e s  of the  bovine adrena l  cor tex  were p repa red  
according to  the  me t h o d  of FINN et  a12, and were char-  
ac ter ized by  e lec t ronmicroscopy.  Membranes  were sus- 
p en d ed  in 20 m M  Tris-HC1, p H  7.4 conta in ing  1 m M  
EDTA.  E D T A  was omi t t ed  in case of t i t r a t i on  wi th  CaCI~. 
Fluorescence measu remen t s  were carried out  in a Hi t ach i  
203 spect rof luorometer .  De t e rmina t i on  of the  number  of 
b ind ing  sites for ANS and the  ap p a ren t  b inding  cons tan t s  
were made  by  Sca tchard  plots  cons t ruc ted  according to  
WEIDEKAMM et al.L Pro te in  concen t ra t ion  was deter-  
mined  by  the  m e t h o d  of LOWRY et al.~. Phosphol ip ids  
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Effect of corticotropinl~4 and [Glyl]corticotropin1_18 amide on the 
ANS-adrenocortieal membrane interaction 

Binding sites Binding constant 
(nmoles (mM -1) 
ANS/mg 
protein) 

Adrenocortieal membranes 27.6 27 
Adrenocortical inenlbranes with 46.3 28 
corticotropinl_24 
Adrenoeortical membranes with 51.4 34 
[Glyl~corticotropinl_ls amide 

Titration with ANS or with adrenocortieal membranes was done in 
3 ml of 20 mM Tris-HC1, pH 7.4 containing 1 mM EDTA with or 
without 2.3 ~zM corticotropin fragments. 
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Fig. 2. Effect of treatment of adrenocortical membranes with phos- 
pholipase C on the enhancement of ANS fluorescence by corticotro- 
pinl_~4(A ) or calcium ion(B). 42 Fg Inembrane protein/ml; ANS, 
6.7 ~zM. Phospholipase C, membranes treated with pbospholipase C; 
control, membranes incubated without enzyme. The fluorescence 
without corticotropinl_24 or CaC12 was set at 100%. 
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Fig. 3, Effect of treatment of adrenocortieaI membranes with pro- 
~lase E on the enhancement of ANS fluorescence by eorticotropinl_~4 
(A) or calcium ion(B). 37 ~xg membrane protein/ml; ANS, 6.7 ~M. 
Pronase, membranes treated with pronase E. The other conditions 
are similar for Figure 2. 

were ex t r ac t ed  by  the  me t h o d  of BLIGH and  I)YER 6, and 
phosphorus  was de t e rmined  by  the  me t h o d  of CHEN et aLL 
For  digest ion of m e m b r a n e s  by  phosphol ipase  C, 0.36 mg 
of phosphol ipase  C (Cl. welchii) was added  to 4.5 mg 
m e m b r a n e  pro te in  in 1 ml of 20 m M  Tris-tIC1, p H  7.4 
conta in ing  10 m M  CaC12 and the  mix tu re  was incuba ted  
a t  37~ for 30 rain. At  the  end of incubat ion ,  0.1 ml  of 
100 m M  E D T A  was added  to the  mix tu re  and  membranes  
were washed  twice by  suspension in 5 ml  of 20 m M  
Tris-HC1, p H  7.4 and  centrifuga• In  case of t r e a t m e n t  
wi th  pronase  E, 10 mg of pronase  E was added  to 4.5 mg 
of m e m b r a n e  pro te in  in 1 ml  of 20 m M  Tris-HC1, p H  7.4. 
The mix tu re  was incuba ted  a t  37 ~ for 30 min and the  
m e m b r a n e s  were washed  twice by  suspension in 5 ml  of 
20 m M  Tris-HC1, p H  7.4 and centr i fugat ion.  Controls 
were t r ea ted  ident ical ly  b u t  w i t h o u t  enzyme.  

Results. W h e n  ANS was added  to  bovine adrenocor t ica t  
membranes ,  the  fluorescence in t ens i ty  of ANS exci ted a t  
380 n m  increased and the  emission m a x i m u m  shif ted 
f rom 490 n m  (ANS in 20 m M  Tris-HC1, p H  7.4) to a 
shor te r  wavelength ,  470 nm, which was used for measure-  
m e n t  of ANS fluorescence t h r o u g h o u t  the  p resen t  s tudy.  
This change  in ANS fluorescence seems to  indicate  t h a t  
ANS bound  to bovine adrenocor t ica l  membranes :  Addi-  
t ion of corticotropinl_24 or [Glyl]cor t icotropinl_lsamide 
increased the  f luorescence of ANS-adrenocor t i ca l  mem-  
brane  complexes  w i t h o u t  ~urther sh i f t  of emission maxi-  
m u m  (Figure 1). [Glyl]corticotropinl_10, [Glyl]cortico - 
tropinl_~4 and na tu ra l  pig ACTH did no t  increase the  
f luorescence of ANS-adrenocor t i ca l  m e m b r a n e  complexes 
and the  t i t r a t ion  curves w i th  these  cor t ico t ropin  analogs 
did no t  differ f rom t h a t  wi th  0.01 N HC1. W h e n  mem-  
branes  were excluded f rom the  t i t r a t ion  mixture ,  ANS 
did no t  f luorescence upon addi t ion  of corticotropin~_24 or 
[Glyl]cor t icotropinl_lsamide up to 17 ~g/ml. The mixture  
of cor t ico t ropin  f ragments  and adrenocor t ica l  membranes  
w i thou t  ANS did no t  show fluorescence a t  470 nm when  
exci ted a t  380 nm. As shown in the  Table,  b o t h  cortico- 
tropinl_24 and [Glyl ]cor t icot ropinl_lsamide at  the  con- 
cen t ra t ion  of 2.3 [xM increased the  n u m b e r  of b inding  
sites for ANS ra the r  t h a n  the  a p p a r e n t  b ind ing  cons tan t  
for ANS. 

In  order  to compare  the  effect  of ACTH analogs on 
ANS fluorescence wi th  the  known effect  of calcium ions 8, 
we incuba ted  the  adrenocor t ica l  m e m b r a n e s  wi th  phos-  
phol ipase  C or pronase  E and  examined  how these  enzyme 
t r e a t m e n t s  influence the effects  of calc ium or cort ico- 
t ropin  f r agmen t s  on the  f luorescence of ANS-adrenocor -  
t ical  m e m b r a n e  complexes.  The phosphorus  con ten t  of 
adrenocor t ica l  m e m b r a n e s  w i t h o u t  enzyme  t r e a t m e n t  
(control) was 13.6 Fg P/ rag  protein .  In  cont ras t ,  the  phos-  
phol ip id  phosphorus  con ten t s  of adrenocor t ica l  mem-  
branes  t r e a t ed  wi th  phosphol ipase  C or pronase  E were 
8.1 and 19.9 tzg P / m g  pro te in  respect ively.  This  indicates  
t h a t  t r e a t m e n t  w i th  phosphol ipase  C decreased the  phos-  
phol ip id  con ten t  of m e m b r a n e s  and  t r e a t m e n t  wi th  pro-  
nase  E increased the  phosphol ip id  co n t en t  by  digest ion 
of m e m b r a n e  prote in .  I t  was shown t h a t  calcium ions 
increased the  f luorescence of ANS-adrenocor t i ca l  m e m -  
brane  complexes  also (Figures 213 and 3B). Figure 213 
shows t h a t  the  calcium effect  was d iminished on phos-  
phol ipase C- t rea ted  membranes ,  while the  effect  of cor- 
ticotropinl_24 was no t  affected (Figure 2A). T r e a t m e n t  
of m e m b r a n e s  wi th  pronase  E enhanced  the  calcium 
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effect (Figure 3B) b u t  abol i shed  t he  effect of cort ico-  
tropinl_24 (Figure 3A). [Glyl~Cor t icot ropinl_ lsamide  
showed a s imi lar  effect  on the  digested m e m b r a n e s  to 
corticotropin~_2~. 

Discussion. Tile ac t ive  si te  of A C T H  was pos tu l a r ed  to 
be located  in t he  NI.I 2 t e r m i n a l  region (posi t ions 1 13) and  
the  sequence  Lys  Lys  Arg Arg (posi t ions 15-18) was 
t h o u g h t  to  be  a l ikely b i nd i ng  si te  ~. The  p re sen t  inves t i -  
ga t ion  shows t h a t  A C T H  analogs  bea r ing  b i n d i n g  se- 
quences  increased  t he  f luorescence of A N S - m e m b r a n e  
complexes,  b u t  those  w i t h o u t  b i nd i ng  sequences  d id  not .  
This  resu l t  suggests  t h a t  t he  A C T H  f r a g m e n t s  w i t h  b ind-  
ing sequences  increased  t he  m e m b r a n e  charge,  a n d  the re -  
fore e n h a n c e d  t he  b i nd i ng  of anionic  ANS.  The  bas ic  
amino  acids compos ing  b i n d i n g  sequences  p r o b a b l y  
caused  t he  increase  of t he  ne t  pos i t ive  charge  of m e m -  
branes .  The  presence  of t h e  ac t ive  site was no t  requis i te  
for t he  f luorescen t  effect. I n a b i l i t y  of pig A C T H  to in- 
crease t he  A N S  f luorescence m a y  be d i f fe rent  f rom t h a t  
of shor t e r  A C T H  f r a g m e n t s  wh ich  lack b ind ing  sequences.  
A possible e x p l a n a t i o n  is t h a t  pig A C T H  does no t  confer  
enough  pos i t ive  charge  on  t he  m e m b r a n e s  to increase  the  
b o u n d  ANS,  owing to  t h e  acidic amino  acids in  t he  p a r t  
of t he  pep t ide  cha in  over  t he  25th  amino  acid. 

The  a u g m e n t a t i o n  of A N S fluorescence b o u n d  to  plas-  
m a  m e m b r a n e s  b y  cort icotropinl_24 or EGlyl~corticotro - 
pin~_~samide was no t  specific for ad rena l  cortex,  since 
b o t h  co r t i co t rop in  f r a g m e n t s  increased  t he  A N S  fluores- 
cence b o u n d  to  bov ine  t h y r o i d  m e m b r a n e s  or h u m a n  

e r y t h r o c y t e  ghosts  wh ich  do no t  c a r r y  A C T H  receptors  
(unpub l i shed  observa t ion) .  This  suggests  t h a t  the  changes  
of ANS f luorescence b y  t he  two A C T H  f r a g m e n t s  do no t  
show the  con fo rma t iona l  changes  of ACTt-I receptors ,  b u t  
ind ica te  a r a t h e r  nonspecif ic  change  of t h e  charge  of 
m e m b r a n e s .  

Calc ium ion is c la imed to  increase  the  f luorescence of 
A N S - m e m b r a n e  complexes  t h r o u g h  shie ld ing t he  phos-  
pho l ip id  p h o s p h a t e  group~,S. The  m e c h a n i s m  of A C T H  
effect  seems different ,  since r educ t i on  of phospho l ip id  
p h o s p h o r u s  c o n t e n t  in  t h e  m e m b r a n e s  did  n o t  affect  t he  
f luorescence effect  of A C T H  f ragments ,  while  i t  decreased 
t h e  effect  of ca lc ium ion. I n a b i l i t y  of A C T H  f r agmen t s  
to  increase  t he  f luorescence of ANS b o u n d  to  the  p ronase-  
t r e a t e d  m e m b r a n e s  m a y  suggest  t h a t  A C T H  f r a g m e n t s  
i n t e r a c t  w i t h  the  p ronase - sens i t ive  p ro t e in  of adreno-  
cor t ica l  m e m b r a n e s .  On t he  con t ra ry ,  m e m b r a n e  p ro t e in  
d id  no t  c o n t r i b u t e  t he  f luorescence effect  of ca lc ium ion 
so much .  

A l t h o u g h  t he  f luorescence effect  of A C T H  f r agmen t s  
was  n o t  re la ted  to t he i r  b ind ing  on A C T H  receptors ,  t he  
p r e sen t  s t u d y  suggests  t h e  poss ib i l i ty  t h a t  the  syn the t ic ,  
bas ic  A C T H  analogs  m a y  h a v e  a d i f fe ren t  pha rmaco log ica l  
ac t ion  f rom t h a t  of t he  n a t u r a l  A C T H  b y  chang ing  the  
e lec t ros ta t i c  e n v i r o n m e n t  of the  A C T H  receptors .  

9 K. HOFfmAnn, W. WINGENDER and F. M. FINN, Proc. natn. Acad. 
Sci., USA 67, 829 (1970). 
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Summary. Liver  h o m o g e n a t e s  of t e s t i cu la r  femin ized  (Tim) mice ca r ry ing  the  p r o t e c t i v e  (o ~v) gene were found  to be 
less capab le  of c o n v e r t i n g  t e s to s t e rone  to a n d r o s t e n e d i o n e  t h a n  T i m  w i t h o u t  tile p ro t ec t i ve  gene. 

Tes t i cu la r  f emin iza t ion  in t he  mouse  is genet icMiy 
d e t e r m i n e d  b y  t he  presence  of a m u t a n t  gene (T/m) on 
t he  X-chromosome3 .  Recent ly ,  a s t r a in  of mice has  been  
deve loped  w i t h  a f u r t h e r  m u t a n t  gene (o by) on  t he  X -  
chromosome,  t he  pos i t ion  of wh ich  enables  i t  to  modi fy  
t h e  express ion  of T /m so as to  res tore  a measure  of an-  
d rogen  sens i t i v i t y  to  some of t he  t a r g e t  o rgans  4. The  
r e l a t ionsh ip  be tween  t he  a n d r o g e n  receptor  defect  ~ and  
a l t e red  s tero id  m e t a b o l i s m  in a d u l t  t e s t i cu la r  feminized  
mice"  is no t  clear.  Differences in the  m e t a b o l i s m  of an-  
d ros t ened ione  (A) h a v e  been  obse rved  in t he  l iver  of t he  
S tan ley-  G u m b r e c k  male  p s e u d o h e r m a p h r o d i t e  (PS) r a t  
a n d  found  to  be  s imi lar  to  t h a t  of femalesL Here  we 
r epo r t  dif ferences  in t he  l iver  convers ion  of t e s to s t e rone  
(T) to  A in two s t r a ins  of t e s t i cu la r  feminized mice. 

Mice of geno types  Tim + (o +) +/Y~ ,  Tim + (o hv) Blo/Y~, 
m a i n t a i n e d  a t  Ci ty  of Hope  Medical  Center,  Cal i fornia  and  
n o r m a l  male  B A L B / C  mice  (Hea l th  Resea rch  Inc.)  used 
in th i s  s t u d y  r a n g e d  in ages f rom 53 to 190 days.  Mice 
were anes the t i z ed  a n d  l iver  t i ssue  excised, weighed and  
homogen ized  in Med ium 199 (Gibco). Co-factors  were 
n o t  added  in order  to  s imula te  in v ivo  cond i t ions  as 
close as possible.  Crude  h o m o g e n a t e s  (1 ml,  11-14 mg 
we t  wt .  t issue) were i n c u b a t e d  in 5 ml  m e d i u m  199 w i t h  

0.4 aCi [7c~-aH] t e s to s t e rone  (25 Ci/mM; New E n g l a n d  
Nuclear)  dissolved in p ropy lene  glycol, for 2 h in a Dub-  
noff  me tabo l i c  shake r  a t  37 ~ w i t h  a i r  as t he  gas phase.  
I n c u b a t i o n s  were t e r m i n a t e d  b y  qu i ck  freezing. Med ium 
was e x t r a c t e d  w i t h  d i e thy l  e the r  a n d  t he  e the r  e x t r a c t  
p a r t i t i o n e d  be tween  to luene  and  1 N NaOH.  The  n e u t r a l  
f r ac t ion  was sub jec ted  to  t h i n  l ayer  c h r o m a t o g r a p h y  in 
ch lo ro fo rm:  m e t h a n o l  (98:2) a t  4~ Rad ioac t i ve  zones 
co r re spond ing  to T a n d  A were Muted  a n d  r ech roma to -  
g r a p h e d  on  W h a t m a n  No. 1 pape r  in  h e p t a n e : m e t h a n o l :  
w a t e r  (5 :4 :  1) and  t h e n  crys ta l l ized  w i t h  car r ier  to  con- 
s t a n t  specific ac t iv i ty .  No cor rec t ion  for losses were m a d e  

1 This work was supported by the MedicaI Research Council of 
Canada, No. MT 4192 and Ortho Pharnmeeutical Company. 

2 Address: Department of Biology, City of Hope National Medical 
Centre, Duarte, California 91010, USA. 

3 M. F. LYoN and S. G. HAWKES, Nature, Lond. 227, 1217 (1970). 
4 U. DREWS, S. R. BLECHER, D. A. OWEN and S. OHNO, Ceil I, 3, 

(1974). 
B. ATTARDI and S. OHNO, Cell 2, 5 (1974). 

6 C. W. BARDIN and L. P. BULLOCK, J. clin. Invest. 57, 75 (1974). 
7 K. J~INARSSON, J. -P. GUSTAFSSON and A. S. GOLDMAN, Eur. J'. 

Biochem. 37,345 (1972). 


