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Release of [3H]-cyclic AMP from re-sealed human erythrocyte ghosts 
incubated at 37 ~ in 0.15 M choline chloride, lmbnffered (A); and 
buffered at pH 7.40 with 20 mM Hepes (O), or 20 mM NaHCO 3 in an 
atmosphere of 95% air, 5% CO s (O). 
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Leakage  of m a t e r i a l  a b s o r b i n g  a t  280 n m  was v e r y  low, 
a n d  could n o t  be  co r re l a t ed  w i t h  t he  eff lux of cyclic AMP.  
Th i s  suggests  t h a t  t he  i n t e g r i t y  of t h e  resealed ghos ts  was  
m a i n t a i n e d  t h r o u g h o u t  t h e  i n c u b a t i o n  period,  a n d  t h a t  
t he  release of cyclic A M P  m a y  be  a se lect ive  process.  Th i s  
is s u p p o r t e d  b y  OLSEN a n d  CAZORT 10 who  showed t h a t  t he  
ex t ru s ion  of non-cycl ic  aden ine  nuc leo t ides  f rom resealed 
e r y t h r o c y t e  ghos ts  does n o t  increase  w i t h  t ime.  

Our  resul t s  c o m p l e m e n t  those  of FRANKLIN and  FOSTER 11 
who  showed t h a t  Hepes  d id  n o t  increase  t he  eff lux of 
cyclic A M P  f rom h o r m o n e - s t i m u l a t e d  h u m a n  e m b r y o n i c  
f ibroblas ts .  However ,  t hese  a u t h o r s  rel ied on endogenous  
cyclic A M P  a n d  d id  n o t  e s t ab l i sh  w h e t h e r  t he  eff lux 
obse rved  was caused  b y  t h e  h igh  in t r ace l lu l a r  cyclic A M P  
c o n c e n t r a t i o n  or as a consequence  of t he  h o r m o n e - p l a s m a  
m e m b r a n e  in te rac t ion :  Resea led  e r y t h r o c y t e  ghos ts  do no t  
requi re  h o r m o n e s  to  effect  a n  eff lux of cyclic AMP,  and  
m a y  p rove  to be  a mode l  s y s t e m  su i t ab le  for s t u d y i n g  such  
p h e n o m e n a  in t he  r e s t ing  cell s ta te .  

The  p r e sen t  s t u d y  shows t h a t  fol lowing t he  d i rec t  
i nco rpo ra t i on  of cyclic A M P  in to  resealed e r y t h r o c y t e  
ghos t s  a t  a c o n c e n t r a t i o n  of 0.625 ~M, t he re  is an  eff lux 
of t h e  cyclic nuc leo t ide  wh ich  is n o t  e n h a n c e d  b y  the  
presence  of Hepes.  I t  seems un l ike ly  therefore ,  t h a t  Hepes  
causes  cell m e m b r a n e s  to  become  p e r m e a b l e  to  cyclic 
AMP.  

Zusammen/assung. M e n s c h e n e r y t h r o c y t e n -  S c h a t t e n  
w u r d e n  in G e g e n w a r t  v o n  [SH] -Adenos in -3 ' 5 ' - phospha t  
undurchl~issig. Der  Ausf luss  der  Nukleot ide ,  in i sotoni-  
schem Chol inchlor id ,  w u r d e  von  Hepes  n i c h t  beeinf luss t .  
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Esterase  Act iv i ty  in Renin and Kall ikrein Extracts  

Es te r a se  a c t i v i t y  (EA) d e t e r m i n a t i o n  us ing  s u b s t r a t e s  
such  as benzoy l  a rg in ine  e thy l -es t e r  (BAEE)  is one of t h e  
m o s t  c o m m o n l y  used m e t h o d s  e i the r  for disclosing kall i-  
k re in- l ike  a c t i v i t y  or for  q u a n t i t a t i v e  e v a l u a t i o n  of 
ka l l ik re in  in f luids a n d  t i ssue  ex t rac ts .  A l t h o u g h  t he  
physio logica l  s ignif icance of r ena l  ka l l ikre in  is n o t  known,  
i t  h a s  been  p o s t u l a t e d  t h a t  th i s  e n z y m e  m i g h t  f unc t i on  
as an  a n t a g o n i s t  of r en in  1. There fore  i t  s eemed  of  im-  
p o r t a n c e  to e v a l u a t e  b o t h  e n z y m a t i c  ac t iv i t i e s  in k idneys  
u n d e r  d i f fe ren t  condi t ions ,  pa r t i cu l a r l y  in  r ena l  h y p e r -  
tens ion .  The  occur rence  of a k in inogenase  a c t i v i t y  ha s  
been  r epo r t ed  in r en in  p r e p a r a t i o n s  ob t a ined  f rom k idneys  
of d i f fe ren t  a n i m a l  species, ascr ibed  to a r ena l  ka l l ik re in  
p r e sen t  as a c o n t a m i n a n t  2. On t he  o the r  h a n d ,  Ng 3 has  
ass igned to  r en in  a n  in t r ins ic  capac i t y  to  genera te  kinins .  
Here  are r e p o r t e d :  a) e x p e r i m e n t s  u n d e r t a k e n  to  f ind  a 
m e t h o d  to p u r i f y  b o t h  enzym es  c o n t a i n e d  in r a t  r ena l  
t issue, and  to  c lar i fy  w h e t h e r  es terase  a n d  k in inogenase  
ac t iv i t i es  are  ac tua l l y  i n h e r e n t  to  r ena l  r en in ;  a n d  b) t h e  
m a i n  s teps  of a pur i f i ca t ion  p rocedure  wh ich  a l lowed a 
s e p a r a t i o n  of ka l l ik re in  a n d  ren in  in two  d i f fe ren t  peaks  
f rom a single r ena l  ex t rac t .  1Renal ka l l ikre in  was o b t a i n e d  
as a p ro t e in  free of renin- l ike  ac t iv i ty ,  a n d  r e n i n  was 
i so la ted  as a pur i f ied  e x t r a c t  w i t h  a pressor  a c t i v i t y  
e q u i v a l e n t  to  6.5 G.U. pe r  rag, sti l l  w i t h  a consp icuous  

Obtained f r o m  Rat Kidneys  

esterase  a c t i v i t y  u p o n  B A E E  b u t  w i t h  no d e t e c t a b l e  
k in inogenase  ac t iv i ty .  

Methods. Two sepa ra t e  ba t ches  of k idneys  ( total  1.2 kg) 
f rom Sprague -Dawley  r a t s  were used. The  p rocedure  to 
d e h y d r a t e  w i t h  ace tone  a n d  to  reduce  t h e  t issue of fine 
powder  has  been  descr ibed  4. The  l a t t e r  was  s u b m i t t e d  to 
3 succesive ex t r ac t i ons  w i t h  a 2% NaC1 solu t ion  con ta in -  
ing 12.7 rag/100 m l  of E D T A .  Af te r  v igorous  s t i r r ing  in 
t he  cold room and  c e n t r i f u g a t i o n  (12,000 g), t he  res idue 
was d i scarded  and  t he  s u p e r n a t a n t s  were  pooled, d ia lyzed 
aga in s t  w a t e r  a n d  l iophyl ized.  The  res idue  was s u b m i t t e d  
to  4 succesive e x t r a c t i o n s  u n d e r  s t i r r ing  w i th  50, 40, 30 
a n d  20 ml  of 0.04 M a m m o n i u m  ace ta te .  S u p e r n a t a n t s  
wh ich  con ta in  p rac t i ca l ly  all t h e  ka l l ikre in  and  ren in  
ac t iv i t i e s  w i t h  3.25 E.U.  pe r  m g  of p ro t e in  were f u r t h e r  
pur i f ied  accord ing  to t he  s teps  shown in t he  Table.  F u r t h e r  
pur i f i ca t ion  of r en in  us ing  d i f fe rent  m e t h o d s  was followed 
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Purification procedure Kallikrein Renin 

Steps Total E.U. �9 Total E.U. 
Protein (rag) per mg Protein (mg) per mg 

1 Gel filtration (Sephadex G-100) equilibrated with 0.05 M ammonium 
acetate. 
In a single peak we found kallikrein and renin activities with a total 
E.A. of 15050 E.U. 

Chromatography in CM-32 colunm equilibrated with 0.01 M acetic acid. 
Kallikrein was eluted with 0.05 M ammonium acetate at pH 4.6; 
succesively renin was eluted with 0.05 M ammonium acetate at pH 6.8. 567 9.44 2100 0.5 

Renin and kallikrein fractions were further chromatographed 
separately in DE-32 columns by ionic gradient 5. 14.17 184 244 254 

Renin was reehromatographed in DE-32 column similar to Step 3. 170 2.1b 

E.U. corresponds to amount of kallikrein which hydrolyzes 0.05 M of BAEE, at 25~ and pit  8.16. b This renin had 6.5 G.U. of pressor 
activity per mg. 

b y  cons iderab le  loss of i t s  specific ac t iv i ty ,  whe rea s  kall i-  
k re in  was  f ina l ly  o b t a i n e d  as a pu re  h o m o g e n e o u s  p ro te in  
h a v i n g  1720 E.A.  pe r  rag. A de ta i led  desc r ip t ion  of t he  
f inal  s t eps  of rena l  ka l l ikre in  pur i f ied  p rocedure  will be 
pub l i sh ed  elsewhere.  

Ka l l ik re in  was  m e a s u r e d  in t he  e x t r a c t s  t h r o u g h  i ts  
d i rec t  o x y t o x i c  effect  u p o n  u t e r u s  ~ a n d  b y  i ts  h y p o t e n s i v e  
effect  on r a t  blood p ressu re ;  k in inogenase  a c t i v i t y  was  
i n v e s t i g a t e d  u s in g  as s u b s t r a t e  k in inogen  I I  o b t a i n e d  
f r o m  r a t  p l a s m a  6 a n d  t he  f o r m a t i o n  of k in ins  was  eva lua -  
t ed  b y  b ioassay ,  on ca t  j e j u n u m  i m m e r s e d  in K r e b s  
so lu t ion  3. Th i s  p r e p a r a t i o n  r e sponds  to b r a d y k i n i n  w i t h  a 
c o n t r a c t i o n  b u t  i t  is in sens i t ive  to a n g i o t e n s i n L  E.A.  in 
t he  d i f fe ren t  f rac t ions ,  was  d e t e r m i n e d  accord ing  Porcell i  
p rocedure  s u s ing  B A E E  as subs t r a t e .  R e n i n  a c t i v i t y  in 
t he  e x t r a c t s  was  inves t iga t ed ,  check ing  t h e  effect  u p o n  
t he  blood p ressu re  in a n e s t h e t i z e d  ra ts .  T h e  m o s t  pur i f ied  
ren in  f rac t ion  was  e v a l u a t e d  in G o l d b l a t t  p ressor  un i t s ,  
u s i n g  as s t a n d a r d  pur i f ied  porc ine  ren in  gene rous ly  
supp l ied  b y  MRC, and  c o n t a i n i n g  5 G.U.  per  vial .  F u r t h e r -  
more  in t h e  p u r e s t  s a m p l e s  of ren in  a n d  in ka l l ikre in  
f rac t ion  o b t a i n e d  in s t ep  4, Table ,  t he  ab i l i ty  to fo rm 
an g io t en s in  f ro m  a n g i o t e n s i n o g e n  f rom p l a s m a  of ne ph -  
r ec tomized  ra t s  was  d e t e r m i n e d  us ing  t he  NASJLETTI a nd  
MASSON m e t h o d  s. 
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DE-32 Chromatography of the dialyzed renin fraction collected in 
the step 2. Elution of the material was achieved by ionic gradient 5. 
The hatched areas correspond to effluent fractions where renin and 
kininogenase activities were found. 

Results and discussion. T h e  F igure  shows  t he  c h r o m a t o g -  
r a m  o b t a i n e d  in t he  e f f luen t  col lected f rom D E-32  c o l u m n  
s tep  3 (Table) s h o w i n g  the  s e p a r a t i o n  of ka l l ikre in  a n d  
ren in  act iv i t ies .  

No ren in- l ike  a c t i v i t y  (ang io tens in  fo rmat ion)  was  
de tec ted  in ka l l ik re in  a f te r  t h e  3rd s tep  of t he  pu r i f i ca t ion  
p rocedure .  R e n i n  f rac t ion  a t  t h e  s a m e  s tep  show ed  a 
specific p ressor  a c t i v i t y  of 6.5 G.U. per  m g  w h e n  c o m p a r e d  
to  t h e  Medical  R e s e a r c h  s t a n d a r d ,  a nd  h a s  also a n  E.A.  
e q u i v a l e n t  to 2.54 E .U .  per  mg.  Th i s  p r e p a r a t i o n  e x h i b i t e d  
no k in inoge na se  ac t iv i ty ,  u s ing  ca t  j e j u n u m  to  de t ec t  t he  
f o r m a t i o n  of k in ins  in a dose up  to 3.6 m g  for 0.2 m l  of 
k in inoge n  II .  F u r t h e r m o r e  a n  E.A.  was  also f o u n d  in 
rena l  f r ac t ions  w h i c h  h a v e  n e i t h e r  kal l ikre in  no r  ren in  
ac t iv i ty .  The  e x p e r i m e n t s  rule  o u t  t h e  h y p o t h e s i s  t h a t  
r en in  is able to  release b r a dyk in in - l i ke  pep t ides  f r om 
k in inogen  I I  a n d  p rov ide  t he  ev idence  t h a t  E.A.  f o u n d  in 
ren in  pur i f ied  e x t r a c t s  is no t  due  to  kal l ikre in  b u t  p r o b a b l y  
to a c o n t a m i n a n t .  M e a s u r e m e n t  of E.A.  is no t  a n  a d e q u a t e  
m e t h o d  to  e v a l u a t e  kal l ikre in  in rena l  t i ssue.  

Riassunto. I n  q u e s t a  no ra  v iene  descr i t to  il p r o c e d i m e n t o  
u sa to  per  s e pa ra t e  la r e n ina  dal la  cal l icre ina del rene  di 
ra t to .  L a  f razione p ro te i ca  della r e n ina  p r e s e n t a  u n ' a t t i v i t k  
p ressor ia  di 6.5 G.U.  per  m g  e cont iene ,  f ra  le va r ie  im-  
purit~t, u n ' a t t i v i t A  es te ras ica  di 2.54 E .U.  per  mg,  m a  n o n  
attivit~t ch in inogenas ica .  
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