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va r ious  a m i n o  acid 2 - n a p h t h y l a m i n e s .  E r y t h r o c y t e  a n d  
w o u n d  t i ssue  p r e p a r a t i o n s  were  processed  s e p a r a t e l y  a n d  
t h e  resul ts ,  as  g iven  in t h e  Tab le ,  were  c o m p a r e d  reci-  
proca l ly .  T h e  di f ferences  a re  m o s t  obv i ous  conce rn ing  t h e  
ab i l i t y  to  hyd ro lyze  2 - n a p h t h y l a m i n e s  of L-val ine a n d  L- 
isoleucine.  T o w a r d  these  s u b s t r a t e s  t h e  w o u n d  t i ssue  pre-  
p a r a t i o n s  show e n z y m e . a c t i v i t y ,  b u t  t h e  e r y t h r o c y t e s  are  
devo id  of it. The re  are g rea t  d i f ferences  in  s u b s t r a t e  spe- 
c i f ic i ty  b y  t he  o t h e r  s u b s t r a t e s  as well, especia l ly  w h e n  
us ing  2 - n a p h t h y l a m i n e s  of L -me th ion ine  a n d  L-leucine. 

F r a c t i o n a t i o n  b y  gel p e r m e a t i o n  c h r o m a t o g r a p h y  a n d  
t he  s t u d y  of t h e  s u b s t r a t e  speci f ic i ty  h a v e  t h u s  s h o w n  t h a t  
w o u n d  t i s sue  A A P ' s  differ  q u a l i t a t i v e l y  f rom t h e  e ry th ro -  
cy t e  enzymes .  Accord ing ly ,  e r y t h r o c y t e s  c a n n o t  b e  a n  
essen t ia l  source  of w o u n d  A A P ' s .  T h e  in i t i a l  increase  in  t h e  
w o u n d  e n z y m e s  is de r ived  n e i t h e r  f rom s e r u m  ~ no r  f rom 
t h e  i m m i g r a t i n g  leucocytes  * in  a n y  s ign i f i can t  measure .  
O u r  p r e s e n t  d a t a  on  e r y t h r o c y t e s  f u r t h e r  s u p p o r t  t he  v iew 
t h a t  t h e  a u g m e n t e d  e n z y m e s  in w o u n d s  o r ig ina t e  in t he  
i n ju r ed  t i ssue  i tself  9. 

Zusammen/assung. Mit  Hi l fe  y o n  F r a k t i o n i e r u n g  u n d  bei  
de r  U n t e r s u c h u n g  ih re r  Subs t ra tspez i f iz i t i~ t  zeigte  sich, 
dass  die A r y l a m i n o p e p t i d a s e n  im VCundgewebe s ich qual i -  
t a t i v  y o n  d e n e n  in  d e n  E r y t h r o z y t e n  u n t e r s c h e i d e n .  Die  
B e f u n d e  sp rechen  gegen e ine  e ry th rozy t / i r e  H e r k u n f t  de r  
VCunda ry l aminopep t i da sen .  
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C h r o m a f f i n  G r a n u l e s :  E f f e c t s  o f  I o n s  and  A T P  

M e m b r a n e  P h o s p h o r y l a t i o n  1 

I t  h a s  been  r e p o r t e d  t h a t  a d e n o s i n e  t r i p h o s p h a t e  (ATP)  
in  t he  p resence  of Mg ++ s t i m u l a t e s  e i t h e r  t he  u p t a k e  ~ or  
release ~ of c a t e c h o l a m i n e s  f rom c h r o m a f f i n  granules .  Th i s  
d i f ference  in t h e  effects  of A T P  on c h r o m a f f i n  g ranu les  ha s  
b e e n  i n t e r p r e t e d  as due  to  t h e  p resence  or absence  of 
ch lor ide  ions in  t h e  i n c u b a t i o n  media*.  I t  was  the re fo re  
dec ided  to  s t u d y  t he  effect  of A T P  o n  c a t e c h o l a m i n e  re- 
lease, A T P a s e  a c t i v i t y  a n d  m e m b r a n e  p h o s p h o r y l a t i o n  ~ of 
c h r o m a f f i n  g ranu les  i n c u b a t e d  in  m e d i a  of d i f f e ren t  ionic  
compos i t ion .  
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Fig. 1. Effect of chloride and acetate ions on ATP-evoked catechol- 
amine release. Aliquots of ehromaffin granules, were incubated at 
30 oC in media of varying e l -  and CH~COO- concentrations containing 
0.5 mM Mg ++ in the presence or absence of 0.5 mM ATP. An aliquot 
of the granule suspension was centrifuged at the beginning (zero time) 
of the experiment and the catecholamine content in the resulting 
pellet was taken as a control value. The incubations were terminated 
as indicated in methods. Each bar represents the mean ~ S.E. of 4 
separate experiments, and indicates the amount of amines (as % of 
control) remaining in the granules at the end of the 30 min incubation 
period. * P < 0.005. ** P < 0.001. 

o n  C a t e c h o l a m i n e  C o n t e n t ,  A T P a s e  A c t i v i t y ,  a n d  

Methods. B o v i n e  a d r e n a l  g l ands  were o b t a i n e d  f rom a 
local  a b a t t o i r  a n d  c h r o m a f f i n  g ranu les  were o b t a i n e d  b y  
m e a n s  of t h e  i so tonic  dens i t y  g r a d i e n t  t e c h n i q u e  desc r ibed  
p r e v i o u s l y  6. The  granu les  were i n c u b a t e d  a t  30°C in a 
s t a n d a r d  i n c u b a t i o n  m e d i u m  c o n t a i n i n g  ( m M ) :  NaC1 or 
KC1, 160; N-Tris  ( H y d r o x y m e t h y l ) - m e t h y l - 2  a m i n o e t h a -  
ne  sul fonic  acid (TES)  buf fe r  (pH 7.0), 10; a n d  MgC12, 0.5 
or  1.0. I n  some e x p e r i m e n t s  NaC1 was p a r t i a l l y  or t o t a l l y  
r ep laced  b y  sod ium b romide ,  f luor ide,  fo rmate ,  a c e t a t e  or  
p r o p i o n a t e  a n d  KC1 b y  p o s t a s s i u m  p h o s p h a t e .  Ca techo l -  
amines ,  A T P a s e  a c t i v i t y  a n d  m e m b r a n e  p h o s p h o r y l a t i o n  
were  d e t e r m i n e d  as  p r e v i o u s l y  desc r ibed  s. 

Results. Figure  1 shows t h e  e f f e c t  upon  c a t e c h o l a m i n e  
c o n t e n t ,  of r ep lac ing  a l l  o r p a r t  of t he  NaC1 in t he  i ncuba -  
t i on  m e d i u m  b y  sod ium ace t a t e ,  C h r o m a f f i n  g ranu les  were 
i n c u b a t e d  w i t h  or  w i t h o u t  A T P  for 30 ra in  a n d  t h e  a m o u n t  
of c a t e c h o l a m i n e s  r e m a i n i n g  in t h e  g ranu les  a t  t h a t  t i m e  
was  c o m p a r e d  to  con t ro l  ( un incuba t ed )  values.  I n  t he  ab-  
sence of A T P ,  i t  is c lea r  t h a t  g ranu les  i n c u b a t e d  in  h i g h  
CI-  c o n c e n t r a t i o n s  re leased  more  a m i n e s  t h a n  g ranu le s  
in  low e l -  m e d i u m .  W h e n  A T P  (0.5 m M )  in  t h e  p re sence  
of Mg ++ (0.5 m M )  was  added ,  t h e r e  was  no  s ign i f i can t  
A T P - i n d u c e d  c a t e c h o l a m i n e  re lease  d u r i n g  i n c u b a t i o n  in  
a m e d i u m  c o n t a i n i n g  160 m M  s o d i u m  a c e t a t e  (0.0 m M  
NaCI) (Figure  1), b u t  w h e n  t h e  c o n c e n t r a t i o n  of NaC1 in  
t he  m e d i u m  was  20 m M  or grea te r ,  A T P  p r o d u c e d  a signi-  
f i c a n t  decrease  in t h e  c a t e c h o l a m i n e  c o n t e n t  of c h r o m a f f i n  
g ranu les  (F igure  1). T h e  A T P - e v o k e d  c a t e c h o l a m i n e  re- 
lease effect  inc reased  w i t h  g r a d e d  s u b s t i t u t i o n  of s o d i u m  
a c e t a t e  b y  s o d i u m  ch lor ide  in t he  i n c u b a t i o n  m e d i u m  
(Figure  1). 
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Fig. 2. Effect of the ionic composition of the incubation medium on 
the ATP-evoked changes in the ligh t-scattering of chromaffin granule 
preparations. Aliquots of chromaffin granules were suspended at zero 
time in media of different ionic composition each containing: 10 mM 
TES buffer (pH 7.0), 1.0 mM Mg+% and 160 mM of one of the differ- 
ent ions indicated on the graphs. An aliquot of chromaffin granules 
was also suspended in 0.3M sucrose containing 10 mM TES buffer. 
The preparations were incubated at room temperature (22°C) for 
60 rain. At the time indicated by the arrows, ATP at the final con- 
centration of 1.0 mM was added to the preparations indicated on the 
graphs by closed symbols. The optical density of the preparations 
measured (540 nm) at different intervals of time was expressed as a 
percent absorbance of that found at the beginning of the incubation 
period. Similar results were obtained in 3 other sets of experiments. 

We have  previous ly  d e m o n s t r a t e d  t h a t  A T P  evokes 
l igh t - sca t t e r ing  changes  of the  granule  suspens ion  dur ing  
ca techo lamine  release a. These  changes  were  n o t  obse rved  
w h e n  ch romaf f in  granules  were  incuba ted  in e i the r  0.32d 
sucrose or 160 m M  sodium ace ta te  med imn ,  sod ium for- 
mate ,  sodium prop iona te ,  sodium p h o s p h a t e  or po ta s s ium 
p h o s p h a t e  (Figure 2). However ,  eh romaf f in  granules  in- 
c u b a t e d  in  20 m M  or g rea te r  concen t r a t ions  of NaC1 or 
KC1 re sponded  to  A T P  wi th  a fall in t he  opt ica l  dens i ty  of 
t h e  suspens ions  (Figures 2A and  t3), which  paral le led ca- 
t eeho lamine  release;  B r -  could subs t i t u t e  for C1- in these  
effects,  b u t  F -  could not .  The  l a t t e r  effect  was  p ro b ab l y  
due  to  t h e  inh ib i t ion  of granule  nuc leo t idases  7. 

A T P a s e  ac t i v i t y  and  p h o s p h o r y t a t i o n  of m e m b r a n e  
c o m p o n e n t s  of ch romaf f in  granules  was also s tud ied  unde r  
condi t ions  s imilar  to  those  ind ica ted  in F igure  1. The  re- 
sul ts  (Figure 3) showed  t h a t  A T P  hydro lys i s  and  t r ans -  
p h o s p h o r y l a t i o n  of inorganic  p h o s p h o r u s  (Pi) f rom A T P  
to  ch romaf f in  granule  m e m b r a n e s  were the  same when  
t e s t ed  in media  con ta in ing  3 d i f fe rent  concen t ra t ions  of 
sod ium ace ta te  and  sod ium chloride.  I n  addi t ion ,  in t h e  
absence  of Mg ++ (presence of EDTA) ,  or  in t h e  presence  
of N -e t h y l  male imide  (NEM), t he  2 A T P - d e p e n d e n t  pro- 
cesses were inhibi ted ,  and  these  effects  of E D T A  and  
N E M  were observed  in each of the  th ree  incuba t ion  media  
(Figures 3A and  B). N -e t h y l -ma l e i mi d e  was  a more  effec- 
t ive  inh ib i to r  of t he  ATPase  ac t i v i t y  of ch romaf f in  gra- 
nules i ncuba t ed  in the  m e d i u m  wi th  the  g rea tes t  concen-  
t r a t i on  of sod ium ace ta te  (Figure 3A). 

Discussion.  The  p r e s en t  e x p e r i m e n t s  show t h a t  t he  pre-  
sence of a t  leas t  20 m: l / /CI -  in t he  i ncuba t ion  m e d i u m  is 
necessary  for A T P  to  evoke ca techo lamine  release. W h e n  
the  m e d i u m ' s  NaC1 was replaced by  sod ium aceta te ,  pro-  
p iona te ,  fo rma te  or p o t a s s i u m  phospha te ,  there  was  no 
change  in t h e  l igh t - sca t t e r ing  or in t h e  ca techo lamine  con- 
t e n t  of  ch romaf f in  granules  in response  to  ATP,  even 
t h o u g h  A T P  was hydro lyzed  and  the  ch romaf f in  granule 
m e m b r a n e  was  phosphory la t ed .  This  dissocia t ion of ATP-  
ase ac t iv i ty ,  m e m b r a n e  p h o s p h o r y l a t i o n  and  ca techol-  
amine  release does  no t  necessar i ly  m e a n  t h a t  t he  3 pro-  
cesses are no t  re la ted  3. Chromaf f in  granule  in t eg r i ty  is no t  
essent ia l  Ior A T Pas e  ac t iv i ty  or ch romaf f in  granule  mem-  
b rane  p h o s p h o ry l a t i o n  5, for i sola ted  ch romaf f in  granule  
m e m b r a n e s  hyd ro lyze  A T P  and  become  p h o s p h o r y l a t e d  
a t  t h e  s ame  ra te  as i n t ac t  ch romaf f in  granules  s. I t  is possi-  
ble t h a t  a series of even t s  m a y  follow the  hydro lys i s  of 
A T P  and  m e m b r a n e  p h o s p h o ry l a t i o n  t h a t  lead to  t he  ex- 
t rus ion  of amines  s. Therefore  t he  A T P - i n d u c e d  release 
p h e n o m e n o n  could be  inh ib i t ed  a t  early,  e.g. inh ib i t ion  of 
A T Pas e  by  AMP. NEM, etc.,  or a t  s u b s e q u e n t  s teps,  e.g. 
conformat iona l  changes  in m e m b r a m e  and  o the r  chromaf -  
fin granule  s t ruc tures .  W h e n  ch romaf f in  granules  are incu- 
b a t e d  in ace ta te ,  fo rmate ,  p r o p i o n a t e  or p h o s p h a t e  media ,  
t he  release reac t ion  m a y  be  b locked  b y  these  ions a t  s teps  
subsequen t  to  t he  hydro lys i s  of A T P  and  m e m b r a n e  phos-  
phory la t ion .  This  suggest ion is suppo r t ed  b y  the  demon-  
s t r a t i on  t h a t  o the r  subcel lular  organelles,  t he  mi tochon-  
dr ion  for example ,  behaves  qu i te  d i f fe ren t ly  in NaC1 or in 
sod ium aceta te ,  p rop iona te ,  fo rma te  or p h o s p h a t e  solu- 
t ions.  In  these  CI- free solut ions,  m i t o c h o n d r i a  undergo  

7 N-A. H1LLARP, Acta physiol, scand, 42, 144 (1958). 
s J.M. TRIFAR6, Endocrin. Exp. 4, 225 (1970). 
9 G. A. BLONDIN, ~¥. J. VAIL and D.E. GREEN, Arch. Biochem. 

Biophys. 129, 158 (1969). - J. A. CHAPPELL and K. N. HAAR~OFF, 
in Biochemistry o/ Mitochondria (Eds. E. C. SLATnR, Z. KANIUGA 
and L. WOJTCZAK; Academic Press, New York 1966), p. 75. 
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di f fe ren t  vo lumet r i c  and  l igh t - sca t t e r ing  changes  t h a t  
lead to  t he  sugges t ion  t h a t  C1- can  p e n e t r a t e  t h r o u g h  the  
m e m b r a n e s  whereas  aceta te ,  p rop iona te ,  f o rma te  and  
p h o s p h a t e ,  n o t  only  p e n e t r a t e  t h rough  t h e  m e m b r a n e s  b u t  
also p e n e t r a t e  ' i n to '  t he  membranes ,  t r igger ing  conforma-  
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Fig. 3. Effect of chloride and acetate ions on Mg++-dependent ATPase 
activity and transphosphorylation of Pi from ATP to chromaffin 
granule membranes. Chromaffin granules were incubated for 20 min 
at 30°C in media containing 3 different concentrations of Ci- and 
CHACO0-. The incubation media contained 0.5 mM Mg ++ and 
0.5 mM [?_32p] ATP (specific activity, 0.54 ~Ci/~mole). When EDTA 
was present, Mg ++ was omitted from the incubation medium. EDTA 
(2.0 mM) or N-ethyl-maleimide (0.2 raM) was added to the medium 
5 rain prior to the addition of [7-~P]ATP. Addition of 10% trichlo- 
roacetic acid ternfinated the reactions. ATPase activity (A) and 
transphosphorylation of Pi from ATP (B) were determined as indi- 
cated in methods. Each bar represents the mean :[: S.E. of 4 
separate experiments. 

t iona l  changes  in th is  s t r u c t u r e t  Therefore  i t  is possible  
t h a t  ace ta t e  and  o t h e r  re lea ted  ions ac t  in a s imilar  m a n n e r  
upon  ch romaf f in  granule  m e m b r a n e s  a n d  mo d i f y  the  f inal  
r esponse  to  ATP.  

U n d e r  our  e x p e r i m e n t a l  condi t ions ,  20 m M  of C1- was  
necessary  for t he  A T P - e v o k e d  release react ion.  The  in t ra-  
cel lular  concen t r a t i ons  of C1- has  no t  ye t  been  d e t e r m i n e d  
in ch romaf f in  cells, bu t  if we assume  a pass ive  d i s t r ibu t ion  
of C1- according  w i t h  t he  t r a n s m e m b r a n e  potent ia l10  and  
using the  k n o w n  e x p e r i m e n t a l  values  for t he  res t ing  po-  
t en t ia l  (-24 to  -30 mV) of chromaff in  ccl ls :  1, the  ca lcula ted  
( theoret ical)  in t racel lu lar  concen t ra t ion  of C1- should be 
be tween  38 and  47 m M .  This  concen t r a t ion  is grea te r  t h a n  
t h a t  necessa ry  to  s u p p o r t  A T P - e v o k e d  ca techo lamine  re- 
lease in vi tro.  However ,  p r e l im ina ry  e x p e r i m e n t s  wi th  
bovine  adrena l  g lands  per fused  wi th  Locke ' s  solut ion con- 
t a in ing  e i ther  sod ium chloride,  sodium ace ta te  or sod ium 
sulfa te  showed no differences  when  ca techo lamine  release 
was evoked by  56 m M  of KC1 or CHaCOOK in the  pre-  
sence of 2.2 m M  Ca ++, bu t  a t  the  end  of the  2 h per fus ion  
per iod the  t issue level of C1- in the  medul lae  was 19 m M  
(14-24, n = 5) as d e t e r m i n e d  by  the  m e t h o d  of MATUK e t  
al. 12. F u r t h e r  s tud ies  us ing rad ioac t ive  t races  will be ne- 
cessa ry  before  def in i t ive  conclus ions  a b o u t  t he  role of C1- 
in t h e  sec re to ry  process  can  be made .  

Rdsumd. L ' A T P  indu i t  la l ib6ra t ion de ca t6cho lamines  
des granules  ch romaf f ines  m6dultaires .  Nous  d i scu tons  le 
r61e du C1- dans  ce processus  vis-a-vis  l ' ac t iv i t6  de I 'ATP-  
ase e t  la p h o s p h o r y l a t i o n  des m e m b r a n e s .  Nos  r6sul ta ts  
i nd iquen t  que  la r6act ion abou t i s s an t  ~ la l ibera t ion  de 
ca t6cholamines  est  un phenom6ne  c o m p o r t a n t  p lus ieurs  
6 tapes  6chelonn6es apr6s l ' hydro lyse  de I 'ATP.  
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The Activation of Rat Stomach Histidine Decarboxylase is Independent of the Histamine Level 

Vagal  exc i t a t ion  (insulin hypoglycemia) ,  feeding or  in- 
jec t ion  05 gas t r in  are  k n o w n  to  mobi l ize  gast r ic  mucosa l  
h i s t amine  a n d  to  a c t i va t e  gastr ic  h i s t id ine  deearboxylase  
in t h e  fas ted  r a t : ,  3. Recen t ly ,  i t  was  sugges ted  t h a t  t h e  
h i s t amine -mob i l i z ing  and  e n z y m e - a c t i v a t i n g  effects  of 
vagal  exc i t a t ion  and  feeding are  m e d i a t e d  b y  endogenous  
gas t r in  3-5. KAHLSON et  al.:, 2 h a v e  p roposed  t h a t  mobi l ized 
h i s t a m i n e  s t imula te s  t he  par ie ta l  cell to  secrete  a n d  t h a t  
h i s t a m i n e  is the  f inal  c o m m o n  med ia to r  of t he  ac id -s t imu-  
la t ing  effect  of b o t h  gas t r in  and  vaga l  exc i ta t ion .  F r o m  
the  obse rva t ions  t h a t  the  gas t r in - induced  reduc t ion  of 
gas t r ic  h i s t amine  p receded  the  ac t iva t ion  of t he  h i s t amine -  
fo rming  enzyme,  and  t h a t  exogenous  h i s t amine  reduced  
the  e n z y m e  act iv i ty ,  i t  was conc luded  t h a t  the  h is t id ine  
deca rboxy lase  a c t i v i t y  is d e p e n d e n t  upon  the  mucosa l  
h i s t amine  c o n t e n t  via feed-back  m e c h a n i s m :  a low level 

of gast r ic  h i s t a m i n e  induces  e n z y m e  syn thes i s  to  rep lenish  
the  mucosa l  h i s t a m i n e  stores,  a h igh  level of gas t r ic  his t -  
amine  has  a repress ive  ef fec t  on  e n z y m e  syn thes i s  i, 3 How-  
ever,  ce r ta in  e x p e r i m e n t a l  obse rva t ions  are  a t  va r iance  
w i t h  t he  above  concept .  A t  a ce r ta in  dose  level, insulin act i-  
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