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Are  E r y t h r o c y t e s  a S o u r c e  of  W o u n d  A r y l a m i n o p e p t i d a s e s ?  

The  a c t i v i t y  a n d  a m o u n t  of a r y l a m i n o p e p t i d a s e s  
(AAP's)  h a v e  been  d e m o n s t r a t e d  h i s t o c h e m i c a l l y  a n d  
b iochemica l ly  to  increase  in w o u n d  *issue, even  d u r i n g  t he  
v e r y  f i r s t  p o s t - o p e r a t i v e  h o u r s  x. P e p t i d a s e  a c t i v i t y  in  
w o u n d s  h a s  b e e n  r e l a t ed  t o  t h e  r e m o v a l  of f r a g m e n t e d  
f ibers  a n d  to  t h e  m a i n t e n a n c e  of a suf f ic ien t  a m i n o  ac id  
pool  for  essen t ia l  p ro t e i n  s y n t h e s e s  2, T he  or ig in  of these  
enzymes  is t h u s  a n  i m p o r t a n t  ques t ion .  W e  h a v e  p rev i -  
ously  s h o w n  t h a t  t h e  inc reased  a m o u n t s  of w o u n d  A A P ' s  
are  n o t  de r i ved  exc lus ive ly  f r o m  b lood  p l a s m a  3 or  f rom 
t h e  i n v a d i n g  leucocytes  4. E r y t h r o c y t e s  h a v e  r e c e n t l y  b e e n  
s h o w n  to  c o n t a i n  a m i n o p e p t i d a s e  ]3 s. I n  o rde r  to  e luc ida te  
t h e  poss ib le  role of e r y t h r o c y t e s  as a source  of w o u n d  
A A P ' s  we m a d e  a n  e x p e r i m e n t a l  s t u d y  on  ra ts .  

Material  and method. I f  t h e  increase  in  A A P ' s  is due  to  
e r y t h r o c y t e s ,  t h e i r  e n z y m e  p a t t e r n  o u g h t  to  be  q u a l i t a t i -  
ve ly  s imi l a r  to  t h a t  in  t h e  w o u n d  t i ssue  of t h e  s a m e  ind i -  
v idua l .  E r y t h r o c y t e  a n d  *issue s am p l e s  f rom each  r a t  were  
processed  s e p a r a t e l y  a n d  t he  resu l t s  were  c o m p a r e d  reci- 
procal ly .  W h e n  s t u d y i n g  t h e  enzymic  hydro lys i s ,  t h e  
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-val ine were  used 
as s u b s t r a t e s  s ince t h e y  are  h y d r o l y z e d  b y  m o s t  of t h e  
A A P ' s  in  t h e  w o u n d e d  skin  t i s sue  of t h e  r a t  s. T h e  p r e p a -  
r a t i o n  of t h e  w o u n d  t i s sue  (1-day-old wound)  s a m p l e  a n d  
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Fractionation of arylaminopeptidases of rat wound tissue (1-day-old 
wound) and erythrocytes by gel permeation chromatography on Se- 
phadcx G-200. Substrates: L-methionyt-2-naphthylamine and N-L- 
arginyl-2-naphthylamine. Column: 15 × 800 ram. Elution : O. 1 M lris- 
HC1 buffer', pH 7.15. Fraction volume: 1.5 ml. Hydrostatic pressure: 
20 mm H~O. Temperature: +4°C. Sample volume: 2 ml. 
Curve 1: Erythrocytes, L-mcthionyl-2-naphthylamine. 
Curve 2: Erythrocytes, N-L-arginyl-2-naphthytamine. 
Curve 3: Wound tissue, L-methionyl-2-naphthylamine. 
Curve 4: Wound tissue, N-L-arginyl-2-naphthytamine. 

t h e  d e t e r m i n a t i o n  of t h e  e n z y m e  a c t i v i t y  h a v e  been  de- 
sc r ibed  ear l ie rL  R a t  e r y t h r o c y t e s  were col lected f rom the  
a n i m a l s  i m m e d i a t e l y  a f t e r  decap i t a t i on .  The  d e c a p i t a t i o n  
was  p e r f o r m e d  5 r a in  a f t e r  i .v.  i n j e c t i o n  (to taft) of 10 U 
h e p a r i n  p e r  1 g b o d y  weight .  A b o u t  10 m l  of whole  b lood  
was  o b t a i n e d  in t h i s  w a y  f r o m  r a t s  we igh ing  250-300 g. 
S e d i m e n t a t i o n  of t h e  red cells was  accompl i shed  b y  t h e  
a d d i t i o n  of p l a s m a  of n o r m a l  h u m a n s  w i t h  b lood  groups  
B s. The  o p t i m u m  p r o p o r t i o n s  were 2 p a r t s  of h u m a n  
p l a s m a  to  1 p a r t  of hepa r in i zed  r a t  blood.  The  re su l t ing  
red  b lood  cells were  h a n d l e d  as  follows. A b o u t  30 m i n  
a f t e r  t he  a d d i t i o n  of t h e  h u m a n  p l a s m a  t h e  mix -  
t u r e  was cen t r i fuged  for  10 m i n  a t  1200 g. The  red  cells 
were w a s h e d  3 t i m e s  w i t h  cold 0 .9% s o d i u m  chlor ide  
so lu t ion  fol lowed b y  c e n t r i f u g a t i o n  a t  1200 g for 10 rain.  
T h e  cells were t h e n  s u s p e n d e d  in  cold dis t i l led  w a t e r  
(10 m l  pe r  approx .  1 g of r ed  cell suspens ion)  to  accompl i sh  
t h e  d i s r u p t i o n  of t h e  cells. T h e  r e s u l t a n t  m i x t u r e  was  
cen t r i fuged  5 ra in  l a t e r  a t  42,000 g for  10 m i n  a t  + 2 ° C .  
The  s u p e r n a t a n t  f lu id  was ana lyzed  for  i t s  a m i n o p e p t i d a s e  
ac t iv i ty .  

Results and discussion. The  F i g u r e  shows  a n  e x a m p l e  of 
t h e  f r a c t i o n a t i o n  of e r y t h r o c y t e  a n d  w o u n d  t i s sue  AAP ' s .  
T h e r e  a re  obv ious  q u a l i t a t i v e  d i f ferences  b e t w e e n  t he  
w o u n d  t i ssue  a n d  e r y t h r o c y t e  A A P ' s .  The  d i f ferences  are  
more  a c c e n t u a t e d  w h e n  L - m e t h i o n y l - 2 - n a p h t h y l a m i n e  
is used as *he subs t r a t e ,  b u t  t he  d iss imi la r i t i es  b e c o m e  
c lear ly  a n d  c o n s t a n t l y  v is ib le  b y  e m p l o y i n g  b o t h  of t h e  
subs t r a t e s .  

I n  o rde r  to  s t u d y  t h e  s u b s ~ a t e  specif ici ty,  t h e  e n z y m e  
p r e p a r a t i o n s  were  t e s t ed  for  t h e i r  ab i l i t y  to  hyd ro lyze  

The ability of the erythrocyte and wound tissue preparations to hy- 
drotyze some amino acid 2-naphthylamines 

2-naphthylamine of Erythrocyte Wound tissue 
preparation preparation 

L-arginine 100 • 100 
L-lysine 46 73 
L-alanine 30 47 
L-leucine 8 37 
L-methi0nine 12 81 
L-valine 0 24 
L-isoleucine 0 6 

• The numbers indicate relative hydrolytic abilities, as compared to 
the hydrolysis of N-L-arginyl-2-naphthylamine (=  100). 
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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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