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I n  t h i s  p a p e r  we wish  to r e p o r t  on  t h e  suscep t ib i l i ty  of 
eledoisin he te rosequences  t ow ar ds  hydro lys i s  b y  o rgan  
h o m o g e n a t e s  and  aminopep t idases .  

Materials and methods. T he  o rgan  h o m o g e n a t e s  were 
p r e p a r e d  b y  a m e t h o d  pub l i shed  b y  NOBILI 8. A m i n o -  
pep t idase  M (AP-M) was p u r c h a s e d  f rom R 6 h m  and  H a a s  
Co., D a r m s t a d t .  P u r e  leucine a m i n o p e p t i d a s e  (LAP) f rom 
bov ine  eye lenses was k i n d l y  suppl ied  to  us  b y  Prof.  
HANSON, Hal le  (GDR).  P e p t i d e  s u b s t r a t e s  were i n c u b a t e d  
w i t h  o rgan  h o m o g e n a t e s  a t  37~ T he  r a t e  of c leavage  
was e s t i m a t e d  b y  m e a s u r i n g - t h e  c o n t r a c t i o n  of res idua l  
pep t ide  in i so la ted  gu inea-p ig  i l eum af te r  d i lu t ion  to  t he  
su i t ab le  c o n c e n t r a t i o n  range  of t he  o rgan  b a t h .  I n c u b a -  
t i on  sample  con ta ins  0.3 m l  pep t ide  solut ion,  2.55 m l  
p h o s p h a t e  buffer ,  p H  7.4, and  0.15 ml  h o m o g e n a t e  f rom 
40 rag mois t  organ.  The  pep t ide  c o n c e n t r a t i o n  was 2.4 X 
10 -7 M.  

I n  t he  e x p e r i m e n t s  w i t h  a m i n o p e p t i d a s e s  (for resu l t s  
see Table)  350 m U  AP-M or 1.5 m g  L A P  were u s e d p e r  
~mol  pep t ide  for e n z y m a t i c  hydro lys i s  of e ledois in  he te ro-  
sequences.  Condi t ions  were :  20 h, 37~ p H  8.9 for L A P  
and  7.7 for AP-M. I n c u b a t i o n  was fol lowed b y  d e t e r m i n a -  
t i o n  of t he  a m i n o  acid released,  us ing  a n  a u t o m a t i c  
amino  acid ana lyser .  

Hydrolysis of heteropeptides by aminopeptidases 

Peptide % Recovery for 

Lys Ala Ile 

Lys-Asn-Ala-Phe-Ile-Gly-Leu-Met-NH 2 76 70 73 LAP 

Lys-Azasn-Ala . . . . . . . . . .  I 78 1 1 LAP 

Lys-N-Gly-AIa . . . . . . . . . .  I 7 2 5 AP-M 
r 

Ac 

Ala-NHPhe-Ile . . . . . . . . .  I -- 73 3 AP-M 

Ala-N-Phe-Ile . . . . . . . . . .  I -- 2 2 AP-M 
I 

Ae 

Azasn = -NH-N(CH~-CONH,)CO-, N--Gly = Ne-acetyl hydra- 
I 

Ae 
zinoaeetyl (-NH-Ne-CH2 CO), NHPhe = c~-hydrazino-fi-phenyl- 
propionie acid. I 

Ae 

Results and discussion. The  fol lowing gu inea-p ig  o rgans  
were used:  l iver,  k idney ,  i leum, ske le ta l  muscle,  lungs,  
spleen, u terus ,  tube ,  s emina l  vesicle. W h i l e  comple te  
i n a c t i v a t i o n  of 5-Asn-eledoisin-4-11 and  ana logues  
modi f ied  in pos i t ion  7 a n d  9 occurs  w i t h  m o s t  of t he  
o rgan  h o m o g e n a t e s  w i t h i n  15-30 rain,  no  loss in  a c t i v i t y  
of 5-Azasn-eledoisin-4-11 du r ing  t h e  same per iod  of t i m e  
was observed .  Only  l iver  h o m o g e n a t e  shows a low r a t e  of 
d e g r a d a t i o n  w i t h  50% c leavage  in a b o u t  30 rain.  

U n m o d i f i e d  eledois in  sequences  are  c leaved  comple te ly  
b y  a m i n o p e p t i d a s e s  ; b u t  in  he te rosequences  w i t h  
h y d r a z i n o  ca rbonic  acids or aza  a m i n o  acids, on ly  t he  
a m i n o  acid res idue  j u s t  before  t he  h e t e r o e o n s t i t u e n t  is 
r emoved .  I n  a c e t y l a t e d  h y d r a z i n o  pept ides ,  t h e  e n z y m e  
on ly  e l imina te s  a t r ace  of t he  amino  ac id  p reced ing  the  
he t e rocons t i t uen t .  Such  mod i f i ca t i on  in c l eav ib i l i ty  m a y  
ce r t a in ly  be  a t t r i b u t e d  to  d e v i a t i o n  f rom the  n a t u r a l  
pep t ide  s t ruc tu re .  

I n  h y d r a z i n o  pept ides ,  t h e  a l t e r a t i ons  are a cha in  
e longa t ion  of a b o u t  1.2 A a n d  a to r s ion  of a b o u t  60 ~ for 
t he  side cha in  of t he  h y d r a z i n o  acid or for t he  s u b s e q u e n t  
pep t ide  chain,  as j udged  b y  molecu la r  models .  Azapep t ides  
con t a in  a r e l a t ive ly  r ig id  s emica rbaz ide  s t ruc ture ,  caused 
b y  t h e i r  urea- l ike  m e s o m e r i s m  5. The  consequence  would  
be  a cons iderab le  s ter ic  change  in t he  a z a p e p t i d e  molecule.  
Th i s  a s s u m p t i o n  is s u p p o r t e d  b y  a s ign i f i can t  a l t e r a t i o n  in 
c i rcular  d i ch ro i sm spec t ra  (1 pos i t ive  m a x i m u m  a t  210 rim) 
a n d  b y  t he  fac t  t h a t  also c h y m o t r y p s i n  and  p ronase  
show a r e t a r d e d  i n a c t i v a t i o n  of 5-Azasn-eledois in-4-11.  

Zusammenfassung. Analoge  des E l e d o i s i n - O k t a p e p t i d e s  
4-11, die H y d r a z i d - K o m p o n e n t e n  e n t h a l t e n ,  s ind  d u r c h  
A m i n o p e p t i d a s e n  n u r  bis  zur  H e t e r o b i n d u n g  a b b a u b a r .  
Sic werden  wesen t l i ch  l a n g s a m e r  als die n a t i v e  Sequenz  
bzw. n i e h t  d u r c h  O r g a n h o m o g e n a t e  i nak t iv i e r t ,  w e n n  die 
S u b s t i t u t i o n  im N - t e r m i n a l e n  Bere ich  erfolgt.  M6gliche 
s te r i sche  VerAnderungen  des P e p t i d s  d u t c h  e i n g e b a u t e  
F r e m d b a u s t e i n e  s ind d i sku t ie r t .  
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P h o s p h a t a s e s  IX 1. Di f ferences  in Sial ic  Acid  Content  of Rat  Liver  A lka l ine  P h o s p h a t a s e  I s o e n z y m e s  

The  he t e rogene i t y  of a lka l ine  p h o s p h a t a s e  (or thophos-  
phor ic  m o n o e s t e r  phosphohydro la se ,  E.C. 3.1.3.1) w i t h i n  
a single t issue, as d e m o n s t r a t e d  b y  gel e lec t rophores i s  of 
t i ssue  ex t rac t s ,  has  f r e q u e n t l y  been  n o t e d  ~-4. For  r a t  
l iver  2 m a i n  i soenzymes  h a v e  been  IoundS-L I n  our  
p rev ious  expe r imen t s ,  d i f fe ren t  response  of t he  2 iso- 
enzymes  to bi le  duc t  l iga t ion  was r epo r t ed  s. T he  p r e sen t  
c o m m u n i c a t i o n  deals w i t h  t he  d i f fe ren t  response  of t he  
2 i soenzymes  to n e u r a m i d a s e  t r e a t m e n t .  

Material and methods. A d u l t  male  W i s t a r  r a t s  (approx.  
200 g b o d y  wt.),  fed a s t a n d a r d  food d ie t  a n d  f resh wa te r  
ad  l i b i t um,  were ki l led b y  decap i t a t ion .  T he  l iver  was 
per fused  w i t h  ice-cold 0.25 M sucrose, r ap i d l y  removed ,  
weighed  and  homogen ized  in cold 0.25 M sucrose w i t h  a 

P o t t e r - E l v e h j e m  homogen ize r  f i t t ed  w i t h  a Teflon-pest le .  
The  nuc lea r  and  m i t o c h o n d r i a l  f r ac t ions  were p r e p a r e d  
accord ing  to APPELMANS et  al. 8. B o t h  f rac t ions  were 
washed  3 t imes.  Alka l ine  p h o s p h a t a s e  was e x t r a c t e d  f rom 
t h e  h o m o g e n a t e  and  f rom the  subce l lu la r  f rac t ions  9. 
n - B u t a n o l  was  added  to  a f ina l  c o n c e n t r a t i o n  of 20%, t h e  
m i x t u r e  was w a r m e d  up  to  37 ~ and  s t i r red  for 15 mill. 
The  aqueous  phase  was o b t a i n e d  a f te r  c en t r i f uga t i on  a t  
20,000 x g (4~ for 30 rain,  d ia lyzed  o v e r n i g h t  aga ins t  
0.05 M sod ium ace t a t e  and  used for t he  expe r imen t s .  

Tile p r e p a r a t i o n s  were i n c u b a t e d  w i t h  n e u r a m i n i d a s e  
a t  37 ~ overn igh t ,  i m g  of n e u r a m i n i d a s e  f rom Clostridium 
per/ringem (Sigma) was d issolved in 0.1 ml  of 0.1 M 
sod ium aceta te ,  0.15 M NaC1, 0.01 21// MgCI~ a t  p H  5.5. 
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To 0.8 of t he  a lka l ine  p h o s p h a t a s e  p repa ra t i on ,  0.22 ml  of 
0.2 M ace t a t e  buf fe r  a t  p H  5.5 a n d  0.04 ml  of t he  n e u r a m i -  
n idase  so lu t ion  was added.  

The  l iver  a lka i ine  p h o s p h a t a s e  p r e p a r a t i o n s  were 
s e p a r a t e d  b y  aga r  gel e lec t rophores is  ~~ I o n a g a r  No. 2 
(Oxoid, Eng land )  1!.5% in 0.04 M b a r b i t a l  buf fer  a t  p H  
8.3 was used. The  s e p a r a t i o n  was done  a t  4~ for 60 m i n  
a t  30 V / c m  and  5 mA/cm.  The  e n z y m e  a c t i v i t y  b a n d s  were 
v isual ized  b y  i n c u b a t i o n  a t  37~ for 60 m i n  in 10 ml  of 
0.05 M c a r b o n a t e - b i c a r b o n a t e  buffer  a t  p H  9.8, c o n t a i n i n g  
5 m g  of N a p h t h o l  As -BI  p h o s p h o r i c  acid sod ium sal t  
(Sigma) a n d  3 m g  of E c h t b l a u s a l z  t3B (Hoechst) .  

Alka l ine  p h o s p h a t a s e  a c t i v i t y  was d e t e r m i n e d  for 
10 m M  p - n i t r o p h e n y l  p h o s p h a t e  (B.D.H.,  Eng land )  in  
0.05 M c a r b o n a t e - b i c a r b o n a t e  buffer  a t  p H  10.0 con ta in -  
ing 5 • 10 -~ MgC12. p - N i t r o p h e n o l  re leased in 30 m i n  a t  
25 ~ was m e a s u r e d  b y  opt ica l  dens i ty  a t  405 n m  n. 

Results. I n  t he  ex t r ac t s  of the  whole  r a t  l iver  homo-  
genate ,  a fas t  and  a slow anodic  b a n d  a n d  a ca thod ic  
b a n d  of a lka l ine  p h o s p h a t a s e  ac t i v i t y  were found  (Figure).  
The  a c t i v i t y  of t he  fas t  anodic  b a n d  was ve ry  weak.  I n  
t he  nuc lea r  f ract ion,  on ly  t he  fas t  anodic  band ,  a n d  in the  
ex t r ac t s  of m i t o c h o n d r i a ,  on ly  the  ca thod ic  one was 
d e m o n s t r a t e d .  

Af te r  t he  n e u r a m i n i d a s e  t r e a t m e n t ,  t he  or ig ina l ly  
anodic  b a n d s  of a lka l ine  p h o s p h a t a s e  e x t r a c t e d  f rom the  
whole  h o m o g e n a t e  and  f rom t he  nuc lea r  f r ac t ion  were 
shown  to  be  ca thod ic  now. The  e lec t rophore t i c  m o b i l i t y  
of t he  ca thod ic  b a n d  in ex t r ac t s  of t he  whole  h o m o g e n a t e  
a n d  of m i t o c h o n d r i a  was  no t  af fected b y  the  n e u r a m i n i -  
dase  t r e a t m e n t ,  no t  even  a f t e r  a 3 day  i n c u b a t i o n  
(Figure).  

Af te r  e x p e r i m e n t a l  bi le  flow o b s t r u c t i o n  in rats ,  t h e  
a c t i v i t y  of t he  two fas t  anodie  b a n d s  of t he  l iver  a lka l ine  
p h o s p h a t a s e  is s t rong ly  increased  and  appea r s  also in t he  
s e rum 5,~,13. The  n e u r a m i n i d a s e  t r e a t m e n t  of th i s  iso- 
e n z y m e  of se rum a lka l ine  p h o s p h a t a s e  a f t e r  choles tas is  
resu l ted  in t h e  same  change  in e l ec t rophore t i c  m o b i l i t y  as 
obse rved  for anod ic  i soenzyme in t he  n o r m a l  r a t  l iver  

(Figure).  This  is in  a g r e e m e n t  w i t h  t he  resul t s  found  b y  
KAPLAN a n d  RIGHETTI ~. The  t o t a l  a c t i v i t y  of a lka l ine  
p h o s p h a t a s e  was no t  changed  a f t e r  t h e  n e u r a m i n i d a s e  
t r e a t m e n t .  

Discussion. The  b u l k  of r a t  l ive r  a lka l ine  p h o s p h a t a s e  
a c t i v i t y  is local ized in t he  l iver  cell m e m b r a n e s ~ !  As 
shown previous ly ,  th i s  a c t i v i t y  is r ep re sen t ed  b y  t he  
anodic  b a n d s  of t he  e n z y m e  in aga r  gel e lec t rophores i s  5. 
These  b a n d s  are i n t e r c o n v e r t i b l e  5. T h e i r  e lec t rophore t i c  
m o b i l i t y  is r e t a r d e d  b y  n e u r a m i n i d a s e  t r e a t m e n t .  This  is 
due to release of sialic acid res idues  f rom the  e n z y m e  
molecule,  as ver i f ied  for p lacen ta l ,  bone  a n d  also l iver  
a lka l ine  p h o s p h a t a s e  15. 

The  ca thod ic  b a n d  of t he  l iver  a lka l ine  p h o s p h a t a s e  
was found  in t he  m i t o c h o n d r i a l  f ract ion,  p r o b a b l y  as a 
resu l t  of adso rp t ion  of t he  cytosol  e n z y m e  to  m i t o c h o n -  
dr ia  6, ~. This  i soenzyme does no t  con ta in  t he  sialic acid 
res idues  which  could be  sp l i t  off b y  t he  n e u r a m i n i d a s e  
t r e a t m e n t .  The  same cha rac t e r i s t i c  is f ound  for  t he  in tes-  
t i na l  i soenzyme of se rum a lka l ine  p h o s p h a t a s e  ~5. 

Summar i z ing ,  t he  r a t  l ive r  a lka l ine  p h o s p h a t a s e  is 
he te rogenous ,  t he  2 i soenzymes  differ  in  t he i r  subce l lu la r  
local izat ion,  e lec t rophore t i c  mobil i t ies ,  response  to 
e x t r a h e p a t i c  choles tas is  ~ a n d  t h e i r  a c t i v a t i o n  b y  Mg 2+ a n d  
inh ib i t i on  b y  KCN a n d  deoxycho la t e  7. F ina l ly ,  t h e y  differ  
also in t he i r  sialic acid con ten t .  

Zusammen/assung. Die Heterogeneit~Lt der  a lka l i schen  
P h o s p h a t a s e  in der  R a t t e n l e b e r  wi rd  beschr ieben .  
Anodische  u n d  k a t h o d i s c h e  I s o e n z y m e  u n t e r s c h e i d e n  
s ich u n t e r  a n d e r e m  du rch  ihre  R e a k t i o n  auf  die Neura -  
min idase  B e h a n d l u n g .  
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Influence of the incubation with'neuraminidase on the electrophoretic 
mobilities of alkaline phosphatase of rat liver and serum. H, whole 
liver homogenate; N, nuclear fraction; M, mitoehondrial fraction; S, 
serum of the rat with extrahepatie eholestasis. NI, MI and SI, frac- 
tions treated with neuraminidase. 0, origin. 
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