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Modif icat ion of effects of b io logical ly  active peptides ,  caused by e n z y m e  t rea tment ,  on the 
exci tabi l i ty  of identif iable giant neurones  of an African giant  snail  (Achat ina fulica F6russac)  

H. Takeuchi, M. M a t s u m o t o  a n d  A. Mori  1 

Insti tute/or Neurobiology, Okayama University Medical School, Okayama (Japan), 13 July  1976 

Summary. P h y s a l a e m i n ,  w h i c h  e x c i t e s  a n  i d e n t i f i a b l e  m o l l u s c a n  g i a n t  n e u r o n e  ( the  T A N ,  t o n i c a l l y  a u t o a c t i v e  n e u r o n e ) ,  
l o s t  t h e  e f f ec t  a f t e r  t h e  t r y p s i n  t r e a t m e n t .  U n e x p e c t e d l y ,  t h i s  p e p t i d e  s h o w s  a n  i n h i b i t o r y  e f f ec t  o n  t h e  s a m e  n e u r o n e  
a f t e r  c h y m o t r y p s i n  t r e a t m e n t .  D e a m i n o - d i c a r b a - ( d - d - ) o x y t o c i n  a n d  d - d - A r g - v a s o t o c i n ,  w h i c h  exc i t e  a n o t h e r  i d e n t i -  
f iable  n e u r o n e  ( the  P O N ,  p e r i o d i c a l l y  o s c i l l a t i n g  n e u r o n e )  c o n t i n u e  to  s h o w  t h e  e f f ec t  a f t e r  c h y m o t r y p s i n  t r e a t m e n t  
(6 h) .  B u t  d - d - A r g - v a s o t o c i n  lo s t s  t h e  e f fec t  on  t h e  P O N  a f t e r  t r y p s i n  t r e a t m e n t .  

I t  w a s  r e p o r t e d  p r e v i o u s l y  2,a t h a t  t h e  e x c i t a b i l i t y  of  2 
i d e n t i f i a b l e  g i a n t  n e u r o n e s  4,5 of  a n  A f r i c a n  g i a n t  s n a i l  
( A c h a t i n a  fu l i ca  F 6 r u s s a c )  w a s  a f f e c t e d  b y  t h e  a p p l i c a -  
t i o n  of s o m e  b i o l o g i c a l l y  a c t i v e  p e p t i d e s  as  fo l lows :  
p h y s a l a e m i n  s - s  s h o w e d  a b i p h a s i c  e f f ec t  o n  t h e  T A N  
( t o n i c a l l y  a u t o a c t i v e  n e u r o n e )  ( the  e x c i t a t o r y  e f f ec t  w a s  
m u c h  m o r e  r e m a r k a b l e  in t h i s  case) ,  a n d  d e a m i n o - d i -  
c a r b a - ( d - d - ) o x y t o c i n 9  a n d  d - d - A r g - v a s o t o c i n l l l  s h o w e d  
a n  e x c i t a t o r y  e f f ec t  o n  t h e  P O N  (pe r iod i ca l l y  o s c i l l a t i n g  
n e u r o n e ) .  I n  t h e  p r e s e n t  s t u d y ,  we  a t t e m p t e d  to  e x a m i n e  
t h e  m o d i f i c a t i o n  of  e f f ec t s  of  t h e s e  p e p t i d e s ,  c a u s e d  b y  
t r e a t m e n t  w i t h  c h y m o t r y p s i n  o r  t r y p s i n ,  o n  t h e  e x c i t -  
a b i l i t y  of  t h e  2 i d e n t i f i a b l e  g i a n t  n e u r o n e s .  
To  t r e a t  p e p t i d e s  w i t h  e n z y m e s ,  t h e  fo l l owi ng  s u b s t a n c e s  
d i s s o l v e d  in  t h e  s n a i l ' s  p h y s i o l o g i c a l  s o l u t i o n  ( p H  7.5) 
were  p r e p a r e d :  p e p t i d e s  to  be  t r e a t e d  ( p r o d u c t s  of  P r o -  
t e i n  R e s e a r c h  F o u n d a t i o n ,  O s a k a ,  d i s s o l v e d  a t  2.5 • 
10 -4 kg/1), ~ - c h y m o t r y p s i n  ( ' W o r t h i n g t o n  B i o c h e m i c a l  
C o r p o r a t i o n ,  55 U / r a g ,  dis .  a t  5 x 10 5 kg/1) a n d  T P C K  
( L - l - t o s y l a m i d e - 2 - p h e n y l e t h y l - c h l o r o m e t h y l k e t o n e ) t r e a t -  
ed  t r y p s i n  ( W ' o r t h i n g t o n  B i o c h e m i c a l  C o r p o r a t i o n ,  
266 U / r a g ,  dis.  a t  5 • 10 5 kg/1). 1.0 m l  of  a p e p t i d e  so lu -  
t i o n  w a s  i n c u b a t e d  w i t h  0.1 m l  of  an  e n z y m e  s o l u t i o n  a t  
37~  for  6 h .  A f t e r  i n c u b a t i o n ,  a p a n c r e a t i c  t r y p s i n -  
c h y m o t r y p s i n  i n h i b i t o r  s o l u t i o n  (Trasy lo l ,  B a y e r  AG,  
dis.  a t  2 • 10 ~ kg/1) of  a b o u t  0.17 m l  w a s  a d d e d .  Con-  

s e q u e n t l y ,  t h e  s o l u t i o n  to  be  e x a m i n e d  c o n t a i n e d  t h e  
o r i g i n a l  p e p t i d e  a t  2 • 10 ~ kg/1. T h e s e  s o l u t i o n s  we re  
a d m i n i s t e r e d  b y  t h e  b a t h  a p p l i c a t i o n  to  t h e  d i s s e c t e d  
g a n g l i a .  T h e  i n t r a c e l l u l a r  b i o p o t e n t i a l s  of  t h e  2 g i a n t  
n e u r o n e s  were  r e c o r d e d  w i t h  a g l a s s  m i c r o p i p e t t e ,  a n d  
t h e  n u m b e r  of  t h e i r  s p i k e  d i s c h a r g e s  p e r  m i n  c o u n t e d  b y  
a s p i k e  c o u n t e r .  

1 The authors thank Dr Sadaaki Iwanaga of Osaka University and 
Dr Atsuo Inoue of Daiichi Pharmaceutica7 Co. for their helpful 
advice, and Miss Hiroko Tamura  for her technical assistance. 

2 H. Takeuchi, I. Yokoi and A. Mori, Experientia 32, 606 (1976). 
3 H. Takeuchi, A. Sakai and A. Mori, Experientia 32, 7554 (7976). 
4 H. Takeuchi, I. Yokoi, A. Mori and M. Kohsaka, Gen. Pharmae. 

6, 77 (1975). 
5 H. Takeuchi, I. Yokoi, A. Mori and S. Ohmori, Brain Res. 103, 

261 (1976). 
6 V. Erspamer, G. 7',ertaccini and J. M. Cei, Experientia I8, 562 

(1962). 
7 V. Erspamer, A. Anastasi, G. Bertaccini and J. M. Cei, Ex- 

perientia 20, 489 (1964). 
8 A. Anastasi, V. Erspamer and J. M. Cei, Arch. Biochem. Bio- 

phys. 108, 341 {1964). 
9 T. Yamanaka, S. Hase, S. Sakakibara, I. L. Schwartz, B. M. 

I)ubois and 1,~. \~/alter, Mol. Pharmac. 6, 474 (1970). 
10 S. Hase, S. Sakakibara, M. Wahrenburg, M. Kirchberger, I .L .  

Schwartz and R. Walter, J. Am. chem. Soc. 94, 3590 (1972). 

Modification of effects of biologically ar peptides, when treated by chymotrypsin (CT) or trypsin (T) for 6 h, on the excitability of 2 identi- 
fiable giant neurones (the "FAN, tonically autoactive neurone; and the PON, periodically oscillating neurone) of Achatina fulica F6russac 
(bath application at 2 x 10 4 kg/1). E, excitatory effect, I, inhibitory effect, ( ) ,  no effect. 7 ,  main sites cleaved by CT. T, main sites cleaved 
by T. (Pyr: L-pyroglutamic aeid; Asu: ~-amino suberie acid) " 4, 

Substance Effects Effects Amino acid sequence and main sites cleaved 
on "FAN on PON by enzymes 

1 Physalaemin (non-treated) 

2 CT-treated (6 h) 
3 T-treated (6 h) 

4 Deamino-dicarba-oxytocin (non-treated) 

5 CT-treated (6 h) 

6 Deamino-dicarba-Arg-vasotocin (non-treated) 

7 CT-treated (6 h) 
8 T-treated (6 h) 

9 Deamino-dicarba-Arg-vasopressin (non-treated) 

10 CT-treated 
11 T-treated 

l,; ( ) 

( )  
( )  ( )  

(-) J~: 

( )  l~: 

( )  b: 

( )  E 
(-) ( )  

( )  (-) 

( )  (-) 
(-) (-) 

T CT CT 

t i t  
Pyr-Ala-Asp- Pro-Asn-Lys- Phe-Tyr-Gly-l.eu-Met-N H., 

CT 

F~Tyr-Ile-Gln-Asn-A~u- Pro-Leu-G7y-N H2 

CT T 

FNTyr-I7e-G7n-Asn-A~u- Pro-Arg-G7y- N H 2 

CT CT T 

i--~Tyr-Phe-Gln-Asn-A/u- Pro-Arg-Gly-N H 2 



250 Specialia EXPERIENTIA 33/2 

20" 

TAN 

, . i ! , !  ~ , ,~ , :  i ' 

1 
(~ 

2X10~d-d--~'g - ~sotocin 
&O (c'r-6h) 

I I ~ t F I 

20 

2.XlOV, d-d-a~todn 2X10"4 d-d-At 
(CT-6h) 

i - ~  2 X 1 (?*phys a t a e m i n  
C T - 6 h )  (CT-6h) 

2Xl()~physQlaemin 
(T-6h) 

' I I I 
~10"~ d-d-Arg--vosopressin 2Xl0"~d-d-Arg- vosotocin 

(T-6h) (T-6h) 

Fig. 1. Effects of biologically active peptides treated by enzymes, oil TAN (tonically autoactive neurone) excitability (bath application). 
The upper trace was recorded from 1 TAN, and the lower trace from 2 TANs. Ordinate, the number of spike discharges per min. 
Abscissa, time course, each histogram is 1 rain. We applied 2 • 10 4 kg/1 deamino-diearba-(d-d-)Arg-vasotocin (chymotrypsin [CT]- 
treated, 6 h), d-d-oxytocin (CT-treated, 6 h), d-d-Arg-vasopressin (CT-treated, 6 h), pbysalaemin (CT-treated, 6 h), d-d-Arg-vaso- 
pressin (trypsin [T]-treated, 6 h), d-d-Arg-vasotocin (T-treated, 6 h) and physalaemin (T-treated, 6 h). Note that physalaelnin, when 
treated by T, lost its excitatory effect on the TAN; and that physalaemin treated by CT showed an inhibitory effect on the same neurone, 
opposite to that of untreated physalaemin. 
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Fig. 2. Effects of biologically active peptides 
treated by enzymes on PON (periodically 
oscillating neurone) excitability (bath appli- 
cation). The upper trace was recorded from 1 
TAN, and the lower trace from 2 TANs. Ordi- 
nate, the number of spike discharges per min. 
Abscissa, time course, each histogram is 1 
min. We applied 2 • 10 4 kg/1 physalaemin 
(chymotrypsin [CT]-treated, 6 h), deamino- 
dicarba(d-d-)oxytocin (CT-treated, 6 h), d-d- 
Arg-vasotocin (CT-treated, 6 h), d-d-Arg-vaso- 
pressin (CT-treated, 6 h), physalaemin (trypsin 
ET]-treated, 6 h), d-d-Arg-vasopressin (T- 
treated, 6 h) and d-d-Arg-vasotocin (T-treat- 
ed, 6 h). Note that d-d-oxytoein and d-d-Arg- 
vasotoein, after CT-treatment for 6 h con- 
tinued to show their excitatory effect on the 
PON; and that the excitatory effect of d-d- 
Arg-vasotocin disappeared after T-treatment. 
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Effec ts  of four pept ides  (physalaemin,  d-d-oxytoc in ,  
d -d-Arg-vaso toc in  and  d-d-Arg-vasopress in) ,  when  t r ea t ed  
by  c h y m o t r y p s i n  or t ryps in ,  on the  exc i tab i l i ty  of 2 
g iant  neurones  are summar ized  in t he  table,  in compar i son  
wi th  those  of these  pep t ides  un t rea ted .  In  these  cases, 
we examined  solut ions of these  pep t ides  in concen t ra t ions  
of 2 X 10 -4 kg/1. 
Figure  1 demons t r a t e s  effects of these  enzyme- t r ea t ed  
pept ides  on TAN exci tabi l i ty .  Physa l aemin  lost  its ex- 
c i t a to ry  effect  on this  neurone  af ter  t ryps in  t r e a t m e n t .  
Physa laemin ,  when  t r ea t ed  by  chymot ryps in ,  unexpec t -  
edly showed an inh ib i to ry  effect on the  same neurone,  
opposi te  to t h a t  of un t r ea t ed  physa laemin .  3 pept ides  
analogous to neu rohypophysea l  hormones  (d-d-oxytocin,  
d -d-Arg-vaso toc in  and d-d-Arg-vasopress in)  had  no ef- 
fect  on the  TAN, whe the r  t r ea ted  or not.  
Figure 2 shows effects of these t r ea t ed  pept ides  on the  
PON. D-d-oxytoc in  and d-d-Arg-vaso toc in  con t inued  to 
show thei r  exc i t a to ry  effect  on the  P O N  af ter  chymo-  
t ryps in  t r e a t m e n t  for 6 h. However ,  d -d-Arg-vaso toc in  
lost  its effect  af ter  t ryps in  t r ea tmen t .  Physa l aemin  and 
d-d-Arg~vasopressin,  whe the r  t r ea t ed  or not,  had  no 
effect  on the  PON. 
In  spi te  of its remarkable  exc i t a to ry  effect  of physa laemin  
on the  TAN =, this  substance,  when  t r ea t ed  by  t rypsin ,  
no longer showed its effect. As shown schemat ica l ly  in 
the  table,  t ryps in  mus t  cleave the  pep t ide  bond  of 'Phe-  
Lys '  of physa laemin .  Konishi  and Otsuka  ~* repor ted  
t h a t  several  hypo tens ive  pept ides  including physa laemin  
c o m m o n l y  affected the  ven t ra l  root  po ten t i a l  of the  frog 
spinal  cord, and assumed t h a t  a common  C-terminal  
sequence ( -Phe-X-Gly-Leu-Met-NH2) of these  pept ides  
caused the  depolar iza t ion of spinal  motoneurones .  We 
could no t  conf i rm their  hypo thes i s  wi th  our exper imenta l  
material ,  since a f r agmen t  of physa laemin ,  'Phe-Tyr -  
Gly-Leu-Met-NH2' ,  which is considered to be produced  
by  t ryps in  t r ea tmen t ,  showed no effect  on the  TAN. We 

can say t h a t  a cer ta in  amino acid sequence of physa lae-  
min,  longer t h a n  the  above -men t ioned  f ragment ,  is 
necessary  to produce  the  effect  of un t r ea t ed  physa l aemin  
on this  neurone.  Af ter  t r e a t m e n t  wi th  chymot ryps in ,  no t  
only  physa l aemin ' s  exc i t a to ry  effect  on the  TAN dis- 
appeared,  b u t  also an inh ib i to ry  effect  on the  same neu- 
rone was apparen t .  We are convinced t h a t  some new 
pep t ide  showing the  inh ib i to ry  effect  on the  T A N  was 
p roduced  by  the  c h y m o t r y p s i n  t r e a t m e n t ,  a l though  we 
canno t  conclude whe the r  inh ib i to ry  act ive sites of th is  
new pep t ide  are ident ical  wi th  those of un t r ea t ed  physa -  
laemin in p roduc ing  the  sl ight inh ib i to ry  effect  on the  
same neurone.  
Previous ly  we repor teda  t h a t  d -d-oxytoc in  and  d-d-Arg-  
vasotocin,  b u t  n o t  d-d-Arg-vasopress in ,  showed an ex- 
c i t a to ry  effect  on the  PON. Tryps in  t r e a t m e n t  of d-d-  
Arg-vasotoc in  made  its effect  disappear .  Since t ryps in  
mus t  cleave the  pep t ide  bond  of 'Arg-Gly '  of this  sub-  
stance,  g lycylamine  (Gly-NH2) in the  C- terminal  is indis-  
pensable  in p roduc ing  the  effect. On the  o the r  hand ,  ' I le '  
in the  second posi t ion of the  amino acid sequence of th is  
subs tance  is also indispensable  to produce  the  effect,  
since d-d-Arg-vasopress in ,  hav ing  'Phe '  ins tead  of ' I le '  
of d-d-Arg-vasotocin ,  showed no effect on the  same 
neurone.  Therefore,  i t  is a ssumed t h a t  a lmos t  comple te  
amino acid sequences  of d -d -oxy toc in  and d-d-Arg-vaso-  
tocin are necessary  to produce  the  effect  on the  PON.  
After  the  c h y m o t r y p s i n  t r e a t m e n t  for 6 h in the  condi t ion  
described above,  the  2 pep t ides  analogous to neu rohypo-  
physea l  ho rmones  con t inued  to show their  effect.  The 
amino acid sequences  of d-d-oxytoc in ,  d -d -Arg-vaso toc in  
and physa l aemin  necessary  to produce  effects  on our 
expe r imen ta l  mater ia ls  have  to be ascer ta ined in a fu r the r  
s tudy.  
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D e v e l o p m e n t  of noradrenal ine  uptake in the h u m a n  foetal heart  

S. Saarikoski  I 
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20 July 1976 

Summary. The deve lopmen t  of NA-up take  mechan i sms  in 
ergic t e rmina ls  were visible. The  h ighes t  aH-NA values in 
t he  mouse  hear t .  

the  h u m a n  foetal  hea r t  s t a r t  a t  the  same t ime as the  adren-  
the  h u m a n  foetal  hea r t  were only 25-30% of those  found in 

The adrenergic nervous  sys t em develops la ter  in the  
h u m a n  foetal  hea r t  t h a n  in m a n y  o ther  per iphera l  t issues 
according to main ly  morphological  examina t ions2-L  Pre-  
sent  knowledge of the  funct ional  deve lopmen t  of the  ad- 
renergic nervous  sys tem in the  h u m a n  foetal  hea r t  is more  
l imited.  The adrenergic  receptors  are bel ieved to respond 
a t  9 weeks of ges ta t ion  to  adrenal ine  s, bu t  no t  before 13 
weeks of ges ta t ion  to field s t imula t ion  9, and  the  meta -  
bolic inac t iva t ion  mechan i sms  are bel ieved to be of more  
significance t h a n  the  up take  mechan i sms  in the  second 
t r imes t e r  of p r egnancy  1~ 
In  the  p resen t  work  the  funct ional  d e v e l o p m e n t  of the  
adrenergic  nervous  sys t em was examined  by  es t ima t ing  
the  aH-noradrenal ine  (aH-NA) up take  in the  isolated 
a t r ia  and ventr ic les  of h u m a n  foetal  hea r t  as compared  
wi th  the  mouse a t r ia  and ventricles,  and wi th  the  develop-  
m e n t  of the  adrenergic  nerve fibres observed his to-  
chemical ly.  

Malerial and methods. Foeta l  hear t s  were ob ta ined  f rom 
legal t e rmina t i ons  of p regnancy  pe r fo rmed  by  evacua t ion  
or by  h y s t e r o t o m y .  In  all of the  48 cases, the  p remedi -  
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