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cant ly .  An  unident i f ied  peak~ t ravel l ing be tween  leucine 
and  tyros ine  in bile, was no t  found  in any  serum sample.  
Discussion. While  the re  have  been m a n y  s tudies  of the  
p ro te in  c o n t e n t  of bile 5, ve ry  l i t t le in format ion  is avail-  
able abou t  the  amino  acid compos i t ion  of bile. Miller s 
analysed  cadaver ic  bile and found free lysine, ty ros ine  
and  glycine which  he considered represen ted  the  excre t ion  
of was te  p roduc ts .  Dassi  and  Gianni  7 examined  h u m a n  
bile ob ta ined  dur ing  l a p a r o t o m y  and de tec ted  wa te r -  
soluble subs tances  reac t ing  wi th  n inhydr in ,  which  t h e y  
cons idered  compat ib le  w i th  t he  presence of free amino 
acids or po lypep t ides .  The p re sen t  s tudy  is therefore  the  
f i rs t  to q u a n t i f y  t he  amino  acids in bile and  to compare  
the  p a t t e r n  of amino acids in bile wi th  those  found in 
serum. 
The h igh  concen t ra t ions  of acidic and su lphur -con ta in ing  
amino acids in bile and  the  re la t ive lack of basic amino 
acids has  no t  been  expla ined.  In  par t ,  the  concen t ra t ions  
in bile m a y  ref lect  the  concen t ra t ions  of the  amino acids 
inside the  hepa t ic  cells, since i t  has  been  shown t h a t  there  
are s igni f icant ly  grea te r  amoun t s  of some amino  acids 
(glutamate ,  a spa r t a t e  and glycine) in the  l iver cells t h a n  
in se rum 8. However ,  o the r  amino  acids are also found to 
be concen t r a t ed  in the  hepa tocy t e s  (e.g. alanine) b u t  are 
no t  found  concen t r a t ed  in bile, while amino acids which  
are no t  c o n c e n t r a t e d  by  the  liver cells (e.g. cystine) m a y  
be found  in grea te r  amoun t s  in bile t h a n  in serum.  
Lysine  has  been  shown to be specifically t r a n s p o r t e d  by  
the  mucosa  of t he  gall b ladder ,  b u t  so are me th ion ine  and  
glycin.e 9, so t h a t  t he  re la t ive lack of lysine in the  bile is 
p robab ly  no t  a t t r i bu t ab l e  to  selective t r a n s p o r t  of the  
lysine ou t  of the  lumen  of t he  bi l iary  t rac t .  
Unlike prote ins ,  which  appear  in bile by  processes  in- 
volving bu lk  t r ans fe r  and  molecular  s ieving of the  p lasma  
pro te ins  10,11, i t  appears  t h a t  t he  t r ans fe r  of amino acids 
in to  the  bile involves  specific t r a n s p o r t  processes.  I t  has  
prev ious ly  been  shown t h a t  organic anions  TM and  cat-  

ionsla can  be secre ted  into bile by  act ive  t r a n s p o r t  pro-  
cesses b u t  mul t ip le  exc re to ry  processes are p r o b a b l y  
involved  14 and the  role of these  processes in the  t r a n s p o r t  
of amino acids has  no t  been s tudied.  In  t he  small  in tes t ine ,  
the  t r a n s p o r t  of the  neutral ,  acidic and  basic amino  acids 
is h igh ly  specific 15 so t h a t  there  m a y  be similar  processes  
involved in the  hepa t ic  secre t ion of these  amino acids,  in 
v iew of the  s ignif icant ly  d i f fe rent  hand l ing  of these  3 
groups  of amino acids by  the  l iver cells. 
The func t ion  of the  bi l iary amino  acids has  no t  been 
defined,  b u t  amino  acids are known  to  s t imula te  pan-  
creat ic  exocrine secre t ion 16 and, pe rhaps  in con junc t ion  
wi th  bile salts  (which also s t imula te  pancrea t i c  secre- 
t ion  1~) m a y  h a v e  some func t iona l  role in the  ear ly  s tages  
of the  digest ive response  to the  e n t r y  of food into t he  
a l imen ta ry  t ract .  
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Nerve e n d i n g s  i so lated f rom chick e m b r y o n i c  optic t e c t u m .  
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Summary .  Frac t ions  enr iched in nerve  endings  (synaptosomes)  have  been isolated f rom chick embryonic  opt ic  t e c t u m  
dur ing  deve lopment .  Af ter  osmot ic  shock, these  f rac t ions  appeared  to  be enriched in m e m b r a n e s  which  dur ing develop-  
m e n t  acquire  typ ica l  fea tures  of ma tu r e  s y n a p t o s o m a l  membranes .  

The d e v e l o p m e n t  of improved  f rac t iona t ion  t echn iques  
has  p e r m i t t e d  b iochemica l  and  morphologica l  s tudies  to 
be carr ied ou t  in to  the  na tu re  of indiv idual  c o m p o n e n t s  
of nerve  endings  (synaptosomes) .  
The mos t  a t t e n t i o n  has  been  focused on s y n a p t o s o m a l  
membranes ,  b o t h  in analysis  of gross compos i t ion  and 
ident i f ica t ion  of specific componen t s  1 b o t h  in ul t ra-  
s t ruc tu ra l  o rganiza t ion  of synap t i c  densi t ies  2, in correla- 

tion with its critical role played in synaptic transmission. 
It is also generally accepted that synaptosomal membrane 
is to a certain extent involved in neuronal receptor 
recognition and specificity of cell adhesion during the 
development of neuronal circuits 3. Consequently, isola- 
tion of embryonic synaptic membrane can be regarded 
as an essential step for biochemical and morphological 
studies on properties of maturing synaptic complexes. 

16th 18th 2nd 
a) b) a) b) ,) b) 

Homogenate 100 48.35 100 91.45 100 66.00 
Crude mitochondrial fraction 19.86 9.60 17.32 15.84 20.72 13,68 
Synaptosomes 4.34 2.10 6.90 6.31 5.21 3.44 
Membranes 1.86 0.90 5.68 5.20 7.15 4.72 

~) Percentage of protein content of each fraction based on the homogenate being 100% ; b) total protein content of the fractions (mg). 
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I n  t h e  p r e c e d i n g  p a p e r  ~, we  d i s c u s s e d  s o m e  m o r p h o l o g i c a l  
a s p e c t s  o f  n e r v e  e n d i n g s  i s o l a t e d  f r o m  d e v e l o p i n g  o p t i c  
r e c t u m  o f  c h i c k  e m b r y o .  W e  o b s e r v e d  a p r o g r e s s i v e  
' m a t u r a t i o n '  of  s y n a p t o s o m e s  w h i c h  s h o w e d  a n  i n c r e a s e  
i n  n u m b e r  o f  ve s i c l e s  a n d  s y n a p t i c  t h i c k e n i n g s .  I n  t h i s  
p a p e r ,  we  d e s c r i b e  f r a c t i o n s  e n r i c h e d  in  s y n a p t o s o m a l  
m e m b r a n e s  o b t a i n e d  a f t e r  o s m o t i c  s h o c k  of  t h o s e  s y n -  
a p t o s o m a l  f r a c t i o n s .  
Mater ia l s  and methods. S y n a p t o s o m a l  f r a c t i o n s  h a v e  b e e n  
o b t a i n e d  as  d e s c r i b e d  in  p r e c e d i n g  w o r k .  S y n a p t o s o m a l  
b a n d  B of  t h e  g r a d i e n t  w a s  r e m o v e d ,  d i l u t e d  w i t h  4 - 5  
v o l u m e s  of  0.32 M s u c r o s e  a n d  p e l l e t t e d  a t  80 ,000  •  fo r  
30 r a in .  T h e  s y n a p t o s o m a l  p e l l e t  w a s  r e s u s p e n d e d  in  a 
l a r g e  v o l u m e  of  6 m M  T r i s  ( p H  = 8.5) a n d  o s m o t i c a l l y  
s h o c k e d  fo r  90 ra in .  T h e  s h o c k  w a s  m a d e  a t  p H  8.5, 
s i n c e  a t  n e u t r a l  o r  s l i g h t l y  a c i d  p H ,  m i t o c h o n d r i a  do  n o t  

e f f e c t i v e l y  r e s o l v e  f r o m  m e m b r a n e s  5. A f t e r  s h o c k ,  s y n -  
a p t o s o m a l  m e m b r a n e s  f r a c t i o n  w a s  p e l l e t t e d  w i t h  c e n -  
t r i f u g a t i o n  a t  20 ,000  •  fo r  30 ra in .  
S m a l l  p o r t i o n s  of  f r a c t i o n s  w e r e  f i x e d  fo r  30 m i n  in  ice-  
co ld  2 . 5 %  g l u t a r a l d e h y d e  in  0.1 M p h o s p h a t e  b u f f e r  a n d  
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Electron micrographs showing 
fractions obtained after osmotic 
shock on nerve endings isolated 
from chick embryonic optic tec- 
turn. • 30,400. 

Fig. 1. 16 days old embryos. 
Fraction is enriched in membrane 
profiles without thickenings or 
synaptic densities recognizible. 
Fig. 2. 18 days o ld  embryos. The 
figure shows a major amount  of 
round membrane profiles, many of 
which show attached synaptic 
densities (arrows). Fig. 3. 2 days 
old chicks. Fraction appears full of 
membrane profiles about the size 
of synaptosomes with very re- 
cognizible pre- and postsynaptic 
thiekenings (arrows). 
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spun  in o rder  to  o b t a i n  pellicles less t h a n  500 ~ m  th ick .  
Af te r  p o s t f i x a t i o n  in s i tu  w i t h  1% buf fe red  OsO 4, 
pellicles were e m b e d d e d  in a E p o n - A r a l d i t e  mix tu re .  
Sect ions  were cu t  a t  r i g h t  angles  to  t he  surface  of pellicles 
t h r o u g h  t he  whole  pellet .  T h e n  t h e y  were s t a ined  a n d  
obse rved  on a S iemens  E l m i s k o p  I A e lec t ron  micro-  
scope. P r o t e i n s  were m e a s u r e d  accord ing  to L o w r y  
e t  al. ~. 
Results. A t  16th  d a y  of i n c u b a t i o n ,  t he  f r ac t ion  o b t a i n e d  
w i t h  osmot ic  shock  f rom s y n a p t o s o m a l  f r ac t ion  a p p e a r e d  
r e l a t ive ly  poor  in m e m b r a n e s ,  wh ich  were to  some e x t e n t  
d i s r u p t e d  a n d  a l m o s t  devo id  of s y n a p t i c  t h i cken ings  
(see f igure  1). Microsomes,  free m i t o c h o n d r i a  and  a few 
m e m b r a n e  profi les  c o n t a i n i n g  res idua l  s y n a p t i c  vesicles 
a d h e r i n g  ins ide  could be  also observed .  
A t  18 th  d a y  of i n c u b a t i o n ,  t h e  f r ac t ion  a p p e a r e d  en- 
r i ched  in m e m b r a n e  profi les  a b o u t  the  size of s y n a p t o -  
somes,  m a n y  of wh ich  h a v e  a t t a c h e d  s y n a p t i c  t h i c k e n -  
ings. F ree  m i t o c h o n d r i a  a n d  mic rosomes  c o n t e n t  was  
lower t h a n  in y o u n g e r  e m b r y o s  (see f igure 2). I n  chicks,  
t h e  f r ac t ion  a p p e a r e d  full  of w e l l - m a i n t a i n e d  m e m b r a n e s  
w i t h  v e r y  recognisable  s y m m e t r i c a l  and  a s y m m e t r i c a l  
s y n a p t i c  th i cken ings ,  whereas  c o n t a m i n a t i n g  s t r u c t u r e s  
a p p e a r e d  sha rp ly  d i m i n i s h e d  (see f igure 3). 
Re l a t i ve  p ro t e in  c o n t e n t  of m e m b r a n e  f r ac t ion  of 16 days  
old chicks  was a b o u t  30% of 18 days  old e m b r y o s  va lue  
a n d  a b o u t  25% of ch icks  value .  I n  con t ras t ,  t h e  d i f ference 
in r e l a t ive  as well  as in  abso lu t e  c o n t e n t  of p ro t e in s  
b e t w e e n  s y n a p t o s o m a l  f r ac t ion  before  a n d  a f t e r  osmot ic  
shock  a p p e a r e d  to  decrease  d u r i n g  m a t u r a t i o n .  
Discussion. Our morpho log ica l  o b s e r v a t i o n s  on these  
f r ac t ions  en r i ched  in m e m b r a n e s  seem to be  pe r fec t ly  in 
a g r e e m e n t  w i t h  d a t a  we o b t a i n e d  on s y n a p t o s o m e s  

i so la ted  f rom ch i ck  e m b r y o n i c  opt ic  r e c t u m  (see pre-  
ced ing  paper )  4. W e  obse rved  a progress ive  increase  in 
m a t u r a t i o n  of s y n a p t o s o m e s  w i t h  a u g m e n t a t i o n  of syn-  
ap t i c  t h i cken ings  a n d  a decrease  of c o n t a m i n a t i o n  of t h e  
s y n a p t o s o m a l  f r ac t i on  para l le l  to  t he  p rogress ive  deve lop-  
m e n t  of t ec t a l  synap togenes i s .  S y n a p t o s o m a l  m e m b r a n e s  
i so la ted  in older  s tages  a p p e a r e d  also qu i t e  s imi lar  to  t h a t  
i so la ted  f rom a d u l t  r a t  b r a i n  5, a n d  f rom 6-8  days  old 
chicks  7. Consequen t ly ,  i t  is h i g h l y  p r o b a b l e  t h a t  m e m -  
b r a n e s  o b t a i n e d  a f t e r  osmot ic  shock  of s y n a p t o s o m a l  
f r ac t ions  are  la rge ly  s y n a p t o s o m a l  a n d  synap t i c  m e m -  
b r a n e s  wh ich  show a progress ive  m a t u r a t i o n .  However ,  
no  d a t a  are  so for ava i l ab le  a b o u t  m o r p h o l o g y  of e m b r y -  
onic s y n a p t o s o m a l  m e m b r a n e s .  In  add i t ion ,  f rom a 
morpho log ica l  p o i n t  of view, i t  is n o t  possible  q u a n t i t a -  
t i v e l y  to  measu re  c o n t a m i n a t i o n  b y  mic rosoma l  m e m -  
b r a n e s  and  o the r  subce l lu la r  e l emen t s  w h i c h  m a y  a p p e a r  
d u r i n g  p r e p a r a t i o n  of m e m b r a n e  f r ac t ion  b y  cen t r i fuga-  
t ion ,  even  if a r e l a t ive  low speed ha s  been  used. Con- 
sequen t ly ,  f u r t h e r  b iochemica l  and  e n z y m a t i c  s tudies  are 
necessa ry  for  c h a r a c t e r i z a t i o n  of these  m e m b r a n e  frac-  
t ions .  W i t h  th i s  r e se rva t ion ,  never the less ,  we t h i n k  t h a t  
th i s  m e t h o d  can  be  used  as a f i r s t  s tep  to o b t a i n  s y n a p t o -  
somal  a n d  s y n a p t i c  m e m b r a n e s  a t  r e l a t ive ly  precocious  
s tages  of d e v e l o p m e n t ,  and  i t  m i g h t  p rov ide  a n  i m p r o v e d  
t e c h n i q u e  to  p r e p a r e  e m b r y o n i c  s y n a p t o s o m a l  m e m b r a n e s  
f rom shocked  m i t o c h o n d r i a l  f rac t ion.  
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E l e c t r o - m e c h a n i c a l  n o i s e  in  a t r ia l  m u s c l e  f i b r e s  of  the  c a r p  1 
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Summary. S t e a d y  m e m b r a n e  vo l t age  f l uc tua t ions  h a v e  been  obse rved  in a t r i a l  musc le  f ibres  of t he  carp.  These  vo l tage  
f l uc tua t ions  p roduce  m i n u t e  m e c h a n i c a l  osci l lat ions,  as revea led  b y  an  in te r fe rence  c o n t r a s t  microscope.  The  s t e a d y  
vo l t age  f l u c t u a t i o n s  m a y  be r e l a t ed  to  a b n o r m a l  a u t o m a t i c i t y  in  t he  hea r t .  

F l u c t u a t i o n  p h e n o m e n a  h a v e  revea led  useful  i n f o r m a t i o n  
on  molecu la r  m e c h a n i s m s  o p e r a t i n g  in exc i t ab le  m e m -  
b r a n e s  2-6. W e  now r e p o r t  t he  f ind ing  of s t e a d y  m e m b r a n e  
vo l t age  f l uc tua t i ons  wh ich  p roduce  m i n u t e  m e c h a n i c a l  
osci l la t ions  in  a t r i a l  musc le  f ibres  of t he  carp,  The  vo l t age  
f l uc tua t i ons  can  grow a n d  lead to  r epea t ed  spike ac t iv i ty ,  
a n d  m a y  t h u s  be  l inked  to a b n o r m a l  a u t o m a t i c i t y  in  t h e  
h e a r t .  
Materials and methods. E x p e r i m e n t s  were p e r f o r m e d  on 
i so la ted  ca rp  (Cypr inus  carpio)  a t r ia ,  f r om wh ich  t h e  
p a c e m a k e r  regions  h a v e  been  r emoved .  Muscle f ibres  in  
t he  ca rp  a t r i u m  are  r e l a t ive ly  large (up to  25 tzm in dia-  
meter )  a n d  s tab le  i n t r ace l l u l a r  r ecord ing  can  be  ach ieved  
for  a t  leas t  a few minu tes .  T he  a t r i a  were c o n t i n u o u s l y  
per fused  w i t h  ca rp  R i n g e r  of t h e  fol lowing com pos i t i on  ~ : 
(mM) NaC1 120, KC1 2.7, CaCI~ 2.9, MgC1, 1.0, NaHCO3 
10, p H  (7.8-8.0).  The  in t race l lu la~  p o t e n t i a l  was  r ecorded  
w i t h  glass m i c r o p i p e t t e s  h a v i n g  a res i s t ance  of 15-25 MQ 
w h e n  filled w i t h  3 M K - c i t r a t e  or KC1. Signals  were 
r ecorded  on  p a p e r  c h a r t  (Grass Model  79) or on  m a g n e t i c  
t a p e  (Hewle t t  P a c k a r d  3955 System} a n d  ana lysed  b y  a 
d ig i ta l  c o m p u t e r  (Var i an  620L-100).  

Results and discussion. Figure  1 shows a t yp i ca l  record ing  
of vo l tage  f l u c t u a t i o n s  in  a t r i a l  muscle  cells. I m m e d i a t e l y  
a f t e r  p e n e t r a t i o n ,  a DC p o t e n t i a l  of - 79  m V  was recorded,  
a n d  t h e r e  was a large  increase  in t h e  vo l t age  f luc tua t ions .  
The  ave rage  R M S  v a l u e - •  1 SEM of t he  vo l tage  
f l uc tua t ions  was 66 • 11 ~V (n = 14). Spec t ra l  ana lys i s  
of t he  noise showed  m o s t  of t he  power  to be  c o n c e n t r a t e d  
a t  f requencies  be low 3 Hz  w i t h  t he  add i t i on  of a h u m p  a t  
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