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The evidence p resen ted  here indicates  t h a t  s t ruc tures  
resembl ing  the  neuromuscula r  junct ions  of ve r t eb ra t e  
skeletal  muscle occur all along the  length  of the  tai l  a t  the  
surface of the  neural  tube.  The origin of the  axons t h a t  
form these  junc t ions  is, however ,  uncer ta in .  Cell bodies 
located in the  neural  tube  itself are obvious  candidates ,  
bu t  cytological ly t h e y  resemble  e p e n d y m a l  or glial 
elements  as much  as mo to r  neurons.  The cell bodies 
giving rise to  the  axons  seen in the  neural  t ube  migh t  be 
located in the  visceral  ganglion - an impress ion  which  is 
suggested a l though no t  p roved  by  the  tai l  a m p u t a t i o n  
exper iments .  If  nerve  cells occurred segmenta l ly  all 
along the  neural  tube, the  severed tail  m igh t  be expec ted  
to cont inue  twi t ch ing  for m a n y  minu tes  af ter  its separa-  
t ion f rom the  t runk.  Other  factors,  such as change in 
ionic concen t ra t ions  in the  region of the  tai l  s t u m p  or a 
s ta te  comparab le  to  spinal  shock migh t  also be respons-  
ible for the  inabi l i ty  of the  a m p u t a t e d  tail  muscle to  
contrac t ,  however .  In  Boltemia larvae, CLONEY 6 has 
shown t h a t  excised tails  tw i t ch  for m a n y  minutes  before 
f inal ly degenerat ing,  suggest ing t h a t  in th is  an imal  the  
cell bodies of the  mo to r  neurons  p robab ly  are located in 
the  tail.  

Al though  each segment  of t he  tai l  muscle is i nne rva ted  
in Amaroucium, there  is no obvious exp lana t ion  as to how 
muscle cells which  are no t  d i rec t ly  ad jacen t  to  the  neural  
tube  in cross-sect ion are ac t iva ted .  Pe rhaps  wi th in  each 
segment  the  4 members  oi each row of cells are mechanic-  
ally or electr ical ly in te rconnec ted  by  specialized j unctions,  
as suggested by  ]3ERRILL and SHELDON in Styelopsis 7. 

The innerva t ion  of the  tai l  muscle  in larval  A maroucium 
thus  resembles  t h a t  r epor ted  previous ly  in Ascaris and 

Amphioxus in b o t h  of which  myoneura l  junc t ions  are 
es tabl ished at  t he  surface of t he  nerve  cord, r a the r  t h a n  
wi th in  the  d ep t h s  of t he  muscle.  Amaroucium differs, 
however,  in t h a t  the  muscle  cells do no t  give rise to 
e longated  innerva t ion  processes.  

Zusammenfassung. Elek t ronenmikroskop i sche  Unte r -  
suchungen der  Neur i t en  in der Pe r ipher ie  des dorsalen 
Nervens t ranges  im Schwanz  der  Asz id ien-Larve  Ama- 
roucium constellatum zeigen, dass die in der N/~he liegen- 
den Schwanzmuskelze l len  Verb indungen  mi t  den Neur i t en  
eingehen,  die den neuromuskulXren K o n t ak t s t e l l en  im 
Skelet tmuskel  der  Wi rbe l t i e r e / i hn l i ch  s ind .  Diese neuro- 
muskulg~ren Verb indungen  ver te i len  sich fiber die Ge- 
samtl / inge des Schwanzes  und  sind of fenbar  die Innerva-  
t ion der Schwanzmusku la tu r .  
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Pattern of M e m b r a n e  Invaginat ions  at the Surface of 

Convent iona l ly  f ixed sect ions of smoo th  muscle of blood 
vessels show numerous membrane invaginations i-6 which 
have been termed 'caveolae intracellulares' or 'pinocytotic 
vesicles'~. From transverse sections it is apparent that 
these vesicles are not distributed at random, but rather 
lie in groups of usually less than i0 vesicles separated by 
dense cytoplasmic regions termed dense areas (Figure la). 
Longitudinal sections of smooth muscle cells can be found 
where dozens of vesicles are arranged at regular intervals 
(Figure ib) indicating a grouping of the vesicles pre- 
dominantly in the direction of the longitudinal axis of the 
cell. The actual arrangement, however, on the cell sur- 
face is not evident from single sections. Such information 
can be obtained by a laborious three-dimensional analysis 
from serial sections or by the more convenient freeze- 
etching technique which is capable of exposing a good 
portion of the cell surface s,s. The latter technique was 
used to shed some light on the surface pattern of mem- 
brane invaginations. 

]3urgunder rabbits of either sex and of different com- 
mercial sources were anesthetized with Numal | sup- 
plemented with ether as necessary. Their abdominal aorta 
and arteries more distally were perfused via a Silastic | 
cannula with 25 ml Krebs-IRinger solution (pH 7.4) im- 
mediately followed by approximately 400 ml 2.5% 
glutaraldehyde in 0.i M phosphate buffer (pH 7.0) at 
22~ with a pressure of I00 cm water for 20 min I~ The 
iliac arteries were then dissected, cut into segments of 3 
to 6 mill and immersed in the same fixative for another 
hour at 4~ The specimens were stored in 0.i M phos- 
phate buffer (pH 7.0) containing 7% sucrose. A) Segments 

S m o o t h  Muscle  Cells of Rabbit  Arter ies  

for u l t r ami c ro t o my  were pos t f ixed  wi th  2% osmium-  
t e t rox ide  in 0.1 M phospha t e  buffer  (pH 7.0) for 1 h, 
d e h y d r a t e d  in graded alcohols and  e m b e d d e d  in E p o n  812. 
U l t r a t h i n  t ransverse  and longi tudinal  sect ions of or iented  
specimens  were con t ra s t ed  wi th  uranyl  ace ta te  and lead 
c i t ra te  and examined  wi th  a Phi l ips  EM 300. B) s e g m e n t s  
to be f reeze-etched were washed  3 t imes  in wa te r  for 
20 rain, immersed  in 30% glycerol for 3 h and freeze- 
e tched  in a ]3alzers BA 510 A/M appa ra tus  as descr ibed by  
M o o r  s,9. The replicas were cleaned wi th  40% chromic  
acid and washed  3 t imes  wi th  dist i l led water .  

A view of the  overall  aspec t  of the  cell surface in freeze- 
e tched  p repa ra t ions  showed a m e m b r a n e  w i t h o u t  folds 
(Figure 2), qui te  in con t ras t  to  a p repa ra t ion  in a similar  
s tudy  by  DEVINE et al.~. This demons t r a t e s  the  impor tance  
of an adequa te  perfus ion pressure  dur ing  f ixa t ion  for 
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Fig. 1. Conventionally fixed and sectioned smooth muscle cell. a) Section perpendicuIar to the cell axis. Groups of membrane 
invaginations (@ are seen with dense areas ( ~ )  in between. The myofilaments (mf) in cross section are seen as dots. Nucleus (n). 
x 42,000. b) Longitudinal section. The membrane invaginations (~) are regularly spaced along the entire length of the celI membrane. 
The myofilaments (mr) in longitudinal section are seen as fine threads. • 42,000. 

p reven t ing  con t rac t ion  of t he  vessels 11. The cell surface, 
as v iewed h-om the  cy top lasmic  side of t he  cell, d i sp layed  
un i form crater- l ike s t ruc tures  (Figure 2) which  are be- 
l ieved to be broken  off necks of the  vesicles a t t a ched  to  
the  m e m b r a n e  (Figure 1 a and  b) ; the  smal l  orifice con- 
nect ing  the  in te rs t i t i a l  space wi th  the  lumen of t he  
vesicles. The inner  and outer  d i ame te r  of these  ' c ra ters '  
were found  to  average  180 A and  440 ~_, respect ively .  The 
cor responding  orifices in t r ansverse  and longi tudinal  
sect ions were abou t  300 ~_ wide. St r ik ing was, however ,  
the  aspec t  of b a n d s  composed  of one to several  rows of 
vesicles. These bands  were  of u n d e t e r m i n e d  leng th  and  
paral leled the  longi tudina l  axis oI the  cell body.  The 
m e m b r a n e  be tween  bands  of vesicles was of var iable  
w i d t h  and smooth ,  apa r t  f rom small  par t ic les  below the  

50 A level. Along wel l -developed rows, the  inter-vesicle 
d i s tance  was fair ly cons tan t  and was found to  average  
850 dr. The cor responding  figure, as de t e rmined  f rom 
longi tudinal  sect ions (Figure lb) ,  was  s o mew h a t  smaller  
(700 A), p robab ly  due  to some shr inking dur ing  the  
d e h y d r a t i o n  and/or  e m b e d d i n g  process.  This paral le l  ar- 
r a n g e m e n t  of surface vesicles was conspicuous whenever  
large enough por t ions  of t he  cell surface are exposed  
dur ing  cleaving. However ,  i t  should be po in ted  out  t h a t  
the  vesicle bands  are no t  a lways of such a un i form w i d t h  
as the  one dep ic ted  on Figure  2. They  were of ten  less 

tl C. [-IAUDENSCHILD, H.R. BAUMGARTNER and A. STUDER, Experi- 
entia 28, 828 (1972). 

Fig. 2. Surface view of a freeze-etched cell membrane of a smooth muscle cell (as seen from the cytoplasmic i side). Vesicles fractured at 
the necks, leaving 'craters' (~), lie in longitudinal hands. Fusion of bands leads to accumulation of vesicle 'craters' (~). The longitudinal 
cell axis is horizontal. Shadowing direction (4). • 42,000. 
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regu la r ly  shaped  and  t e n d e d  to  fuse w i t h  a d j a c e n t  b a n d s  
of vesicles (Figure 2), fo rming  pa t ches  w i t h  a dens i ty  of 
a b o u t  170 vesicles pe r  [~m ~. 

The  vesicles h a v e  of ten  been  t e r m e d  p inocy to t i c  
imp ly ing  a physiologic  func t ion  upon  which  the re  is no  
genera l  a g r e e m e n t  a t  t he  p r e s en t  t ime.  As DEVINE et  a I )  
po in t ed  out ,  one  v e r y  r a re ly  observes  vesicles a w a y  f rom 
the  cell m e m b r a n e ,  a nd  t he  ques t ion  w h e t h e r  t h e y  are 
i nvo lved  in a n y  t r a n s p o r t  process  is st i l l  open,  a l t h o u g h  
t he  vesicles could d i s in teg ra te  ve ry  r ap id ly  a f te r  de tach-  
m e n t  f rom t h e  p l a s m a  m e m b r a n e .  I n  r ecen t  s tudies ,  t he  
poss ib i l i ty  was  discussed t h a t  t he  i n v a g i n a t i o n s  are in  
some way  ana logous  to t h e  T - s y s t e m  of s t r i a t ed  mus-  
cle s,~,l~. A t  presen t ,  t he  s ignif icance of t he  a r r a n g e m e n t  
of m e m b r a n e  areas  in to  b a n d s  w i t h  a n d  w i t h o u t  vesicles 
is even  less unde r s tood .  PROSSER et  a l )  m a d e  a f i rs t  
reference to a s t r i a t e  p a t t e r n  of vesicles in s m o o t h  muscle  
of t he  i n t e s t i na l  a n d  u rogen i t a l  t r ac t ,  and  r ecen t ly  lon- 
g i t ud ina l  rows of m e m b r a n e  i n v a g i n a t i o n s  h a v e  been  
r epo r t ed  on  s m o o t h  muscle  cells f rom mesen te r i c  a r te r ies  
a n d  vas  deferens  of guinea-pigs  a as well  as f rom a v i a n  
ar ter ies  6. i t  has  been  d e m o n s t r a t e d  t h a t  the  dense  areas  
which  are l ike ly  to  r ep resen t  a t t a c h m e n t  si tes for t he  
m y o f i l a m e n t s  ~,6 are on ly  found  in t he  l ong i tud ina l  sur-  
face regions in wh ich  no vesicles are  p resen tS-L  This  

f i nd ing  has  p r o m p t e d  DEVINE et  a l )  to  r ega rd  t he  vesicle- 
free areas  of t he  cell m e m b r a n e  as the  a t t a c h m e n t  areas  
of t he  myof i l amen t s .  W h a t e v e r  the  i n t e rp r e t a t i on ,  t he re  
is inc reas ing  ev idence  t h a t  t h e  a r r a n g e m e n t  of m e m b r a n e  
i n v a g i n a t i o n s  and  areas  of m e m b r a n e  devoid  of i nvag ina -  
t ions  in to  bands ,  is a c o m m o n  fea tu re  of s m o o t h  muscle  
ceils. 

Zusammen/assung. Mit  Hilfe  der  Gef r i e rg tzung  wurde  
die Oberf l / iche g l a t t e r  Muskelzel len  yon  K a n i n c h e n a r t e -  
r ien  (A. ilica) darges te l l t .  Die Aufs ich t  zeigt  ein cha rak te -  
r i s t i sches  Mus te r  v o n  para l le l  zur  Zel lachse ve r l au fenden  
Streifen,  welche aus  e iner  bis  m e h r e r e n  R e i h e n  e inhe i t  
l ich grosser M e m b r a n e i n s t i i l p u n g e n  (Caveolae in t ra -  
cellulares) bes tehen .  
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Zum Schliipfprozess bei Fischen: II. Gewinnung 
Regenbogenforelle (Salmo gairdneri Rich.) 

Das abgelegte  Fore l lene i  i s t  w ~hr end  seiner  ge samten  
E m b r y o n a l e n t w i c k l u n g  yon  e iner  d e r b e n  Schale  (Chorion) 
umgeben ,  d ie  vo rd r ing l i ch  e inen  sch i i t zenden  C h a r a k t e r  
h a t  u n d  n a c h  e igenen B e o b a c h t u n g e n  aus  drei  S c h i c h t e n  
a u f g e b a u t  i s t  I. Diese S c h i c h t e n  b i lden  z u s a m m e n  eine 
Hiille, die das  Fore l lenei  bef~higt ,  e inen  D r u c k  yon  2,5 bis  
3,5 kg  auszuha l t en ,  w o m i t  es den  na t i i r l i chen  Bed ingun-  
gen bes t ens  angepas s t  i s t  2. Z u m  Z e i t p u n k t  des Schl i ipfens 
is t  de sha lb  ein besonde re r  Prozess  zu e rwar ten ,  der  es d e m  
h e r a n g e w a c h s e n e n  E m b r y o  ges ta t t e t ,  diese Hfille zu 
sprengen,  u m  in das  freie Wasse r  zu gelangen.  I m  einzel- 
h e n  se tz t  s ich dieser  V or gang  aus  den  fo lgenden  Teil-  
schr i t~en z u s a m m e n :  der  B i l d u n g  eines Sch15pfsekretes,  
se iner  A u s s c h i i t t u n g  u n d  seiner  W i r k u n g  auI  die Eihii l le.  

Zur  G e w i n n u n g  des Schl i ipfsekretes  6 f fne ten  wir  Eier ,  
die u n m i t t e l b a r  vor  dem  Schl t ipfen s t anden ,  weft ers t  zu 
d iesem Z e i t p u n k t  die GewXhr bes teh t ,  dass  die per iv i te l -  
l ine Fl t i ss igkei t  a u c h  ak t ives  Schl i ipfsekre t  e n t h ~ l t  1. 
W/~hrend die pe r iv i t e l l ine  Fl t iss igkei t  in  den  f r t ihen  u n d  
m i t t l e r e n  E n t w i c k l u n g s s t a d i e n  diinnflf issig ist, n i m m t  
ihre  Viskosi t / i t  zum Schlf ipfen h i n  f ramer  m e h r  zu, so dass  
m a x i m a l  n u r  5 [zl g e w o n n e n  werden  k6nnen .  Diese Menge 
is t  I i ir  b iochemische  U n t e r s u c h u n g e n  abe r  zu gering. -Wir 
en tw icke l t en  desha lb  eine Methode ,  die yon  der  Be- 
o b a c h t u n g  ausging,  dass  Saue r s to f f en t zug  bei  ku rz  vo r  
d e m  Schl i ipfen s t e h e n d e n  Fore l len  zu e iner  Beschleuni -  
gung  des Schl i ip fvorganges  f i ihr t .  Die Eier ,  die a m  b e s t e n  
wenige S t u n d e n  vo r  d e m  na t t i r l i chen  Schl i ipfen s t ehen  
sollen, w u r d e n  zu 100 St t ick  in eine Pe t r i s cha l e  gegeben,  
auf  E i h 6 h e  m i t  v e r s c h i e d e n e n  Puf fe rn  i i be r sch ich te t  u n d  
vors i ch t ig  m i t  S t icks tof f  begast .  Der  g t ins t igs te  W i r k u n g s -  
g rad  de r  B e g a s u n g  l iegt  i m  r i ch t i gen  Verh / i l tn i s  des noch  
v o r h a n d e n e n  zum schon  v e r d r ~ n g t e n  Sauerstoff ,  e rkenn-  
b a r  a n  den  he f t igen  B e w e g u n g e n  der  E m b r y o n e n ,  die 
dabe i  sehr  wah r sche in l i ch  die das  Schl i ipfsekre t  en t -  
h a l t e n d e n  Dri i sen  a n  der  E ischa le  au f re iben  und  d a m i t  den  
Sch t i ip fvorgang  einle i ten.  Das  i iberschiissige Sekre t  ge- 
l a n g t  n a c h  d e m  A u f b r e c h e n  der  Scha len  in den  Puf fe r  

und Charakterisierung des Schliipfsekretes bei der 

u n d  k a n n  z u s a m m e n  m i t  der  pe r iv i t e l l i nen  Fl i iss igkei t  ab-  
g e t r e n n t  werden  (im fo lgenden  als R o h e x t r a k t  beze ichnet ) .  
A m m o n i u m c a r b o n a t - P u f f e r  (0, t M ;  p H  8,0) u n d  Verona l /  
HC1-Puffer  (0,05 M ;  p H  8,0) erwiesen s ich a m  gi ins t igs ten  
u n d  e rgaben  eine Schl i ip fquote  von  wen igs tens  95%,  
w/ ihrend  P h o s p h a t - P u f f e r  (0,1 21J; p H  8,0) den  u n  
gf ins t igs ten  W i r k u n g s g r a d  erzielte.  Die Schl f ipfquote  be- 
t r u g  hier  n u r  u m  35%, well  die i ibr igen  E m b r y o n e n  ihre  
B e w e g u n g e n  vorze i t ig  e ins t e l l t en  u n d  noch  im E i  ab-  
s t a rben .  Der  so gewonnene  E x t r a k t  wurde  bei  - -20  ~ ein- 
gefroren.  

Die A k t i v i t ~ t  des so g e w o n n e n e n  Schl t ipfsekre tes  
k o n n t e  d u t c h  V e r d a u u n g s v e r s u c h e  m i t  E i e r scha t en  ge- 
s i cher t  werden,  die im A u g e n p u n k t s t a d i u m  prS~pariert 
wa ren  u n d  in dest .  Wasse r  i m  K i i h l s c h r a n k  a u f b e w a h r t  
wurden .  Mi t  Hi l fe  solcher  Eihi i l len  als na t i i r l i chem Sub-  
s t r a t  k o n n t e  fiir das  bei  - -20~  e ingef rorene  Sekre t  eine 
M i n d e s t h a l t b a r k e i t  yon  e inem J a h r  fes tges te l l t  werden.  
Dass  d iesem Sekre t  ein e n z y m a t i s c h e r  C h a r a k t e r  zu- 
gebi l l igt  we rden  kann ,  liess sich d u r c h  E r h i t z u n g  vo r  der  
Zugabe  zum S u b s t r a t  zeigen. Versch iedene  T e m p e r a t u r e n  
zwischen 5 bis  60~ e rgaben  eine v611ige I n a k t i v i e r u n g  
a b  40 ~ 

Fi i r  U n t e r s u c h u n g e n  zur  Z u s a m m e n s e t z u n g  des Sch l i ip f -  
sekretes  k a m e n  e l ek t ropho re t i s che  M e t h o d e n  u n d  enzy-  
m a t i s c h e  Tes ts  zur  A n w e n d u n g .  Mi t  Hilfe  yon  Cellulose- 
A c e t a t - F o l i e n  ge lang  es, den  R o h e x t r a k t  in  v ie r  B a n d e n  
au fzu t r ennen .  U n t e r z i e h t  m a n  den  E x t r a k t  j edoch  d e r  
besser  auf lSsenden  A c r y l a m i d - G e l - E l e k t r o p h o r e s e  (7%iges  
Gel, Tris-Glycin-Puffer, p H  8,3), so e rgeben  s ich bei  pro-  
gress iver  AnfXrbung  m i t  Coomassie  Br i l l an t  Blue  R 2503 
s ieben B a n d e n ,  w o v o n  s ich in  anod i sche r  L a u f r i c h t u n g  
b e t r a c h t e t  die ers te  B a n d e  yon  den  i ibr igen  deu t l i ch  ab- 
setzt .  
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