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obse rved  c h r o m o s o m a l  abe r r a t i ons  w i t h  s l igh t  v a r i a t i o n s  
in  m i t o t i c  index  or cel lular  en l a rgemen t .  Never the less ,  
accord ing  to  t he  des igna ted  p a r a m e t e r s  of th i s  inves t iga -  
t ion,  rad io  waves  a t  27.120 MHz  a n d  1 0 W  of power  
(ERP)  a p p a r e n t l y  cause  a n  increased  inc idence  of chro-  
mosomal  b reaks  c o m p a r e d  to cont ro ls  w i t h o u t  signifi-  
c a n t l y  a l t e r ing  cel lular  response  in cul ture .  2~ 

zwischen b e s t r a h l t e n  u n d  u n b e s t r a h l t e n  K u l t u r e n  k a m  
es zu A b e r r a t i o n e n .  
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Zusammen/assung. H y p o t o n i s c h e  S t r euungen ,  die in  
r a d i o b e s t r a h l t e n  K u l t n r e n  mensch l i che r  L y m p h o z y t e n  
C h r o m o s o m e n a b e r r a t i o n e n  e rkenl len  liessen, t r a t e n  dor t  
s i ebenma l  h/ iufiger auf  als in  u n b e s t r a h l t e n  K u l t u r e n ;  
o f fenbar  das  E rgebn i s  e iner  w~rmef re ien  Bes t r ah lung .  
T r o t z  des Feh lens  b e d e u t e n d e r  U n t e r s c h i e d e  in der  DNA-  
Synthese ,  der  Zel lvergr6sserung u n d  im m i t o t i s c h e n  I n d e x  
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Highly Purified Noradrenaline Storage Vesicles from Bovine Splenic Nerve Trunk: Preliminary 
Electron Microscopy 

An i m p r o v e d  m e t h o d  for t he  pu r i f i ca t ion  of n o r a d r e n -  
a l ine  (NA) s torage  vesicles f rom b o v i n e  splenic  n e r v e  
t r u n k  was r ecen t ly  descr ibed  1. Sucrose -heavy  w a t e r  
dens i t y  g rad ien t s  are used to t a k e  a d v a n t a g e  of a dif-  
fe ren t ia l  increase  in N A  vesicle dens i t y  re la t ive  to t h a t  
of mic rosoma l  c o n t a m i n a n t s .  The  ave rage  c o n c e n t r a t i o n  
of s e d i m e n t a b l e  N A  in t he  p u r e s t  g r a d i e n t  f rac t ion,  
r ep r e sen t i ng  1/a of the  t o t a l  s e d i m e n t a b l e  N A  in t h e  
or ig ina l  n e r v e  t r u n k ,  is a b o u t  3.5 ~g /mg pro te in .  T h i s  
is a 4-7  fold i m p r o v e m e n t  in  pur i f i ca t ion  over  va lues  
p rev ious ly  r epo r t ed  in t he  l i t e r a tu re  ~-6. 

F r o m  q u a n t i t a t i v e  ana lyses  of m a r k e r  enzymes  to 
e s t ima te  c o n t a m i n a t i o n  b y  o the r  subce l lu la r  c o m p o n e n t s  
re la t ive  to  N A  con ten t ,  i t  could be  ca lcu la ted  t h a t  in  t h e  
p u r e s t  f r ac t ion  a m i n i m u m  of 20% of t h e  t o t a l  s ed imen t -  
able  p ro t e in  is associa ted  w i t h  t he  N A  s torage  vesicles. 
Th i s  i m p r o v e m e n t  in  vesicle p u r i t y  e n h a n c e d  t h e  chances  
for m e a n i n g f u l  e lec t ron  microscopic  e x a m i n a t i o n  of t h e  
f rac t ion.  

Materials and methods. F r a c t i o n  F I I I  of pur i f ied  N A  
s torage  vesicles f rom b o v i n e  splenic ne rve  t r u n k  was  
p r epa red  as p rev ious ly  descr ibed  1. Al iquo t s  were d i lu ted  
to i so ton ic i ty  in  0.25 M sucrose c o n t a i n i n g  20 m M  potas -  
s ium p h o s p h a t e  buffer  a t  p H  7.2-7.4.  Samples  were 
i n c u b a t e d  for 15 ra in  a t  37~ in a m e d i u m  c o n t a i n i n g  
0.5 tzg/ml L-NA, 3 m M  MgC12 a n d  3 m M  tris4-ATP 
(adenosine  t r i phospha t e ) .  Th i s  m e d i u m  is k n o w n  to 
p r e v e n t  loss of N A  f rom isola ted vesicles a n d  also to 
p r o m o t e  u p t a k e  of N A  in to  p a r t i a l l y  dep le ted  vesicles ~. 
The  i n c u b a t e d  samples  were chi l led i m m e d i a t e l y  to  0-4  ~ 
and  layered  over  a n  equa l  v o l u m e  of 6~o g l u t a r a l d e h y d e  
c o n t a i n i n g  0 . 1 5 4 M  p o t a s s i u m  p h o s p h a t e  buf fe r  a t  p H  7.2 
to 7.4. The  suspens ion  was t h e n  cen t r i fuged  a t  226,000 
gmax-30 ra in  ill a re f r igera ted  B e c k m a n  U l t r acen t r i f u g e  
L2-65B. Thus ,  t h e  vesicles are f ixed in  suspens ion  whi le  
be ing  s e d i m e n t e d  in to  a pellet .  The  pel le ts  were pos t -  
f ixed for 90 ra in  in 2% OsO 4 c o n t a i n i n g  t h e  same buffer .  
Grey  to  s i lver -grey  sect ions  were cu t  t h r o u g h  t he  en t i r e  
pel le t  f rom ' top  to  b o t t o m ,  b o t h  ve r t i ca l ly  a n d  para l le l  
to  t he  surface,  wi th  a d i a m o n d  knife  on  a n  L K B  Ul t ro -  
tome.  The  pel le ts  were t h i n  enough  to  a l low t h e  en t i re  
d e p t h  to  be  e x a m i n e d  in a single sect ion.  Sect ions  were 
s t a ined  for 15 m i n  in 4~o u r a n y l  a ce t a t e  a n d  5-10 sec 
in lead c i t ra te .  Micrographs  were t a k e n  w i t h  a Zeiss 
EM9A.  

Results and discussion. W h e n  t h e  vesicle f r ac t ion  is 
f ixed w i t h  g l u t a r a l d e h y d e  (or OsO4) in suspens ion  d u r i n g  
cen t r i fuga t ion ,  t h e  resu l t  is super ior  t o - f i x a t i o n  of t he  
pe l le t  a f t e r  s ed imen ta t i on ,  p a r t i cu l a r l y  in  t e r m s  of vesicle 
d i s t r i b u t i o n  in  t h e  pellet .  I n  addi t ion ,  i n c u b a t i o n  of t he  
vesicle suspens ion  w i t h  Mg++ an d  A T P  before  f i xa t i on  
yie lds  a more  h o mo g en eo u s  a p p e a r i n g  p o p u l a t i o n  of 
vesicles. 

A layer  of essent ia l ly  pure  vesicles a c c o u n t i n g  for a b o u t  
25~o of the total pellet depth occurs at the upper surface 

Fig. 1. Purified NA storage vesicles from fraction FIII of sucrose- 
heavy water density gradient. Thin arrows indicate 200 A intra- 
vesicular granules; thick arrows indicate clusters of these granules 
giving the appearance of a dense 'core'. • 
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of t h e  pe l le t  (Figure 1). The  ave rage  d i a m e t e r  of t h e  
vesicles is b e t w e e n  750 and  800 A. A h ighe r  magn i f i ca t i on  
of t h e  vesicles is shown  in F igure  ~ I t  d e m o n s t r a t e s  t h e i r  
single u n i t  m e m b r a n e s  a b o u t  70 A in w i d t h  (ar rowheads)  
and  t he  f ine g r a n u l a r  m a t r i x  in  m o s t  of t h e  vesicles. 

The  pu re  u p p e r  layer  merges  in to  a less pu re  zone 
a m o u n t i n g  to  a b o u t  70% of t he  pe l le t  dep th .  I t  con t a in s  
large n u m b e r s  of vesicles mixed  w i t h  a few smal l  m i to -  
c h o n d r i a  a n d  o the r  m e m b r a n e  profiles. Only  in  t he  b o t t o m  
zone a m o u n t i n g  to 5 - 1 0 %  of t he  pe l le t  are t he  vesicles 
r e l a t ive ly  sparse ly  d i s t r i b u t e d  c o m p a r e d  w i t h  t he  con-  
t a m i n a n t s .  Of t he  vesicles p r e s e n t  here,  m a n y  h a v e  a 
larger  r ange  in d iamete r ,  1000-2000 ~-. The  b o t t o m  zone 
usua l ly  appea r s  compressed  a n d  is composed  of a m o r p h o u s  
m a t e r i a l  s ca t t e r ed  be tween  m i t o c h o n d r i a ,  of wh ich  m a n y  
are  e m p t y  or b roken .  Also n m n e r o u s  large e m p t y  m e m -  
b r a n e  profi les  are p r e sen t  a n d  a few Golgi  m e m b r a n e s  
m a y  be  ident i f ied .  

Var ious  sized dense  osmiophi l ic  granules  can  be seen 
w i t h i n  some of t h e  vesicle ma t r i ces  a n d  in areas  be t w een  
t he  vesicles. The  m o s t  p r o m i n e n t  d a r k  granules  are a b o u t  
2002k in d i a m e t e r  (Figure  1, f ine arrows).  Smal le r  granules  
of 30-60 ~ d i a m e t e r  are also c o m m o n  in m a n y  vesicles. 
The  200 ~_ granules  of ten  c lus te r  t o g e t h e r  a n d  give t h e  
a p p e a r a n c e  of a single large b l a c k  granu le  or 'core '  

(Figures  1 a n d  2, t h i c k  arrows).  I d e n t i c a l  d a r k  granules  
occur  free, b o t h  s ingly  a n d  in va r ious  sized clusters .  I n  
general ,  t h e  c lus ters  are d i s t r i b u t e d  accord ing  to size, 
t h e  la rger  occur  nea re r  to  t h e  b o t t o m  of t h e  pellet .  The  
free granules  are be l ieved  to  o r ig ina te  f rom r u p t u r e d  
vesicles. I t  is n o t  u n c o m m o n  to f ind  d i scon t inu i t i e s  in  
vesicle m e m b r a n e s  an d  t h e i r  g r a n u l a r  c o n t e n t  emerging.  
W e  i n t e r p r e t  t h e  d a r k  granules  to  r ep re sen t  po lymer ized  
a n d / o r  c o n t r a c t e d  vesicle m a t r i x  mate r ia l ,  wh ich  p rob-  
ab ly  resul t s  f rom loss of m e m b r a n e  i n t e g r i t y  l ead ing  to  
d eg en e ra t i v e  changes  in t h e  vesicle an d  to  t h e  s t rong  
osmiophi l ic  reac t ion .  The  e lec t ron  d en s i t y  of t h e  granules  
is no t  d e p e n d e n t  on  u r a n y l  ace t a t e  or lead c i t r a t e  s ta in ing ,  
as i t  is obv ious  also in u n s t a i n e d  mate r ia l .  

On t h e  basis  of e lec t ron  microscopic  e x a m i n a t i o n ,  we 
feel t h a t  t h e  or ig ina l  e s t ima te  of a b o u t  20% p u r i t y  based  
on  b iochemica l  d a t a  is p r o b a b l y  too  low an d  c o n s e r v a t i v e l y  
could be  doubled .  A more  c o m p r e h e n s i v e  s t u d y  of vesicle 
a p p e a r a n c e  a f t e r  va r ious  t r e a t m e n t s  is in  progress.  

Rdsumd. Les v6sicules de la N A  du nerf  sp l6nique  de 
Bceuf o n t  6t6 o b t e n u e s  p a r  g r a d i e n t  de c e n t r i f u g a t i o n  
(<(sucrose-heavy water~>). Le r a p p o r t  N A / p ro t 6 i n e  observ6  
est  de 4 s 7 lois plus  61ev6 que  celui qui  a 6t6 m e n t i o n n 6  
p r6c6demment .  L ' e x a m e n  pr61iminaire  de ce t t e  f rac t ion,  
p a r  microscopie  61ectronique, r6v61e une  couche  impor -  
t a n t e  et  p r a t i q u e m e n t  pu re  de v6sicules s la surface  du 
s6d iment .  
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Fig. 2. Same as in Figure 1. Arrowheads indicate 70 )~ unit mem- 
branes of the NA storage vesicles. Thick arrows indicate clusters of 
200 ~- granules giving appearance of a dense 'core'. • 100,000. 
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H e t e r o g e n e i t y  in the  Fibre  C o m p o s i t i o n  in the  
Belostoma s p .  1 

The  s t r u c t u r a l  and  func t iona l  s ignif icance of he te ro-  
gene i ty  in  t he  f ibre  compos i t i on  of v e r t e b r a t e  muscles  is 
well  k n o w n  2 H e t e r o g e n e i t y  in  f ibre  compos i t i on  in insects  
was f i rs t  obse rved  b y  ]BEAT 3 ill t h e  f l igh t  muscles  of t h e  
d ragonf ly  Pantala /lavescens. R e c e n t l y  KALLAPUR 4 has  
also r epo r t ed  t he  prescence  of some specil ized large f ibres 

Fl ight  M u s c l e s  of  Periplaneta americana and 

in  t h e  leg muscles  of 2 species of cockroaches ,  Blatella 
germanica a n d  Periplaneta australasiae. He f u r t h e r  
r epo r t ed  t h a t  n e i t h e r  t h e  leg n o r  t h e  f l igh t  musc les  of 
Periplaneta americana, Cybister con/usus, Ranatra elongata, 
A tractomorpha crenulata a n d  Cyrtacanthacris ranacea 
showed such  specil ized fibres. Th i s  c o m m u n i c a t i o n  


