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K o n t r o l l t i e r e n / i n d e r t e  s ich n ich t .  Der  Tes t  1 W o c h e  n a c h  
O p e r a t i o n  ergab,  dass  alle ope r i e r t en  Tiere  h y p o a k t i v  
waren .  Dieser  B e f u n d  wi rd  au f  die n o c h  unvol l s tAndige  
V e r h e i l u n g  de r  O p e r a t i o n s w u n d e  zur i ickgef i ihr t .  Die  E r -  
gebnisse  des Open-F ie ld -Tes t s  s ind u n a b h g n g i g  y o n  den  
T e s t t a g e n .  
N a c h  de r  b ie r  vo r l i egenden  U n t e r s u c h u n g  / inde r t  s ich 
bei  a d u l t e n  W i s t a r - R a t t e n  h a c k  P i n e a l e k t o m i e  n u r  das  
E r k u n d u n g s i n t e r e s s e  u r sp r i ing l i ch  h y p o a k t i v e r  Tiere.  
S o m i t  wi rd  h ie r  n u r  e ine de r  3 K o m p o n e n t e n ,  die die 
E m o t i v i t i i t  a u s m a c h e n ,  d u t c h  die P i n e a l e k t o m i e  bee in-  
f lusst .  Das  E r k u n d u n g s i n t e r e s s e  (motor i sche  Aktivit~tt)  
w i rd  e rh6h t .  )i_hnliche B e f u n d e  e r h o b e n  Reiss  8 u n d  S a m p -  
son  u n d  Bigelow 9 a n  in  de r  J u g e n d  p i n e a l e k t o m i e r t e n  
R a t t e n ,  wobe i  diese R a t t e n  n a c h  P i n e a l e k t o m i e  alle ein 
h6he res  E r k u n d u n g s i n t e r e s s e  ze ig ten  als sche inoper i e r t e  
u n d  Kont ro l l t i e re .  H ie rbe i  i s t  zu b e a c h t e n ,  dass  die Tes t -  
s i t u a t i o n  (Gr6sse u n d  K o n s t r u k t i o n  des Open-Fie ld ,  Be-  
l euch tung ,  Umfeld)  E in f luss  au f  das  Tes t e rgebn i s  h a b e n .  
A u s s e r d e m  reag ie r t  jede  R a t t e n - S p e c i e s  a n d e r s  au f  die 
Tes t s i t ua t i on .  I n t e r e s s a n t  i s t  in  d iesem Z u s a m m e n h a n g ,  
dass  V e r h a l t e n s f o r s c h e r  als U r s ache  fiir sp~teres  emo t ive s  
ode r  n i c h t - e m o t i v e s  V e r h a l t e n  feh lende  oder  s t a r k  aus-  
gepr~gte  s t imu l i e r ende  Einf l i isse  in  den  e r s t en  3 Lebens -  
w o c h e n  de r  R a t t e  s ehen  1~ Die Emot iv i t /~ t  der  1Ratte 
is t  i m  Open-F ie ld  n i c h t  m i t  a b s o l u t e r  S i che rhe i t  zu be-  
s t i m m e n ,  da  a u c h  G e w 6 h n u n g s e f f e k t e  eine grosse Rol le  
spielen 7, ~. B i o c h e m i s c h  h ~ n g t  die E m o t i v i t ~ t  de r  l~a t t e  
v o m  G e h a l t  des Geh i rns  an  Indo l -  u n d  C a t e c h o l a m i n e n  
a b  x3-xs. V o m  I n d o l a m i n  Sero ton in ,  das  in  den  P inea l -  
zel len eine sehr  h o h e  K o n z e n t r a t i o n  be s i t z t  x~,xT, i s t  be-  
k a n n t ,  dass  es f iber  das  Z e n t r a l n e r v e n s y s t e m  die mo to -  
r i sche  Akt ivi tS. t  de r  R a t t e  bee in f lus s t  u n d  e inen  sedieren-  
den  E f f e k t  au s i i b t  3,18. Das  e r h 6 h t e  E r k u n d u n g s i n t e r e s s e  
p i n e a l e k t o m i e r t e r  h y p o a k t i v e r  R a t t e n  I/isst s ich d u r c h  
den  v e r m i n d e r t e n  S e r o t o n i n g e h a l t  des Geh i rns  u n d  den  
Wegfa l l  de r  s ed i e r enden  W i r k u n g  erkl~tren. Das  n a c h  
P i n e a l e k t o m i e  n n v e r ~ n d e r t e  E r k u n d u n g s i n t e r e s s e  h y p e r -  

a k t i v e r  R a t t e n  k 6 n n t e  a n  e inem vo r  de r  O p e r a t i o n  
n ied r ige ren  S e r o t o n i n g e h a l t  in  den  E p i p k y s e n  dieser  
Tiere  liegen. Diese Vermutung~  wird  ges t i i t z t  d u r c h  die 
B e o b a c h t u n g  y o n  Reiss  a, de r  bei  m o t o r i s c h  sehr  a k t i v e n  
R a t t e n  eine n iedr igere  P inea lze l ld ich te  l and ,  was  a n  e inen  
n ied r ige ren  S e r o t o n i n g e h a l t  in  de r  E p i p h y s e  d e n k e n  l~sst. 
D a  sicll die H~uf igke i t  y o n  U r i n i e r e n  u n d  Def/~kation 
n a c h  P i n e a l e k t o m i e  n i c h t  gnde r t ,  da r f  v e r m u t e t  werden ,  
dass  diese K o m p o n e n t e n  de r  Emot iv i tX t ,  z u m i n d e s t  bei  
de r  W i s t a r - R a t t e ,  n i c h t  y o n  der  E p i p h y s e  ge s t eue r t  wer-  
den.  U m  n / iheren  Aufsch luss  f iber  die TAt igkei t  de r  
C a t e c h o l a m i n e  im K o m p l e x  , E m o t i v i t ~ t ~  bei  de r  psycho-  
gene t i sch  n i c h t  s e l ek t i e r t en  R a t t e  zu e rha l t en ,  w~tre es 
i n t e r e s san t ,  die K o n z e n t r a t i o n  i m  G e h i r n  v o r  u n d  n a c h  
P i n e a l e k t o m i e  zu b e s t i m m e n .  N a c h  d e m  je tz igen  S t a n d  
de r  K e n n t n i s  s che in t  die E p i p h y s e  n u r  eine Te i lkompo-  
n e n t e  de r  E m o t i v i t ~ t ,  n~Lmlich die L o k o m o t i o n s a k t i v i t / i t  
zu beeinf lussen .  
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Summary. Nuc lea r  m a g n e t i c  r e l a x a t i o n  m e a s u r e m e n t s  of t h e  ions N a  +, R b  + and  Cs + in a H a l o b a c t e r i u m  sp. are de- 
scr ibed.  The  resu l t s  s u p p o r t  a t heo re t i ca l  mode l  which  invo lves  t h e  b i n d i n g  of in t r ace l lu la r  a lkal i  ions. 

M e m b e r s  of t h e  genus  H a l o b a c t e r i u m  grow in m e d i a  of 
h i g h  sa l in i ty ,  t yp i ca l l y  3.5 M NaC1. T h e y  h a v e  a v e r y  
h i g h  in t r ace l lu l a r  ion c o n t e n t  of a b o u t  4 M K + a n d  
1.5 M N a  +. E v e n  in a v i r t u a l l y  n o n - m e t a b o l i z i n g  s t a t e  t he  
b a c t e r i a  possess a r e m a r k a b l e  ab i l i t y  to  r e t a i n  po t a s s ium,  
i n d i c a t i v e  of some k i n d  of specific b i n d i n g  of K + ions 4-~. 
I t  h a s  been  p o s t u l a t e d  t h a t  t h e  K + specif ic i ty  m a y  p a r t l y  
r e su l t  f rom p re fe r en t i a l  h y d r a t i o n  of K + over  N a  + in 
w a t e r  of r e s t r i c t ed  m o b i l i t y  7,s. Nuc lea r  m a g n e t i c  reso- 
n a n c e  (NMR) can  give i n f o r m a t i o n  on  t he  d y n a m i c s  of 
t h e  ions. W e  here  p r e s e n t  pu l sed  N M R  re l axa t ion  mea-  
s u r e m e n t s  9 of t h e  ions N a  +, R b  + and  Cs +. R b  + and  Cs + 
are  used  as  p robes  for  t h e  K+ ions because  t h e y  can  be  
o b s e r v e d  m u c h  more  eas i ly  w i t h  N M R  t h a n  K +. The  
m e a s u r e m e n t s  i nd i ca t e  t h a t  t h e  f l u c t u a t i n g  molecu la r  
e n v i r o n m e n t  of t he  ions compr ises  m o t i o n s  wh ich  occur  
a t  a r a t e  s lower t h a n  100 sec -1. Th i s  ho lds  in p a r t i c u l a r  

for  t he  in t r ace l lu l a r  ions, wh ich  s u b s t a n t i a t e s  some k i n d  
of b i n d i n g  of these  ions. 
Material and methods. A H a l o b a c t e r i u m  sp. f r om the  
Dead  Sea was  s tud ied .  The  g r o w t h  cond i t ions  and  t h e  
m e t h o d  of ionic ana lys i s  are descr ibed  e lsewhere  ~~ The  
b a c t e r i a  were c o n c e n t r a t e d  b y  c e n t r i f u g a t i o n  in to  pel le ts  
of a b o u t  1 g. The  ex t r ace l lu l a r  space accoun t s  for  a b o u t  
60% of t h e  t o t a l  pe l le t  vo lume.  A smal l  a m o u n t  of RbC1 
or CsC1 was a d d e d  to  t he  g r o w t h  m e d i u m  of some samples ;  
a t  l eas t  ha l f  of t he  in t r ace l lu l a r  K + was  t h e r e b y  rep laced  
b y  R b  + or  Cs +. The  t r a n s v e r s e  nuc l ea r  m a g n e t i c  re laxa-  
t ion  r a t e  R29 was m e a s u r e d  a t  r oom t e m p e r a t u r e  w i t h  a 
h o m e - m a d e  pu lsed  N M R  s p e c t r o m e t e r  s y s t e m  H a t  a 
N M R  f r e q u e n c y  o~0/2~ of 14 MHz.  F o r  ~SNa a n d  13~Cs t h e  
c u s t o m a r y  Car r -Puree l l -Meiboom-Gi l t  pulse  sequence  8,1~ 
was used,  whereas  1R 2 of *:Rb was d e t e r m i n e d  f rom t h e  
r a p i d l y  decay ing  s ignal  a f t e r  a single pulse.  The  obse rved  
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N M R  r e l a x a t i o n  d e c a y  w a s  a n a l y z e d  b y  m e a n s  o f  a l e a s t -  
s q u a r e s  f i t  b y  c o m p u t e r  s a s i ng l e -  o r  d o u b l e - e x p o n e n t i a l  
f u n c t i o n .  T h e  o b s e r v e d  s i g n a l  i n t e n s i t y  w a s  d e t e r m i n e d  
f r o m  a c o m p a r i s o n  w i t h  t h e  N M R  s i g n a l  i n t e n s i t y  o f  s a l t  
s o l u t i o n s  w i t h  a k n o w n  i on  c o n t e n t .  F u r t h e r  d e t a i l s  o n  
t h e  m e a s u r i n g  p r o c e d u r e s  a r e  g i v e n  e l s e w h e r e  n ,  13. 
Results and discussion. T h e  t h e o r e t i c a l  b a c k g r o u n d  for  
t h e  N M R  r e l a x a t i o n  of  i o n s  in  cel ls  h a s  b e e n  g i v e n  for  
n u c l e i  w i t h  s p i n  ~/2, s u c h  as  ~3Na a n d  87Rb 13-16. T h e  
r e l a x a t i o n  p r o c e e d s  v i a  t h e  n u c l e a r  q u a d r u p 0 1 a r  i n t e r -  
a c t i o n .  T h e  r e l a x a t i o n  r a t e  is  d e t e r m i n e d  b y  f l u c t u a t i o n s  
in  t h e  m o l e c u l a r  e n v i r o n m e n t  of  t h e  ions ,  e .g.  a s  a r e s u l t  
of  t e m p o r a r y  c h e l a t i o n  of  i o n s  b y  m a c r o m o l e c u l e s .  A 
s i ng l e  poo l  o f  i ons  wil l  s h o w  2 c o m p o n e n t s  in  i t s  t r a n s v e r s e  
N M R  r e l a x a t i o n  if s l o w  f l u c t u a t i o n s ,  a t  a r a t e  ze -1 < o~ 0, 
o c c u r  in  t h e  ion ic  e n v i r o n m e n t .  ~00 ___ 10 s s -x i n  o u r  e x -  
p e r i m e n t s .  4 0 %  of  t h e  s i g n a l  t h e n  r e l a x e s  w i t h  a s l o w e r  
r e l a x a t i o n  r a t e  R~s;  t h e  r e m a i n i n g  6 0 %  r e l a x e s  f a s t e r  
w i t h  a r a t e  R2f a n d  m a y  be  d i f f i c u l t  to  d e t e c t  e x p e r i m e n -  
t a l l y .  S u c h  s l o w  f l u c t u a t i o n s  c a n  r e s u l t  e i t h e r  f r o m  t h e  
d i f f u s i o n  of  i o n s  in  a n i s o t r o p i c  d o m a i n s  o f  a d i m e n s i o n  o f  
100 A o r  l a r g e r  ~8,16, o r  f r o m  t h e  b i n d i n g  of  a n  i on  in  a 
spec i f i c  s i t e  for  a t i m e  ~e ~< o)o -H5,1~. 138Cs h a s  a n u c l e a r  
s p i n  of  7/2, a n d  t h e  r e l a x a t i o n  t h e o r y  is m o r e  c o m p l e x  17, ~s 
I n  t h i s  c a s e  t h e  s l o w e s t  r e l a x i n g  f r a c t i o n  c o m p r i s e s  1 9 %  
of  t h e  t o t a l  s i g n a l  i n t e n s i t y .  T h e  r e m a i n i n g  s i gns1  c o m -  
p r i s e s  t h r e e  c o m p o n e n t s  w h i c h  r e l a x  m u c h  f a s t e r .  
T h e  r e s u l t s  o f  o u r  m e a s u r e m e n t s  a r e  s u m m a r i z e d  in  t h e  
t ab l e .  W i t h i n  e x p e r i m e n t a l  e r r o r  a l l  t h e  s o d i u m  i o n s  
c o n t r i b u t e  t o  t h e  N M R - v i s i b l e  s i gna l .  2 f r a c t i o n s  a r e  
c l e a r l y  r e s o l v e d  in  t h e  N M R  r e l a x a t i o n ,  t h e  r e l a t i v e  
i n t e n s i t i e s  o f  w h i c h  c o r r e s p o n d  n i c e l y  t o  t h e  e x p e c t e d  
4 : 6  r a t i o .  T h e  s o d i u m  s i g n a l  s t e m s  m a i n l y  f r o m  e x t r a -  
c e l l u l a r  i o n s  : a t  l e a s t  8 0 %  of  t h e  s o d i u m  in  t h e  s a m p l e  is 
l o c a t e d  in  t h e  i n t e r c e l l u l a r  s p a c e ,  w h e r e  t h e  N a +  c o n c e n -  
t r a t i o n  is m u c h  h i g h e r  t h a n  in  t h e  cel ls  5. R~s a n d  1R2f 
n e i t h e r  a r e  v e r y  d i f f e r e n t  f r o m  e a c h  o t h e r ,  n o r  a r e  t h e y  
v e r y  m u c h  e n h a n c e d  r e l a t i v e  to  t h e  r e l a x a t i o n  r a t e  in  a 
s a l t  s o l u t i o n .  T h i s  i n d i c a t e s  t h a t  t h e  a v e r a g e  e n v i r o n m e n t  
o f  a n  e x t r a c e l l u l a r  s o d i u m  i on  d o e s  n o t  d i f f e r  d r a s t i c a l l y  
f r o m  t h a t  in  a s a l t  s o l u t i o n ,  b u t  t h a t  s o m e  s l o w e r  f l u c t u a -  
t i o n s  a r e  p r e s e n t .  I n t e r a c t i o n s  o f  t h e  s o d i u m  i o n s  w i t h  
t h e  cell  s u r f a c e  c o u l d  be  r e s p o n s i b l e  fo r  t h e  o b s e r v e d  
r e l a x a t i o n  b e h a v i o r .  

R b  + a n d  Cs + r e p l a c e  K + a n d  a r e  c o n s e q u e n t l y  e x p e c t e d  
t o  b e  l o c a t e d  w i t h i n  t h e  cel ls .  T h i s  is  s u p p o r t e d  b y  t h e  
f a c t  t h a t  n o  N ~ R - s i g n a I  o f  R b  + o r  Cs+ w a s  d e t e c t e d  in  
t h e  g r o w t h  m e d i u m .  F o r  c e s i u m  o n l y  a f r a c t i o n  o f  t h e  
e x p e c t e d  s i g n a l  i n t e n s i t y  is r e s o l v e d ,  w h i c h  c o r r e s p o n d s  
r o u g h l y  w i t h  t h e  1 9 %  i n t e n s i t y  e x p e c t e d  for  t h e  s l o w e s t  
r e l a x i n g  f r a c t i o n .  A b a d  s i g n a l - t o - n o i s e  r a t i o  h a m p e r e d  
a n  e s t i m a t e  o f  t h e  o b s e r v e d  i n t e n s i t y  o f  t h e  r u b i d i u m  
s igna l .  S ince  we  o b s e r v e  o n l y  1 r e l a x a t i o n  r a t e  for  r u b i d -  
i u m  w h e r e  2 a r e  e x p e c t e d  t h e o r e t i c a l l y ,  we  i d e n t i f y  t h e  
o b s e r v e d  s i g n a l  w i t h  t h e  s l o w e r  r e l a x i n g  f r a c t i o n .  T h e  
o b s e r v e d  r e l a x a t i o n  r a t e s  of  R b +  a n d  Cs§ a r e  m u c h  f a s t e r  
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Transverse nuclear magnetic relaxation rates R e of alkali ions in a Halobaeterium sp. 

Ionic nucleus studied ~3N a s7 Rb 13aCs 

Number of samples studied 

Number  of resolved signal fractions 

Total NMR-visible signal intensity 

Relaxation rate(s) R2s of the slower relaxing signal fraction, 
and the intensity relative to the total NMR-visible signal intensity 

Relaxation rate R2f of the faster relaxing signal fraction 

Relaxation rate R 2 in a salt solution 

7* 2 

2 1 

8 0 ~ 2 0 %  40%*** 

81 • 19 see -1 8700 ~ 1000 sec -1 
(40 ~ 10%) 

, 240 ~ 23 sec -1 > 20,000 sec -1 .** 
(60 =E 10%) 

18.4 -4- 0.4 sec -1 400 ~= 30 sec -1 

2** 

2 

15 • 5% 

15 • 2 sec -1 
(45 • 15%) and 
35 -4- 5 see -1 
(55-4- 15%) 

> 20,000 see -~*** 

0.21 =L 0.02 sec -1 

All measurements  were performed at room temperature;  NMR frequency 14 MHz. The relaxation rates R 2 are the inverse of the NMR 
relaxation times T 2. *The sodium relaxation results were the same, irrespective whether K +, Rb + or Cs + was accumulated in the cells, or 
whether the NaC1 concentration in the growth medium was 1.7 or 3.5 M. **A third cesium-containing sample was grown in a medium 
containing 1.7 M NaCI instead of 3.5 M. Despite the presence of a large amount  of Cs + in this sample, a cesium NMR signal could not be 
detected. ***These values have not been measured directly; see text. 
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t h a n  in a sa l t  so lu t ion,  a n d  t he  e n h a n c e m e n t  of t h e  
r e l a x a t i o n  ra t e s  is m u c h  la rger  t h a n  t h a t  for t he  ex t ra -  
cel lular  sod ium ions. The  N M R - i n v i s i b l e  f r ac t ion  of t h e  
ces ium and  the  r u b i d i u m  s ignal  m u s t  h a v e  a r e l a x a t i o n  
r a t e  l~2f la rger  t h a n  20,000 sec -1, wh ich  is t he  d e t e c t i o n  
l imi t  of our  spec t rome te r .  The  r e l a x a t i o n  decay  of 39t(+ 
ions  in  a n o t h e r  H a l o b a c t e r i u m  sp. h a s  been  observed1% 
I n  t h a t  case a cons iderab le  e n h a n c e m e n t  of t he  r e l a x a t i o n  
r a t e  seems to exis t  as well. The  large e n h a n c e m e n t  of 
1R2s a n d  a large R~r b o t h  ind ica te  t h a t  slow f l uc tua t i o n s  
in  t h e  molecu la r  e n v i r o n m e n t  of t he  i n t r ace l lu l a r  ions, a t  
r a t e s  s lower t h a n  a b o u t  108 sec -1, c o n t r i b u t e  s u b s t a n t i a l l y  
to  t he  t r a n s v e r s e  N M R  re laxa t ion .  
W e  can  c o n t r a s t  t h i s  w i t h  t h e  r a t e  of f l u c t u a t i o n  of t h e  
h y d r a t i o n  sphere  of a n  a lkal i  ion in solut ion,  wh ich  is of 
t he  order  of 1011 sec -1~~ Slow changes  in  t he  env i ron -  

meri t  of t h e  i n t r ace l lu l a r  ions are expec ted  if t h e  ions are  
b o u n d .  The  N M R  resu l t s  the re fore  s u b s t a n t i a t e  t h a t  t h e  
in t r ace l lu l a r  ions  K +, R b  + an d  Cs + are s o m e h o w  b o u n d  
in H a l o b a c t e r i u m .  
T h e  m e a n i n g  of t h e  2 resolved  f r ac t i ons  in t h e  r e l a x a t i o n  
of t h e  ces ium s ignal  is n o t  clear.  One  m i g h t  specula te  t h a t  
t h e y  ref lec t  2 d i f fe ren t  t y p e s  of i n t r ace l lu l a r  env i ron -  
m e n t ,  each  c h a r a c t e r i z e d  b y  d i f fe ren t  va lues  of t h e i r  
r e l a x a t i o n  r a t e  R2s. Th i s  poss ib i l i ty  is n o t  en t i r e ly  hypo-  
the t ica l ,  as o t h e r  e x p e r i m e n t s  on  i n t r ace l l u l a r  K + p o i n t  
to  2 d i f f e ren t  t ypes  of ionic e n v i r o n m e n t s  for t h e  in t r a -  
cel lular  ions 8. 

19 F.W. Cope and R. Damadian, Nature (London) 222, 76 (1970). 
20 L. Endom, H. G. Hertz, B. Thiil and M. D. Zeidler, Bet. Bunsen- 

ges. physik. Chem. 71, 1008 (1967). 

Contact inhibit ion and the movement  of metal,  glass and plastic beads within solid t issues 

L. L. W i s e m a n  
Department of Biology, The College o~ William and Mary, Williamsburg (Virginia 23185, USA), 6 December 1976 

Summary. Cell-size spheres  of meta l ,  glass a n d  p las t i c  c an  m o v e  f r o m  sur face  to  subsu r face  pos i t ions  w i t h i n  solid t i ssue  
masses  in  cul ture ,  d e m o n s t r a t i n g  t h a t  t he  obse rved  m o v e m e n t  of cells in  s imi la r  c i r c u m s t a n c e s  m a y  n o t  be due  to  
' a c t i ve  cell l ocomot ion ' .  

I f  ' c o n t a c t  i n h i b i t i o n  of cell m o v e m e n t '  s tops  cell locomo- 
t i o n  in t h e  d i r ec t ion  of c o n t a c t  w i t h  a n o t h e r  cell, t h e n  
ceils in c o n t a c t  on  all  sides w i t h  o t h e r  cells m i g h t  be  
e x p e c t e d  to show l i t t l e  or  no  m o v e m e n t  I, 2. E v i d e n c e  for 
j u s t  such  a n  e x p e c t a t i o n  has  b e e n  r e p o r t e d  3,~. A smal l  
piece of e m b r y o n i c  ch ick  t i ssue  was a l lowed to  fuse in 
cu l tu re  w i t h  a n o t h e r  b i t  of e m b r y o n i c  t i ssue  p rev ious ly  

labe led  w i t h  t r i t i a t e d  t h y m i d i n e .  A u t o r a d i o g r a p h i c  in- 
spec t ion  of h is to logica l  sec t ions  p r e p a r e d  a f t e r  severa l  
days  of cu l tu re  r evea led  essen t i a l ly  no  m o v e m e n t  of 
labeled  ceils across  t h e  b o u n d a r y  b e t w e e n  t h e  l abe led  a n d  
t h e  u n l a b e l e d  t issues.  
A p p a r e n t l y  c o n t r a d i c t o r y  resu l t s  h a v e  b e e n  r epo r t ed  
w i t h  a s l igh t ly  d i f f e ren t  e x p e r i m e n t a l  p rocedure  4,~. I n  
t h i s  e x p e r i m e n t  single, l abe led  ceils were seeded on to  t he  
sur faces  of u n l a b e l e d  t i ssue  masses  in  cu l tu re  a n d  t h e  
s u b s e q u e n t  m o v e m e n t  of labe led  cells was  m o n i t o r e d  b y  

- au to rad iog raphy .  Af te r  2-3  d a y s  of cu l t u r e  a s u b s t a n t i a l  
n u m b e r  of single, l abe led  ceils were found  w i t h i n  t h e  
in te r io r s  of t i s sue  masses .  Cont ro l  e x p e r i m e n t s  d e m o n -  
s t r a t e d  t h a t  t h e  obse rved  cel lular  d i s p l a c e m e n t  was  due  
n e i t h e r  to  t h e  p resence  of holes  or f issures  in  t h e  t i ssue  
masses  t h r o u g h  w h i c h  single cells pas s ive ly  c i rcu la ted ,  
n o r  to  t h e  p r e - t r e a t m e n t  of i so la ted  ceils w i t h  p ro t eo ly t i c  
enzymes .  T h e  s ame  t issues  were  used in  these  seeding 
e x p e r i m e n t s  as were  used in t h e  ear l ier  fus ion exper i -  
m e n t s .  
E v i d e n c e  is r e p o r t e d  in th i s  c o m m u n i c a t i o n  w h i c h  indi-  
ca tes  c lear ly  t h a t  t h e  d i s p l a c e m e n t  of single cells f rom the  
surface  to  t h e  i n t e r io r  of a t i s sue  mass  is n o t  a lone  suf- 
f ic ien t  ev idence  to  conc lude  t h a t  ceils ' a c t i ve ly  move '  ~ in 
such  cases. I r e p e a t e d  t h e  seeding e x p e r i m e n t s  subs t i -  
t u t i n g  b e a d s  of meta l ,  glass a n d  p las t i c  for labe led  cells. 
T h e  b e a d s  (Duke Scient i f ic  CorpOrat ion,  Pa lo  Alto,  
California)  were spher ica l  a n d  of a p p r o x i m a t e l y  cell size: 
po lys ty rene ,  9.8 m i c r o n  ave rage  d i a m e t e r ;  a l u m i n u m ,  
7-15  m i c r o n s ;  glass, 10-15 m i c r o n s ;  a n d  s ta in less  steel,  
8-18 microns .  Smo o t h ,  r o u n d  f r a g m e n t s  of 5 d a y  em- 

Section through a fragment of heart tissue. Arrow indicates a stain- 
less steel sphere which was seeded onto the surface of the fragment 
and has moved to the interior during 3 days of culture ( • 250). 
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