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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. 
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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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b r y o n i c  cl l ick h e a r t  or l iver  t i s sue  were cu l t u r ed  in 
h a n g i n g  d rops  7 ( m i n i m u m  essen t ia l  m e d i u m  plus  10% 
horse  s e rum a n d  50 m c g / m l  gen tamic in )  a t  37~ in a 
w a t e r - s a t u r a t e d  a t m o s p h e r e  c o n t a i n i n g  5% CO s t o g e t h e r  
w i t h  a suspens ion  of beads .  15-20 d rop le t  cu l tu res  were 
m a i n t a i n e d  for each  c o m b i n a t i o n  of t i ssue  and  b e a d  type ,  
w i t h  one t i ssue  sphere  pe r  d rop le t  a n d  severa l  h u n d r e d  to  
severa l  mi l l ion beads  pe r  ml.  Tissue  masses  w i t h  a d h e r i n g  
beads  were f ixed a f t e r  severa l  h o u r s  a n d  a f t e r  severa l  
days ,  e m b e d d e d  a n d  sec t ioned  a t  10 mic rons  a n d  s ta ined .  
Af t e r  2 -6  h of cu l tu re  b e a d s  were conf ined  to t h e  sur-  
faces of t he  t i ssue  masses .  However ,  t i s sue  f ixed a f t e r  
3 -4  days  of cu l tu re  showed,  in a d d i t i o n  to m a n y  surface  
beads ,  a few i n d i v i d u a l  beads  w i t h i n  t he  in te r io r s  of t h e  
t issues.  I n  some cases s ingle beads  were found  m a n y  cell 
d i a m e t e r s  b e n e a t h  t he  t i ssue  surface  (figure). 
These  o b s e r v a t i o n s  are  i n t e r e s t i ng  for a t  leas t  2 reasons.  
F i rs t ,  t h e  i n t e r p r e t a t i o n  t h a t  i n d i v i d u a l  celIs are ' a c t i v e l y  
mot i l e '  w i t h i n  sol idly p a c k e d  cell masses  because  t h e y  are  
found  to ' m o v e '  f rom the  surface  to  t h e  in te r io r  is no t  t h e  
o n l y  poss ible  e x p l a n a t i o n .  I t  is obv ious  t h a t  beads  w h i c h  
m o v e  f rom surface  to  in t e r io r  pos i t ions  do n o t  do so b y  
ac t ive  locomot ion .  A l t h o u g h  these  resu l t s  do n o t  ru le  o u t  
t h e  poss ib i l i ty  of i n d i v i d u a l  cell m o v e m e n t ,  n e i t h e r  are 
t h e y  i n c o n s i s t e n t  w i t h  o t h e r  poss ibi l i t ies  (e.g., a c t i ve  

' e n g u l f m e n t '  of i n d i v i d u a l  n o n - m o t i l e  cells b y  solid t i ssue  
masses  or t h e  c o n t i n u a l  z ipp ing  t o g e t h e r  a n d  u n z i p p i n g  
of cell m e m b r a n e s  as weaker  cell-cell adhes ions  are pas-  
s ively  e x c h a n g e d  for  s t r onge r  ones).  
The  second reason  these  o b s e r v a t i o n s  are  of i n t e r e s t  is 
t h a t  t h e y  m a y  offer an  e x p e r i m e n t a l  s y s t e m  for  inves t i -  
ga t ing  p u t a t i v e  cell surface  moie t ies  i nvo lved  in cell 
adhes ion  a n d  cell m o v e m e n t .  I t  is possible  to  l ink  mole-  
cules, specific en zy mes  or a n t i b o d i e s  for ins tance ,  to  
c a r b o x y l a t e d  p o l y s t y r en e  beads  s imi la r  to  t h e  ones used  
here  s. Beads  could  be  p r e p a r e d  in c o n j u g a t i o n  w i t h  
var ious  p a r t i c u l a r  molecules  a n d  t h e  m o v e m e n t  or  non -  
m o v e m e n t  of i n d i v i d u a l  beads  w i t h i n  solid t i ssues  could 
be co r re la t ed  w i t h  t h e  p resence  or absence  of these  mole-  
cules. Hopeful ly ,  t h i s  m i g h t  aid in  our  u n d e r s t a n d i n g  of 
p o t e n t i a l l y  i n t e r e s t i n g  cell surface  molecules  wh ich  m a y  
be  imp l i ca t ed  in such  rea l  single cell m o v e m e n t s  in solid 
t i ssues  as p r i m o r d i a l  ge rm cell a n d  n e u r a l  c res t  cell 
m i g r a t i o n s  d u r i n g  v e r t e b r a t e  embryogenes i s ,  a n d  mal ig-  
n a n t  cell invas iveness .  
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Summary. The  pur i f ied  c h i t i n  f rom t h e  cut ic le  of a p e n t a s t o m i d  was e x a m i n e d  b y  X - r a y  me t h o d .  The  X - r a y  p h o t o g r a p h  
discloses t h a t  t he  c h i t i n  in  ques t ion  is of fl-type. Since t h e  a r t h r o p o d  cut ic le  con ta ins  a-chi t in ,  i t  is sugges ted  t h a t  
P e n t a s t o m i d a  m a y  be cons idered  a n  i n d e p e n d e n t  p h y l u m .  

The  P e n t a s t o m i d a  are an  a b e r r e n t  g roup  of pa ras i t e s  
whose  phy logene t i c  pos i t ion  is con t rovers ia l .  H e y m o n s  t 
a n d  K a e s t n e r  ~ obse rve  t h a t  t he  a p p e a r a n c e  of t he  coelo- 
mic  pouches ,  d i s t i nc t  I leuromeres  a n d  a p p e n d a g e  pr i -  
mord ia ,  t h e  l o n g i t u d i n a l  ana s tomos i s  be tween  la te ra l  
ne rves  to  t he  sense o rgans  a n d  t h e  pa r i e t a l  m u s c u l a t u r e  

are  t h e  a n n e l i d a n  c h a r a c t e r s  found  in  P e n t a s t o m i d a .  B u t  
Sh ip ley  4 a n d  S tore r  a n d  Us inger  5 no t e  t h a t  t h e  P e n t a s t o -  
m i d a  show aff ini t ies  to  a r t h r o p o d s  in h a v i n g  a ch i t i nous  
cuticle,  s t r i a t ed  muscles  a n d  a s e g m e n t a l l y  o rgan ized  
ne rve  cord. The  2 pa i rs  of legs in  P e n t a s t o m i d a  are  l ike 
those  of T a r d i g r a d a  a n d  O n y c h o p h o r a .  A t h i r d  v iew is 
he ld  b y  observers  l ike T r a i n e r  et  al. 6 w h o  f ind t h a t  t h e  
s t r u c t u r e  of t h e  b o d y  wal l  an d  t h e  cut ic le  in  P e n t a s t o m i d a  
are s imple r  t h a n  t h a t  of e i t he r  t h e  O n y c h o p h o r a  or 
T a r d i g r a d a  a n d  sugges t  g iv ing  t h e  g roup  t h e  s t a t u s  of a n  
i n d e p e n d e n t  p h y l u m .  
I t  m a y  be  specia l ly  n o t e d  in th i s  c o n t e x t  t h a t  t h e  pres-  
ence of ch i t i n  in t h e  cut ic le  has  long been  used as a 
s t rong  p o i n t  in  t h e  a r g u m e n t  for t h e  af f in i t ies  of t he  
p e n t a s t o m e s  to A r t h r o p o d a .  B u t  i t  is k n o w n  t h a t  Anne -  
l ida,  Coe len te ra ta ,  Mollusca a n d  B r a c h i o p o d a  also h a v e  
ch i t i n  in  t h e i r  cut icles  as h a v e  A r t h r o p o d a .  I n  t h e  fo rmer  
groups,  the  ch i t i n  is of/~-form, whi le  in t h e  l a t t e r  t h e  same  

X-ray photograph of purified chitin from the cuticle of Raillietiella 
gowrii, taken after drying the material in vacuo. 
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