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gemessen  a m  Dos i s m od i f i ka t i ons f ak t o r  n i c h t  wesen t l i ch  
verschieden .  Der  D M F  w u r d e  e r m i t t e l t  aus  d e m  Verh~.l tnis  
de r  I n a k t i v i e r u n g s r a t e  n a c h  600 rd  u n d  2 h N a c h i n k u b a -  
t i on  bei  17 ~ gegeni iber  der  fiir die gleiche SchXdigungsra te  
b e n 6 t i g t e n  Dosis  bei  37 ~ Der  D M F  b e t r u g  bei  Se 1 1,3, bei  
N M H  3 1,6. Der  Sensibil i t~Ltsunterschied zwischen Se 1 
u n d  N M H  3 b l e i b t  a u c h  u n t e r  ]3eeinflussung yon  E r h o -  
l u n g s p h g n o m e n e n  d u t c h  die n iedere  N a c h b e s t r a h l u n g s -  
t e m p e r a t u r  e r h a l t e n  (prozen tua le  I n a k t i v i e r u n g s r a t e  
n a c h  600 rd  bei  N M H  8 r u n d  doppe l t  so h o c h  wie bei  de r  
Linie  Sel). K a r y o t y p u n t e r s u c h u n g e n  e r gaben  fiir N M H  8 
eine gegeni iber  Se~ e r h 6 h t e  K a r y o t y p u n s t a b i l i t i i t ;  es 
erfolgt  e ine <~shift~> de r  C h r o m o s o m e n z a h l  yon  22 zu 
hype rd ip lo id  23. W / i h r e n d  bei  Se 1 52% der  Zel len 22 
C h r o m o s o m e n  bes i tzen ,  s ind es bei  N M H  3 bloss  10,9%, 
m i t  23 C h r o m o s o m e n  dagegen  51%. 

Diskussion. Da sich d u r c h  Selekt ion al lein ke ine  s tab i le  
Res i s tenz  einstel l t ,  wohl  abe r  d u r c h  M u t a t i o n s - I n d u k t i o n  
u n d  Selekt ion,  is t  es unwahrsche in l i ch ,  dass  in  der  Ur-  
s p r u n g s p o p u l a t i o n  bere i t s  die r e s i s t en te ren  Zellen vor-  
h a n d e n  waren ,  sonde r n  v e r m u t l i c h  w u r d e n  d u r c h  die 
A p p l i k a t i o n  des M u t a g e n s  s t r ah l en re s i s t en t e re  M u t a n t e n  
erzeugt  u n d  d u r c h  Se lek t ion  eine r e s i s t en te re  Lin ie  
herausgez i ich te t .  U n s e r  E r g e b n i s  s t e h t  in l~bere ins t im-  
m u n g  m i t  U n t e r s u c h u n g e n  yon  COURTENAy4: Res i s t enz  
k a n n  a u c h  d a n n  vorl iegen,  w e n n  Do n i c h t  e r h 6 h t  ist. Dabe i  
wi rd  der  Sens ib i l i t~ i t sunterschied  n u r  a m  Dq-Wer t  sowie 
in unse r em Fal l  d e m  D M F  ers ich t l i ch ;  der  D M F  s te l l t  
z u s a m m e n  m i t  de r  LD~0 das  zuverl / iss igste  K r i t e r i u m  fiir 
ve rg le ichende  Sens ib i l i t~ i t sbes t immungen  dar.  Die y o n  uns  
ge fundene  Res i s t enz  b l e ib t  auf  konven t ione l l e  1R6ntgen- 
s t r a h l e n  beschr / ink t .  U n t e r s u c h u n g e n  im Z u s a m m e n h a n g  
m i t  der  B e s t i m n i u n g  der  r e l a t i v e n  biologisct len W i r k s a m -  
ke i t  yon  B e t a t r o n s t r a h l e n  e r gaben  ke ine  s ign i f ikan te  
Res i s tenz  v o n  N M H  3 fiir 31-MeV B e t a t r o n - P h o t o n e n  u n d  
E l e k t r o n e n  gegeni iber  Sex 14,1~. In  Analogie  zu A r b e i t e n  
von  SHAEFFER u n d  MERZ 5 sowie LITTLE e t  al.S s che in t  

a u c h  in unse re r  Zel l-Linie die v e r m e h r t e  Res i s tenz  n i c h t  
e i n h e r z u g e h e n  m i t  erh/3hten <, l a n g s a m e n ~  t~epairphAno- 
menen ,  die m i t  den  b e s c h r i e b e n e n  M e t h o d e n  er fass t  
we rden  k o n n t e n .  M6gl ich ware  es jedoch,  dass  ande re  
M e t h o d e n  zu a n d e r e n  Schl i issen f i ih ren  wi i rden  4,3,9. 
D e n k b a r  wXre eine h e r a b g e s e t z t e  S t r a h l e n e m p f i n d l i c h k e i t  
des  R e p a i r s y s t e m s ;  in  der  r e s i s t en t en  Linie,  die sich un-  
m i t t e l b a r  n a c h  der  ]3es t rah lung  oder  - e n t s p r e c h e n d  
unse r en  n e g a t i v e n  R e s u l t a t e n  ffir das  2 h - <~ Recovery*  - 
Verh~ l tn i s  - m e h r  als 4 h n a c h  ]3es t rah lung  b e m e r k b a r  
m a c h t  1~. Die F rage  b l e i b t  often, ob  in der  r e s i s t en t en  
Lin ie  der  h o h e  Ante i l  hype rd ip lo ide r  Zel len m i t  Chromo-  
somenzah l  23 in i rgende ine r  Bez i ehung  zur  Res i s tenz  s t e h t  
u n d  ob  vo rwiegend  Tr i s0mie  ffir ein b e s t i m m t e s  Chromo-  
sore vor l i eg t  (siehe auch  BHASKAVAN u n d  DITTRICH16). 
Es dt i r f te  i n t e r e s s a n t  sein d u r c h  K lon ie rung  und  Zuhilfe-  
n a h m e  der  C h r o m o s o m e n b X n d e r u n g s - T e c h n i k e n  diesen 
F r a g e n  wei te r  nachzugehen .  

Summary.  M u t a t i o n s - i n d u c t i o n  fol lowed b y  select ion is 
a su i t ab le  m e t h o d  for deve lop ing  a cell l ine w i t h  res i s t ance  
to  low doses of X-rays .  In  c o m p a r i s o n  w i t h  t he  or iginal  cell 
l ine,  t he  der ived  r e s i s t a n t  l ine  is cha rac te r i zed  b y  an  
e n h a n c e d  v a r i a b i l i t y  of t h e  c h r o m o s o m e  number ,  a n d  no  
h ighe r  level  of cel lular  repair ,  l imi ted  to  t he  two repa i r  
t y p e s  descr ibed.  
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Loca l i za t ion  of A T P a s e  in the Choroid  and Ret ina  of 

The  u l t r a s t r u c t u r a l  loca l iza t ion  of p h o s p h a t a s e  in  
adu l t  r e t i nas  has  been  r epo r t ed  b y  a n u m b e r  of a u t h o r s  1-~ 
a n d  A T P a s e  in p a r t i c u l a r  has  been  associa ted  w i t h  
pho to r ecep t i ve  processes  ~. A l t h o u g h  m a x i m u m  concen t r a -  
t ions  of acid a n d  a lka l ine  p h o s p h a t a s e s  h a v e  been  ob-  
served  in d i f f e r en t i a t i ng  o rgans  s, 9, t he  p a t t e r n  of A T P a s e  
in e m b r y o n i c  r e t i n a  r e m a i n s  u n k n o w n .  T he  a i m  of t h e  
p r e sen t  s t u d y  is the re fo re  to  d e t e r m i n e  t he  d i s t r i b u t i o n  of 
A T P a s e  in t he  ch ick  r e t i n a  a t  a p p r o x i m a t e l y  t he  t i m e  
w h e n  t he  f i rs t  a d u l t  fo rm of E R G  f i rs t  appears ,  i.e. s t age  
4510-12, a n d  to  c o m p a r e  th i s  d i s t r i b u t i o n  w i t h  t h a t  of t he  
h a t c h i n g  chicken.  

Materials and methods. Fer t i l e  wh i t e  l eghorn  eggs were  
i n c u b a t e d  a t  s t a n d a r d  cond i t ions  and  s taged  accord ing  to  
HAMBURGER a n d  HAMILTON 18. The  pos te r io r  ha lves  of 
s tages  45 and  h a t c h i n g  ch ick  e m b r y o n i c  eyes  were 
dissecs o u t  a n d  f ixed in  cold n e u t r a l  buf fe red  5% 
formal in ,  a n d  t h e n  smal l  pieces were i n c u b a t e d  in b u l k  
in t he  Wachs te in -Meise l  m e d i u m  14 for 60 ra in  a t  37 ~ a n d  
a f t e rwards  r eac t ed  w i t h  (NH,)2S. T he  t issues were t h e n  
pos t f ixed  in 1% OsO4 a n d  s u b s e q u e n t l y  d e h y d r a t e d ,  
c leared a n d  e m b e d d e d  in Epon .  3 cont ro ls  were u t i l i zed  
1. t he  WACHST~IN-MEISEL 14 m e d i u m  m i n u s  lead, 2. 
m e d i u m  m i n u s  A T P  and  3. m e d i u m  m i n u s  m a g n e s i u m .  

Results. I n  t he  choro id  of b o t h  s tage 45 ( a p p r o x i m a t e l y  
19-20 days  of i ncuba t i on )  and  s tage  h a t c h i n g  (appro-  

the D e v e l o p i n g  Chick  

x i m a t e l y  21 days  of i ncuba t ion ) ,  t h e  A T P a s e  pos i t ive  
s i tes  are  loca ted  a t  t he  po la r  ends  of t he  endo the l i a l  cells 
of t he  chor iocapi l la r i s  (Figures  1 a n d  2) and  e x h i b i t  a 
zigzag p a t t e r n .  

B r u c h ' s  m e m b r a n e  is a n  i m p o r t a n t  cel lular  b a r r i e r / o r  
n u t r i e n t  a n d  m e t a b o l i t e  t r a n s p o r t  XS, is i t  separa tes  t he  
r e t i n a  p r o p e r  f rom the  chor iocapi l lar is .  A t  s tage 45, 
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The basal  por t ion  of the  p igmen t  ep i the l ium cell, 
t e rming  the  basal  infolding layer,  is composed  of invagina-  
t ions  and  p inocy to t ic  vesicles. At  s tage 45, no ATPase  
ac t iv i ty  is located in th is  layer  (Figure 3) or any  o ther  
pa r t  of the  cell. At  s tage ha tch ing ,  dense  accumula t ions  
ini t ia l ly  appear  in the  p inocy to t ic  vesicles of the  basal  
infolding layer  (Figure 4). Pos i t ive  si tes are also p resen t  
d i s t inc t  posi t ive  sites were no t  observed (Figure 3). At  
s tage ha tching ,  def ini t ive  n o n - m e m b r a n e  bound  granular  
aggregates  of ATPase  are p resen t  and  a large n u m b e r  of 
t h e m  are close to the  choriocapil lar is  (Figure 4). 

in the  nucleoplasm,  cy top la sm and  even a round  the  
p i g men t  granules  of the  p i g men t  cell (Figures 4 and 5). 

The pho to recep to r s  consis t  of outer  segments  which  
are s tacks of m e m b r a n e s  and  the  more  cellular inner  
segments  which  conta in  mi tochondr ia ,  glycogen bodies 
and  oil drople ts  (in cones) iT At  s tage 45, small  and  in- 
conspicuous  granular  deposi ts  begin to appea r  as ATPase  
si tes on the  m e m b r a n e  s tacks of the  outer  segments  
(Figure 6) and  these sites increase in n u m b e r  a t  ha t ch ing  

iv V. B. MORRIS and C. D. SHOREY, J. comp. Neurol. 129, 313 (1967). 

Figs. 1-5.1. Positive site of ATPasE 
activity (arrow) in the chorio- 
eapillaris of a stage 45 chick eye. 
Note the zigzag pattern of reaction 
sites. Unstained section, • 13,500. 
2. Positive site of ATPase activity 
(arrow) in the ehorioeapillaris of a 
newly hatched chick eye. Un- 
stained section, • 13,500. 3. 
]3ruch's membrane (BR) and pig- 
ment epithelium (PE) in a stage 45 
chick eye. Note negative ATPase 
localization in the Bruch's Ineln- 
brane and pinocytotic vesicle 
(arrow) of the pigment Epithelium. 
Unstained section, • 4. 
Bruch's membrane (BR) and pig- 
ment epithelium in a newly hatched 
chick eye. Note positive ATPase 
sites (arrows) in the Bruch's 
membrane (BR} and within the 
pinoeytotic vesicies (PI) of the 
basal infolding layer in the pig- 
ment epithelium. Also note other 
positive ATPase sites (S) in the 
nucleoplasin and cytoplasm in the 
pigment epithelium. Unstained 
section, • 5, Pigment 
epithelimn of a newly hatched 
chick retina. Note positive ATPase 
sites (arrow) around a pigment 
granule (P}. UnstainEd section, 
x 13,500, 
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Figs. 6 10.6. An outer segment of a stage 45 chick retina. Note a few very small and inconspicuous granular deposits (arrows) of ATPase 
positive sites. Unstained section, • 22,500. 7. and 8. Outer segments of hatched chick retinas. Note increase in granular ATPase positive sites 
(arrows). Unstained sections, • 47,500. 9. and 10. Retinal oil droplets at stage 45. Note different intensity of ATPase localization. Unstained 
sections, • 13,500. 

(Figures  7 a n d  8). The  i nne r  s egmen t s  on ly  d i sp lay  
A T P a s e  pos i t i v i t y  in  ce r t a in  oil d rop le t s  of b o t h  s tages  45 
a n d  ha tch ing .  (Figures 9 a n d  10). Accord ing  to  t he  pos i t ion  
of t he  droplets ,  t h e y  be long  to  those  of t h e  chief  cones. 

Discussion. Our  resu l t s  i nd i ca t e  a n  increase  in A T P a s e  
p o s i t i v i t y  in  13ruch's m e m b r a n e  a n d  basa l  in fo ld ing  layer  
a t  h a t c h i n g ,  sugges t ing  a poss ible  increase  in n u t r i e n t  
t r a n s p o r t .  M o v e m e n t  of n u t r i e n t  across t h i s  region has  
been  obse rved  in t he  adu l t s  8, is, 1~ 

Pos i t i ve  A T P a s e  r eac t ions  in  t h e  ou te r  s egmen t s  of t h e  
a d u l t  r e t i na s  h a v e  been  r epo r t ed  1, ~, and  i t  was  specu la ted  
t h a t  th i s  e n z y m e  m a y  be  r e l a t ed  to rhodops in .  Our  
resu l t s  ind ica te  t he  in i t i a l  p resence  of A T P a s e  a c t i v i t y  in  
t h e  ou te r  s egmen t s  a t  s tage  45, wh ich  coincides  in  t i m e  
w i t h  t h e  f i rs t  de t ec t ed  adu l t  E R G  1~ a n d  w i t h  t h e  
b e g i n n i n g  of pup i l l a ry  ref lex 3% Thi s  f u r t h e r  impl ies  t h a t  
A T P a s e  is i m p o r t a n t  in  t he  process  of vis ion,  poss ib ly  
t h r o u g h  i ts  r e l a t i onsh ip  w i t h  rhodops in .  

I n  t he  i nne r  segments ,  pos i t ive  A T P a s e  s i tes  are 
de t ec t ed  in chief  cone oil d rop le t s  a n d  n o t  in  o the r  
drople ts ,  sugges t ing  t h a t  d i f fe ren t  t ypes  of oil d rop le t s  
m a y  h a v e  d i f fe ren t  func t ions  or  m e t a b o l i c  act iv i t ies .  

T h e  A T P a s e  pos i t ive  d rop le t s  p r o b a b l y  serve to s tore  
A T P  31. 

Zusammen[assung. I n  der  R e t i n a  des H i i h n e r e m b r y o s  
wurde  im Z e i t p u n k t  des Schl i ipfens  - sowohl  in  der  
t3 ruchschen  M e m b r a n ,  wie a u c h  im P i g m e n t e p i t h e l  u n d  
de r  gusse ren  St~ibchenschicht  - eine v e r m e h r t e  A T P a s e -  
A k t i v i t i i t  fes tgestel l t .  
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A C o m p a r i s o n  Be tween  the Free Graft ing of Sliced and Intact  Musc les  in the Rat 1 

The  m e t h o d  of free g ra f t i ng  of en t i re  m a m m a l i a n  mus-  
cles offers a n u m b e r  of a d v a n t a g e s  ill t h e  s t u d y  of t h e  
phys io logy  of muscle  r egenera t ion ,  b u t  one d r a w b a c k  to  
th i s  mode l  is t he  pers i s tence  of a t h i n  r i m  of or ig ina l  
muscle  f ibres  a t  t he  p e r i p h e r y  of t he  g ra f t  3. Th i s  compl i -  
ca tes  t h e  ana lys i s  of ear ly  con t rac t i l e  proper t ies .  On t h e  
o the r  h a n d ,  t h e  c o m m o n l y  used  mode l  of m i n c e d  muscle  

r e g e n e r a t i o n  3 has  d i s a d v a n t a g e s  due to  t h e  s t r u c t u r a l  
pecul ia r i t ies ,  large a m o u n t s  of connec t ive  t i ssue  a n d  low 
degree of r ecove ry  of muscle  we igh t  a n d  t ens ion  develo  p- 
m e n t  ~. 

I n  a n  ef for t  to  c i r c u m v e n t  t h e  d i s a d v a n t a g e s  of b o t h  
sys tems ,  a new e x p e r i m e n t a l  mode l  was  devised.  I t  
cons is t s  of sl icing a muscle  in to  a n u m b e r  of t h i n  slabs,  


