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a n d  of p a r t s  of t he  cell m e m b r a n e  13, requi re  a larger  
ene rgy  expend i tu re ,  w h i c h  could in t u r n  induce  morpho -  
logical  changes  such  as t h e  a p p e a r a n c e  of g r a n u l a r  aggre-  
ga t ions  in  t h e  ene rgy  p r o d u c i n g  mi tochondr i a .  This  is 
also sugges ted  b y  t h e  large n u m b e r  of m i t o c h o n d r i a  
c o n t a i n i n g  aggrega t ions  as well  as of aggrega t ions  pe r  
m i t o c h o n d r i o n  in tile l a t e r  s tages  a f te r  ins t i l l a t ion  w h e n  
huge  a m o u n t s  of f e r r i t in  are abso rbed  a n d  a c c u m u l a t e d  
in t he  endo the l i a l  cells. 

The  o b s e r v a t i o n  r epo r t ed  here  had,  to  t he  bes t  of our  
knowledge,  no t  been  descr ibed  before.  S imi lar  aggrega t ions  
were no t  seen in our  s tud ies  in mi tochondr i a ,  e i t he r  of 
a lveo la r  m a c r o p h a g e s  or of a lveo la r  ep i the l ia l  cells, t h o u g h  
these  cells e x h i b i t  p r o n o u n c e d  endocy to t i c  ac t iv i t i e sL  
This  could ind ica te  t h a t  t he  aggrega t ions  are specific for 
ce r t a in  cell t ypes  (such as t i le l y m p h a t i c  endo the l i a l  
cells) u n d e r  c e r t a i n  physio logica l  cond i t ions  (i.e. h igh  
increase  of t he  cell me tabo l i sm) .  

The  precise  n a t u r e  of t i le g r a n u l a r  aggrega t ions  in  t he  
m i t o c h o n d r i a  of l y m p h a t i c  endo the l i a l  cells r e m a i n s  
obscure.  F r o m  th i s  morpho log ica l  s t u d y  we can  on ly  
conclude  t h a t  t h e y  r ep re sen t  a n  a c c u m u l a t i o n  of subs t ances  
(ions, enzymes  or  o the r  organic  mater ia l )  wh ich  p l ay  (or 
h a v e  p layed)  a r61e in t h e  increased  r e s p i r a t o r y  a c t i v i t y  
of the  m i t o c h o n d r i a  in response  to  an  increased  cell m e t a b -  
olism. The  c lus te red  a p p e a r a n c e  of t he  granules ,  wh ich  
are of ten  closely r e l a t ed  to  t he  inne r  or cr is ta l  m e m b r a n e ,  
m a y  be exp la ined  b y  t he  occurrence  of b ind ing-p laces  

(possible on  t he  m e m b r a n e s  themse lves )  for these  sub- 
s tances .  

Rdsumd. Nous  a v o n s  6 tudi6  les m i t o c h o n d r i e s  d a n s  les 
cellules endoth61iales de l y m p h a t i q u e s  p u h n o n a i r e s  chez 
des l ap ins  nouveau -n6s  aprSs in s t i l l a t i on  i n t r a t r a ch6a l e  
de fe r r i t ine  ou de cha rbon .  Les m i t o c h o n d r i e s  des cellules 
qu i  on t  endocy t6  de la  fe r r i t ine  e t  qu i  on t  6t6 fix6es au  
g lu t a r a ld6hyde  e t  au  t6 t rox ide  d ' o s m i u m  c o n t i e n n e n t  
apr~s co lora t ion  ~ l ' a c6 ta t e  d ' u r a n y l e  et  au  c i t r a t e  de 
p l o m b  des aggr6ga t ions  de granules  p lus  ou moins  rondes  
(d iam~tre  de 300 k 800 A) qui  d ' apr~s  nous,  n ' o n t  pas  
encore  6t6 d6cr i tes  a u p a r a v a n t .  Quoique  la n a t u r e  pr6cise 
de ces granules  res te  inconnue ,  i l  est  poss ible  qu 'el les  
soient  en r e l a t ion  avec  une  a u g m e n t a t i o n  du  m6 tabo l i sme  
des cellules endoth6l ia les ,  s t imul6es  pa r  l ' endocy tose  et  la 
d iges t ion  des pa r t i cu les  de ferr i t ine .  
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Electron Cytochemical Demonstrat ion of -SH Groups in the Synaptic Vesicles of Photo-  
receptor Cells with the Mixture of Zinc Iod ide-Osmium Tetroxide 

The  m i x t u r e  of zinc iod ide -osmium t e t r o x i d e  (ZlO) 
i n t r o d u c e d  b y  AKERT a n d  SANDRI 1 in e lec t ron  micros-  
copy, s t a ins  t o t a l l y  d i f fe ren t  k inds  of synap t i c  vesicles 1-5 
and  o the r  subce l lu la r  componen t s .  

ZIO s t a ins  m e m b r a n o u s  s t ruc tu re s  s imi la r ly  to  con- 
v e n t i o n a l  f ixa t ives  (g lu ta ra ldehyde ,  o s m i u m  te t rox ide)  in  
e lec t ron  microscopy.  However ,  e lec t ron  opaque  deposi ts ,  
connec t ed  or n o t  w i t h  m e m b r a n e s ,  m a y  be seen in some 
s t ruc tures .  These  e lec t ron  opaque  depos i t s  cha rac t e r i ze  a 
pos i t ive  ZIO reac t ion .  

In  t h e  re t ina ,  MAILLET 6 obse rved  w i t h  l igh t  micros-  
cope t h a t  ZIO s t a ins  t he  ou t e r  a n d  inne r  p lex i fo rm layers.  
E l ec t ron  microscopic  s tud ies  m a d e  in our  l a b o r a t o r y  
revea led  a pos i t ive  r eac t ion  in t he  synap t i c  vesicles of 
the  ou te r  ~,8 a n d  inne r  9 p lex i fo rm layers  a n d  in t he  rod  
ou te r  s egmen t s  in  d i f fe ren t  species. U n d e r  ce r t a in  con- 
di t ions ,  t he  v a c u o l a r  s y s t e m  of p h o t o r e c e p t o r  cells was 
also r eac t ive  10. 

S y n a p t i c  vesicles do n o t  show t he  same r e a c t i v i t y  in  
b o t h  p lex i fo rm layers.  W h e n  t he  f ixa t ion  is m a d e  a t  4 ~ 
on ly  t he  vesicles of t h e  ou te r  p lex i fo rm layer  reactT, 8. 
The i r  r e a c t i v i t y  is va r i ab l e  a n d  nega t ive  vesicles are 
f r e q u e n t l y  observed .  On  increas ing  t he  t e m p e r a t u r e  
(20 ~ or more) ,  a g rea t e r  n u m b e r  of pos i t ive  vesicles are 
observed ,  a n d  t h e  r eac t ion  is also seen in t he  s y n a p t i c  
vesicles of t he  i nne r  p lex i fo rm layer  9. 

The  s ignif icance of ZIO reac t ion  in synap t i c  vesicles 
has  no t  ye t  been  es tab l i shed .  S y n a p t i c  vesicles w i t h  
d i f fe rent  t r a n s m i t t e r s  are  ZIO posi t ive .  E x p e r i m e n t s  
m a d e  in v i t ro  showed  t h a t  m a n y  subs tances  r eac t  w i t h  
ZIO giving a b l a c k  p rec ip i t a te .  A m o n g  t h e m  a m i n o  acids 
w i t h  - S H  groups  were a m o n g s t  tile mos t  reac t ive .  This  
fact ,  a n d  o t h e r  cons ide ra t ions  8, led us to  t h i n k  t h a t  - S H  
groups  could be  respons ib le  of ZIO reac t ion .  To t e s t  th i s  
hypo thes i s  t he  effect  of - S H  reagen t s  on ZIO reac t ion  

was s tud ied  in t h e  s y n a p t i c  vesicles of t he  p h o t o r e c e p t o r  
cells of the  ra t .  

R e t i n a s  f rom adu l t  W i s t a r  r a t s  were qu ick ly  dissected 
a f t e r  d e c a p i t a t i o n  a n d  i n c u b a t e d  in to to  a t  r o o m  tem-  
p e r a t u r e  accord ing  to  one of t h e  fol lowing schedules :  
1. in  p h o s p h a t e  buf fe r  0.1 M, p H  6.9 for 30 ra in ;  2. in 
5 m M  d i th ioe ry t t l r i t o l  (DTE) in t he  same buf fe r  for 
30 m i n ;  3. in  0.1 M N - e t h y l - m a l e i m i d e  (NEM) in the  
same  buffer  for 30 ra in  ; 4. i n c u b a t i o n  for 30 min  in m e d i u m  
2, wash ing  for 5 m i n  in t he  buffer,  i n c u b a t i o n  for 30 min  
in m e d i u m  3. 

Af te r  i n c u b a t i o n  t he  r e t i nas  were washed  for 5 ra in  in 
t he  p h o s p h a t e  buffer  a n d  a few seconds in dis t i l led wa te r  
to  e l imina te  p h o s p h a t e s  and  f ixed in ZIO a t  4~ for 2 h. 
Af te r  10 min  of f i xa t i on  the  r e t i na s  were teased  in smal l  
b locks  in a d rop  of ZIO. Tissue b locks  were p r e p a r e d  for 
e lec t ron  mic roscopy  a f t e r  f ixa t ion .  D e h y d r a t i o n  was done 
in e t hano l  and  e m b e d d i n g  in E p o n  812. U l t r a t h i n  sect ions  
were s ta ined  w i t h  lead c i t r a t e  a n d  s tud ied  in a Siemens  
E l m i s k o p  1 e lec t ron  microscope.  ZIO was p r e p a r e d  as 
p rev ious ly  descr ibed  11. 
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In  ano the r  series of exper iments ,  0.32 M sucrose was  
added  to  the  incuba t ion  media  to improve  the  p rese rva t ion  
of the  general  s t ruc ture  of pho to recep to r  cells which  is 
af fec ted  b y  - S H  reagents .  A l though  sucrose seems to 
affect  ZIO reac t ion  in o ther  s t ruc tures  (unpubl ished 
observat ions) ;  the  results  of the  exper imen t s  were essen- 
t ial ly s imilar  wi th  or w i thou t  sucrose in the  synap t ic  
vesicles of pho to recep to r  cells. Synap t ic  vesicles appeared  
more  t i gh t ly  packed  in the  nerve  endings  when sucrose 
was added.  P h o s p h a t e  buffer  p H  6.9 was chosen because,  
a t  p H  values  higher  t h a n  7, signif icant  hydro lys is  of N E M  
itself t akes  place, and below p H  6 the  react ion wi th  thiols 
becomes too slow 12. 

I t  was observed  t h a t  af ter  incuba t ion  in inediunI 1 
(Figure 1) abou t  30% of the  vesicles were to ta l  or par t ia l ly  
electron opaque.  W h e n  DTE,  a - S - S - r e d u c i n g  agent ,  was 
added  to  the  incubat ion  medium,  tile p ropor t ion  of reac- 
t ive  vesicles increased considerably,  be ing abou t  60%, 
and  a fine e lectron opaque  prec ip i ta te  could be observed 
in the  o ther  vesicles (Figure 2). After  incuba t ion  in me- 
d ium 3 (Figure 3) in which NEM, a - S H  blocking agent,  

was incorpora ted ,  Z lO reac t ion  was nega t ive  in t he  
synap t i c  vesicles (compare  wi th  F igure  1). If  the  incu- 
ba t ion  in m e d i u m  2 (with DTE)  was followed by  incu- 
ba t ion  in m e d i u m  3 (with NEM) ZIO reac t ion  (Figure 4) 
was a lmos t  to ta l ly  negat ive.  Excep t iona l ly  posi t ive  
synap t ic  vesicles could be observed.  Compare  Figure  4 
wi th  Figure 2. 

These results  give suppor t  to the  hypo thes i s  t h a t  ZIO 
mixture ,  a t  4~ under  the  condi t ions  used, reacts  wi th  
- S H  groups in synap t ic  vesicles of pho to recep to r  cells, 
since a f te r  t r e a t m e n t  wi th  D T E  the  r eac t iv i ty  of the  
vesicles is increased and the  reac t ion  is b locked by  N E M  
in the  controls  and in the  re t inas  previous ly  t r ea t ed  wi th  
DTE.  

According to PEARSE is, t issue - S H  groups  are ent i re ly  
p r e v e n t e d  f rom reac t ing  in histological  t e s t s  by  pr ior  

12 R. BENNESH and R. E. BENNESH, Meth. biochem. Analysis 10, 
43 (1962). 

1~ A. G. g .  PEARSE, Theoretical and Applied Histochemistry, 2nd 
edn. (J. and A. Churchill, London 1960), p. 131. 

Figs. 1-4. Synaptic vesicles of photoreceptor cells of the rat stained with ZIO at 4~ for 2 h. 1. After incubation in phosphate buffer 0.1 
M, pH 6.9, with 0.32 M sucrose. A 30% of the vesicles are partial or totally electron opaque. • 120,000. 2. After incubation in 5 mM 
DTE in the same medium as Figure 1, The immber of eletron opaque synaptic vesicles increased to 60%. A fine precipitate may be observed 
in the other vesicles. • 120,000. 3. After incubation in 0.1 M NEM in the same medimn as Figure 1. All the synaptic vesicles appeared 
electron lucent. • 120,000. 4. After incubation in 5 lnM DTE in phosphate buffer 0.1 M, pH 6.9, followed by incubation in 0.1 M NEM" 
in the sanle buffer. Almost all the synaptic vesicles are electron lucent. Compare with Figure 3. • 120,000. 
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t r e a t m e n t  w i t h  NEM.  A l t h o u g h  i t  h a s  been  shown  t h a t  
N E M  can  reac t  w i t h  o t h e r  a m i n o  acids in  h igh  concen-  
t r a t i on ,  i t  is un l ike ly  t h a t  such  reac t ions  would  occur  a t  
app rec i ab le  r a t e s  u n d e r  t h e  cond i t ions  used  in  t h i s  work  t2. 

The  growing r e a c t i v i t y  of t he  s y n a p t i c  vesicles w h e n  
t h e  t e m p e r a t u r e  is increas ing,  could be exp la ined  b y  t he  
a p p e a r a n c e  of n e w - S H  groups  b y  r u p t u r e  o f - S - S - b r i d g e s .  

E x p e r i m e n t s  w h i c h  are  in progress  in  our  l a b o r a t o r y  
show t h a t  ZIO m a y  revea l  - S H  groups  in o t h e r  si tes such 
as t he  synap t i c  vesicles of p inea l  ne rves  ~4 a n d  t he  ou te r  
s egmen t s  of rods. Our  resu l t s  seem to  ind ica te  t h a t  ZIO 
m a y  be  a useful  tool  to  i nves t i ga t e  - S H  groups  in t issues.  
However ,  t he  fac t  t h a t  ZIO reac t s  w i t h  m a n y  subs tances ,  
m a k e s  a special  s t u d y  of each  p a r t i c u l a r  case necessa ry  ~6. 

Resumen. Se demues t r a ,  en  un  es tud io  in vi t ro ,  que  el 
d i t ioe r i t r i to l  (DTE),  a g e n t e  r educ to r  de grupos  - S - S -  
a u m e n t a ,  la r e a c t i v i d a d  de las vesfculas s ins  de las 
e6lulas fo to r recep to ras  de la r a t a  p a r a  la mezcla  de yoduro  

de z inc - t e t rox ido  de osmio (ZIO), a 4~ d u r a n t e  2 h, 
m i e n t r a s  que  la N-e t i l -ma le imida ,  b l o q u e a n t e  de grupos  
- S H ,  b loquea  la  reacc idn  en  los tes t igos  y en los t r a t a d o s  
p r e v i a m e n t e  con D T E .  Se conc luye  que  ZIO a 4 ~ d u r a n t e  
2 h reve la  g rupos  - S H  en  las ves iculas  s in~pt icas  es tud ia -  
das. 
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Induzierte  Strahlenres i s tenz  bei Zel lkulturen des  Chines i schen Hamsters :  Entwick lung  und Art 
der Res i s t enz  

Induced Radiat ion Res i s tance  in Cell Cultures of Chinese H a m s t e r  Cells: Induct ion and Manner 
of Res i s tance  

Fi i r  ve r sch i edene  b iophys ika l i sche  U n t e r s u c h u n g e n  s ind 
Zel l -Linien  un te r sch ied l i che r  S t rah lensens ib i l i t / i t  nt i tzl ich,  
wie z .B.  fiir die Ana lyse  de r  b io logischen W i r k u n g  e iner  
n e u e n  S t r a h l e n a r t  u n d  yon  R e p a r a t u r p h / i n o m e n e n .  Vor  
a l l em i m  H i n b l i c k  auf  ve rg le i chende  U n t e r s u c h u n g e n  m i t  
h o c h e n e r g e t i s c h e n  B e t a t r o n s t r a h l e n  u n d  P i o n e n  ent -  
wicke l t en  wi t  aus  e inem B a s i s s t a m m  yon  D a u e r k u l t u r e n  
e m b r y o n a l e r  f i b rob la s t en / ihn l i che r  Zellen des Chine-  
s i schen H a m s t e r s  eine gegenfiber  200 k e V - R 6 n t g e n -  
s t r a h l e n  re s i s t en te re  Linie,  wobei  uns  3 F r a g e n  in teres-  
s i e r t en :  1. We lche  M e t h o d e  de r  IRes is tenz indukt ion  is t  fiir 
u n s e r  Ze l lmate r ia l  gee ignet  ? Zellen in v i t ro  k 6 n n e n  gene-  
t i s ch  h e t e r o g e n  seine, 3, so dass  u n t e r  U m s t / i n d e n  bere i t s  
eine un te r sch ied l i che  S t rah lensens ib i l i t / i t  fiir ve r sch iedene  
Z e l l u n t e r p o p u l a t i o n e n  bes t eh t .  Tr i f f t  dies zu, d a n n  w/ire 
Se lek t ion  eine geeignete  M e t h o d e  zur  E r r e i c h u n g  e iner  
s t r a h l e n r e s i s t e n t e r e n  Linie  3. I s t  die Ze l lpopu la t ion  in 
bezug  auf  S t rah lensens ib i l i t / i t  r e l a t i v  homogen ,  d a n n  
sol l te  v e r s u c h t  werden,  d u r c h  M u t a t i o n s i n d u k t i o n  re- 
s i s t en te re  Zellen zu erzeugen,  u n d  diese sekund/ i r  e inem 
Se l ek t i onsd ruck  zu u n t e r w e r f e n  4. 2. W a s  f l i t  eine Re-  
s i s t enza r t  en twicke l t  s ich ? Es  k o m m e n  z .B.  folgende 
iRes i s tenz typen  in F rage  : Zellen m i t  vo rwiegende r  
Res i s t enz  fiir n iedere  D o s e n  u n d  Zellen m i t  Res i s t enz  fiir 
h 6 h e r e  Dosen  4. 3. B e s t e h t  eine B e z i e h u n g  zwischen  
Res i s t enz  u n d  zellul/irer l ~epa r a t u r l e i s t ung  ? SttAXFFER 
u n d  MERZ~ sowie LITTLE et  al; s f a n d e n  bet  ve r sch i edenen  
Zel l -Lin ien  ke ine  13eziehung zwischen  S t rah lensens ib i l i t / i t  
u n d  E r h o l u n g s p h / i n o m e n e n .  

Material und Methoden. Ze l lma te r i a l  u n d  A u f z u c h t :  
W i r  v e r w e n d e t e n  D a u e r k u l t u r e n  e m b r y o n a l e r  f ibro-  
b l a s t e n i t h n l i c h e r  Zel len des Chines i sehen  H a m s t e r s ,  
k u l t i v i e r t  als M o n o l a y e r k u l t u r  in  Eag le ' s  B a s a l m e d i u m  
(Gibco G-13) a n d  20% f 6 t a l em  1Rinderserum sowie 
Z u s a t z  v o n  A n t i b i o t i k a - M i s c h u n g  (1%) ; p ro  W o c h e  wurde  
2 m a l  s u b k u l t i v i e r t  m i t  0 ,2% Tryps in .  Die Zel lviabi l i t / i t ,  
gemessen  m i t  d e r  T r y p a n b l a u m e t h o d e ,  b e t r u g  95%.  
F i i r  die B e s t r a h l u n g  w u r d e n  die Zel len in T-30 Gre iner  
P l a s t i k k u l t u r f l a s c h e n  (Gr. 2) in  M o n o l a y e r k u l t u r  gehal-  
t en ,  da s  N / i h r m e d i u m  wurde  e r se tz t  d u t c h  p h o s p h a t -  

gepuf fe r te  Sa lz l6sung (PBS) ;  das  med iumf re i e  I n t e r v a l l  
d a u e r t e  2 -4  h. 

B e s t r a h l u n g :  Die B e s t r a h l u n g  m i t  R 6 n t g e n s t r a h l e n  
erfolgte  bet  20-22~  m i t  ho r i zon t a l e r  Lage de r  Ku l tu r -  
f l a schen :  200 kV, 12 mA,  l m m  A1 + 0,25 m m  Cu, 
46 rd /min ,  F o k u s - O b j e k t - A b s t a n d :  46 cm. 

B e s t i m m u n g  der  Ze l l i nak t i v i e rung :  2 d n a c h  Ku l tu r -  
a n s a t z  w u r d e n  die Zellen bes t r ah l t ,  gleich anschl iessend  
t r y p s i n i s i e r t  u n d  p ro  Ver sueh  ca. 1500 Zellen in je 2 
Gre iner  - P l a s t i k p e t r i s c h a l e n  (Gr. 60/15) - m i t  einge- 
z e i c h n e t e m  Z/ ih lnetz  a m  S c h a l e n b o d e n  - ausgep la t t e t .  
1 d n a c h  Ze l l ansa tz  B e s t i m m u n g  de r  Zel lzahl  pro  Ne tz  
u n d  Zugabe  y o n  ge re in ig t em (dest.  Wasser ,  Aceton)  
B a c t o  Agar  (0,5%), 0,3 m l / m l  Medium.  N a c h  10 d w u r d e n  
die Klone  m i t  M e t h a n o l :  Eisessig (3: 1) f ix ier t  (10 min),  
l u f t g e t r o c k n e t  u n d  m i t  0 ,1% T o l u i d i n b l a u  gef/ irbt  
(30 min).  B e s t i m m t  w u r d e n  die A n z a h l  Klone  m i t  Zell- 
zah len  => 50 Zellen i n n e r h a l b  des Z/ihlnetzes,  bezogen 
auf  die u rspr t ing l ich  angese tz t e  Zel lzahl ;  die W e r t e  wur-  
d e n  u m  die jeweilige ~p la t ing  e f f ic iency ,  kor r ig ie r t  (fiir 
Sel:  20,2 4- 4,9 und  fiir NMHa:  42,7 4- 13). 

S t u d i u m  yon  E r h o l u n g s p h / i n o m e n e n :  Es  w u r d e n  a) 
eine m6gl iche  IRepara tur  yon  sub le t a l en  Sch/ iden d u r c h  
Dos i s f rak t ion ie rungS,  s gesch/i tzt ,  b) die R e p a r a t u r  
m6gl icher  po ten t i e l l  le ta ler  Sch/ iden  n a c h  WlNANS et al. 9 
e r m i t t e l t  u n d  c) die be iden  E r h o l u n g s a r t e n  beeinf luss t ,  
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