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Results. T h e  d a t a  on  d u r a t i o n  of t he  cell cycle phases  
in t h e  r e t i na l  an l age  of e m b r y o s  of t h e  g e n o t y p e s  s tud ied  
were de r ived  f rom the  g raph ic  cu rves  of t h e  p e r c e n t a g e  
of l abe l led  mi toses  b y  us ing  t he  m e t h o d  of QUASTLER 
a n d  SHERMAN 8 (Figure  1). The  g e n e r a t i o n  t i m e  (T) of 
t h e  r e t i n a  an lage  cells shows a 1.5-fold increase  in or~or 
e m b r y o s  a n d  a 1.2-fold increase  i n / i / ] i  e m b r y o s  as com- 
p a r e d  to  t h e  no rm.  T h e  t o t a l  d u r a t i o n  of G 1 a n d  M phases  
in  or/or e m b r y o s  inc reased  t h r e e  t i m e s  a n d  in ]i/]i 
e m b r y o s  twice  a g a i n s t  t h e  n o r m  (Table,  F igu re  2). T he  
ear l ie r  f inding,  t h a t  in  t h e  r e t i n a  an l age  of 10-day-old  
or/or a n d  [i/fi e m b r y o s  t h e  m i t o t i c  i ndex  is m u c h  lower  
t h a n  t h a t  of + / +  embryos1 ,  *, leads  us  to  sugges t  t h a t  
changes  in t h e  l e n g t h  of t h e  g e n e r a t i o n  t i m e  in t h e  
m u t a n t s  are  due  to  e longa t ion  of G x, b u t  n o t  M phase .  
T h e  o t h e r  pe r iods  of t h e  cell  cycle  in  t h e  r e t i n a  an lage  
of or/or a n d  [i//i e m b r y o s  do n o t  d i f fer  m u c h  f rom t he  
no rm.  

T h e  c o u n t  of s i lve r  g ra ins  ove r  labe l led  nucle i  of t he  
r e t i n a  1 h a f t e r  a s ingle  3 H - t h y m i d i n e  i n j ec t i on  ha s  s h o w n  

The duration of the cell cycle phases in the retina anlage of 10-day-old 
mouse embryos (h) 

Genotype t G 2 t S t G 1 + M T 

+ / + 1 611~ 21/3 10 
or~or 11/4 52/a 8 15 
li/li 1 6t/z 41/2 12 

63 

Fig. 2. The relative duration of different periods of the cell cycle 
in the retina anlage of 10-day-old mouse embryos of + / + ,  or/or 
and li/fi genotypes. 

s l i gh t ly - inc reased  i n c o r p o r a t i o n  i n t e n s i t y  of labe l  in or~or 
e m b r y o s  as  c o m p a r e d  to  t he  norm.  R e d u c t i o n  of S, a n d  
more  i n t e n s i v e  i n c o r p o r a t i o n  of 3 H - t h y m i d i n e  i n to  DNA,  
ind ica tes  some  acce le ra t ion  of D N A  s y n t h e s i s  in or~or 
embryos .  Th i s  is e v i d e n t l y  a c o m p e n s a t o r y  r e sponse  to 
s ign i f i can t  e l o n g a t i o n  of G 1 phase .  In  [i/[i e m b r y o s  t he  
i n t e n s i t y  of 8 H - t h y m i d i n e  i n c o r p o r a t i o n  a n d  t h e  d u r a t i o n  
of S do n o t  show a n y  di f ference  f rom those  of + / +  
embryos .  

The  e x p e r i m e n t s  w i t h  r e p e a t e d  ZH- thymid ine  injec-  
t ions  h a v e  s h o w n  t h a t  al l  t h e  r e t i n a  an lage  cells of 
10-day-old + / + ,  or/or a n d  /i//i e m b r y o s  unde rgo  pro-  
l i fera t ion.  Nuc le i  of al l  t h e  cells become  label led  a f t e r  
6 3 H - t h y m i d i n e  in jec t ions .  

Discussion. Thus ,  i n h i b i t i o n  of t he  p ro l i f e ra t ive  a c t i v i t y  
of t he  r e t i n a  an l age  cells b y  t h e  m u t a n t  genes  or a n d  /i 
is caused  b y  t h e  e l o n g a t i o n  of t he  p r e s y n t h e t i c  phase  of 
t he  cell cycle. Gene  or e v i d e n t l y  ac t s  on ly  in t he  r e t i n a  
an lage  cells. T h e  m i t o t i c  indices  d e t e r m i n e d  b y  us in t he  
dorsa l  region of t h e  t e l e n c e p h a l o n  a n d  v e n t r a l  p a r t  of 
d i eneepha lon  h a v e  r evea l ed  no  s ign i f i can t  d i f ferences  
be tween  10-day-old  or/or a n d  + / +  embryos .  Gene  fi  
i nh ib i t s  t he  p ro l i f e r a t i ve  cell a c t i v i t y  in t h e  b r a i n  a n d  
i ts  de r iva t i ve - eye  vesicle.  Hence,  these  m u t a n t  genes  ac t  
in def in i te  cell s y s t e m s  a n d  d i s t u r b  t he  syn thes i s  of 
t issue-specif ic  p r o t e i n s  (he te rosyn thes i s ) .  I t  has  been  
shown  for m a n y  ce l lu la r  s y s t e m s  t h a t  t he  v a r i a t i o n s  in 
t he  gene ra t ion  t i m e  are  due  to  d i f f e ren t  l e n g t h  of G~. 
PRESCOTT 4 sugges ts  t h a t  t he re  is a con t ro l  p o i n t  of cell 
r ep roduc t ion  a t  t h e  end  of t h e  p r e s y n t h e t i c  pe r iod  which ,  
in our  opinion,  m u s t  be  t h e  s t a r t i n g - p o i n t  of a u t o s y n t h e -  
sis. The  m u t a n t  genes  or a n d  ]i c h a n g i n g  of he t e rosyn -  
thes is  de lay  t he  b e g i n n i n g  of a u t o s y n t h e s i s ,  b r i ng ing  
a b o u t  t he  e longa t ion  of G 1 in t h e  r e t i n a  an lage  cells of 
t he  mouse.  

BblBOAbL MyTaHTHMe reHbl or  It fi y MbtmH 3HaqHTeJ~bH0 
yjUIIIH~IH)T G x nepaoA KJIeTOK 3aqaTKa ceTqaTKH, B peaynb- 
TaTe qero Fip014CX0JIHT noAaBJleHHe np0JIHqbepaTHBH0fi aKTHB- 
H0CTH KJIeTOK pa3BMBamnleficn ceTqaTKH. 
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C h r o m o s o m e n a b e r r a t i o n e n  i n  d e n  W u r z e l s p i t z e n  

A f l a t o x i n  B 1, ein yon  A spergillus/lavus u n d  v e r w a n d t e n  
P i l z a r t e n  gebi lde tes  M y c o t o x i n  1, h a t  wegen  se iner  carc ino-  
genen  E i g e n s c h a f t e n  grosses In t e re s se  ge funden .  I n  e iner  
R e i h e  yon  U n t e r s u c h u n g e n  w u r d e n  Sch i id igungen  yon  
Zel len in Ze l l ku l t u r en  b e o b a c h t e t ,  so Z e r s t 6 r u n g  v o n  
K e r n  u n d  C y t o p l a s m a  bei  K~ilbernierenzel len *, H e m -  
m u n g  de r  V e r m e h r u n g  sowie E n t s t e h u n g  yon  Riesenzel-  
len  be i  m e n s c h l i c h e n  e m b r y o n a l e n  L ungenze l l en  3, 4, 
W a c h s t u m s h e m m u n g  u n d  z u n e h m e n d e  G r a n u l a t i o n  bei  
H e L a -  u n d  Chang-Lebe rze l l en  5 u n d  Z e r s t 6 r u n g  de r  Nu-  
cleoli  bei  m e n s c h l i c h e n  Leberze l l en  e, ~. A f l a t o x i n  B 1 fief 
a u c h  d i r e k t  C h r o m o s o m e n a b e r r a t i o n e n  in W u r z e l n  v o n  

y o n  AUium c e p a  d u r c h  A f l a t o x i n  B 1 

Vicia/aba 8 u n d  in m e n s c h l i c h e n  L e u k o z y t e n  9 sowie eine 
R e d u k t i o n  de r  M i t o s e r a t e  in  m e n s c h l i c h e n  Lungenze l l en  
hervor .  

I n  de r  vo r l i egenden  A r b e i t  wurde  de r  E inf luss  yon  
Af la tox in  B 1 auf  die C h r o m o s o m e n  in Zellen de r  Wurze l -  
sp i tze  v o n  Allium cepa u n t e r s u c h t .  Dieses O b j e k t  e rschien  
besonde r s  i n t e r e s san t ,  well  a n  i h m  bere i t s  die E n t s t e h u n g  
yon  A b e r r a t i o n e n  d u r c h  Cumar in ,  yon  d e m  Af la tox in  ]31 
c h e m i s c h  a b z u l e i t e n  ist, s t u d i e r t  worden  war  11,12 

W u r z e l n  v o n  A llium cepa w u r d e n  in ve r sch i edenen  Kon-  
z e n t r a t i o n e n  (200 ~g/ml,  100 vg/ml ,  10 &g/ml, 1 t~g/ml) 
von A f l a t o x i n  t31 (Serva,  Heide lberg)  in 0 .3% D i m e t h y l -  
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Fig. 1. Chromosomenbriicken quer dureh eine sieh bildende Zellwand Fig. 2. C-mitotische Chromosomen nach Kultur in 200 ~tg/ml Afla- 
naeh Kultur in 100 ptg/ml Aflatoxin B 1 (46,5 h). × 1100. toxin B 1 (47 h). × 1100. 

f o r m a m i d  (DMF) (Serva)  e i n g e t a u c h t  u n d  n a c h  4,24 u n d  
48 h e n t n o m m e n .  Zu r  Kon t ro l l e  w u r d e n  die W u r z e l n  m i t  
0 ,3% D M F  ohne  Z u s a t z  b e h a n d e l t .  Die C h r o m o s o m e n  in 
den  m e r i s t e m a t i s c h e n  Zellen de r  W u r z e l s p i t z e n  w u r d e n  
m i t  Karminess igsAure  (Chroma,  S t u t t g a r t )  d u t c h  ErwAr- 
m e n  u n d  Q u e t s c h e n  13 daxgestel l t .  

Ergebnisse. V e r k l e b u n g e n  e inze lner  C h r o m o s o m e n  w~ih- 
r e n d  de r  A n a p h a s e ,  die sogar  q u e r  d u r c h  neu  geb i lde te  
ZellwAnde ve r fo lg t  w e r d e n  k o n n t e n  (F igur  1), waxen die 
auff~illigsten Sch~d igungen .  D a n e b e n  ze ig ten  e inze lne  
Zel len a u c h  C-mi to t i s che  C h r o m o s o m e n  w/ ih r end  de r  Me- 
t a p h a s e  (F igur  2). Alle A b e r r a t i o n s f o r m e n  t r a t e n  gehAuff  
auf,  w e n n  die Zwiebe lwurze ln  48 h l ang  m i t  200 btg/ml 
Af l a tox in  B 1 b e h a n d e l t  w o r d e n  waxen (e twa  50% al ler  
Meta-  bzw. A n a p h a s e n  geschgdigt)  u n d  n a h m e n  in d e m  
MaBe ab,  wie T o x i n k o n z e n t r a t i o n  u n d  E i n w i r k u n g s z e i t  
h e r a b g e s e t z t  wurden .  Zus~itzlich wurde  bei  A. cepa die all-  
g e m e i n e M i t o s e r a t e  h e r a b g e s e t z t  : Mi tose index  (Anzah l  de r  
Mi tosen  in  P r o z e n t  de r  GesamtzeHzahl )  : D M F - K o n t r o l l e n :  
12%,  200 ~g /ml  A f l a t o x i n  B 1 : 3%.  Ahu l i che  V e r m i n d e r u n -  
gen  de r  Mi toseh / iu f igke i t  u n t e r  d e m  Ein f luss  y o n  Afla-  
t o x i n  B 1 w u r d e n  a u c h  bei  m e n s c h l i c h e n  Lungenze l l en  x°, 
m e n s c h l i c h e n  L e u k o z y t e n  9 sowie bei  Wurze lze l l en  yon  
Viola [aba 8 fes tgeste l l t .  I n  de r  D M F - K o n t r o l l e  e n t s t a n -  
den  bei  A. cepa ke ine  Chromosomensch~id igungen .  

C h r o m o s o m e n b r i i c k e n  w u r d e n  a u c h  n a c h  E i n w i r k u n g  
yon  Af l a tox in  au f  Viola /aba-Wurzeln s sowie n a c h  Be-  
h a n d l u n g  v o n  Zwiebe lwurze ln  m i t  d e m  c h e m i s c h  ver-  
w a n d t e n  C u m a r i n  al, 1, b e o b a c h t e t .  Z u m i n d e s t  fiir A. cepa 
k a n n  a n g e n o m m e n  werden ,  dass  die b e o b a c h t e t e n  Aber -  
r a t i o n e n  n i c h t  fiir A f l a t o x i n  B1, s o n d e r n  v i e l m e h r  ftir e ine 
G r u p p e  c h e m i s c h  v e r w a n d t e r  S u b s t a n z e n  spezif isch ist.  

Summary. After  t r e a t m e n t  of roo t s  of Allium cepa w i t h  
a f l a t o x i n  B 1 in  0 .3% d i m e t h y l f o r m a m i d e ,  c h r o m o s o m e  
br idges ,  C-mi tose  c h r o m o s o m e s  a n d  a r e d u c t i o n  of t h e  
mi t o t i c  i n d e x  were obse rved .  T h e  a b e r r a t i o n s  occu r red  
especia l ly  f r e q u e n t l y  w h e n  t h e  roo ts  h a d  g rown  in 200 ~g/  
ml  t o x i n  for  48 h. I n  i t s  c y t o t o x i c  effect  on  Allium cepa 
roo t  t ips,  a f l a t o x i n  B l ac t s  s imi la r ly  to  t h e  chemica l ly  re- 
l a t ed  coumaxin .  

J.  REISS 
Mikrobiologisches Laboratorium, 
Grahamhaus Studt K.G., 
D-655 Bad Kreuznach (Deutschland), 1. April 1971. 

i j .  REIss, Z. allg. Mikrobiol. 8, 303 (1968). 
2 S. JuHkSZ und E. GR~CZI, Nature, Lond. 203, 861 (1964). 
s M. LEGATOR, Bact. Rev. 30, 471 (1966). 
4 M. S. LEGATOR, S. M. ZUFFANTE und A. R. HARP, Nature, Lond. 

208, 345 (1965). 
5 j .  GABLIKS, W. SCHAEFFER, L. FRIEDMAN und G. WOGAN, J. Baet. 

90, 720 (1965). 
8 A. J. ZUCKERMAN und F. FULTOrL Brit. reed. J. 2, 90 (1966). 

A. J. ZUCKERMAN, K. N. TSIQDAVE und F. FULTON, Br. J. exp. 
Path. 48, 20 (1967). 

s L. J. LILLY, Nature, Lond. 207, 433 (1965). 
0 D. A. DOLIMPIO, C. JACOBSON und M. LEGATOR, Proe. Soe. exp. 

Biol. Med. 127, 559 (1968). 
10 M. S. LEGATOR und A. WtTHROW, J. Ass. off. agrie. Chem. 47, 

1007 (1964). 
ix F. D'AMATO und M. G. D'AMATO-AVANZl, Caryologia 6, 134 (1954). 
1~ G. (~STERGRE~, Botaniska Notiser 1948, 376. 
18 L. GEITLEE, Schnellmethoden der Kern- und Chromosomenuntcrsu- 

chung (Springer, Wien 1949). 

The Phase Numbers  and Their Variation under Different Treatments  

I n  o rde r  to  s t u d y  t h e  d y n a m i c s  of a m e r i s t e m a t i c  
popu la t i on ,  indices  h a v e  b e e n  i n t r o d u c e d  w h i c h  r e l a t e  
t h e  n u m b e r  of  cells  in  mi tos i s  to  t h e  n u m b e r  go ing  
t h r o u g h  t h e  i n t e r p h a s e l ,  *. Theore t i ca l ly ,  t h e  p a r t i a l  
m i t o t i c  indices,  a p a r t  f r om t h e  p h a s e  indices,  do  no t  
a lways  express  t he  k ine t ics  of a cell p o p u l a t i o n  going  
t h r o u g h  t h e  d iv i s ion  cycle, a n d  for t h i s  r eason  we need  
a f igure  w h i c h  wil l  r e l a t e  one  t y p e  of i n d e x  to  t h e  o ther ,  
g iv ing  a r e s u l t a n t  w h i c h  expresses  v a r i a t i o n  or  n o r m a l i t y  

in  t h e  p r o p o r t i o n a l  r e l a t i o n s h i p  b e t w e e n  t h e  cells a t  
d i f f e r en t  s t ages  in  t h e  d iv i s ion  cycle. 

T h e  idea  of t h e  p h a s e  n u m b e r  is t h a t  i t  s h o u l d  r e p r e s e n t  
t h e  p e r c e n t a g e  of cells in  e a c h  of t h e  p h a s e s  of t h e  
d iv i s ion  cycle  w i t h i n  t h e  m e r i s t e m a t i c  popu la t i on ,  a n d  
i t  m u s t  necessar i ly  ref lec t  a n y  mo d i f i c a t i o n  t h a t  c an  be  
d e t e c t e d  in t h e  d y n a m i c s  of t h a t  p o p u l a t i o n .  I t  m a y  be  
d e t e r m i n e d  b y  a d i r ec t  count ,  to  f ind  o u t  t h e  p e r c e n t a g e  
of cells in  each  one of t h e  a c t u a l  phases  w i t h i n  t h e  


