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Epi the l ia l  cell cul tures  were set up f rom t ryps in ized  
k idney  t issues of female  and  male 2VIicrotus agrestis 
(McCoy's m e d i u m  5a wi th  15% fetal  calf serum).  The 
ceils were grown on coverglasses and  incuba ted  wi th  
t r i t i a t ed  ur idine (50 aC/ml  m e d i u m ;  specific ac t iv i ty  
24.9 and  28.3 aC/m2VI) for 3, 10 and  30 min  before f ixa t ion  
in 95% e thy l  a l coho l .  They  were au to rad iog raphed  
(Kodak  A R  10 s t r ipp ing  film), s ta ined wi th  pararosani l in-  
methylgreen ,  a n d  pho tograPhed .  Af ter  r emova l  of t he  
grains  t h e y  were Feulgen  s ta ined  and again pho tog raphed .  
Some of the  p r epa ra t i ons  were t r ea t ed  wi th  RNAse  
(1 mg /ml  for 1 h a t  37 ~ as controls.  

Most  of t he  cell nuclei  of k idney  epithel ial  cul tures  
show 2 d i s t inc t  chromocent res .  Somet imes  the  2 are fused 
toge the r  resul t ing  in a single large one. In  the  r emain ing  
in t e rphase  nuclei  the  sex chromosomes  form ei ther  loose 
s t ruc tures  or are no t  conspicuous,  w i th  t he  excep t ion  of 
the  ' t rue '  sex c h r o m a t i n  p a r t  of the  X chromosomes  in 
female cells ~,s. If  ch romocen t r e s  are present ,  t h e y  show 

no or only  few grains af ter  labell ing wi th  H3-uridine, 
whereas  t he  euchromat i c  regions and the  nucleoli  are 
clearly labelled (Figure). No difference in this  respec t  can 
be observed  in p repa ra t ions  which  were  t r ea t ed  wi th  H ~- 
ur idine for 3, 10 and  30 min.  Similar  expe r imen t s  on o ther  
cell types ,  e.g. suspensions  of surviving cells f rom brain 
and  lung t issues,  showed also no or only l i t t le I-I3-uridine 
incorpora t ion  in to  h e t e r o c h r o m a t i n  compared  to  euchro- 
ma t i n :  

Of par t i cu la r  in teres t  are the  ceils w i thou t  d i s t inc t  
ch romocen t re s  in in t e rphase  except  a small  he tero-  
ch romat i c  b o d y , ,  cor responding  to  sex ch roma t in  in 
female ceils. These cells show a lack of Ha-uridine in- 
corpora t ion  in c i rcumscr ibed  nuclear  regions which  are 
p r e s u m a b l y  occupied b y  the  sex chromosomes .  This 
would  indica te  t h a t  he t e roch roma t i c  ch romosomal  
regions are genet ical ly  inac t ive  also in a less or poss ibly  
non-condensed  state.  

Zusammen/assung. Autorad iograph i sche  Un te r suchun-  
gen nach  H3-Uridineinbau yon  Nierenepi the lze l lkul turen  
der  E r d m a u s  (Microtus agrestis) zeigen, dass die Chromo- 
zen t ren  n ich t  oder  viel schw~tcher mark ie r t  s ind als 
E u c h r o m a t i n  und  Nukleolen.  Auch in Zellen ohne s ich t -  
bare  Chromozen t r en  f inden sich Aussparungen  im H 3- 
Ur id in-Markierungsbi ld ,  die ve rmut l i ch  den hetero-  
ch roma t i schen  Gesch lech t schromosomen  entsprechen .  He-  
t e roch roma t i sche  Chromosomenabschn i t t e  sind d e m n a c h  
genet isch  inak t iv  oder  weniger  akt iv ,  wobei es keine Rolle 
zu spielen scheint ,  ob sie in der  In t e rphase  zu mikro-  
skopisch s i ch tba ren  Chromozen t ren  kondens ie r t  s ind oder  
nicht .  
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Kidney epithelial cell of Microtus agrestis in vitro. Absence of 
grains in heterochromatic regions after H~-uridine labelling (incuba- 
tion for 10 min, 40 days exposure). • 2000. (a) Autoradiography, 
pararosanilin-methylgreen. Chromocentres are stained with methyl- 
green and appear faint in green filtered photography. (b) After 
removal of grains and Feulgen staining. 
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A H y p o t h e s i s  C o n c e r n i n g  the  U s e  of C o l c h i c i n e  as  a P o l y p l o i d y  I n d u c e r  1 

I t  has  been  d e m o n s t r a t e d  in a grea t  va r ie ty  of p l a n t  and 
an imal  species t h a t  colchicine has the  abi l i ty  to  a r res t  the  
d e v e l o p m e n t  of t he  spindle  dur ing  mitosis  3, and  the reby  
causes t he  accumula t ion  of cells a t  me taphase .  In  woody  
plants ,  however ,  colchicine m a y  fail to p roduce  its 
mu tagen ic  effects  8. This has  been  expla ined  by  the  lower 
ra te  of divis ion of the  cells of t he  woody  p lan t s  4. Taking  
th is  in to  considera t ion,  ZATYK6 and  SIMON 4 have  suc- 
ceeded in increas ing the  percen tage  of myxop lo ids  
t r e a t i ng  b lack-cur ran t  hybr ids  wi th  gibberell ic a c i d -  a 
ho rmone  which  s t imula tes  cellular division 5 _ along wi th  
colchicine. ZATYK6 and  SIMON have  concluded t h a t  the  
h igher  n u m b e r  of myxop lo id  cells ob ta ined  is pa r t l y  the  
resul t  of t he  ac t iva t ion  of cytokinesis  caused by  the  
gibberel l in .  On th is  basis,  i t  is suggested t h a t  any  sub- 

s tance  physiological ly re la ted  to t he  gibberell in may  
equal ly  in tens i fy  the  po lyp lo idy  ac t iv i ty  ot colchicine. 
The expe r imen t s  descr ibed here seem to show t h a t  a low 
dose of colchicine may  fulfill the  hormona l  r equ i remen t s  
which  have  been  outl ined.  
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Mater ia l  and methods. Seeds of w h e a t  (Tr i t i cum 
aest ivum L. em. Thell. var.  Rescue) and rye  (Secale cereale 
var.  Prolific) were ge rmina ted  on mois t  f i l ter  paper ,  t h e n  
incuba ted  in conta iners  wi th  dist i l led wa te r  or an aqueous  
solut ion of colchicine. I ncuba t i on  took place in the  da rk  
a t  2 ~ and  24 ~ t empera tu re .  

Results  and discussion. Figure  1 shows t h a t  colchicine 
s t imula tes  the  growth  in l eng th  of the  coleopti le of rye  
seedlings. This g rowth  effect  could be due to  t he  accelera- 
t ion  of the  divis ion of the  cells. The coleopti le arises as 
a mer i s t emat ic  r ing of cells on the  embryon ic  t issue which  
later  d i f ferent ia tes  into the  scute l lum 6. I t s  expans ion  upon 
ge rmina t ion  s ta r t s  t ak ing  place by  cellular division and 
by  the  e longat ion of the  cells of the  axis above the  
scutel lar  node.  However ,  when  the  coleopti le is longer 
t h a n  10 m m  its g rowth  is general ly  due solely to  elonga- 
t ion  of its cellsT,s Figure  1 refers to the  d e v e l o p m e n t  of 
coleopti les 2 m m  long at  s t a r t  of t r e a t m e n t .  On the  o the r  
hand,  the  coleopti le l eng th  did no t  exceed 10 m m  at  the  
end of t he  incuba t ion  period.  The e x p e r i m e n t  i l lus t ra ted  
in Figure  1 d e m o n s t r a t e s  clearly t h a t  colchicine s t imu-  
lates g rowth  at  concen t ra t ions  far below the  range which 
produces  its mutagen ic  effects in p l an t  cells. I t  does no t  
prove,  however ,  whe the r  or no t  colchicine is ac t iva t ing  
preferent ia l ly  the  cells in a s ta te  of division. In  order  to 
e lucidate  th is  mat te r ,  the  s t u d y  of the  deve lopmen t  a t  
2 ~ of roots  and coleopti les of colchic ine- t rea ted  whea t  
seedlings has  been under taken .  I t  is r emarked  t h a t :  

(1) Low t e m p e r a t u r e  ex t ends  the  leng th  of the  inter-  
phase  per iods  which prepare  the  cells for mitosis  ~. 
Fur the rmore ,  it  d is rupts  revers ib ly  the  spindle  micro- 
tubules  ~~ This  br ings abou t  the  accumula t ion  of cells a t  
me taphase  n,  and  concomi t an t l y  inhibi ts  growth.  If 
colchicine is expec ted  to s t imula te  cell division, it  m a y  
cause the  cells delayed in in te rphase  - or a r res ted  in 
me taphase  - to enter  mitosis.  This  will increase therefore  
the  ra te  of g rowth  of the  root  and the  coleoptile. 

(2) As an ac t iva tor  of cytokincsis ,  colchicine would be 
able to improve  the  root  d e v e l o p m e n t  when  the  ra te  of 
coleopti le e longat ion is a l ready declining. This follows 
f rom the  analysis  ot the  kinet ics  of g rowth  of these  organs : 
cont rar i ly  to tile coleoptile, the  root  grows cont inuous ly  
due to t he  ac t iv i ty  of a mer i s t emat ic  t issue located in its 
apex  ~2. 

Figure 2 shows t h a t  these condi t ions  have  been verified. 
An aqueous  solut ion of colchicine (0.01 ~zM) no t  only 
causes the  roots  and coleopti les to grow fas ter  a t  2~ 
bu t  still  increases root  g rowth  when  the  ra te  of coleoptile 
e longat ion has  decreased to a value below the  control .  
This effect  on cell d ivis ion has been  inves t iga ted  fu r ther  
(Table). The results  show t h a t  colchicine enhances  the  
ge rmina t ion  of whea t  seeds. Growth  of t he  root  upon 
ge rmina t ion  s ta r t s  p r imar i ly  as a consequence  of t he  
funct ioning  of the  apical  mer is tems.  So far, th is  is ano the r  
indicat ion of the  ac t iva t ion  of cytokines is  by  colchicine. 
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In  th is  connect ion,  i t  is of in te res t  to men t i o n  t h a t  th is  
subs tance  (0.25 txM) is also able to  s t imula te  in v i t ro  the  
d e v e l o p m e n t  of a fas t  growing t u m o u r  t issue of R u m e x  
acetos(~ 18. 

Gibberell ie acid enhances  de novo syn thes i s  of =- 
amylase  in bar ley  seeds, as well as R N A  synthes i s  14. 
Moreover,  there  is evidence t h a t  t he  gibberel l in exer t s  i ts  
regu la tory  role a t  the  gene leveD~, and  m a y  affect  conse- 
quen t ly  the  t r ansc r ip t ion  of t he  D N A  templa te .  
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Fig. 1. F f fec t  of colehicine on  the  e longa t ion  in  v ivo  of the  coleopti le  
of rye  seedlings.  Samples  of 20 seedlings wi th  2 m m  long  eoleopti les  
were  i n c u b a t e d  in the  d a r k  ill an  aqueous  so lu t ion  of colchic ine  (c) 
a n d  in dis t i l led w a t e r  (dw) d u r i n g  18 h a n d  a t  24~ t e m p e r a t u r e .  
L :  co leop t i l e leng th .  % of con t ro l  [L(c) --  L(dw)/L(dw)] • lO0/L(dw). 
I t  is r e m a r k e d  t h a t  colchic ine  s t imu la t e s  the  e longa t ion  of the  
coleopti le a t  c o n c e n t r a t i o n s  be low the r a n g e  which  p r o d u c e s  i ts  
im l t agcn ic  effects m p l a n t  cells. 
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Fig.  2. E f fec t  of colchicine on  the  d e v e l o p m e n t  in v ivo  of the  roo t s  
a n d  the  coleopti les  of w h e a t  seedlings.  Samples  of 20 seedl ings  w i th  
1 m m  long  eoleopti les  were  i n c u b a t e d  in the  d a r k  a t  2 ~ t e m p e r a t u r e  
in distilled water (A, B) and in a 0.01 b~M aqueous solution of 
eolchicine (C, D}. It is seen that colehicine stimulates the develop- 
ment of the roots and the eoleoptiles, and still increases root growth 
when the rate of eoleoptile elongation is lower than the rate of the 
water control. 
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To date ,  t h e  molecu la r  m e c h a n i s m s  of colchicine s t imu-  
l a t ion  of g r o w t h  h a v e  no t  b e e n  s tudied .  T he  obse rva t ions  
of KING TM seem to  ind ica te  t h a t  t h e y  could be  s imi la r  to  
t he  g ibbere l l in - induced  e -amylase  b iosyn thes i s .  Th i s  
a u t h o r  ha s  s h o w n  t h a t  colchicine (1.0 ~M) s t imu la t e s  t he  
l i be ra t ion  of sugars  in  t i le  w h e a t  seed d u r i n g  ge rmina t ion .  
I n  addi t ion ,  t h e  d e m o n s t r a t i o n  t h a t  colchicine b inds  in 
v i t r o  to  D N A  molecules  17 p o i n t s  ou t  aga in  t h a t  i t s  s i te  of 
ac t ion  m a y  be  a t  t he  gene level.  Besides,  i t  is p laus ib le  to  
foresee t h a t  colchicine p roduces  i ts  effect  of g r o w t h  
s t i m u l a t i o n  in a way  s imi la r  to  t he  i n d u c t i o n  of c-mitosis .  
T h a t  is to  say, due  to  i t s  c a p a c i t y  to  b i n d  to s u b u n i t  
p ro t e in  of m i c r o t u b u l e s  of t he  mi to t i c  apparatusaS.  

I n  brief,  t h e  m e c h a n i s m s  u n d e r l y i n g  t h e  s t i m u l a t o r y  
effect  of colchicine r e m a i n  unclear .  Never the less ,  t h e  
afore-discussed would  seem to  i nd ica t e  t h a t  colchicine - 

Effect of colchicine on the germination of wheat seeds 

Colchicine concentration 
([xU) 

Duration of treatment (h) 

48 56 

a t  low c o n c e n t r a t i o n  - m a y  well  be  effect ive  as a p r o m o t e r  
of cell d ivis ion,  a n d  t h e r e b y  p r e p a r e  t h e  t i ssues  for i t s  
u l te r io r  m u t a g e n i c  a c t i v i t y  a t  a n  h i g h e r  concen t r a t i on .  I t  
m a y  be  conc luded  therefore ,  t h a t  t h e  cel lular  m e c h a n i s m  
of colchicine ac t ion  ha s  a twofold  func t i on :  t h e  s t imula -  
t i on  of t he  nuc l ea r  d iv i s ion  and  of cytokines is ,  followed b y  
t h e  i n d u c t i o n  of polyplo idy .  One p rac t i c a l  consequence  
f rom these  f ind ings  m i g h t  be  t h e  use  of  colchicine in a 
dosage sequence  for increas ing  t h e  p e r c e n t a g e  of poly-  
p lo id  cells in  t h e  t issues.  

Rdsumd. Le d 6 v e l o p p e m e n t  de la  rac ine  e t  de la  
col60pti le es t  s t imul6  lorsque  des p l a n t u l e s  de Gramin6es  
son t  incub6es  avec  la  colchicine ~ des c o n c e n t r a t i o n s  au-  
dessous  du  seuil  qu i  p r o d u i t  ses effets  mu tag6n iques .  
Ce t te  s t i m u l a t i o n  de la croissance - qu i  semble  &re  due  
une  ac t iv i t6  m 6 r i s t 6 m a t i q u e  accrue  - m e t  en 6vidence  u n  
doub le  a spec t  du  m 6 c h a n i s m e  & a c t i o n  de la colchic ine:  
la  s t i m u l a t i o n  de la p ro l i f6ra t ion  cellulaire,  suivie de 
l ' i n d u c t i o n  de la polyploidie .  E n  out re ,  ceci sugg~re que  le 
t r a i t e m e n t  des o rganes  avee  des doses de  colchicine 
c h a q u e  fois p lus  61ev6es d e v r a i t  p e r m e t t r e  & a u g m e n t e r  
le n o m b r e  de cellules polyploides  d i n s  les t issus.  
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Samples of 30 seeds were incubated in the dark at 24 ~ temperature 
in an aqueous solution of colchieine and in distilled water. The results 
are given as percentage of seeds germinated at the end of the 
incubation periods, 
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F i xa t ion  of E l e m e n t a r y  N i t r o g e n  by Nostoc punctiforme ( K i i t z . )  H a r i o t  and Scytonema bohner i  
S c h m i d l e  in Pure  and U n i a l g a l  Cul tures  

A n u m b e r  of b lue-green  a lgae h a v e  been  shown  to  fix 
e l e m e n t a r y  n i t r ogen  in pu re  cul tures .  Assoc ia t ion  of 
o t h e r  micro-organ isms ,  especial ly  bac te r ia ,  w i t h  these  
a lgae h a v e  been  shown  to  resu l t  in  increased  n i t rogen  
f ixa t ion ,  a n d  in m o s t  of t h e  cases t h e  t o t a l  n i t r ogen  f ixed 
was  h ighe r  t h a n  t h a t  f ixed b y  e i the r  of t he  o rgan i sms  
w h e n  g rown  s ingly  1-3. 

D u r i n g  a s u r v e y  of t he  soil a lgae f rom tile rice fields, a 
large  n u m b e r  of b lue-green  algae h a v e  been  i so la ted  in 
un ia lga l  cul tures .  M a n y  of these  are  found  to  t h r i v e  well  
on  a cu l tu re  so lu t ion  free f rom n i t rogen .  I n  t h e  p r e sen t  
i nves t i ga t i on  t he  n i t rogen  f i xa t i on  c a p a c i t y  of 2 algae has  
been  s tud ied  a n d  c o m p a r e d  in b o t h  un ia lga l  a n d  pu re  
cul tures .  Un ia lga l  cu l tu res  of Nostoc puncti/orme (Ktitz.) 
H a r l o t  a n d  Scytonema bohneri Schmidie ,  i so la ted  f rom 
rice field soils of Bal l ia  a n d  G h a z i p u r  (U.P.,  Ind ia) ,  
respect ive ly ,  were ra i sed  in pu re  bac te r i a - f ree  cu l tu res  
b y  use of U V - i r r a d i a t i o n  coupled  w i t h  s t r eak ing  on  silica 
gel p l a t e s  a f t e r  t he  m e t h o d s  of GERLOFF e t  alA, and  
WATANABE 5. P u r i t y  of cu l tu res  was  t e s t ed  w i t h  p e p t o n e  
so lu t ion  (1%),  m i x t u r e  of glucose (0.5%) and  p e p t o n e  
(1%) solut ions ,  m e a t  e x t r a c t  ( 'Oxo-Lab lemco ' )  so lu t ion  
(1%) a n d  DE'S n l iqu id  so lu t ion  c o n t a i n i n g  glucose 
(0.5%). 

The  cu l tu res  were g rown  a t  28-30 ~ u n d e r  con t inuous  
f luorescen t  l i gh t  (180 Lux)  in  250 m l  P y r e x  E r l e n m e y e r  
f lasks,  c o n t a i n i n g  100 m l  of DE's  e n i t rogen- f ree  med ium,  
s u p p l e m e n t e d  b y  modi f ied  HUTNER'S 7 m i c r o n u t r i e n t  
solut ion,  in  wh ich  (NH4)6MoTO24 was  rep laced  b y  MoO 3 
in order  to  m a k e  i t  n i t rogen- f ree  as descr ibed  earl ier  3. 
I n i t i a l  p H  of t h e  so lu t ion  was a d j u s t e d  to  7.0. 

The  cu l tu res  were  h a r v e s t e d  a f t e r  35 days  of g r o w t h  and  
t h e  p u r i t y  of t h e  cu l tu res  was  re tes ted .  The  a lgal  m a t  of 
each  rep l i ca te  was  s e p a r a t e d  b y  cen t r i fuga t ion .  N i t rogen  
was  e s t i m a t e d  b o t h  in  t h e  s u p e r n a t a n t  and  t h e  algal  m a t  
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