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Since the  cages exclude the  passage of electr ic  fields 
below the  f r equency  of X-rays ,  the  effect ive fields c an n o t  
be like those  b y  which  sharks  locate p rey"  and  fish com- 
mun ica t e  v. The  cages are freely permeable  to h igh-energy  
rad ia t ion  and  to  magne t i sm,  factors  to  which  an  organism 
has  been  s h o w n  to  r e spond  w i t h  grea t  sens i t iv i ty  s-l~, and  
to  g rav i ty  to  which  organisms m a y  poss ib ly  r e spond  1,. 
The weak  field involved in the  mu tua l  bean  in te rac t ions  
is pos tu la t ed  to  be magne t i c  14. This  hypo thes i s  is being 
inves t iga ted  fur ther .  
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Calcium and magnes ium in plant cytokinesis and their antagonism with caffeine 
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Summary. The eff iciency of caffeine a t  d i f fe rent  concen t ra t ion  on the  induct ion  of b inuclea te  cells in onion root - t ip  
was s tudied.  The drug effect  is s t rongly  depressed  in the  Ca++ and /o r  Mg ++ presence  a t  ha l f - ra te  of m a x i m u m  efficiency 
(0.04%), a b o u t  2 mM). We  therefore  conclude t h a t  b o t h  ca t ions  m u s t  p lay  a role in p l a n t  cytokinesis .  

X a n t h i c  bases,  and  especial ly the i r  m e t h y l  der ivat ives ,  
such as caffeine, theophy l l ine  and  theobromine ,  are well- 
k n o w n  as inh ib i tors  of cytokinesis ,  and  the i r  cytological  
effects  on p l a n t  cells have  been  s tud ied  b y  several  
au thors  1-3. Moreover,  the  blockage of cytokines is  b y  
8-e thoxycaffe ine  and  caffeine has been  employed  to 
induce  a b inuc lea te  cell popu la t ion  charac te r ized  b y  a 
synchronous  d e v e l o p m e n t  of t he  cell cycle 4-e and  these  
synchronous  cells have  p roved  a ve ry  successful  tool  for 
cell cycle dissect ioning 7-~ 
The  expe r imen ta l  analys is  of cytokines is  10,11 showed  tha t ,  
in t he  presence  of these  inhibi tors ,  t he  Golgi vesicles, 
a p p a r e n t l y  p r e sen t  in similar  n u m b e r  to  those  found  in 
controls ,  do no t  form the  cell plate,  b u t  disperse  all over  
t he  cy top lasm.  T h a t  is to  say,  t h e  a r r a n g e m e n t  and  fusion 
of Golgi vesicles does no t  t ake  place. However ,  t he  f i rs t  
app roach  to  the  molecular  mechan i sm of such an inhibi~ 
t ion  was  m a d e  by  Paul  and  Golf 12 when  t h e y  s tud ied  the  
c o m p a r a t i v e  effects  of caffeine and  calc ium def ic iency on 
cytokinesis .  As a consequence,  t h e y  p roposed  calcium 
r e q u i r e m e n t  as a fea tu re  of p l a n t  cytokines is  and  the  
calcium-caffeine an t agon i sm as a molecular  basis  of t he  
caffeine effect.  

In  order  to t e s t  th is  hypothes is ,  and  also to  s t u d y  the  
possible role p layed  by  magnes ium,  we decided to  develop 
and  use the  50% inhib i ted-cy tokines i s  as a t e s t  sys tem:  
the  f i rs t  resul ts  are p resen ted  here.  
Material and methods. T h e  mate r ia l  used was the  root  
mer i s t em of Al l ium cepa L. bulbs.  The onion bulbs  
(15-30 g) were grown in the  da rk  a t  a co n s t an t  t empera -  
ture  (15 ~ • 0.5) in cyl indr ical  glass receptacles  of abou t  
80 ml  capac i ty  in t a p  wa te r  renewed  every  24 h and 
aera ted  by  cont inuous  bubb l ing  a t  the  ra te  of 10-20 ml 
a i r /min.  The bulbs  were  so placed t h a t  only  the i r  bases 
remained  submerged  in the  water .  
The t r e a t m e n t  solut ions were p repa red  wi th  dist i l led 
wa te r  and  Merck reagents .  All t he  roots  were submerged  
in t he  t r e a t m e n t  solut ion w i t h o u t  separa t ing  t h e m  f rom 
bulbs,  and  the  en v i ro n men t a l  condi t ions  a l ready  de- 
scr ibed were careful ly ma in t a ined  t h r o u g h o u t  the  t r ea t -  
m e n t  period.  
In  every  case, the  roo ts  were incuba ted  for 4 h in the  
t r e a t m e n t  solut ions and  r e tu rned  for 1 h to wa te r  before 
harves t .  This  shor t  r ecovery  m u s t  pe rmi t  all mi toses  
af fec ted  b y  caffeine to  reach  in t e rphase  in order  to  appear  
e i ther  as mononuc lea te  cells, if n o t  inhibi ted ,  or binucle~te  
cells, when  cytokines is  has  been  blocked 1,. 
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Production of binucleate cells by treatments with different caffeine 
concentrations at 15 ~ for 4 h. Abscissae: Caffeine concentration. 
Ordinate: Percentage of binucleate cells within the meristem pop- 
ulatio'n: Under these conditions, the threshold concentration appears 
to be 0.02% and caffeine about 0.1% the maximum efficiency of 
the drug is achieved. 
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Treatments Mononucleate cells B/nucleate cells 
0.04 0.06 0.10 0.04 0.06 0.10 

Binucleate (%) 
0.04 0.06 0.10 

Control 35.500 18.446 14.190 850 867 823 
10mMCa ++ 15.833 8.028 4.385 190 289 228 
10mMMg*+ 5.213 6.606 6.480 75 218 423 
Ca++ +Mg++ (10mM) 20.500 4.454 3.379 106 98 196 

2.45 i 0.08 4.71 ~ 0.15 5.87 ::t= 0.19 
1.31 • 0.08 3.60 :~= 0.20 5.21 4- 0.33 
1.30 ! 0.15 3.21 ~ 0.15 6.06 2t~ 0.29 
0.52 4- 0.05 2.23 ~ 0.21 5.86 4- 0.40 

Fo r  cyto logica l  analysis ,  t h e  roo ts  were f ixed in  3:1  
e thano l - ace t i c  m i x t u r e  a n d  t he  spec imens  p r e p a r e d  b y  
s t a in ing  t he  roo t s  w i t h  acet ic  orcein  accord ing  to  t he  
t e c h n i q u e  of Tjio a n d  L e v a n  14. E v e r y  t r e a t m e n t  was  
s tud ied  in a t  l eas t  2 bu lbs  a n d  eve ry  roo t - t i p  was  s tud ied  
b y  scor ing  a b o u t  1000 m e r i s t e m  cells a t  r a n d o m .  
As b i n u c l e a t e  cells were cons idered  all  cells w i t h  2 nucle i  
sha r i ng  a c o m m o n  cy top la sm,  in  sp i te  of t he  p resence  of 
p a r t i a l  cell p la tes .  
Results and discussion. Caffeine eff ic iency in  cy tok ines i s  
inh ib i t ion .  W i t h  on ion  roots ,  a s t e a d y  s t a t e  of g r o w t h  can  
be o b t a i n e d  u n d e r  con t ro l l ed  condi t ions ,  cha rac t e r i zed  
b y  a c o n s t a n t  g r o w t h  ra te ,  a re l iab le  cycle t i m e  and  a 
m i to t i c  i n d e x  w h i c h  r e m a i n s  s t e a d y  ove r  a long  t i m e  
period*.  To e s t i m a t e  t he  caffe ine efficiency, roo ts  in  such  
a s t e a d y  s t a t e  were i n c u b a t e d  i n  d i f fe ren t  d r u g  concen-  
t r a t i o n s  and  t he  resu l t s  are  s u m m a r i z e d  in t h e  figure.  
As a consequence ,  t h e  c o n c e n t r a t i o n  0 .04% ( a b o u t  2 raM) 
of caffeine h a s  been  cons idered  t h e  50%- inh ib i t ion -dose .  
Ve ry  low concen t r a t i ons ,  be low 0.02%,  do n o t  i nduced  
b i n u c l e a t e  cells, whi le  h ighe r  c o n c e n t r a t i o n s  such  as 0.08 
or 0 .1% show t h e  m a x i m u m  efficiency. 
Caf fe ine-ca lc ium a n t a g o n i s m .  Accord ing  to  P a u l  a n d  
Golf ' s  hypo thes i s ,  caffeine m u s t  i n h i b i t  cy tok ines i s  b y  
in t e r f e r ing  w i t h  i n t r ace l lu l a r  ca lc ium,  and  we expec ted  
i t s  c o m p e t i t i o n  to  be de t ec t ed  eas i ly  b y  t e s t i ng  w i t h  
50%- inh ib i t i on -doses .  Our  resu l t s  a re  r ecorded  in t h e  
t ab le ,  where  t h e  r e d u c t i o n  in  caffe ine  eff ic iency induced  
b y  ca l c ium is r e m a r k a b l e  a t  c o n c e n t r a t i o n  0 .04% a n d  

negl igible  a t  0 .1% caffeine.  I t  is logical  to  a s sume  t h a t  t he  
ca lc ium c o n c e n t r a t i o n  r equ i r ed  to  reverse  t h e  0 .1% caf- 
feine so lu t ion  m u s t  be  too  h i g h  to be  c o m p a t i b l e  w i t h  in  
v ivo  assays.  
Caf fe ine -magnes ium a n t a g o n i s m .  S imi la r  resu l t s  were 
o b t a i n e d  w i t h  m a g n e s i u m  n i t r a t e ,  10 -~ M, a n d  b o t h  
ca t ions  a p p e a r  to  h a v e  a synergic  effect  ( table),  for the  
presence  of b o t h  in t h e  cu l tu re  m e d i u m  h a r d l y  depreses  
t he  caffeine eff ic iency a t  0 .04% to  a b o u t  20% of con t ro l  
b inuc l ea t e  cell p roduc t ion .  
On  t h e  o the r  h a n d ,  t he  presence  of a n y  ca t ion  does no t  
s ign i f i can t ly  modi fy  t he  i n d u c t i o n  of b i n u c l e a t e  cells 
w h e n  t he  roo ts  are  i n c u b a t e d  in caffe ine a t  0 .1%.  This  
s t e a d y  eff ic iency a t  t h i s  caffe ine c o n c e n t r a t i o n  s t rong ly  
d i scoun t s  t he  effects  of ca t ions  as a genera l  depress ion  of 
t he  mi to t i c  ra te ,  for in  t h i s  case t h e  b inuc l ea t e  cell pro-  
duc t i on  a t  a n y  caffe ine c o n c e n t r a t i o n  would  also neces- 
sa r i ly  decline.  
I n  shor t ,  we conc lude  t h a t  t he  effect  of caffe ine on  cyto-  
k inesis  m a y  be  modi f ied  b y  ca l c ium a n d  magnes ium,  
especial ly  a t  t h r e s h o l d  c o n c e n t r a t i o n s  of caffeine.  W e  
propose  t h a t  b o t h  ca t ions  m u s t  p l a y  a role in  p l a n t  cy to-  
kinesis ,  p r o b a b l y  r e l a t ed  w i t h  t h e  fus ion of Golgi vesicles 
to  give r ise t o  t he  new  cell wall.  The  in t r ace l lu l a r  concen-  
t r a t i o n s  m u s t  be  a d e q u a t e  u n d e r  con t ro l  condi t ions ,  b u t  
insuf f ic ien t  in  t he  p resence  of caffe ine a t  c e r t a i n  concen-  
t r a t ions .  

14 J . H .  Tjio and A. Levan, Ann. est. exp. Aula Dei 2, 21 (1950). 

A n  a m m o n i a c a l  s i l v e r  staining technique for mitotic c h r o m o s o m e s  o f  T r i t u r u s  ( U r o d e l a :  

Salamandridae) 1 
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Summary. A n  a m m o n i a c a l  s i lver  s t a i n i n g  t e c h n i q u e  was appl ied  to  m i to t i c  m e t a p h a s e  c h r o m o s o m e s  of 2 species of 
N e w t s  (Tr i turus) .  T h e  mes  is useful  for i den t i fy ing  nuc leo la r  o rgan ize r  regions .  I n  add i t ion ,  i t  revea ls  o t h e r  s i tes  
of u n k n o w n  signif icance.  

Two p rocedures  for  a d i f fe ren t ia l  s t a i n i n g  of c e r t a i n  
c h r o m o s o m e  regions  h a v e  r e c e n t l y  b e e n  p roposed  b y  
Howel l  e t  al. * a n d  G o o d p a s t u r e  a n d  B l o o m  s. The  f i rs t  is 
a n  a m m o n i a c a l  s i lver  t e chn ique ,  de s igna t ed  AS-SAT,  
w h i c h  s t a in s  t h e  sa te l l i te  regions  of D a n d  G g roup  h u m a n  
ch romosomes .  The  second one  is a s impler  a m m o n i a c a l  
s i lver  s t a i n i n g  reac t ion ,  d e s i g n a t e d  Ag-AS,  w h i c h  s t a ins  
d i f f e ren t i a l ly  t h e  nueleolus  o rgan ize r  regions  (NORs) of 
some m a m m a l i a n  species. W e  t r i e d  b o t h  t e c h n i q u e s  on  
t h e  m i t o t i c  c h r o m o s o m e s  of T r i t u r u s  to  i m p r o v e  our  
knowledge  of k a r y o t y p i c  e v e n t s  i n v o l v e d  in evo lu t i on  a n d  
spec ia t ion  m e c h a n i s m s  w i t h i n  t h e  genus  4. 

Material and methods. 30 l a rvae  a n d  5 males  f rom Pisa  a n d  
a couple  f rom t h e  R i v e r  Sarno,  nea r  Pompei i ,  of T r i t u r u s  
vu lgar i s  mer id iona l i s  (Boulenger ,  1882) as well  as 10 lar-  
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