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th is  communica t ion ,  the  o r ien ta t ion  of te lomeric  C-bands 
in All ium cepa, indicat ing n o n - r a n d o m  a r r a n g e m e n t  of 
ch romosomes  in in te rphase  cells, will be presented .  
Material and methods. Chromosome and  in te rphase  cell 
p repa ra t ions  were made  f rom roo t t ip  mer i s t ems  of Allium 
cepa.  The p repara t ions  were t r ea t ed  wi th  sa tu ra t ed  solu- 
t ion  of ba r ium hydrox ide  for 5 min and were al lowed to  
r ena tu ra t e  in 2X SSC at  66~ for 2 h. The p repara t ions  
were s ta ined in 5% Giemsa (Merck) solut ion;  washed,  air 
dr ied and moun ted  in eupara l  The m e t h o d  is a sl ight 
modi f ica t ion  of Vosa and  MarchiT. 
Results and discussion. Metaphase  chromosomes  show 
deep s ta ined C-bands a t  te lomeric  regions of all the  chro- 
mosomes  (figure 1). As there  are 16 chromosomes  in a cell, 
32 b a n d s  can be seen in a me taphase  plate.  At  te lophase  
these  recta-  to submetacen t r i c  ch romosomes  have  their  

te lomeres  or iented  towards  the  newly  fo rmed  cell wall 
(figure 2). Figure  3 p resen t s  an in te rphase  cell showing the  
te lophase  or ien ta t ion  of the  C-bands.  Such or ien ta t ion  of 
t he  te lomeres  is also ev iden t  in t he  b inuc lea te  cell (figure 
4) induced t h ro u g h  caffeine t r e a t m e n t  (10 mM) and  f ixed 
af ter  20 h a t  t he  G 2 phase  s This  or ien ta t ion  is also main-  
ta ined,  even  in the  early p rophase  cells (figure 5). The 
observa t ions  on the  Giemsa C-bands  indicate  clear ly t h a t  
the  te lophase  a r r angemen t  of the  chromosomes  is main-  
t a ined  t h r o u g h o u t  the  in terphase .  The h igh ly  re i te ra ted  
DNA in the  te lomeres  m a y  ac t  as anchor  regions to t he  
nuclear  m e m b r a n e  6, 9 a t t r ibu t ing  the  defini te  o r ien ta t ion  
of the  in t e rphase  chromosomes.  
Giemsa C-bands  in in te rphase  cells have  been  s tud ied  in 
rye too TM 1~. In  rye t h e y  have  observed end to  end chro-  
mosome a t t a c h m e n t  in in te rphase  cells. In  All ium cepa 
too, 2 by  2 chromosome associat ion has been r epo r t ed  by  
Fussel  6 b y  au to rad iography .  The p re sen t  observa t ions ,  
however ,  do no t  reveal  any  regular  end- to -end  a t t a c h m e n t  
of the  C-bands.  In  in te rphase  cells 24-26 b a n d s  ( instead 
of usual  32) can be seen (figures 3 and  5). The lower n u m -  
ber  m a y  be due ei ther  to l imi ta t ion  of the  procedure  or to  
ectopic pai r ing  be tween  some of the  C-band regions as 
DNA of s imilar  base composi t ions  and sequence  m i g h t  
media te  he t e roch roma t i c  a t t r ac t ion  ~, la. I n  no case, how- 
ever, could 2 by  2 pair ing be noticed.  

Fig. 1. A metaphase cell of Allium cepa showing 16 chromosomes 
with C-bands at the telomeric regions. Fig. 2-5. Orientation of 
C-bands iu a tclophase cell, or interphase cell, a binucleate G 2 
cell and an early prophase cell respectively. 
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Effec t s  of A g  + on  f r o g  sk in :  I n t e r a c t i o n s  w i t h  o x y t o c i n ,  a m i l o r i d e  and  o u a b a i n  1 
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Summary .  Different  biological effects of Ag + (10 .4 M) were found depend ing  on its presence  in the  ou te r  or the  inner  
solut ion ba th ing  the  frog skin. A marked  increase in the  electrical conduc tance  and an in ter ference  wi th  the  ac t ion  of 
oxy toc in  and amiloride were found only when  Ag + was added  to the  ou te r  solution. 1Results suggest  t h a t  Ag + affects  
several  t r a n s p o r t  processes, in par t icu lar  the  pe rmeab i l i ty  of the  Na  e n t r y  pa thways .  

Sens i t iv i ty  of amph ib i an  epi thel ia  to  t he  presence of mi-  
nu te  quant i t i es  of heavy  meta l  ions has  been repor ted  3-7. 
In  part icular ,  Ag+ induces s ignif icant  changes  in the  
pe rmeab i l i ty  of frog skin when  p resen t  in the  outer  
ba th ing  solut ion e. We  repor t  here  some effects of Ag+ 
t h a t  have  h i the r to  no t  been descr ibed,  and  observa t ions  
on  its in te rac t ion  wi th  the  biological effects  of oxytocin ,  
amiloride and  ouabain.  
Materials and methods. The abdomina l  skin of frogs R a n a  
r id ibunda  was m oun ted  on Uss ing- type  conic chambers  
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Fig. 1. Time course of changes in  
SCC and k in pai red frog skins  
af ter  addi t ion  of Ag+ to the  outer  
and  the inner  solution. Note the  
s imi la r i ty  of the phasic  pa t t e rns  
of the  responses to Ag + added  to 
one side in  the presence of Ag + in  
the opposi te  side. The cont inuous  
lines (Q--Q and O - - O )  represent  
SCC. The dashed  lines (,.....) rep- 
resent  the envelope cur ren t  cur- 
ves a t  q- 5 mV. The ver t ica l  ba r  (I) 
indicates  the  to ta l  electr ical  con- 
duc tance  (k) of the skin.  
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Fig. 2. Comparison of the effects 
of Ag + in skins  p re t r ea ted  wi th  
ouabain  (bottom) or alni lor ide 
(top). W i t h  ouabain,  a m a r k e d  in- 
crease in k pers is ted in the absence 
of changes ill SCC; amilor ide  
b locked the effect of ' in te rna l '  
Ag +, while ' ex te rna l '  Ag + induced  
a r emarkab le  increase in bo th  SCC 
and k. Symbols  as in f igure 1. 
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with  an exposed area of 2.27 cm 2. The skins were b a t h e d  
in Na-Ringer  solution, the  composi t ion  of which was (in 
mM) : Na~SO4, 56; K2SO,, 1.25 ; CaSO4, 1 ; Tris 5 or 10 ; p H  
ad jus ted  to 8 wi th  H2SO 4. Aera t ion  and circulat ion of 
Ringer  solut ion were accompl ished by  pass ing air t h ro u g h  
a K O H  solut ion and  then  into the  air-lifts. Elect r ica l  
pa rame te r s  were measured  wi th  rout ine  techniques .  A 
p rog rammab le  vol tage  clamp, based on t h a t  descr ibed 
by  Y o n a t h  and Civan 8, was used to control  the electrical 
po ten t i a l  difference (PD) across the  skin a t  2 p rede te r -  
mined  values for var iable  durat ions .  The electrical  cur- 
r en t s  required to set  PD a t  0 and 5 mV were moni to red  
t h roughou t  the  exper iment .  F rom the  d is tance  be tween  
these  cur ren t  envelope curves, the  electrical conduc tance  
(k) was computed .  
Results a~d discussion. Figure 1 i l lustrates  a typica l  re- 
sponse of the  skin to 10 -4 M Ag +. "When this  ca t ion was 
added  to the  outer solution, shor t -c i rcui t  cur ren t  (SCC) 
fell below" the  pre-Ag+ level af ter  a t r ans i en t  rise; k in- 
creased markedly ,  bu t  the  kinet ics  of its changes  did no t  
follow those of SCC. The concomi tan t  increase in k and  
decrease in SCC resul ted in a precipi tous  drop  in the  
open-circui t  PD. W h e n  Ag+ was added  to the  inner solu- 
tion, a l though a biphasic  change  in SCC again occurred,  
the  onset  of the  response was slower and SCC, in mos t  
cases, s t ayed  above the  pre-Ag + level. However ,  the  most  

d i s t inc t  charac ter i s t ic  of th is  response was the  lack of 
change  in k dur ing  the  ent i re  SCC phasic  change.  The 
ques t ion  arises as to  the  biological significance of the  Ag +- 
induced changes  in SCC which  has been  usual ly t aken  as 
equ iva len t  to ne t  Na t r anspor t .  To t es t  if this  relat ion 
still applies in the  presence  of Ag+, we s tudied  the  in ter-  
ac t ion of Ag+ wi th  th ree  subs tances  hav ing  a well docu-  
m e n t e d  effect  on Na t r a n s p o r t  across frog skin:  oxytocin ,  
ouaba in  and amiloride.  
W i t h  10 ~ M Ag + in the  outer solution,  a s u p r a m a x i m a l  
dose (40-100 mU/ml)  of oxy toc in  (Syntocinon,  Sandoz 
SA) failed to s t imula te  SCC in a series of 9 skins. In con- 
t ras t ,  in ano the r  series of 10 expe r imen t s  where Ag + was 
added  to the  inner solution,  the  s t imula t ion  of SCC by  
oxy toc in  was no t  modified.  In  fact,  init ial  and del ta  
values of SCC were 14.93 J= 2.49 and 10.64 • 2.67 ~xA 
cm 2 in the  Ag+-t rea ted  skins, while in the  control  pa i red  
skins, the  cor responding  values  were respect ive ly  14.60 
+ 2.84 and 10.15 =E 1.42 lxA cm -2. W h e n  the  sequence of 
drug  admin i s t r a t i on  was reversed,  the  p a t t e r n s  of response  
to  Ag+ added  to the  outer  or the  inner solut ion of the  oxy-  
toc in - s t imula ted  skins r emained  similar to those observed  
in non-s t imula ted  skins. 

8 J. Yonath and M. M. Civan, J .Memb. Biol. 5, 366 (1971). 
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Fig. 3. Comparison of the effects of ouabain 
and amiloride on the 'renewed' SCC induced 
by 'external' Ag +. Skins were pretreated with 
amiloride. Note the sensitivity to ouabain in 
contrast with the insensitivity to high con- 
centrations of amiloride. Symbols as il~ fig- 
ure 1. 
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Concern ing  t he  i n t e r a c t i o n  be t w een  Ag+ a n d  ouaba in ,  2 
m a i n  fea tu res  were  found  as shown in f igure 2: a) w h e n  
t he  ac t ive  t r a n s p o r t  of N a  was f i rs t  abo l i shed  b y  ouaba in ,  
Ag+ a d d e d  to t he  ou te r  so lu t ion  could elici t  no  c h a n g e  in 
SCC; b) in  con t r a s t ,  a conspicuous  increase  in k was  sti l l  
observed ,  i n d i c a t i n g  a change  in pass ive  m e m b r a n e  per-  
meab i l i ty .  F ina l ly ,  t h e  i n t e r ac t i on  b e t w e e n  Ag + and  
ami lor ide  p roduced  t h e  m o s t  i n t e r e s t i ng  a n d  u n e x p e c t e d  
biological  effects.  A d d i t i o n  of Ag + to t h e  inne r  so lu t ion  of 
skins  p r e t r e a t e d  w i t h  10 * M ami lor ide  resu l ted  in no 
change  in SCC or  k (figure 2). However ,  w h e n  Ag+ was 
a d d e d  to  the  outer solut ion,  2 m a i n  p h e n o m e n a  were  ob-  
se rved :  a) t he  inef fec t iveness  of ami lor ide  in skins  pre-  
t r e a t e d  w i t h  Ag+; b) a ' r enewed '  SCC in skins  p r e t r e a t e d  
w i t h  amilor ide.  
The  f i rs t  p h e n o m e n o n  was e v i d e n t  even  in the  p resence  
of v e r y  h igh  c o n c e n t r a t i o n  of amilor ide  ( >_ 10-* M). I n  a 
series of 21 expe r imen t s ,  ami lor ide  s l ight ly  r educed  SCC 
f rom an  ave rage  va lue  of 12.95 • 1.29 to 9:88 =E 0.98 ~zA 
cm -9, whi le  in skins  non-exposed  to Ag+, 10-* M ami lor ide  
was  suff ic ient  to  p r e v e n t  t he  e n t r y  of N a  in to  t h e  epi- 
the l i a l  ceils and  b r ing  SCC nea r ly  to  zero. The  second 
p h e n o m e n o n  is i l l u s t r a t ed  in f igures 2 a n d  3. A l t h o u g h  
SCC h a d  been  a l m o s t  c o m p l e t e l y  abol i shed  b y  amilor ide ,  
a d d i t i o n  of Ag+ to  t he  outer so lu t ion  i nduced  no t  on ly  an  
increase  in k b u t  also a rap id ,  phas ic  and  sus t a ined  in- 
crease in SCC in t h e  d i rec t ion  co r r e spond ing  to a N a  n e t  
f lux  f rom the  ou te r  t ow ar ds  the  i nne r  solut ion.  Th i s  
' r enewed '  SCC was  n e i t h e r  s t i m u l a t e d  b y  s u b s e q u e n t  
a d d i t i o n  of o x y t o c i n  (figure 2) no r  i n h i b i t e d  b y  f u r t h e r  
a d d i t i o n  of ami lor ide  b u t  read i ly  i n h i b i t e d  b y  o u a b a i n  
(figure 3). 
The  effects of Ag + on  frog skin r epo r t ed  here  differ  mar -  
ked ly  f rom those  descr ibed  w i t h  o the r  m e t a l  ions ~-5, ~, 9. 
A d d i t i o n  of Cu ++ a n d  La  +++ to t he  i nne r  so lu t ion  inh ib i t s  
t he  na t r i fe r ic  effect  of oxy toc in  a,9,1~ b y  con t ras t ,  Ag+ 
b locks  t he  h o r m o n a l  effect  on ly  w h e n  p r e s en t  in t he  ou t e r  
solut ion.  Moreover ,  i t  h a s  also been  shown  t h a t  SCC is 
sti l l  n e a r l y  t o t a l l y  i n h i b i t a b l e  b y  ami lor ide  in the  presence  

of Cd ++, La+++ a n d  Cu ++ i n ' t h e  ou t e r  so lu t ion  *, 9, u ;  in  
c o n t r a d i s t i n c t i o n ,  Ag+ reduces  m a r k e d l y  t h e  s ens i t i v i t y  
t o  ami lor ide  and,  m o s t  conspicuous ly ,  induces  a ' r enewed '  
SCC, in s k i n , p r e t r e a t e d  w i t h  amilor ide.  
The  sum of ou r  resu l t s  w i t h  oxytoc in ,  o u b a i n  and  amilo-  
r ide  is c o n s i s t e n t  w i t h  t he  v iew t h a t  changes  in SCC in- 
duced  b y  Ag+ ref lect  changes  in  n e t  Na  f lux across t h e  
skin, The  s ame  seems also to a p p l y  to  t he  ' r enewed '  SCC 
w h i c h  is i n h i b i t a b l e  b y  o u a b a i n  (figure 3). 2 o the r  l ines 
of evidence,  r e cen t l y  o b t a i n e d  in our  l a b o r a t o r y  11, s t rong-  
ly  s u p p o r t  th i s  i n t e r p r e t a t i o n  : first,  , renewed '  SCC is also 
d e m o n s t r a b l e  w h e n  Li+ s u b s t i t u t e s  for Na+;  secondly,  in 
skins p r e t r e a t e d  w i t h  amilor ide ,  a large increase  in t he  
inf lux  of N a  e9 follows t he  add i t i on  of Ag+. However ,  
a d d i t i o n a l  s tud ies  are necessa ry  to  e luc ida te  t he  mecha -  
n i s m  of t he  large increase  in  k obse rved  in d i f fe rent  ex- 
p e r i m e n t a l  condi t ions ,  as well  as t he  chemica l  species 
associa ted  w i t h  it. 
Severa l  poss ibi l i t ies  could be cons idered  to  exp la in  t h e  
obse rved  i n t e r a c t i o n  b e t w e e n  Ag+ and  amilor ide.  Ag+ 
could i n t e r a c t  w i t h  ami lor ide  recep tors  of t he  so-called N a  
channe l s  of t h e  ou twa rd - f ac ing  m e m b r a n e  of t he  sk in  12, 
or open  up  some ami lor ide  insens i t ive  p a t h w a y  m a k i n g  N a  
ava i l ab le  to  t h e  p u m p .  Be ing  a we l l -known su l fhydry l  
reagent ,  i t  is l ikely t h a t  t he  effects of Ag + on p e r m e a b -  
i l i ty  r e su l t  f rom an  i n t e r a c t i o n  w i t h  S H  groups  of t he  
m e m b r a n e  a n d / o r  o the r  cel lular  componen t s .  However ,  
i t  is n o t e w o r t h y  t h a t  o t h e r  su l fhydry l  r eagen t s  wh ich  we 
a l r eady  t e s t e d  (e.g. PCMBS,  m e t h y l m e r c u r y )  h a v e  effects  
qu i te  d i f fe ren t  f rom those  r epo r t ed  here.  A t  a n y  r a t e  Ag§ 
appea r s  to  be  a new and  useful  tool  to  help  u n d e r s t a n d i n g  
m e m b r a n e  p e r m e a b i l i t y  and  N a  t r a n s p o r t  a t  t he  mole-  
cu lar  level. 

9 R.C. De Sousa, J. Physiol. 71, 5A (1975). 
10 J. Marguerat and R. C. De Sousa, Experientia 31, 73 (1975). 
11 J .H .  Li, unpublished results. 
12 A.W. Cuthbert, Molee. Pharmac. 10, 892 (1974). 
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Summary. Var ious  a l t e r a t i ons  in Giemsa  b a n d i n g  t e c h n i q u e  h a v e  been  i n t r o d u c e d  to observe  t he i r  inf luence on  b a n d  
f o r m a t i o n s  in M-ch r om os om e  of Vicia  I aba  roo t  t ip  d iv id ing  cells. W i t h  t he  i n t r o d u c t i o n  of some m i n o r  a l t e r a t ions  in  
t he  t echn ique ,  r e v e l a t i o n  of a large n u m b e r  of classes of cons t i t u t i ve  h e t e r o c h r o m a t i n  has  been  m a d e  poss ib le .  Ap-  
p a r e n t l y  such  Giemsa  b a n d i n g  p a t t e r n  is c o m p a r a b l e  to  t he  ones obse rved  in a rou t ine  way  a m o n g s t  m a m m a l i a n  
chromosomes .  

A l t h o u g h  r ecen t ly  var ious  b a n d i n g  m e t h o d s  h a v e  been  
deve loped  for t he  s t u d y  of chromosomes ,  t h e  m e c h a n i s m  
of b a n d  f o r m a t i o n  is st i l l  a con t rover sy .  I t  h a s  been  
d e m o n s t r a t e d  t h a t  such  b a n d i n g  is n o t  s imp ly  t he  resu l t  
of d e n a t u r a t i o n  and  r e n a t u r a t i o n  of r epe t i t i ve  D N A  se- 
quences  a-5, b u t  r a t h e r  resu l t s  f rom modi f i ca t ions  of DNA-  
p ro t e in  or p r o t e i n - p r o t e i n  associa t ions  6, 7. The  base  specific 
assoc ia t ions  wh ich  d e t e r m i n e  Giemsa  s t a in ing  requi res  a n  
e x a m i n a t i o n  of t h e  n a t u r e  of these  p ro t e in s  to  f ind  
w h e t h e r  t h e y  are acidic a n d / o r  basic,  as a requis i te  for 
e v a l u a t i n g  t h e i r  genet ic  func t ion .  Dick  a n d  J o h n s  s and  
B r o d y  9 h a v e  found  t h a t  ac id-a lcohol  f i xa t ion  fails t o  
r e m o v e  q u a n t i t a t i v e l y  all  t h e  h i s tones  f rom the  cytologi-  
cal p r epa ra t i ons ,  whi le  S u m n e r  et  al. 1~ conc luded  t h a t  

h i s tones  are m o s t l y  r e m o v e d  b y  f ixat ion.  Comings  n 
and  Comings a n d  Avel ino  12 has  c la imed t h a t  b a n d  
f o r m a t i o n  can  be  ach ieved  a f te r  h i s tones  h a v e  been  
r e m o v e d  f rom slides b y  acid ex t rac t ion .  R e c e n t l y  B r o w n  
et  al. la ind ica te  t h a t  r e m o v a l  of h i s tones  f rac t ions  f l  a n d  
f2a  are necessa ry  for b a n d  fo rmat ion .  The  p r e sen t  
c o m m u n i c a t i o n  deals  w i t h  t he  resu l t s  of Giemsa  b a n d i n g  
on  M-ch romosome  of Vic ia  f aba  a f te r  i n t r o d u c t i o n  of 
va r ious  p rocedura l  a l t e r a t ions  in  t he  t echn ique .  Growing  
p r i m a r y  roo t  t ips  of B r o a d  b e a n  (Vicia faba) has  been  used 
in th i s  s tudy .  The  roo t  t ips  h a v e  been  t r e a t e d  w i t h  0 .01% 
colchicine for  2-3  h before  f ixa t ion  in e thano l -ace t i c  acid 
(3 : 1) m i x t u r e  for  8 h. Af te r  8 h t h e y  are t r an s f e r r ed  to  
e thanol .  Squashes  of t h e  m e r i s t e m a t i c  roo t  t ip  cells 


