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Data showing mean nuclear diameters and their mean DNA content in kidney and liver nuclei stained by Sehiff reagents at different pH 

Dye Treatment No. of Material Mean nuclear DNA content Difference t-value P 
nuclei diameter with S.E. between 

(in/l) means 

Pararosaniline Control 23 kidney 6.48 -t- 0.21 15.2 i 2,23 
[pH 2.3) 12.5 6.80 < 0.001 

Experimental 23 kidney 6.48 + 0.21 27.7 =k 2,66 
(ptt 4.0) 

Rosaniline Control 39 liver 6.32 ~ 0.59 21.2 :~ 1,22 
(pH 2.7) 17.0 5.75 < 0.00t 

Experimental 39 liver 6.32 :I= 0.49 38.2 -A= 2.63 
(pg 3.5) 

New fuehsin Control 35 liver 5.77 :[: 0.50 15.4 4- 1.12 
(pH 2.9) 13.3 6.14 < 0.001 

Experimental 35 liver 6.00 + 0.46 28.7 :[: 1.82 
(pit 3.7) 

T h e  re su l t s  a re  p r e s e n t e d  in  t h e  Table .  I t  is qu i t e  evi-  
d e n t  f r o m  these  r e su l t s  t h a t  c o n s i d e r a b l y  h i g h e r  D N A  
v a l u e s  a re  o b t a i n e d  in  t h e  e x p e r i m e n t a l  m a t e r i a l s  s t a i n e d  
b y  t h e  d i f f e ren t  dyes  a t  less ac id  p H  as c o m p a r e d  w i t h  
t hose  of t h e  con t ro l s  s t a i n e d  a t  low pH .  Th i s  shows t h a t  
all  t h e  c o m p o n e n t s  of bas ic  fuchs in ,  viz. pa ra rosan i l ine ,  
rosan i l ine  a n d  new fuchs in ,  in  t h e i r  leuco s t a t e  a re  r e a c t i v e  
to  c h a n g e  of pH,  t h e r e b y  inc reas ing  t he  s t a i n i n g  p o t e n -  
t i a l i t y  of cell nuclei ,  as n o t e d  b y  S w i F t  1, ITIKAWA a n d  
OGURAL a n d  D ~ r r  3. T h e  m o s t  p laus ib le  e x p l a n a t i o n  of 
th i s  inc rease  in  t h e  q u a n t i t y  of D N A - F e u l g e n  m a y  be  
t h a t  a m u c h  l a rge r  n u m b e r  of a l d e h y d e  molecules  t a k e  
p a r t  i n  t h e  r e a c t i o n  a t  a less ac id  p H  t h a n  is poss ible  a t  a 
v e r y  low pH,  as  sugges ted  b y  t h e  a u t h o r  3,4& 

Zusammen/assung. Die  F ~ r b b a r k e i t  de r  D N S  m i t  d e m  
Feu lgen reagens  n i m m t  m i t  s t e i g e n d e m  p H  des  R e a g e n s  

zu. E s  wi rd  nachgewiesen ,  dass  die ve r s t / i r k t e  R e a k t i o n  
alle 3 13estandtei le  des  gebr / iuch l i chen  F u c h s i n s  be t r i f f t .  

M. K.  DUTT 

Department o/Zoology, University o~ Delhi, 
Delhi 7 (India), 19 December 1967. 

s The author wishes to record his sincere appreciation to Prof. B. R. 
SESHAeHAR for providing facilities to carry out this investigation. 
This work was supported in part  by a research grant (GM 10499) 
from the National Institutes of Health, U.S. Public HeaIth Ser- 
vice, to Prof. B. P. KAUFMANN. 

Microorganisms and Ion Absorption by Roots 

E x p e r i m e n t s  on  a b s o r p t i o n  of  K a n d  seve ra l  o t h e r  ions  
b y  d ive r se  t i ssues  of m a n y  p l a n t  species h a v e  revea led  a 
d u a l  p a t t e r n  t h o u g h t  to  ref lect  t h e  o p e r a t i o n s  of 2 mecha -  
n i sms  of ion t r a n s p o r t  1. A t  c o n c e n t r a t i o n s  be low 1 raM, 
Michae l i s -Men ten  k ine t i c s  descr ibe  t he  r e l a t i on  b e t w e e n  
t h e  r a t e  of a b s o r p t i o n  of K a n d  i ts  e x t e r n a l  concen t r a t i on .  
The  m a x i m u m  is closely a p p r o a c h e d  a t  0.2 m M  K, a n d  t h e  
r a t e  of a b s o r p t i o n  does n o t  r ise m u c h  b e t w e e n  0.2 a n d  
1 m M  - a n  i n d i c a t i o n  t h a t  t h e  t r a n s p o r t  m e c h a n i s m  
o p e r a t i n g  ( m e c h a n i s m  1) is n e a r l y  s a t u r a t e d  a t  t he se  con-  
c en t r a t i ons .  

A t  h i g h e r  c o n c e n t r a t i o n s  of K (1-50 ml]I);  t h e  r a t e  of  
i t s  a b s o r p t i o n  r ises to  va lues  f a r  in  excess  of t h e  p l a t e a u  
re fe r red  t o  - ev idence  t h a t  a t  t he se  c o n c e n t r a t i o n s  a 
second  m e c h a n i s m  of t r a n s p o r t  comes  in to  p lay .  Th i s  
m e c h a n i s m  2 differs  b y  s e v e r a l  c l ea r -cu t  c r i t e r i a  f rom 
m e c h a n i s m  11. 

R e c o g n i t i o n  of th i s  d u a l  p a t t e r n  of ion  t r a n s p o r t  ha s  
come  f rom s h o r t - t e r m  e x p e r i m e n t s  w i t h  excised t issues,  

m o s t  of  t h e m  w i t h  excised  roots .  Unless  asep t ic  t e c h n i q u e  
is used,  roo ts  of seedl ings  as  n o r m a l l y  g r o w n  in  t h e  labo-  
r a t o r y  c a r r y  a p o p u l a t i o n  of mic roorgan i sms ,  as of course  
do  roo ts  in  soil. The  effect  of t h i s  microf lo ra  on  t h e  resu l t s  
of e x p e r i m e n t s  on  ion t r a n s p o r t  b y  roo ts  is usua l ly  con-  
s idered  negligible,  for  severa l  reasons .  (1) T h e  mass  of t h e  
m i c r o o r g a n i s m s  is e x t r e m e l y  smal l  c o m p a r e d  w i t h  t h a t  of 
t h e  t i ssue  w i t h  w h i c h  t h e y  a re  associa ted .  (2) Only  ions 
n o n - e x c h a n g e a b l y  r e t a i n e d  a re  m e a s u r e d  as h a v i n g  b e e n  
a b s o r b e d  b y  t h e  t i s sue  2. Th i s  Value shou ld  n o t  inc lude  t h e  
b u l k  of t h e  ions a b s o r b e d  b y  bac te r i a ,  s ince t he se  ions a re  
r ead i ly  los t  b y  exchange .  (3) T h e  k ine t i c s  of ion  t r a n s p o r t  
a re  r e m a r k a b l y  cons i s ten t ,  w h e t h e r  e x a m i n e d  in  exper i -  
m e n t s  w i t h  f ibrous  roo t  t issue,  s to rage  t issue,  or  leaf  t i s sue  

1 E.EPsTEI~, Nature 212, 1324 (1966). 
E. EPSTEIN, W. E. ~CttMID and D. W. RAxNS, P1. Cell Physiol. Tokyo 
4, 79 (1963). 
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of t e r re s t r i a l  or a q u a t i c  h ighe r  p l a n t s  t, 3, ,. B o t h  t he  k ind  
a n d  degree  of bac te r i a l  c o n t a m i n a t i o n  m u s t  v a r y  g rea t ly  
for these  d iverse  p l a n t  mate r ia l s ,  a n d  t he  cons i s t ency  of 
t h e  resu l t s  t he re fo re  a rgues  a g a i n s t  a n y  g rea t  effect  of 
b a c t e r i a  on  t he  f ind ings  ob ta ined .  

I n  r e c e n t  expe r imen t s ,  t h e  role of assoc ia ted  micro-  
o rgan i sms  in p h o s p h a t e  a b s o r p t i o n  b y  p l a n t s  ha s  been  
e x a m i n e d  a n d  a t t e n t i o n  ha s  been  d r a w n  to  d i f ferences  ob-  
t a i n e d  w i t h  s ter i le  a n d  non-s te r i l e  roo t s  ~,s. I h a v e  the re -  
fore e x a m i n e d  t h e  k ine t i c  p a t t e r n  of a b s o r p t i o n  of K in 
s ter i le  a n d  non-s te r i l e  roots .  

F i v e - g r a m  samp le s  of seeds  of bar ley ,  Hordeum vulgate 
var .  Ar iva t ,  were s h a k e n  in 80 m l  1 .8% s o d i u m  h y p o -  
ch lo r i t e  (30% ' P u r e x '  b y  vo lume)  for  30 min .  E a c h  
s a m p l e  was  t h e n  r insed  twice  w i t h  100 mI s ter i le  w a t e r  
each  t ime .  T h e  seeds  were  t r a n s f e r r e d  to  dry ,  s ter i le  P e t r i  
dishes.  A few seeds a t  a t i m e  were  t h e n  t r a n s f e r r e d  to  
s ter i le  P e t r i  d i shes  c o n t a i n i n g  1 .06% a g a r  a n d  i n c u b a t e d  
for  3 d a y s  as  a p r e l i m i n a r y  t e s t  for  s ter i l i ty .  Seedl ings  f r o m  
p la te s  showing  n o  ev idence  of c o n t a m i n a t i o n  were  t r a n s -  
fe r red  o n t o  a cheesec lo th  s u p p o r t e d  b y  a s ta in less  s teel  
sc reen  s u s p e n d e d  in  a 4 1 b e a k e r  a t  s u c h  a h e i g h t  t h a t  t h e  
sur face  of a 3 1, 0.2 m 3 " / C a S O  4 so lu t ion  was  a b o u t  1 c m  
be low t h e  screen.  Th i s  a s sembly ,  w i t h  a Te f lon -coa ted  
m a g n e t i c  s t i r r i ng  b a r  on  t h e  b o t t o m  a n d  h e a v y  a l u m i n u m  
foil ove r  t h e  t o p  of t h e  beaker ,  h a d  p rev ious ly  b e e n  au to -  
c laved.  D a c r o n  b a t t i n g  i n t e r v e n e d  b e t w e e n  t h e  r i m  of t h e  
b e a k e r  a n d  t h e  a l u m i n u m  foil, wh ich  was  c r i m ped  a r o u n d  
t h e  t o p  of t h e  beaker .  

E a c h  beaker ,  w i t h  a b o u t  30 seedl ings  on  i ts  screen,  was  
p laced  on  a m a g n e t i c  s t i r r ing  a p p a r a t u s  in  a d a r k  c h a m b e r  
m a i n t a i n e d  a t  22 °C. Seedl ings  were  t h e n  g rown  for  4 more  
days ,  t he  so lu t ion  be ing  a g i t a t e d  a n d  ae r a t ed  b y  m e a n s  of 
t h e  r o t a t i n g  s t i r re r  bar .  

T h i r t y  h o u r s  a f t e r  t r a n s f e r  of t h e  seedl ings in to  t h i s  
a s s e m b l y  t h e  roo t s  e x t e n d e d  a b o u t  5 cm in to  t h e  CaSO a 
solut ion.  A t  t h i s  t ime,  two  1 ml  samples  of t h e  so lu t ion  
were w i t h d r a w n  u n d e r  s ter i le  cond i t i ons  a n d  p i p e t t e d  in to  
i0  ml  n u t r i e n t  b ro th .  These  cu l tu res  were  i n c u b a t e d  a t  
30 °C for t h e  r e m a i n d e r  of t h e  g r o w t h  pe r iod  of t h e  seed- 
l ings a n d  on ly  seedl ings  f r o m  assembl ies  showing  no  con-  
t a m i n a t i o n  b y  th i s  t e s t  were  used  for  t h e  s ter i le  r uns  of t h e  
a b s o r p t i o n  e x p e r i m e n t s .  

T h e r e  were 2 con t ro l  runs .  One  ut i l ized roo ts  f r o m  seed- 
l ings g r o w n  u n d e r  non-s te r i l e  cond i t i ons  in  t h e  usua l  
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Rate, v, of absorption of K by excised roots of barley as a function of 
the concentration of KCI, plotted logarithmically. 

m a n n e r  7. Seeds for t h e  o t h e r  con t ro l  t r e a t m e n t  were 
s ter i l ized as de sc r ibed  above ,  p l a t e d  on  agar ,  a n d  t r a n s -  
fer red  to  g r o w t h  assembl ies  wh ich  were  de l i be ra t e ly  in-  
ocu la ted  b y  d r o p p i n g  non-s te r i l i zed  seeds  i n to  t he  beakers .  
Th i s  r u n  was inc luded  to  t e s t  t h e  effect,  if any,  of t h e  
s t e r i l i za t ion  p rocedu re  itself, a p a r t  f rom t h a t  of s u b s e q u e n t  
g r o w t h  u n d e r  s ter i le  condi t ions .  

On  t h e  d a y  of t h e  expe r imen t ,  t he  roo ts  were excised  
in to  s ter i le  w a t e r  a n d  a b s o r p t i o n  e x p e r i m e n t s  p e r f o r m e d  
as desc r ibed  before  2, e x c e p t  for t h e  fol lowing 3 differences.  
(1) All so lu t ions  were  s ter i l ized b y  au toc l av ing .  (2) Ca lc ium 
was  p r e s e n t  as  0.5 m M  CaSO 4 in s t ead  of CaC12. (3) Po ta s -  
s i u m  was  l abe l ed  w i t h  8~Rb - a va l id  p r o c e d u r e  for sho r t -  
t e r m  a b s o r p t i o n  e x p e r i m e n t s  w i t h  t i s sues  of h i g h e r  
p l a n t s  ~, s, L 

T h e  resu l t s  of m a n y  e x p e r i m e n t s  were  v e r y  s imi lar .  
Those  of 3 e x p e r i m e n t s  d o n e  in success ion were  a v e r a g e d  
a n d  are  p r e s e n t e d  in  t h e  F igure .  A t  low concen t r a t i ons ,  
s te r i le  roo t s  a b s o r b e d  K a t  a s o m e w h a t  h i g h e r  r a t e  t h a n  
did  non-s t e r i l e  roots .  T h e  reverse  was  t r u e  a t  h i g h  con-  
c e n t r a t i o n s .  Di f fe rences  were  n o t  l a rge ;  o n l y  a t  t h e  t o p  2 
c o n c e n t r a t i o n s  was  t h e  d i f ference  b e t w e e n  t h e  s ter i le  a n d  
t h e  non-s t e r i l e  t r e a t m e n t s  s igni f icant .  T h e r e  was no  signifi-  
c a n t  d i f ference  b e t w e e n  t h e  2 non-s te r i l e  runs .  T h e  roo t s  of 
al l  3 t r e a t m e n t s  s h o w e d  t h e  cha r ac t e r i s t i c  d u a l  p a t t e r n  of 
t r a n s p o r t  ou t l i ned  a t  t h e  b e g i n n i n g  of t h i s  r epor t .  

F o r  a b s o r p t i o n  of K,  there fore ,  ou r  f ind ings  show on ly  
smal l  d i f ferences  b e t w e e n  s ter i le  a n d  non-s t e r i l e  roots .  
S imi la r  r e su l t s  a re  l ikely for  ions  of o t h e r  e l e m e n t s  w h i c h  
a re  n o t  i n c o r p o r a t e d  i n to  s t a b l e  o rgan ic  m e t a b o l i t e s  to  a n y  
large ex t en t ,  such  as N a  a n d  C1. The  p r e s e n t  conc lus ions  
in no  w a y  c o n t r a d i c t  t hose  c o n c e r n i n g  P m e n t i o n e d  a b o v e  
s ince t he  r ap id ly  d iv id ing  bac t e r i a l  cells would  p r e e m p t  
t h e  e x t r e m e l y  l imi t ed  s u p p l y  of p h o s p h a t e  p r e s e n t  in  
those  exper imentsS ,  ~. This ,  coupled  w i t h  t he  r ap id  in-  
c o r p o r a t i o n  of a~P in to  nucle ic  acids  of bac t e r i a l  cells, 
causes  large  d i f ferences  in  p a t t e r n s  of l abe l ing  w h e n  s ter i le  
a n d  non-s te r i l e  seedl ings  are  c o m p a r e d  1°. T h e  absence  of 
large  d i f ferences  in  our  e x p e r i m e n t s  w i t h  K shows  t h a t  
t h e  resu l t s  r e p r e s e n t  K a b s o r p t i o n  b y  the  p l a n t  t i s sue  ll. 

Rdsumd. Les c o m p a r a i s o n s  des  t a u x  d ' a b s o r p t i o n  de  K 
p a r  des  rac ines  d 'o rge  st6ri les e t  non-st6r i les ,  Hordeum 
vulgate, d a n s  l ' o rd re  de  c o n c e n t r a t i o n  de 0 ,02-50 raM,  o n t  
m o n t r 6  que  le doub le  m o d e  de t r a n s p o r t  d ' i o n  d6cr i t  
a u p a r a v a n t  p o u r  des  rac ines  non-st6r i les ,  s ' a p p l i q u e  ~gale- 
m e n t  a u x  rac ines  st6riles. La  microf lore  de la r ac ine  n ' a  
inf luenc6 que  l*g~rement  les t a u x  & a b s o r p t i o n  de  K.  
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