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C a t i o n  A b s o r p t i o n  b y  S l i c e s  of  S t e m  T i s s u e  of  B e a n  a n d  C o t t o n  

The ex t en t  to  which  Na and  K are t r ans loca ted  f rom 
the  roots  to t he  shoots  var ies  wi th  p l a n t  species 1. Bean 
p lan t s  t rans loca te  considerable  a m o u n t s  of K to  the i r  tops  
bu t  l i t t le  Na, whereas  co t ton  p l an t s  t rans loca te  b o t h  Na  
and  K, 

The regula t ion  of Na  t rans loca t ion  has been considered 
to  be a func t ion  of the  roots  ~, t he  s t em t issue a,~, or b o t h  5. 
JACOBY a'~ m a d e  a s t rong  case t h a t  the  s t em t issue is the  
site of Na  regulat ion.  PEARsoN 5 has  suggested t h a t  in 
Na-exc luding  p lan t s  such as bean,  b o t h  s t em and  root  
t issue migh t  be i n s t r u m e n t a l  in res t r ic t ing  free m o v e m e n t  
of Na. BERNSTEIN et  al. 6 proposed  t h a t  cells n e x t  to  t he  
conduc t ing  t issue migh t  be direct ly  involved in removing  
Na f rom the  t r ansp i r a t i on  s t ream,  t hus  excluding Na 
f rom the  tops  of the  p lants .  There  appears  to  be no di rect  
evidence as to  which of the  s t em t issues are involved in 
Na exclusion. 

An inves t iga t ion  was u n d e r t a k e n  of the  absorp t ion  of 
K and  Na by  s t em t issues of co t ton  and bean  plants .  The 
t issues used were whole s tem,  ex t ra -cambia l  t issue (phloem, 
cortex,  and epidermis),  and  xy la ry  t issue (xylem and 
pith).  

Various pa rame te r s  of Na and K absorp t ion  by  these  
3 t issues were s tudied  to  ob ta in  more  in format ion  on 
possible mechan i sms  involved in selective regula t ion of 
ion t rans locat ion .  

Br i t t le  wax  bean  (Phaseolus vulgaris L.) and co t ton  SJ I  
(Gossypium hirsutum L.) p lan ts  were grown in nu t r i en t  
solut ion conta in ing  0.4 m M  KNO 3, 0.8 m2VI Ca(NO3)~, 
0.4 m M  NaH2PO4, 0.2 m M  MgSO 4, and  2 ml  micro-  
nu t r i en t  s tock solutionS. 

Af ter  3 weeks the  p l an t s  were ha rves t ed  and the  upper  
and  lower hypoco ty l  col lected and placed in wa te r  unti l  
sampled.  The hypoco ty l  t issue was cut  into 3-cm lengths  
and a cut  n lade  atong each ent i re  l eng th  wi th  a razor.  The 
b lade  was inser ted  unt i l  the re  was some resistance,  and  
the  cut  was made.  The  oute r  t issue was peeled f rom the  
inner  cylinder,  and  microscopic  examina t ion  showed t h a t  
separa t ion  had  occurred at  t he  cambium.  The oute r  t issue 
(designated ex t r acambia l  tissue) thus  con ta ined  epider-  
mal, cort ical  and  ph loem tissue, and  the  inner  cyl inder  
(designated xy la ry  tissue) con ta ined  xy lem t issue and  
associated cells, along wi th  p i th  tissue. 

Slices 400 tx wide were cut  across the  s t em t issue wi th  
a hand  mic ro tome  as deta i led  in previous  papersS, 9. 
Approx im a te ly  40 slices f rom each t issue made  up each 
sample,  and the  slices were  placed in a cheesecloth  bag ~~ 

The samples  were suspended  for 1 h a t  30~ in an 
aera ted  solut ion of 0.5 m M  CaSO~. The samples  were then  
exposed to  solut ions of var ious  concen t ra t ions  of Na  
labeled rad ioac t ive ly  w i th  sodium-22, or K labeled radio- 
ac t ively  w i th  potass ium-42 or rubidium-86.  There  was no 
qua l i ta t ive  difference in resul ts  of expe r imen t s  w h e n  
rubidium-86 or po tass ium-42 was used to  label K. The  
use of rubidium-86 to  label K is valid and  well docu-  
m e n t e d  for species of h igher  green p lan t s  9,n. This label ing 
procedure  was  used in all subsequen t  exper iments .  At  the  
end of the  absorp t ion  per iod the  samples  were placed in 
desorp t ion  solut ions conta in ing  1 m M  K or 1 m M  Na, 
non-radioact ive ,  and  0.5 m M  Ca for 30 min.  This was 
done to  r emove  any  freely exchangeable  ions 10. All 
solut ions con ta ined  0.5 m M  CaSO 4. 

The samples  were ana lyzed  for rad ioac t iv i ty ,  and  the  
counts  were compa red  wi th  a s t andard .  The resul ts  are 
expressed on the  basis of [zlnoles/g fresh weight .  

Figure 1 p resen t s  resul ts  on absorpt ion .  Sodium and  K 
were p resen t  a t  a concen t r a t ion  of 0.1 m M .  The ra te  of 

N absorp t ion  by  bo th  co t ton  and  bean  was very  low for 
all 3 s t em t issues:  whole s tem,  ex t racambia l ,  and xy la ry  
tissue. The ra te  of Na  absorp t ion  was also qui te  low for 
t he  3 s t em t issues of co t ton  b u t  no t  for bean  s tem tissue. 
In  bean  s tems,  Na u p t ak e  was m u c h  greater  t h a n  K up-  
take. W h e n  the  s tems  were sepa ra ted  in to  ex t r acambia l  
and  xy la ry  port ions,  t he  xy la ry  t issue was found  to be 
main ly  responsible  for t he  grea ter  ra te  of Na  absorp t ion  
of the  whole  bean  s tem.  

Could the  resul ts  be expla ined  by  differences be tween  
the  2 species in the  init ial  ca t ion  s t a tus  of the  t issues ? 
Tissue analysis  for K and  Na was  carr ied out  by  f lame 
s p e c t r o p h o t o m e t r y .  Absorp t ion  of Na  and K did no t  
appear  to be d i rec t ly  corre la ted  wi th  t he  init ial  ca t ion 
conten t .  The d i s t r ibu t ion  of Na in t he  2 bean  s t em t issues 
shows no correla t ion wi th  the  a m o u n t  of Na absorbed  by  
these  tissues. If  the  cat ion c o n t e n t  af fec ted  the  ra te  of 
absorp t ion  of Na there  should be no difference be tween  
ex t r acambia l  and xy la ry  t issue in absorp t ion  of Na  since 
the i r  initial  Na co n t en t  is the  same. Also the  I(  con ten t  
was lower in the  bean  s tem t issue t h a n  in co t ton  s tem 
t issue b u t  th is  had  no s ignif icant  effect  on the  ra te  of K 
absorp t ion  by  s tem t issue of these  2 p l a n t  species. 

The effect  of an t ime tabo l i t e s  on Na  absorp t ion  by  bean  
s tem tissue was tested.  I t  was found t h a t  low t empera tu r e s  
(8~ anaerobic  condit ions,  and  ca rbonyl  cyanide  m- 
ch lo ropheny lhydrazone  at  a concen t ra t ion  of 1 ~xmolar 
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Fig. 1. The rate of K and Na absorption by stem tissues of cotton 
and bean. Potassium and Na are present at a concentration of 0.1 mM, 
Ca, 0.5 raM. The legend for the stem tissues is given on the Figure. 
The shaded bar graphs represent the data for cotton and the un- 
shaded for bean stem tissues. Absorption time 1 h. 
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resu l t ed  in  a p p r o x i m a t e l y  80% i n h i b i t i o n  of N a  absorp-  
t ion .  The  u p t a k e  of N a  b y  b e a n  s tern  t i ssue  a p p e a r s  to  be  
m e d i a t e d  b y  me tabo l i c  processes.  

The  poss ib i l i ty  of a sodium-specif ic  t r a n s p o r t  m e c h a n i s m  
was t es ted .  Since t he  whole  s t e m  reflects  t he  a b s o r p t i o n  
cha rac te r i s t i c s  of t h e  x y l a r y  t issue,  whole  s t e m  t i ssue  was 
used in th i s  expe r im en t .  

F igure  2 i l lu s t r a t e s  t h e  resu l t s  of a n  e x p e r i m e n t  on  t h e  
effect  of 14 o n  N a  a b s o r p t i o n  b y  b e a n  s t e m  t issue.  The  
c o n c e n t r a t i o n  of N a  va r i ed  f rom 0.01-0.2 m M  in t h e  
p resence  or absence  of 0.2 m M  K. The  presence  of 0.2 i n M  
14C1 resu l t ed  in no  depress ion  of N a  a b s o r p t i o n  b y  s t em 
tissue.  Th i s  is qu i t e  d i f fe ren t  f rom w h a t  is obse rved  w i t h  
o t h e r  p l a n t  t i ssues  ~. I n  roo t  t issue, for ins tance ,  14 in ter -  
feres g rea t ly  w i t h  N a  a b s o r p t i o n  13,14. 

T h e  a b o v e  resu l t s  seem to  s u p p o r t  t he  c o n t e n t i o n  of 
BERNSTEIN e t  al. ~ t h a t  t he  r egu la t ion  of N a  t r a n s l o c a t i o n  
is m e d i a t e d  b y  cells closely assoc ia ted  w i t h  t he  x y l e m  
tissue. These  a u t h o r s  sugges ted  t h a t  these  cells are 
capab le  of r e m o v i n g  N a  f rom t he  t r a n s p i r a t i o n  s t ream,  
t h e r e b y  d imin i sh ing  t he  t r a n s p o r t  of Na  to t h e  tops.  The  
resu l t s  s h o w n  in  F igu re  2 i nd i ca t e  t h a t  t h e  m e c h a n i s m  for 
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Fig. 2. The rate of Na absorption by stem tissue of bean as a function 
of increasing Na concentration in the presence and absence of 0.2 mM 
K. Sodium concentration varied from 0.01-0.2 mM. Ca, 0.5 raM. 
Absorption time 1 h. 

N a  t r a n s p o r t  is qu i t e  selective,  a t  l eas t  in  t he  r ange  of 
c o n c e n t r a t i o n s  used  in these  expe r imen t s .  Also t he  d a t a  
m i g h t  ref lect  a n  a b s o r p t i o n  m e c h a n i s m  which  appea r s  to  
s a t u r a t e  a t  fa i r ly  low concen t ra t ions ,  as p roposed  b y  
JACOBY ~,4 b u t  t he  q u a n t i t a t i v e  aspec ts  of th i s  will h a v e  
to awa i t  f u r t h e r  inves t iga t ion .  

The  d a t a  p r e s e n t e d  do no t  ga insay  t h e  i m p o r t a n c e  of 
roots  in  t he  r egu la t ion  of N a  d i s t r ibu t ion ,  a n d  as PEARSON ~ 
suggested,  b o t h  roo ts  a n d  s t ems  are  p r o b a b l y  i nvo lved  in  
the  r egu la t ion  of N a  in N a - n o n - a c c u m u l a t o r  p l a n t s  such  
as beans.  The  i n f o r m a t i o n  p r e s e n t e d  here  does sugges t  
t h a t  a me tabo l i ca l ly  m e d i a t e d  specific m e c h a n i s m  for t he  
r egu la t ion  of N a  t r a n s l o c a t i o n  is loca ted  in t he  b e a n  
s t ems  a n d  is closely assoc ia ted  w i t h  x y l a r y  t issue.  TF.~ 
lack of such  a m e c h a n i s m  in c o t t o n  p l a n t s  is to  be  
expec t ed  s ince these  p l a n t s  r ead i ly  t r a n s l o c a t e  N a  as well  
as K 15. 

Zusammen/assung. Stenge lgewebe  v o n  Phaseolus u n d  
Gossypium w u r d e n  in  e inen  e x t r a k a m b i a l e n  Tell  (Phloem,  
R i n d e  und  Ep ide rmis )  und  in e inen  X y l e m t e i l  (Xy lem 
u n d  Mark)  g e t r e n n t .  Die  A u f n a h m e  y o n  K a n d  N a  in 
diese Gewebe is t  bet  Gossypium sehr  gering,  ebenfa l ls  die 
K - A u f n a h m e  bet  Phaseolus wegen  des N a - A u f n a h m e - V e r -  
m f g e n s  der  X y l e m g e w e b e  wesen t l i ch  h6her .  Die Na-Auf-  
n a h m e  wi rd  d u r c h  K n i c h t  bee in f luss t  a n d  ver l~uf t  
metabo l i sch .  
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N a c h w e i s  h o h e r  Akt iv i t / i ten  von  K r e a t i n - K i n a s e  bei  d e m  C h a e t o g n a t h e n  Sagitta setosa 

K a u m  eine T ie rg ruppe  be re i t e t  bet  der  E i n o r d n u n g  
i m  S y s t e m  de r  Tiere ~hnl iche  Schwier igke i t en  wie die 
C h a e t o g n a t h e n  1. I n  de r  vo r l i egenden  A r b e i t  w i rd  ver-  
sucht ,  zur  s y s t e m a t i s c h e n  G r u p p i e r u n g  der  C h a e t o g n a t h e n  
aus  ve rg le i chend  b iochemische r  S ich t  S te l lung  zu neh-  
men .  B e k a n n t l i c h  is t  die Ver t e i lung  der  G u a n i d i n p h o s -  
p h a t e  im Tier re ich  ve r sch i eden t l i ch  s y s t e m a t i s c h  aus- 
gewer t e t  w o r d e n  2. K r e a t i n p h o s p h a t  i s t  das  einzige Phos -  
p h a g e n  der  %Virbeltiere. Es  f inder  sich, z. T. n e b e n  Argi :  
n i n p h o s p h a t  in  der  ,Chordatenlinie~> bet  E c h i n o d e r m e n  
u n d  P r o c h o r d a t e n .  Generel l  bes i t zen  sons t  I n v e r t e b r a t e n  
das  A r g i n i n p h o s p h a t ,  n u r  A n n e l i d e n  zeigen eine b e m e r -  
kenswer t e  Mann ig fa l t i gke i t  ande r e r  Phosphagenea /  W i r  
weisen h i e r  das  V o r h a n d e n s e i n  h o h e r  A k t i v i t ~ t e n  der  
A T P - K r e a t i n - P h o s p h o t r a n s f e r a s e  (Krea t in -Kinase )  bet  
g le ichze i t igem F e h l e n  der  A T P - A r g i n i n - P h 0 s p h o t r a n s -  
ferase (Arg in in-Kinase)  in Geweben  der  C h a e t o g n a t h e n  
nach.  

Die K r e a t i n - K i n a s e - A k t i v i t / i t  wurde  im op t i schen  Tes t  
b e s t i m m t ,  wobe i  P y r u v a t - K i n a s e  als H i l f s sys t em a n d  
L a k t a t - D e h y d r o g e n a s e  als I n d i k a t o r s y s t e m  d i e n t e n  4. 

E inze lhe i t en  der  M e t h o d e  w u r d e n  m e h r f a c h  beschr i eben  ~. 
Die B e s t i m m u n g  y o n  Arg in in -K inase -Ak t iv i t i t t  erfolgte  
ana log  d e m  K r e a t i n - K i n a s e - A n s a t z  n a c h  ~r und  
RICHTERICH 6. 

Die AktivitXtsbestimmungen wurden direkt und fort- 
laufend im Spektrophotometer bei 340 nm und 20~ 
durchgeff ihr t .  Die  K t i v e t t e n  (d = 1 cm) e n t h i e l t e n  in 
2,4 m l  I n k u b a t i o n s v o l u m e n  H o m o g e n a t  yon  1,4 bzw. 
0,7 m g  Gewebe (s. F i g u r  1), Glyc inpuf fe r  0 ,45M, p H  9,0; 
A T P  1,25 r a M ;  K r e a t i n  bzw. Arg in in  30 mM; P h o s p h o -  
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