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In tro d u c tio n

A ccord ing  to  recen t in v es tig a tio n s  th e  a c tiv ity  o f genes govern ing  
th e  o rgan ic  processes in  th e  cell is h ig h ly  in flu en ced  b y  th e  h is to n e s  being  
in  close a ssoc ia tion  w ith  th e  nu c lea r d eo xyribonuc le ic  acid (D N A ) [2]. I n  th e  
h is to n e-D N A  com plex  th e  D N A  m olecule is in ac tiv e  an d  regains i ts  fu n c tio n  
a b ili ty  o n ly  a fte r  th e  d isap p earin g  o f h is to n es  from  th e  com plex.

T h e  above ou tlin ed  role o f h istones is also p ro v ed  b y  th e ir  b e h a v io u r  in 
p la n t cells [1]. A ccord ingly , in  p la n t o rgan ism s o u t o f all D N A  m olecu les only 
tho se  b e ing  free are  ac tiv e . N ew  organs, e.g . flow ers or a d v e n titio u s  roo ts 
m ay , th e re fo re , on ly  ap p ea r, i f  p rev io u sly  ce rta in  D N A  m olecules lib e ra te  
an d  h is to n e  m olecules decom pose. As a rg in in e  is an  essen tia l p a r t  o f th e  h is to n es , 
th e ir  su p p o sed  changes in  connec tion  w ith  th e  d eve lopm en t o f a d v e n titio u s  
ro o ts  w ere ex am in ed  th ro u g h  arg in ine  m etab o lism .

Material and m ethods

M easu rem en ts  w ere perfo rm ed  in  a p la n t  g ro w th  ch am b er a t  25°C u s in g  ro o ted  
an d  4 to  5 -day-o ld  d eroo ted  seedlings o f L u p in u s  albus g row n in  P feffer m ed iu m . P o r  th e  
e s tab lish m en t o f a rg inase  a c tiv ity  in  all cases a h y p o c o ty l e x tra c t  w as m ade  fro m  2 g hy- 
p o co ty ls  w ith  0.5 m l of a p h o sp h a te  b u ffer o f  p H  7.4. T he o p tim u m  p H -v a lu e  o f L u p in u s  
albus h y p o co ty ls  ran g ed  from  8.0 to  8.4, an d  w as f ix ed  w ith  0.3 pe r cen t a rg in in e . T h e  re a c ­
tio n  m ix tu re  w as in cu b a ted  a t  25°C in  d a rk n ess fo r 16 hours.

F o r  th e  assessm en t of th e  a c t iv ity  tw o  m e th o d s  w ere used.
I .  B y th e  m od ified  procedure  o f W e i l  an d  R u s s e l  [9] th e  a m o u n t o f C 0 2 re le a sed  from  

th e  u re a  decom posed b y  th e  endogenous u rease  w as estab lish ed . U n d er th e  in flu en ce  
of a rg in ase  a n d  in  a so lu tion  o f su itab ly  f ix ed  p H  v a lu e  th e  a rg in ine  h y d ro ly ze s  in to  
o rn ith in e  a n d  u rea . T his o p tim u m  p H  value  w as fo r L u p in u s  albus h y p o co ty ls  8 .4  in s te a d  
of 9.5 acco rd ing  to  W e i l  an d  R u s s e l . T he dev elo p ed  u re a  was decom posed  in to  C 0 2 
an d  N H 3 b y  th e  endogenous u rease . F o r  th e  m an o m e tric  m easu rem en t o f C 0 2 0.25 
m l o f in cu b a te d  so lu tion  were used  from  w hich  th e  C 0 2 w as freed  b y  1 m l c i t r a te  b u ffer 
o f 5.0 p H . T o decrease th e  e rro r, to  th e  0.25 m l sam ple  0.25 ml o f d is tilled  w a te r  were 
ad d ed . E ac h  m easu rem en t to o k  15 m in u tes .

I I . U sing  p a p e r  ch ro m a to g rap h y  th e  a c t iv ity  w as e s tab lish ed  w ith  th e  S a k a g u ch i re ag e n t 
on th e  s tre n g th  of th e  decom posed a rg in ine . F ro m  th e  e x tra c t  in cu b a ted  w ith  a rg in in e  
a  so lu tio n  q u a n ti ty  o f 20 /zl w as p laced  on th e  f i l te r  p a p e r (SS 2043-B), ru n  fo r  16 h o u rs  
in  a  so lu tio n  of p y rid in e , a ce tic  acid  an d  w a te r  (50 : 35 : 15) a n d  d ev elo p ed  w ith  th e  
S ak ag u ch i re ag e n t a f te r  d ry in g . T he am o u n t o f a rg in in e  was assessed w ith  a  Zeiss E ri 
e x tin c tio n  re g is tra to r .

A cta  Botanica  A cadem iae Sc ien tiarum  H ungaricae 12 , 1966



90 S. LUKÁCSY and A. GARAY

R esults

T h e  tre n d  of a rg in ase  a c tiv ity  in  ro o ted  a n d  4 to  5-day-old  d e ro o ted  
seed lings o f L u p in u s  albus is show n in F ig . 1. T h e  arg inase  a c tiv ity  of y o u n g  
L u p in u s  albus seedlings p u t  in to  th e  m edium  g ra d u a lly  decreased w ith  a d v a n c ­
ing  age (F ig . la ) .

T h e  arg inase a c t iv i ty  in  th e  h y poco ty l o f  4 to  5-day-o ld  d e ro o ted

F ig . 1. C hanges of a rg in ase  a c t iv i ty  in  hypocoty ls o f  ro o te d  a n d  d e roo ted  L u p in u s  albus
seedlings according to  age

a =  R ooted  co n tro ls  
b =  R o o t-p ru n ed  a t th e  age o f 4 d ay s

seed lin g s increased  co n s id e ra b ly  in  1 to  2 d a y s  a f te r  deroo ting  an d  d im in ­
ish ed  p rog ressive ly  w hile  new  roots ap p eared  a n d  developed  (F ig. 16).

M easu rem en t re su lts  o n  arginase a c t iv i ty  o b ta in e d  b y  p a p e r c h ro m a to ­
g ra p h y  are  sum m arized  in  T ab le  I  and  rev ea l t h a t  — sim ilarly  to  d a ta  b y  th e  
W a r b u r g  m ethod  — th e  a rg in ase  a c tiv ity  o f d e ro o ted  seedlings w as a b o u t 
d o u b le  t h a t  in  ro o ted  seed lings of iden tica l age.

C om paring  th e  d a ta  o f  T able I  and F ig . 1 i t  tu rn s  ou t th a t  th e  change 
o f a rg in ase  a c tiv ity  w as fo llow ed b y  th a t  o f u re a se  a c tiv ity  in  a d a y  a n d  th a t  
u rea se  rem ain ed  ac tiv e  e v e n  for 4 days a f te r  a rg in ase  a c tiv ity  h a d  ceased . 
F ro m  th is  i t  m ay  be co n c lu d ed  th a t  u rea  com es in to  being n o t on ly  from  
a rg in in e  b u t  also in  a n  o th e r  w ay . R eally , u re a  m a y  develop from  p u rin es  also 
[5].

T h e  tem p o ra l d iffe ren ce  in  th e  a c tiv ity  ch an g e  of exam ined  enzym es is 
in  co n fo rm ity  w ith  th e  fa c t  th a t  — if an  in d u c tiv e  enzym e sy n th es is  is
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supposed  — the  a c tiv ity  o f u rease  increases u n d e r  th e  in fluence o f  th e  urea 
decom posed  from  a rg in in e , b u t  a ce rta in  tim e  is req u ired  for th e  develop ing  
o f  u rea  from  arg in ine n ecessa ry  for a rg in ase  in d u c tio n .

Tabic I

The change o f  arginase activity in hypocolyls o f  rooted 
and derooted L u p in u s  albas seedlings according to age, 

on the basis o f  measuring the decomposed arginine 
with the methods o f paper chromatography and densitometry

(Mean of 5 m easurem ents)

Age of 
seedlings 

(days)

'

‘ .
Days elapsed 

since 
derooting

A m ount of exhausted arginine 
in percentage o f th a t in boiled controls

in rooted in derooted

seedlings

5 l 35 ± 3 .8 * 70  ± 9 .5

6 2 25 ± 3 . 1 55 ± 8 .0

7 3 1 0 ± 0 . 3 13 ± 3 .2

8 4 0 0

* <T = /  .1 ' (* — x)'1 
1V -  1

As ad v en titio u s  ro o ts  ap p e a r in  th e  low er p a r t  o f h y p o co ty ls  (F ig . 2), 
th e  a rg inase  a c tiv ity  w as assessed b o th  in  th e  low er an d  u p p e r  sec tio n  of 
h y p o co ty ls . M easurem ent re su lts  on th e  su p p o sed  d iffe ren tia tio n  o f  arg inase  
a c t iv i ty  in  hypoco ty ls  are  p resen ted  in  T ab le  I I ,  w hich m ake e v id e n t th a t  
a rg inase  a c tiv ity  is m u ch  m ore in tensive  in  th e  ro o tin g  zone, i.e. th e  low er h a lf 
o f  th e  h y p o co ty l, th a n  in  its  u p p e r p a r t , w here no ad v en titio u s  ro o ts  develop .

D iscussion

In  th e  possible m ech an ism  of roo ting  a rg in ase  a c tiv ity  m ay  be  c h a ra c te r ­
ized as follows: a fte r  ro o t-p ru n in g  h y p o co ty l cells supposed ly  “ p o s t th em selves 
u p ”  in  some w ay  or o th e r  on th e  la ck  o f  ro o ts . S u b se q u e n tly  in  h y p o ­
c o ty l cells, ex ac tly  in  genes govern ing  th e  ro o tin g  processes, th e  deco m p o sitio n  
o f  h is to n e  b locks com m ences an d , on th e  o th e r  h a n d , th e  arg in in e  o rig in a ted  
from  th e  la t te r  a c tiv a te s  th e  arg inase.

H ow ever, beside th e  assum ed  influence  o f  h istones roo t o rg a n iz a tio n  and  
ro o t deve lopm en t are  also a ffec ted  b y  m an y  o th e r  fac to rs. In  ro o tin g  e x p e ri­
m en ts  w ith  pea s ta lk s  an d  gooseberry  c u ttin g s  i t  was observed  t h a t  y oung
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p la n ts  ro o te d  m uch fa s te r  t h a n  older ones [4, 7]. I t  tu rn e d  ou t t h a t  roo t- 
p ru n in g  w as followed b y  in c rea sed  a c tiv ity  o f  m a n y  enzym es an d  b y  h ig h er 
re s p ira t io n  in te n s ity  [6].

T h e  a c tiv ity  o f g luco se-6 -P -d eh y d ro g en ase , o th e r  dehydrogenases, p e r­
o x id a se  a n d  p o ly p h en o lo x id ase  increased in  1 to  5 days a fte r  dero o tin g .

Fig. 2. L u p in u s  albus seedlings on th e  8 th  d a y  a f te r  deroo ting

T h is  in ten s if ica tio n  w as fo llow ed  b y  a d ecom position  o f pro te ins in  th e  ro o t­
in g  o rg a n  an d  b y  a rise o f  th e  free am ino ac id  c o n te n t  la s tin g  u n til  th e  ro o ts  
a p p e a re d  and  tu rn in g  in to  a decline a fte rw ard s . A ccord ing  to  th e  afo resa id , 
a rg in in e  m ay  be freed a lso  in  th e  course of p ro te in  decom position  ta k in g  place 
a f te r  d e ro o tin g  and  m a y  in d u ce  an  increase o f a rg inase  a c tiv ity . T h a t  in 
th is  p ro cess  also th e  a rg in in e  freed  from  h is to n es  possib ly  p a r tic ip a te s  was 
p ro v e d  b y  observations on  th e  d iffe ren tia tio n  o f  a rg in ase  a c tiv ity  (T able  I I )  
as w ell as b y  th e  d a ta  o f  Schmidt [8] a n d  Libbert [7]. T hese a u th o rs
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ev idenced  th a t  in  pea  s ta lk  th e  in te n s ity  o f  ad v en titio u s  ro o t fo rm ation  
decreased  g rad u a lly  u p w ard  on th e  s ta lk , s im ila rly  to  th e  t r e n d  o f  arg inase 
a c t iv i ty  observed  b y  th e  p re sen t a u th o rs . To a co rre la tio n  o f  a rg in in e  and 
m orphogenesis re fer also  th e  re su lts  o b ta in e d  b y  D uranton  [3 ], accord ing

Table II

Differentiation o f  arginase activity in the lower and upper part o f  hypocotyls o f  rooted 
and derooted L u p in u s  albus seedlings one day after p run ing

(M ean of 5 m easu rem en ts)

Methods applied
Upper half Lower half

of hypocotyls

P a p e r chrom atography :

th e  am o u n t of ex h au sted  arg in ine  in percentage of th a t 

in boiled controls
40 ±7 .0* 85 ± 1 0 .8

M anom etry :

//1 C 0 2 ob tained  in  15 m in u tes  from  60 mg o f h y p o ­

co ty ls (fresh weight)
8 ± 3 .0 1 0 4 ± 2 0 .5

N  -  1

to  w hom  free arg in in e  increases d u ring  inflorescence in d u c tio n  a n d  p rio r to 
rh izom e flush ing , b u t  d im in ishes and  d isap p ea rs  su b seq u en tly .

In  co n tin u a tio n  o f  th e  w ork re p o rte d  here  i t  w ill be a t te m p te d  to  cor­
ro b o ra te  th e  role o f h is to n es in roo ting  p rocesses b y  d irec t h is to n e  m easu re ­
m en ts .

Sum m ary

T he arg inase a c t iv i ty  in hypoco ty ls  o f ro o ted  an d  4 to  5 -d ay -o ld  de­
ro o ted  L u p in u s  albus seed lings was m easu red  m an o m etrica lly  a n d  b y  paper 
c h ro m a to g rap h y . I t  show ed an increase a f te r  d e roo ting , b u t  su b se q u e n tly , 
w ith  advanc ing  age, a p rogressive  d rop . A rg inase  a c tiv ity  reach ed  consider­
a b ly  h igher values in th e  low er, roo ting  zone o f th e  h ypoco ty ls  th a n  in  th e ir  
u p p e r  rootless p a r t .  T h e  co rre la tions b e tw een  arg inase  a c tiv ity , ro o tin g  and  
h is to n es are d iscussed .
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