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Abstract ,  Nitrate reductase (NO3R) activity, nitrite reductaso (NO2R) activity and NADH2 
dependent glutamate dehydrogenase (GDH) activity wore followed in extracts from excised pea 
roots incubated under aseptic conditions for 9 and 24 h in nitrate containing nutrient medium to 
which IAA was added in concentrations promoting lateral root formation (1 • 10-5; 3 x 10-5; 
5 • 10 -5 M) and kinetin in concentrations which reduce lateral root formation (0.1; 1; 5 mg 1-1, 
that is 4.65 • 10-7; 4.65 • 10 -e and 2.3 • 10 -5 M). NO~R activity was not influenced by IAA, 
NO2R activity was slightly depressed by IAA after 24 h incubation and GDH activity was slightly 
increased after 24 h incubation in the presence of IAA. Kinetin decreased NO3R activity signifi- 
cantly both after 9 h and 24 h incubation, slightly increased NO2R activity after 9 h incubation but 
slightly decreased it after 24 h incubation, and did not affect GDH activity after 24 h incubation. 
However, when applied together with IAA, kinetin abolished the promoting effect of IAA on 
GDtt activity. IAA neither reversed nor accentuated the effect of kinetin on NO2R activity. 
Nevertheless the depressing effect of kinetin on NOsR activity was emphasized by the presence of 
IAA after 9 h incubation. The results obtained indicate that reduced nitrate assimilation due to the 
depression of nitrate reductaso activity caused by kinetin probably contributes to the negative 
growth effect of kinotin in pea root segments grown in nitrate medium. 

I n  n e a r l y  e v e r y  case  r e p o r t e d ,  t h e  e x o g e n o u s  a p p l i c a t i o n  o f  t h e  e y t o k i n i n s  
w a s  d e l e t e r i o u s  t o  t h e  i n i t i a t i o n  o f  r o o t s  a n d  e l o n g a t i o n  o f  t h e  m a i n  ax i s  o f  
r o o t s  (e.g. SKINNER a n d  SHIVE 1955, DEROPP 1956, DEYSSO]7 1959, FRIES 
1960, HUNIPHRIES 1960, HARRIS a n d  HART 1964, FERNQUIST 1966, YANG 
a n d  DODSOlV 1970). T h e  e x o g e n o u s  a p p l i c a t i o n  o f  a u x i n s  a l so  r e s u l t e d  in  t h e  
i n h i b i t i o n  o f  p r i m a r y  r o o t  e l o n g a t i o n  (see e.g. TI~IMANN 1969) b u t  i t  e n h a n c e d  
t h e  p r o l i f e r a t i o n  o f  l a t e r a l  s e c o n d a r y  r o o t s  in  s e c t i o n s  o f  p r i m a r y  r o o t s  (e.g. 
TORREu 1950, 1956). K i n e t i n  r e d u c e d  t h e  e f fec t  o f  a u x i n  on  t h e  p r o l i f e r a t i o n  
o f  l a t e r a l  r o o t s  in  p r i m a r y  p e a  r o o t  s e c t i o n s  w h e n  a p p l i e d  s i m u l t a n e o u s l y  
w i t h  a u x i n  in  n i t r a t e  c o n t a i n i n g  n u t r i e n t  m e d i u m  (TORREu 1962). 
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Lit t le  is known ,  however ,  a b o u t  t h e  m e c h a n i s m  of  t h e  ac t ion  of k ine t in  a n d  a b o u t  t he  inf luence  
of  k inot in  a n d  I A A  on e n z y m e  ac t iv i t ies  in roots .  I n  our  l abora to ry  w h e n  inves t i ga t i ng  t he  effects  
o f  different  c o m p o u n d s  on  n i t r a t e  roduc tase  i nduc t i on  in excised pea  roots ,  we f o u n d  t h a t  k ine t in  
depressed  n i t r a t e  roduc tase  ac t iv i ty  (Sahulka ,  unpub l ,  results) .  WERXER a n d  GOOOLIN (1970) 
repor ted  s imi lar  effects o f  k ine t in  on g l u t a m a t e  dohydrogenase .  T h e y  f o u n d  t h a t  in  car ro t  cal lus  
t i s sues  g rown  on  low k ino t in  concen t r a t ions  in t he  presence  of IAA,  root  in i t i a t ion  was  preceded  b y  
a th reefo ld  increase  in g l u t a m a t e  dohydrogenase  ac t iv i ty .  H ighe r  k ine t in  concen t r a t i ons  wh ich  
wore tmfavourab lo  for roo t  g r o w t h  a n d  in i t ia t ion  decreased  g l u t a m a t e  dohydrogenaso  ac t i v i t y  in  
ca r ro t  cal lus  t i s sues  whereas  a spa r t a t o  a m i n o t r a n s f e r a s o  a n d  isoci t ra te  dehyd rogenase  ac t iv i t ies  
were  n o t  affected.  The  G D H  ac t i v i t y  of  g rowing  roots  was  a p p r o x i m a t e l y  five t imes  as h igh  as  t h a t  
o f  cal lus  t i s sues  a n d  a b o u t  t e n  t i mes  as  h i gh  as  t h a t  of  aged  roots.  

G l u t a m a t e  d e h y d r o g e n a s e  h a s  boon supposed  to h a v e  a key  pos i t ion  in t he  ass imi la t ion  o f  
a m m o n i u m  n i t rogen .  N i t rogen  h a s  howeve r  been  suppl ied  in e x p e r i m e n t s  w i th  t i s sue  cu l tu res  a n d  
isolated organs  u sua l l y  in t h e  fo rm  of n i t ra te .  U n d e r  such  condi t ions ,  w i th  no o the r  source of  n i t rogen  
avai lable ,  the  inhib i t ion  of  n i t r a t e  a ss imi la t ion  wou ld  be  a suff ic ient  condi t ion  to inh ib i t  g r o w t h  
a n d  therefore  t he  inh ib i t ion  of  g r o w t h  b y  a g r o w t h  r egu la to r  depress ing  n i t r a t e  roduc taso  ac t iv i ty  
m a y  be - -  a t  leas t  pa r t l y  - -  t he  resu l t  of  t he  inh ib i t ion  of  n i t r a t e  ass imi la t ion ,  p rov ided  t h e  
depress ion  of  n i t r a t e  r educ t a se  ac t iv i ty  is deeper  t h a n  t he  depress ion  of  ac t iv i t ies  of  e n z y m e s  
invo lved  in la te r  s t eps  of  n i t rogen  ass imi la t ion .  

The aim of this paper is to ascertain the extent  to which the growth and 
morphological effects of IAA and kinetin in roots are correlated with the 
action of these growth regulators on the activities of enzymes involved 
in nitrogen assimilation. For this reason we followed the effect of IAA in con- 
centrations which promote lateral root formation and the action of kinetin 
in concentrations t ha t  depress lateral root formation (see TORREY 1962) 
on the activities of nitrate reductase, nitrite reductase and NADH2 dependent 
glumatate dehydrogenase. The results obtained indicate tha t  in pea root 
segments grown in nitrate medium the depression of nitrate assimilation 
probably contributes to the negative effect of kinetin on lateral root 
formation. 

Material and Methods 

Plant  Materia l  

Roo t s  o f  asept ica l ly  g e r m i n a t e d  P i s u m  sat ivum seedlings,  cv. R a m a n ,  wore u sed  in  the  expe-  
r i m e n t s  descr ibed in th i s  paper .  Selected seeds  were success ive ly  w a s h e d  wi th  soap a n d  water ,  
r insed  wi th  wate r ,  sur face  steri l ized w i t h  96 % e thano l  a n d  a s a t u r a t e d  so lu t ion  of  ch lo r amin  a n d  
e v e n t u a l l y  r insed  severa l  t i mes  w i t h  steri l ized dist i l led water .  The  sur face  ster i l ized seeds were 
t h e n  g e r m i n a t e d  on 0 . 7 o  aga r  in  Pe t r i  d ishes  a t  25 ~ in  t he  dark .  Af te r  six d a y s  of g e r m i n a t i o n  
3 cm long t ip s e g m e n t s  of  p r i m a r y  roots  were excised a n d  t r ans fe r r ed  to n u t r i e n t  so lut ions .  

Nutrient  Solutions 

The  i ncuba t i on  of  root  s e g m e n t s  was  pe r fo rmed  u n d e r  asept ic  condi t ions  in 100 ml  E r l e n m a y e r  
f lasks a t  25 ~ in t he  dark .  T he  basic  s t a n d a r d  n u t r i e n t  solut ion u sed  in those  e x p e r i m e n t s  con- 
t a i ned  per  litre: 242 m g  Ca(NOn)2 . 4 H 2 0 ;  42 m g  M g S O 4 . 7 H ~ O ;  85 nag K N O a ;  61 m g  KC1; 
20 m g  KH2POa;  3 m g  F e E D T A ;  1 m g  ZnSO4; 1.5 m g  HaBOa;  0.3 m g  Na2MoOa.  2H20 ;  20 g 
sucrose.  V i t a m i n s  were no t  inc luded  because  t h e y  d id  no t  show a n y  inf luence on t e s t ed  e n z y m e  
ac t iv i t ies  in our  shor t  t e r m  expe r i men t s .  K i n e t i n  was  d isso lved  in 0.01 N K O H  b y  h e a t i n g  a n d  
t he  s tock  so lu t ion  ob ta ined  was  a d d e d  to t he  n u t r i e n t  m e d i u m  before au toc lav ing .  K O H  was  
equ i l ib ra ted  to the  s ame  level in  all n u t r i e n t  so lu t ions  in e x p e r i m e n t s  wi th  k ine t in .  A t  leas t  
3 i n d e p e n d e n t l y  p repa red  s tock  so lu t ions  of  b o t h  k ine t in  a n d  p o t a s s i u m  indoloacota te  were used  
in  eve ry  series of  e x p e r i m e n t s  w i t h  these  g r o w t h  regula tors .  Commerc ia l  I A A  p repa ra t i on  was  
repurif ied before use  accord ing  to Good e t a l .  (I956) a n d  t h e  s tock  so lu t ion  of p o t a s s i u m  in- 
doleacotato  (pI-[ approx .  6.0) was  p r epa red  f rom t he  purif ied I A A  by  d isso lv ing  in wa te r  to wh ich  
t h e  equ iva l en t  a m o u n t  of  0.1M K O H  was  added .  T he  s tock  so lu t ion  of  indoloacotate  was  steri l ized 
b y  cold Seitz f i l t ra t ion a n d  t he  f i l t rate  was  a d d e d  to t h e  n u t r i e n t  so lu t ion  j u s t  before t he  be- 
g inn ing  of  the  i n c u b a t i o n  of  t he  roots .  Af te r  t he  incuba t ion ,  t he  roots  were r insed  wi th  chilled 
dist i l led wa te r  a n d  the i r  a p p r o x i m a t e  f resh  we igh t  was  de t e rmined .  
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Homo9cnization and Extraction 

Roots  were homogenized in chilled mortars  with a fivefold amoun t  of buffer. 0.066 M phosphate  
buffer pH 7.5 containing 3 • 10 .5 M eysteine was used for the  extraction when ni t rate  and nitri te 
reductase activities were determined and  0.066 M tris-HCI buffer pH 8.0 containing 3 • 10 .5 M 
eysteino was used when g lu tamate  dehydrogonase act ivi ty was followed. Homogenates  were 
cleared by  contrifugation a t  20 000 • g for 25 min  and  the  superna tan ts  obtained wore immedi- 
ately used for the determination of enzyme activities. 

Determination of Enzyme Activities 

The Determination of Nitrate Reduetase (E.C. 1.6.6.1) Activity: Nitrate reductase was assayed 
using the procedure described by STULEI~ (1970). The assay mixture  (final volume of 4 ml) con- 
ta ined per m h  90 ~tmoles of potass ium phosphate  buffer pH 7.5; 10 ~tmoles of KNO3; 75 mbtmoles 
of NADH2; 0.15 ml of root extract .  The enzyme reaction was s tar ted by  adding NADH2 solution 
which followed immediately after the  addition of root extract  and was performed at  27 ~ for 
15 min.  A mixture  without  NADH2 served as a blank. The reaction was stopped by  adding activ- 
ated charcoal (see STULE~ 1970) and  the NO~ produced was determined in the filtrate using 1 %  
sulphanilamide in N HC1 and 0.02 ~o. N-( l -naphthyl)e thylenediamine dihydrochloride. After  
30 min,  colour in tensi ty  was measured a t  540 n m  using a Spekol calorimeter. 

The Determination of Nitrite Reduetase (EC. 1.6.6.4) Activity: The a s sa ymix tu r e  (usually a final volu- 
me of 3 ml) contained per m h  70 [zmoles of potass ium phosphate  buffer pH 7.0; 0.33 ~tmoles of benzyl 
viologen; 0.2 tzmoles of NaNO2; 0.15 ml of root extract .  The reaction was s tar ted by adding 
8 btmoles of sodium dithionite, added jus t  after the root extract;  the tubes were then sealed and  
evacuated.  After 20 rain incubation at  27 ~ the enzyme reaction was stopped by shaking the 
tubes. Zero t ime controls were included. NO2 removed from the assay mix ture  was est imated.  

The Determination of Glutamate Dehydra0enase (E.C. 1.4.1.2) aetivity: GDH activi ty was determined 
by measur ing the oxidation of NADtt2 in the assay mixture .  The assay mixture  (final volume of 
3 ml) contained per ml: 100btmoles of tris-HC1 buffer pH 8.0; 100~tmoles of (NHd)2SO4; 167 mbtmoles 
of IqADH2; 0.15 ml of root extract;  13 btmoles of potass ium cr The reaction was 
s tar ted  by  adding 0r and  then extinction readings at  340 n m  were taken a t  room 
tempera ture  every minute  for five minutes  after the first minute  necessary for the set t ing of the 
Optica (Milano) CF 4 spectrophotometor.  Mixture without  0r was used as a blank. 

Enzyme  activities were expressed in m U  per mg of protein (one m U  ~ one millimicromole of 
aubstrate  per min). The presented data  are mean  values calculated from 8 replicates (independent 
experiments)  with 2 parallel determinat ions each. 95~o confidence intervals are given in the 
figures for each mean  value. Protein determinat ions were made after POTTY (1969). 

Results 

At the beginning of the experiments, a suitable sucrose concentration in the 
nutrient medium was established; nitrate reductase activity served as a cri- 
terion. Nitrate reductase activity was not influenced significantly by increas- 
ing sucrose concentrations above 20/o even after 72 h incubation of  roots 
in nutrient solutions and the 2% sucrose concentration was therefore used 
in further experiments as standard. The time course of nitrate reductase, 
nitrite reductase and glutamate dehydrogenase activities were then determin- 
ed during the first 24 h of incubation in standard nutrient solutions. Nitrate 
reductase activity increased considerably during the first 8 h and then re- 
mained approximately at the same level, nitrite reductase activity increased 
slowly for a longer period and glutamate dehydrogenase activity did not 
change significantly. 

The effect of IAA and kinetin on enzyme activities was followed after 9 h 
incubation (just after the upper level of nitrate reductase activity had been 
reached) and after 24 h incubation (when some of the hormone effects started 
to be apparent). The results are summarized in Figs. 1 to 6. IAA did not  in- 
fluence nitrate reductase activity (Fig. 1), did not show an explicit effect 
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Figs.  1,2,3. The  effect of  I A A  (abscissae) on t he  
specific a c t i v i t y  (ordinates)  of  n i t r a t e  r educ t a se  
(1), n i t r i t e  r educ t a se  (2) a n d  N A D H 2  d e p e n d e n t  
g l u t a m a t e  d e h y d r o g e n a s e  (3) a f t e r  9 h (O) a n d  
24 h ( O ) i n c u b a t i o n  of  roots,  respect ively .  M e a n  
va lues  ca l cu la t ed  f rom 8 repl icates .  B a r s  on t h e  
ver t ica l  l ines r ep re sen t  95 % confidence in ter-  
vals .  One  mi l l iun i t  (mU)  = one miUimicromole  
of  s u b s t r a t e  per  m i n u t e .  

on nitrite reductase act ivi ty after 9 h 
incubation, only slightly decreased 
nitrite reductase act ivi ty after 24 h in- 
cubation ~Fig. 2), and slightly increased 
glutamate dehydrogenase act ivi ty (Fig. 
3). Glutamate  dehydrogenase act ivi ty 
was always higher in extracts from 
roots incubated with IAA than with- 
out  it. Kinetin decreased nitrate re- 
ductase act ivi ty  both  after 9 h incu- 
bat ion and after 24 h incubation the 
depression of act ivi ty  after 24 h in- 
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cubation being more pronounced (Fig. 4). Nitrite reductase act ivi ty was 
slightly increased after 9 h incubation with kinetin bu t  slightly depressed 
after 24 h incubation (Fig. 5). Glutamate dehydrogenase act ivi ty was not  
affected by  kinetin alone after 24 h incubation (Fig. 6), however, the promot- 
ing effect of IAA on glutamate dehydrogenase act ivi ty was abolished by kine- 
tin (Fig. 6). The effect of kinetin on nitrite reductase act ivi ty was neither 
reversed nor accentuated by  IAA (Fig. 5). Nevertheless the depressing effect 
of kinetin on nitrate reductase was slightly emphasized by  the presence of 
IAA after 9 h incubation. The ageing of excised roots in distilled water for 
30 h before incubation in nutrient  medium increased the effect of kinetin 
even more. During the inductive phase, the depressive effect of kinetin on 
nitrate reductase act ivi ty was apparent  after only 2 h of incubation. 5 p.p.m. 
of kinetin added to the assay mixture did not  influence nitrate reductase 
activity. The protein level of incubated roots was not influenced by  kinetin 
t reatment  (Fig. 7). 

Diseussion 

The results have shown that  the effects of investigated growth regulators 
on studied enzymes differ considerably and that  different results can be 
obtained also when the effects of growth regulators on the act ivi ty of one 
enzyme are followed after different periods of incubation -- see the effect 
of kinetin on the act ivi ty of nitrite reductase after 9 h and 24 h respectively. 
Different effects were also reported when IAA and kinetin were applied 
simultaneously: kinetin acted as an IAA antagonist  in the case of glutamate 
dehydrogenase whereas a moderate synergistic effect of IAA and kinetin 
was reported with nitrate reductase. Thus, the effects of growth regulators 
on enzyme activities are diverse and cannot be generalized. The negative 
effect of kinetin became evident in the experiments described in this paper 
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Figs. 4,5. The effect of kinetin (abscissae) and  I A A  on the specific act ivi ty (ordinates) of ni t ra te  
reductase (4) and  nitri te reductase (5). A:  9 h incubation,  kinetin alone�9 B: 9 h incubation,  kinetin 
as given in the figure, IAA 3 • 10"SM. C: 24 h incubation,  kinetin alone. D: 24 h incubation,  
kinetin as indicated, IAA 3 • 10"5M. Mean values f rom 8 replicates. Bars  on the vertical lines 
represent  95 ~o confidence intervals.  One m U  ~ one millimicromole of subs t ra te  per minute .  

primarily in nitrate reductase. The depression of NO3R activity appeared 
soon after the beginning of incubation during the inductive phase. This de- 
pression of activity might be caused by the inhibition of a de h o v e  synthesis 
of the nitrate reductase protein, but the total protein level of treated.roots 
was not affected by kinetin. I t  is of interest that either an enhancement of 
nitrate reductase activity (RoTH-BEJERA~O and LIPs 1970, I~IJVn~ and 
PARKAS~ 1971) or no effect on it (B~,v,v~Rs and ~IAGnMAX 1969) could be 
observed in cotyledons and leaves after the application of kinetin or various 
cytokinins. 

The enhancement of lateral root formation due to IAA is accompanied 
by an enhancement of NADH2 dependent glutamate dehydrogenase activity 
and the depressive effect of kinetin is accompanied by a reversion of this 
enhancement. The influence of exogenous IAA on glutamate dehydrogenase 
activity in roots of intact plants is not known, but GDH activity is higher 
in older regions of the primary roots of maize seedlings (I~EIMERS and 
KHAVKI~ 1970). This fact might also be taken as evidence for the involve- 
ment of glutamate dehydrogenase, because lateral roots are formed in a higher 
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number  on basal root  segments than on tip segments. The higher act ivi ty of  
NADH2 dependent  glutamate dehydrogenase could be manifested by  a higher 
assimilation of inorganic nitrogen in seedling primary roots with a high 
supply of nitrogen in a reduced form bu t  there is little likelihood tha t  a higher 
GDH activi ty caused by  IAA t rea tment  could function in the same manner 
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Fig. 6. The effect of kinet in and  I A A  on the specific act ivi ty of  
1NADH2 dependent  g lu tamate  dehydrogenase after  24 h incuba- 
t ion A: kinetin alone. B: kinetin + 3 x 10"sM IAA.  Mean values 
f rom 8 replicates. I ~ 95 % confidence intervals.  One m U  : one 
millimicromole of subs t ra te  per  rain. 
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Fig. 7. Prote in  level in ex- 
t rac ts  f rom roots  af ter  24 h 
incubat ion.  I A A  3 • 10"SM, 
kinetin as in- dicated in the  
figure. 

in the small excised root segments grown in a nutrient  medium containing 
nitrate as the sole source of nitrogen, if nitrate reductase act ivi ty was not  en- 
hanced by  IAA treatment .  In  small root segments (To•REY used 0.6 cm 
segments), no appreciable internal sources of nitrogen could be mobilized. 
The fact tha t  the in vitro nitrate reductase act ivi ty was approximately 10 
times lower than the in vitro glutamate dehydrogenase act ivi ty is also in good 
agreement with this presumption. On the other hand, a decrease in ni trate 
reductase act ivi ty could become evident under such conditions in the depres- 
sion of nitrogen assimilation and in the subsequent  depression of growth 
processes. Of course, other enzymes can also be involved in the growth effects 
of kinetin in roots, nevertheless it is probable that  the depression of nitrate 
reductase activity contributes to the negative growth effect of kinetin in pea 
root  segments grown in nitrate containing nutrient  medium. 
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By l a  s l edovs  a k t i v i t a  zmfn~n~eh  enzymf i  v e x t r a k t e e h  z isolovan3~eh ko~enO h r a e h u  inkubo-  
van~rch v a sep t i ck~ch  p o d m l n k s  pc  d o b u  9 a 24 h v ~.ivn6m m e d i u  obsahu j l c im  n i t r s  j ako  jedi- 
n~r zdroj  dus lku ,  ke k t e r 6 m u  b y l y  p~ids  I O K  v koncent racfch ,  k ter6  podporu j i  t v o r b u  pos t r an -  
n l ch  kobenh,  a k ine t in  v koncen t rac lch ,  kter~ brzdi  t v o r b u  p o s t r a n n i c h  k e t e n e .  K i n c t i n e m  by l a  
b rzd~na  nejvfce  a k t i v i t a  n i t rAtreduktAzy.  V~rslcdky sv~dSi o t om,  ~.c sni~.onA as imi lace  n i t rAtu  
p ravd~podobn~  p~ispivs k n e g a t i v n l m u  r f i s tov~mu dSinku  k ine t i nu  u isolovan3~ch ko~enfl h r a c h u  
p~stovan3~ch v n i t rAtov~m ~ivn~m prost~edi.  


