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Abstraet. Hydroxylamine added to the nutrient medium in sublethal concentrations (0.2 to 
1.0 raN) enhanced NADH2 dependent glutamate dehydrogenase activity in isolated pea roots. 
The increase in activity depended on proteosynthesis and was lower in the presence of NOs- and 
NH4 + ions. The induction of nitrate reductase and of nitrite reductase was partly inhibited by 
sublethal hydroxylamine concentrations. 

I t  was  e s t a b l i s h e d  i n  p r e v i o u s  e x p e r i m e n t s  (SAHULKA 1973) t h a t  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  ( G D H )  a c t i v i t y  was  e n h a n c e d  b y  
e x o g e n o u s l y  s u p p l i e d  n i t r i t e .  T h e  r e su l t s  p r e s e n t e d  i n  t h i s  p a p e r  i n d i c a t e  
t h a t  a n o t h e r  s u p p o s e d  m e t a b o l i t e  of  n i t r a t e  a s s i m i l a t i o n ,  h y d r o x y j a m i n e ,  
w h e n  a d d e d  to  t h e  n u t r i e n t  m e d i u m ,  causes  in  s u b l e t h a l  c o n c e n t r a t i o n s  
a n  i n c r e a s e d  s y n t h e s i s  of  N A D H 2  G D H  a n d  s i m u l t a n e o u s l y  depresses  t he  
i n d u c t i o n  of  n i t r a t e  a n d  n i t r i t e  r e d u c t a s e s .  

TABLE 1 
THE EFFECT OF ACTIDIONE AND HYDROXYLAMINE added to the nutrient solution (c) on NADH~ 
dependent GDH activity in excised pea roots after 24 h incubation, expressed in ~o of the control 
(no aetidione, no hydroxylamine). Mean values of three experiments 

No hydroxylamine Hydroxylamine 1.0 mN No hydroxylamine Hydroxylam. 1.0 mN Actidione Actidione No actidione No actidiono 1 • 10-4 ~s l •  

100 242.3 73.6 82.9 

* Address: Flemingovo n~m. 2, 160 00 Praha 6, Czechoslovakia. 
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TABLE 2 
TH~ ~FF~,CT OY THE P~ES~NCE O~ NOa- ~ D  :NH4 + in the nutr ient  medium on the increase 
in the activity of ~NAD:H2 dependent  G~I~I (AE rain -1 g-I f.w.) caused by hydroxylamine in 
isolated pea roots. Both the differences caused by hydloxylsraine and the differences caused 
by :NO3- and NH4 + ions in the presence of hydroxylamine arc statistically significant, P < 0.05 

~ t sol. 

Variant 

No hydroxylamlne 

.5 mN hydroxylaraine 
0 

with without with without 
ni trate other nitrogen NI-I4NO3 other nitrogen 

source source 
(a) (c) (d) (c) 

0.795 0.765 0.770 0.766 

1.285 1.585 1.330 1.628 

3 cm long apical segments of primary roots isolated from 6 days old seedlings germinated 
under aseptic conditions were grown for 24 h under aseptic conditions in nutr ient  solutions of 
this composition: (a) with nitrate nitrogen: Ca(NO3)2 1.02 raM, KNO3 0.85 mlYI, l~IgSOa 0.17 raM, 
KC1 0.82 m ~ ,  KHePO4 0.15 m•; (b) with ammonium nitrogen: (NH4)2S04 1.5 raM, MgSO4 
0.17 mNI, KC1 0.82 ml~I, KH2PO4 0.15 toNI, CaCl~ 1.0 m:~I, KeS04 0.42 raM; (e) without  any 
other source of  nitrogen: 1V~gSO4 0.17 raM, KC1 0.82 m ~ ,  KH2PO4 0.15 mlY[, CaCl2 1.0 mYI, 
K2SO4 0.42 raM; (d) with both  nitrate and ammonium nitrogen: NHaNO3 1.5 mN[, l~IgSO4 
0.17 mBI, KC1 0.82 m ~ ,  Ktt2PO4 0.15 raM, CaC12 1.0 ral~, K~oSO4 0.42 m:~r Hydroxylamine 
sulfate was added to these basic nutr ient  solutions in the following concentrations: 0; 0.1; 0.2; 
0.5;  and 1.0 r a n  respectively. In  addition, all the solutions contained 20 g sucrose, 1 rag ZnSOa, 
1.5 mg H3BO3, and 0.3 mg Na2~oO4 . 2 I:i20 in 1000 ml. Fe s+ was omitted because it is known 
th  at  hydroxylaraine can be oxidized under acid conditions by Fe a+ (CHAo and KHOONTJE 1969). 
Toxic effects of hydroxylaraine could be observed in some experiments already at  0.2 r a n  
hydroxylaraine concentration, the 2.0 mN concentration being le tha l  

After the incubation the roots were rinsed, weighed, and homogenized with a fivefold amount 
of  0.066 lYl tris-HCI buffer pH 8.0. Horaoge, nates were cleared by centrifugation at 15 000 g and 
the superuatants obtained were used for the determination of enzyme activities both without 
further purification and after filtrating them through a Sephadex G 25 column to separate the 
enzymes from low-molecular-weight substances. 

GDH activity was determined spectrophotoraetrically when recording NADH2 oxidation or 
NAD + reduction, mtrl te  reductase act ivi ty was determined on the basis of nitrite disappearance 
from the assay mixture containing benzyl viologcn as electron donor, and in nitrate reductase 
assay, the production of nitri te was followed in an assay mixture with NADH~ as electron 
donor for the complete oxidat ion of which endogenous malate dehydrogenase was used. The 
results ware statistically evaluated using the t-test. 

Hydroxylamine  when added to the nutr ient  solution in sublethal concen- 
trations caused an increase in NADH2 dependent GDH activity in the 
roots (Fig. 1). The increase in activi ty was inhibited by actidione (Table 1) 
which indicates that  it depended on proteosynthesis (higher amounts of 
hydroxylamine were found in the roots incubated with actidione than  
without it), and was lower in the presence of NOa- and NH4 + ions (Fig. 1, 
Table 2). The deaminating GDH activity was increased only slightly with 
the increase being not statistically significant. The induction of nitrite 
reductase and of nitrate reductase was part ly inhibited by toxic hydroxyl-  
amine concentrations (Fig. 1). In  vitro, hydroxylamine influenced in con- 
centrations which could occur in the extracts only the NAD+ dependent  GDIt  
activity (Table 3). 

Thus hydroxylamine is another metabolite of nitrate assimilation which 
enhances NADH2 dependent  GDH activity in isolated pea roots. In  contrast  
to nitrite which probably did not  influence the synthesis of GDH as its 
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Fig. 1. The effect of rising hydroxylamine 
concentrations present in nutrient solutions 
on I~ADH~ dependent glutamate dehydroge- 
nase (NADH2 GDH), nitrate reduetase 
(l~OsRed), and nitrite reductase (l~O2Red) 
activities [%] in excised pea roots after 24 h 
incubation. Hydroxylamine concentrations 
given in the figure are the concentrations at 
the beginning of the experiments. 
O nitrate containing nutrient solution (a), 
[] ammonium sulfate containin G" nutrient so- 
lution (b), A v nutrient solution without other 
nitrogen source (c). Full points  Q , . ,  
# - -  difference from the control (no byd- 
roxylamine) is statistically significant, star- 
ting at  the P ~ 0.05 level. 
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effect was not  dependent  on proteosynthesis, hydroxylamine may  induce 
an enhanced de novo synthesis of this enzyme despite the fact tha t  the 
toxici ty of hydroxylamine is higher than tha t  of nitrite; however, exogenously 
supplied hydroxylamine can be metabolized and its nitrogen can be in- 
corporated into proteins (e.g. KRETOVm~ et al. 1964). Simultaneously with 
the possible increase in GDH synthesis hydroxylamine depresses the induction 
of ni trate  reductase and of nitri te reductase. A similar effect of hydroxyl- 
amine on nitrate reductase was observed in Neurospora crassa by SUBRAMA- 
~IA~ and SARMA (1969). The effect of hydroxylamine on ni trate  reductase in 
isolated pea roots is similar to tha t  of toxic concentrations of NH4 + ions; 
however toxic concentrations of NH4 + ions cause only a slight increase in 
I~ADH~ dependent  GDH activity (21 mlq IqH4 + in the nutr ient  solution 
caused a 22 % enhancement  of NADH2 dependent  GDH activity and a 54 ~ 

TABLE 3 
In  v~tro EFI~ECT OF HYDROXYLAMINE ON NITRATE REDUCTASE ACTIVITY (NOsRed), NADtt~ 
dependent glutamate dehydrogenase activity (NADH2 GDH), and on NAD+ dependent glutamate 
dehydrogenase activity (NAD + GDH). ~Iydroxylamine sulfate was added to the extracts up 
to the concentration given in the table. Mean values of 4 replicates. Activity expressed in %. 

~ ~ ~ l E n z y m e  Hydroxylamine I 0 1.0 mN 1.0 mN 
in the roots in the extract 

NOsRed 

I~ADH2 GDH 

NAD + GDH 

100 101.1 102.1 

100 98.8 98.3 

100 92.2 57.3 
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inhibition of nitrate reductase induction in excised pea roots, 9 mN NH4 + 
did not produce any macroscopically apparent symptoms of toxicity, did not 
influence I~ADH2 dependent GDH activity, and caused only a 13 % in- 
hibition of nitrate reductase). The results presented in this paper confirm 
earlier observations (references see SAHUL~ 1973) that in pea roots GD]=[ 
activity is rather enhanced than depressed under toxic conditions and under 
conditions unfavourable to growth. 
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