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Abstract-A stopped flow kinetic analysis has been performed with a homogeneous protein fraction of plant 
glutamate dehydrogenase. The enzyme exerts strong negative cooperativity with ammonium as variable 
substrate. The limiting initial rate constants for low substrate concentrations, as calculated from the kinetic data, 
indicate that the catalytic efficiency of the enzyme increases at low ammonium concentrations. From this it 
becomes evident that the reductive amination reaction is highly adaptive to the ammonium environment. 

INTRODUCTION 

Since the demonstration of glutamate dehydrogenase 
(GDH) in plants [l], the reaction of this enzyme was 

thought to be the primary step for ammonium assimi- 

lation (for review, see [2]). The discovery of glutamate 
synthetase (GS) in plants, however, led to the formu- 
lation of another mechanism for this pathway: NH,’ 
assimilation proceeds via glutamine formation by GS. 
In a second step glutamate is built from glutamine and 
2-oxoglutarate catalysed by glutamine : 2-oxoglutarate 
aminotranferase (GOGAT) (for review, see [3,4]). 
This alternative pathway is thought to be the favoured 
process for NH: assimilation because of the lower K,,, 
value for NH: and the low NH: availability in plant 
cells [3]. However, GDH seems to be ubiquitous in 
the plant kingdom and the question arises as to what 
physiological function it fulfils. Recently it was shown 
that GDH from pea seeds has a specific activity for the 
reductive amination reaction, which is of an order of 
magnitude higher than described in the literature, i.e. 
ca 500 IU/mg (Kindt, R. and Pahlich, E., unpublished 
results). From this and the wide distribution of the 
enzyme, one might expect it to be involved in the 
primary step of NH: assimilation. 

The experiments described in this paper were per- 
formed in order to revise the K,,, values for NH:. In 
steady state kinetic experiments a marked negative 
cooperative effect has been observed with Nx as 
variable substrate. The results show that glutamate 
dehydrogenase can be adapted to low NH: concentra- 
tions by negative cooperativity without losing catalytic 
efficiency. 

RESULTS AND DISCUSSION 

Figure 1 shows the activity profile of plant GDH 
with NH: as variable substrate. With the assay condi- 

tions used here the activity is strongly inhibited by 
NH: concentrations greater than 125 mM. Further- 
more, a faint discontinuity in the activity profile can be 
observed in the range 10 mM NH:. A linear transfor- 
mation of this data performed according to the proce- 
dure of Hanes [5] shows biphasic kinetic (Fig. 2). The 
corresponding K,,, values (intercept with the x-axis) 
differ by a factor of 25 at high and low NH; concent- 
rations (76 and 3 mM). Concomitantly the V,,,,, val- 
ues, as calculated from the respective activities in 
U/ml (reciprocal of the slope), decrease from 1.6 to 
0.198 mol/min/l. From these data, limiting initial rate 
constants for low substrate concentrations may be 
calculated [S, 61 according to the expression 

V 
u==.s=k.s[7]. 

Km 

This calculation is possible because the experiments 
have been performed with a homogeneous enzyme 
preparation and activities arising from impurities or 
multiple molecular forms of the enzyme can be exc- 
luded. The respective constants k are 21 and 66 mini 
for high and low NH: concentrations. It can be seen 
that the catalytic efficiency of plant GDH increases at 
low NH: concentrations. From formal grounds this 
kinetic pattern might be explained by negative 
cooperativity. The characteristic feature of negative 
cooperativity is a decrease of both K, and V,,,, values 
at lower substrate concentrations. This is valid for our 
observations. It is interesting to note that this type of 
cooperativity has also been observed with beef liver 
GDH. This has been done by binding measurements 
with coenzyme and effector molecules [8-lo] as well 
as by kinetic studies [ll]. The meaning of negative 
cooperativity is ‘to make the reaction rate continu- 
ously responsive to changes in concentration over a 

11 



12 E. PAHLICH and CHR.GEFUTZ 

very wide range’ [ll], i.e. to adapt the enzyme to the 
respective substrate concentration. 

The observed two phase pattern might also be exp- 
lained in terms of half-of-the site reactivity which is 
the extreme consequence of negative cooperativity. 
This type of cooperativity is also demonstrated with 
the beef liver enzyme (NAD’ as variable substrate). 
The effect is thought to be the consequence of a 
trimer-trimer association of the monomer [lo, 121. 
From cross-linking experiments with the plant GDH, 
no evidence was found that this protein also has a 
trimer-trimer structure (Kindt, R. and Pahlich, E., 
unpublished results). The underlying mechanism 
of the described deviation from Michaelis-Menten 
kinetics of plant GDH still remains to be eluci- 
dated although the data are strong evidence for 
negative cooperativity. The question whether NH: 
acts directly as an effector molecule or exhibits its 
function in a more general ‘alloplastic’ mode [13] can 
only be answered by binding studies. It is known, 
however, that plant GDH is a very flexible molecule 
which is easily altered by anions [ 141. The results show 
that the kinetic behaviour of plant GDH will have to 
be re-investigated under appropriate experimental 
conditions. From the results obtained so far it becomes 
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Fig. 1. Activity profile of highly purified glutamate dehyd- 
rogenase from pea seeds with NH; as variable substrate. 
Assay mixture as described in Experimental. Dual 
wavelength scan: A measure = 340 nm, A reference = 380 nm. 
Range: O-O.1 A, T= 23”. Light path 2 mm. Each point is the 
mean value of 4 measurements. Starting with the point at 
high NH; concentration (0.3 M) the standard deviations (s) 
for the plotted mean values are: 2.1- , 2.1- , 1.3 - , 2.3 - , 
1.7-, 1.7-, 2.5-, 0.99-, 0.7-, 0.55-, 0.17- and 0.31~ 
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Fig. 2. Linear transformation of the data of Fig. 1 according 
to the Hanes plot. K,=intercept with the x-axis, l/V,,,,,= 

slope. 

clear, however, that ‘unphysiological’ NH: concentra- 
tions are not a prerequisite of the reductive amination 
reaction. The assumed negative cooperativity provides 
a mechanism which enables the enzyme to adapt to 
the NH: environment without losing catalytic effi- 
ciency. Sufficient catalytic efficiency, however, is a 
basic requirement irrespective of the assumed function 
of this enzyme as a ‘steady-state catalyst’ 
(NAD’/NADH steady-state) or as a regulatory system 
(NH:-assimilation). 

EXPERIMENTAL. 

GDH was purified to homogeneity as described in ref. [S]. 

Kinetic expts have been performed with a UV-300 spec- 

trophotometer (Shimadzu) equipped with a stopped flow 

device. Reservoir I contained enzyme and substrates other 

than NH:. The concns were: 2-oxoglutarate, 28.6mM; 

NADH, 357 &M; CaCl,, 100 FM; enzyme, 3 pg in O.lM 

Tris-HOAc buffer, pH 8 in a final vol. of 1.4 ml. Reservoir II 
contained NH, in concns ranging from 0.6M to 1 X 10-s M in 

0.1 M Tris-HOAc buffer pH 8 and a final vol. of 1.4 ml. 

Temp. = 2.5”. The reaction was started by mixing the solns 

from reservoirs I and II in equal amounts. Initial velocities 

were taken from the records after a dead time of ca 

100 msec. 
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