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Abstract-NADP’-specific glutamate dehydrogenase (L-glutamate: NADP’ oxidoreductase, EC 1.4.1.4) has been 
purified to homogeneity from Nitrobocter I~~&~gensi.s strain X14. The native enzyme has M, of 310000 and is 
composed of 6 identical subunits with M, of 48 000. The pH optimum for the amination reaction was 7.5. and that for 
deamination was 8.5. The K, values for NH: and 2-oxoglutaratc were 9 and 5 mM. respectively. Substrateactivation of 
the amination reaction was observed with NADPH. 

IN’l’RODUCTION 

Nitrobacter hamburgensis strain Xl4 is a gram-negative, 
nitrifying bacterium isolated by Sundermeyer and Bock 
[l]. This novel species can grow under autotrophic, 
heterotrophic and mixotrophic conditions. The study of 
intermediary carbon metabolism in this bacterium re- 
vealed that it has an incomplete citric acid cycle when 
grown under autotrophic conditions 123. However, very 
little information is available on the nitrogen metabolism 
of this bacterium. 

Glutamate dchydrogcnase (GDH) [L-glutamate: 
NAD(P) oxidoreductase] occupies a pivotal position in 
nitrogen metabolism and carbon pathways. It catalyses 
the oxidativc amination of 2-oxoglutarate to glutamate as 
well as the reductive deamination of glutamate [3]. 
NADP+dcpendent GDH has been purified and charac- 
terized in ammonia-oxidizing bacterium Nirrosomonas 
europaeu [4]. It was shown that Nitrobocter agilis con- 
tains NAD+- and NADP’dependent GDH activities 
[S, 63. In this paper we report on the purification and the 
molecular characteristics of NADP’dcpendent GDH 
from N. hamburgensis. 

supematant (Silo) was loaded onto a 2’-5’-ADP 
Sepharose 4B column (0.8 x 11 cm) precquilibrated with 
50 mM Tris-HCI containing 5 mM 2-mercaptoethanol, 
pH 7.5. The column was then washed with the same buffer 
until the absorbance at 280 nm of the effluent was close to 
zero. The enzyme was eluted with 10ml of 2 mM 
NADPH in the same btim. Active fractions were pooled, 
dialysed overnight against the buffer and concentrated on 
an Amicon PM-10 membrane and then loaded onto a 
Sepharose 6B column (2 x 70cm) equilibrated with 
T&/Z-mercaptoethanol buffer. The enzyme was clutcd 
with the same buffer (flow rate 12 ml/hr). Pooled fractions 
containing the enzyme were concentrated as described 
above. 

Molecular weight and subunits of NADP+-dependent 
GDH 

The apparent M, of NADP+dependent GDH from N. 
hamburgrnsis was 31OooO as determined by a gel filtration 
technique (Sepharose 6B). The separation of the enzyme 
by SDS polyacrylamide gel gave rise to a single protein 
band with M, of 48 Ooo. Thus it is likely that the enzyme is 
composed of six identical subunits. 

RESULTS 

Purification of NADP’-dependent GDH Properties of purified NADP+-dependent GDH 

Crude extracts of cells grown under mixotrophic con- 
ditions had high activities of NADP’dependcnt gluta- 
mate dehydrogenases (fractions S,, and S, 1o in Table 1). 
The separation of NADP+dependent GDH was ac- 
hieved by affinity chromatography and finally an elec- 
trophoretically homogeneous enzyme was obtained 
(Table 1). Washed cells (5 g wet wt) suspended in 50 mM 
Tris-HCI buffer @H 7.5) containing 5 mM 2-mercaptoet- 
hanol were disrupted by two passages through a French 
pressure cell at 4” (1300 kg/cm’) and centrifuged at 
30000 g for 20 min in a Sorvall RC-2B centrifuge. The 
supernatant (S,,) was then antrifugad at 1 loo00 g for 
1 hr at 4” in a Beckman L8-70 centrifuge. The high speed 

The pH optimum of the amination reaction of the 
enzyme was 7.5, whereas that of deamination reaction was 
8.5. A double reciprocal plot of the rate of NADPH 
oxidation against substrate concentration gave an ap- 
parent K, value of 9 mM for NH*CI (Fig. IA) and 5 mM 
for 2-oxoglutarate (Fig. 1 B). The NADPH oxidation rate 
increased rapidly with increasing concentration of 
NADPH up to 15 @M and slowly thereafter. Double 
reciprocal plots of these data (Fig. 2) produced two 
distinct apparent K, values of 4OpM above 15 PM 
NADPH and 13.3 pM below 15 PM NADPH. These data 
however can also be interpreted as negative 
cooperativities. 
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Table 1. Purification of NADP’-GDH from Nitrobucrer lromburgcnsis 

Fractions 

Total Total 
protcin activity Specific activity Purification Yield 

(mt3) (units)* (units/mg protein) (fold) % 

1. SJO 234 28 0.12 t 100 
2. s,,, 10-l 24 0.22 1.8 86 
3. Affinity chro~to~aphy 3.1 18 5.8 48 64 

(2’,5’-ADP Sepharoxe 4B) 
4. Gel filtration 1.2 11 9.2 77 39 

l Gne enzyme unit is defined as gmol. NAD(P)H oxidized per min. 

0.3 
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Fig. 1. Effects of various concentrations of NH: and 2-oxoglutarate on the aminatjon reaction of purified NADP’- 
GDH (Fraction 4, Table 1). Enzyme activity assayed as described in Experimental, except that the amounts of (A) 
NH,CI and (B) 2-oxoglutarate were varied. l/v @mol. NADPH oxidized/min) ‘. (A) I/s, [NH&I (mM)]- ‘. (B) 

l/s [&OXO&lUlfIMtC (mM)]- 1. 
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Fig. 2. Elkcts of various concentrations of NADPH on the 
amination reaction of purified NADP+-GDH (Fraction 4, 
Table I). Enzyme activity assayed as described in Experimental, 
except that the amounts of NADPH were varied. Ifv, @mol. 

NADPH oxidiz&/min)- ‘. l/s (NADPH PM)- ‘. 

Some carboxylic acids are known to inhibit NADP *- 
dependent GDH from Nitrosomonas europuea and 
Nitrobocter ogilis (4,6,6a]. The amination reaction of the 
enzyme was inhibited by cu 30 y0 in the presence of 20 mM 
fumarate, malate or glyoxylate. The inhibition by oxal- 
acetate was 60% at 20 mM. 

DlSCUSSlON 

Purified NADP’-dependent GDH from N. ha&w- 
gensis has an estimated N, of 310000, which is similar to 
those of the enzyme from Eschetichio coti (800000) [7]. 
Neurospora (NADP’qecific 288000) [S] and bovine 
liver (320000) [9], but it is higher than that of the enzyme 
from 7Xobacillus nooelhs (NAD’- and NADP’qecific 
forms; 120000) [lo]. The N, of NADP ‘-GDH subunit 
from N. homburgensis is 48000, as determined by SDS 
polyacrylamide gel electrophoresis. This indicates that the 
enzyme is a hexamer and is thus similar to GDH from 
bovine liver [9], Neurospora [8] and E. coli [i’], 
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The pH optimum of 7.5 for amiaation reaction (gluta- 
mate formation) of the NADP’GDH is in the range of 
the pH optimum (7.4-7.6) for cell growth of N. hambur- 
gensis [ 1 I], whereas, the pH optimum for deamination 
reaction (glutamate oxidation) was 8.5. The NADP’- 
dependent GDH can therefore function in either direc- 
tion: i.e. amination of 2-oxoglutarate to glutamate or 
deamination of glutamate to 2-oxoglutaratc. The ami- 
nation rate, however, is twice as great as that of deami- 
nation; whereas the NAD’-dependent GDH functions 
mainly in the direction of glutamate. Thus the multiple 
forms of GDH in N. hamburger& are likely to play an 
important role in glutamate formation. 

The amination reaction of NADP’GDH from N. 
hamburgensis was stimulated by NADPH and two ap 
parent K, values were recorded for the nucleotide but the 
data may also indicate negative cooperativities. It is likely 
that this effect is associated with changes in aggregation of 
the enzyme [3]. Similar substrate stimulation effects [ I23 
were observed for GDH from bovine liver [I31 and 
Nitrobacter agilis [6, 6a]. 

EXPERIMENTAL 

Marerids. NAD’. NADH, NADP’, NADPH. Tris, sodium 
glutamate, Z-oxoglutarate and all carboxylic acids were from 
Sigma. 2’.5’-ADP Sepharosc4B. Sepharosc 6Band h&calibration 
kits for various protein markers wcrc from Phannacia. All other 
chemicals were the best grade available. 

Growth conditions. A culture of Nitrobacter hamburgensis 

strain Xl4 was kindly supplied by Dr Edberhard Bock, lnstitut 
fur Allgcmeinc Botanik der Universitat Hamburg, Abteiluog fiir 
Mikrobiologic, F.R.G. Batch cultures wcregrowo at 30” for 36 hr 
in a mixotrophic medium as dcscribcd previously [2, I I]. Cells 
were washed twice with 50mM Tris-HCI but&r @H 7.5) and 
finally suspended in 50 mM Tris-HCl, 5 mM 2-mcrcaptocthanol. 

Enzyme assay. Activity of GDH was determined as dcscribcd 
in ref. [4] either from the rate of oxidation of NAD(P)H 
(amination reaction) or that of NAD(P) reductive dcaminatioo 
reaction at 340 nm at 30”. For the amination reaction the assay 
mixture in a total vol. of 3 ml contained (mM): Z-oxoghnaratc. 20: 
NH.CI. 240, NAD(P)H. 0.33; Tris-HCI buffer (pH 7.5). 50. and 
an appropriate quantity of the enzyme preparation. For the 
deamination reaction, the assay mixture in a final vol. of 3 ml 
contained (mM): sodium glutamate, 17; NAD(P), 0.33; Tris-HCI 
buffer @H 8.5), So; and an appropriate quantity of the enzyme 
preparation. Both reactions were carried out at u)” in I cm quartz 
cuvettcs. The amination and deamination reactions were started 
by adding 2-oxoghttarate and glutamate rapcctively. The reac- 
tion rates were corrstcd for cndogenous oxidation/reduction of 
NAD(P)H/NAD(P). 

Determination of M, The M, of the native enzyme was 
determined by gel filtration on a Sepharose 6B column (1.6 
x 100 cm) equilibrated with 50 mM Tris-HCI bulTer (pH 7.5) 

according to the method of ref. [ 143. The column was calibrated 
with aldolasc (158ooO), catalasc (232000), ferritin (440000) and 
thyroglobulin (669 000) as marker proteins. The determination of 
subunit hf, wax done by discontinuous gel elcctrophoresis in the 
presence of 0.1% (w/v) SDS using Tris-glycine butfer @H 8.3) 
according to the methods of rcfs [ I5 3 and [ 163. The gels were 
calibrated with the following protein standards: phosphotylasc b 

(94ooO), albumin (670000), ovalbumin (43 OOO), carbonic anhyd- 
rasc (30000) and trypsin inhibitor (ZOOOO). 

Protein was determined by the method of ref. [ I73 using bovine 
strum albumin as a standard protein. 
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