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SUMMARY 

Ultraviolet differential spectroscopic measurements show the existence of 
glutamate dehydrogenase (L-glutamate:NAD(P) + oxidoreductase (deaminating) 
EC 1.4.I.3)-L-glutamate complex. The spectral features resemble perturbation dif 
ference spectra of enzyme aromatic amino acid chromophores and allow the deter 
mination of the L-glutamate concentration dependence. The dissociation constan 
for this enzyme-L-glutamate complex was approximately 48 mM and was indepen 
dent of enzyme concentration. The lack of interaction between the binding of L 
glutamate and the activating monocarboxylic amino acids indicates that  they bind 
at totally separate sites. 

INTRODUCTION 

Recently the existence of several L-a-amino acid binary complexes of gluta- 
mate dehydrogenase (c-glutamate:NAD(P) + oxidoreductase (deaminating) EC 1.4 
1.3) has been established for a number of monocarboxylic amino acids 1. An enzyme 
L-glutamate complex has been indirectly demonstrated by glutamate protection frorr 
urea denaturation 2 and the existence of a reactive enzyme-Ix-glutamate complex ha~ 
been postulated in transient-state kinetic studies 2. This paper will present spectro- 
photometric evidence for the existence of an enzyme-L-glutamate complex and wil 
define the interaction of this glutamate binary complex with other binary com- 
plexes of glutamate dehydrogenase. 

MATERIALS AND METHODS 

The glutamate dehydrogenase was purchased from the Sigma Chemical Com- 
pany as the Type I crystalline ammonium sulfate suspension. The suspension wa~, 
dialyzed, treated with Norit A, filtered, and assayed as described previously 1. En. 
zyme concentrations were calculated from 28o nm absorbance readings using a valu( 
of o.97 as the extinction coefficient of a I mg/ml solution of glutamate dehydroge- 
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nasO. The enzyme used had an A28o/A26~, ratio of 1.95-I.98 and a specific activity of 
3.5 :~ 0.5 units per mg protein 1. The pH values of all solutions were determined 
using a Radiometer PHM26 pH meter. Unless stated, the buffer employed for all 
spectroscopy experiments was o.I M potassium phosphate, pH 7.6 and the tempera- 
ture was 20 °C. The amino acids and a-ketoacids used were purchased from the Sigma 
Chemical Company or the Mann Research Laboratories. 

The binding difference spectra were obtained using a Cary Model 14 double- 
beamed spectrophotometer with the photomultiplier interfaced directly to a Varian 
Model 62oi computer 1. Each spectrum presented in this study represents an average 
of 3 to 4 spectra collected from consecutive runs. The spectrum and glutamate con- 
centration dependence were determined in I.OOO cm quartz cells and the enzyme 
concentration dependent experiments employed either I.ooo, 2.000, or 5.000 cm cells 
depending on enzyme concentration. For convenience, the final spectra were obtained 
as standard binding difference spectra by subtracting an averaged base line spec- 
t rum of equal amounts of glutamate dehydrogenase in the sample and reference cells 
from the spectrum of a solution of enzyme mixed with ligand in the sample cell and 
solutions of enzyme and ligand separated in the reference cell. 

RESULTS AND DISCUSSION 

An ultraviolet difference spectrum obtained by subtracting the absorbance of 
solutions of glutamate dehydrogenase and L-glutamate measured separately from that 
of a solution of the same concentrations of enzyme mixed with L-glutamate can be 
seen in Curve A of Fig. I. At lower L-glutamate concentrations, the differential ab- 
sorbance at the shorter wavelengths appeared to increase with time. A plot of log 
A A  vs log wavelength (excluding the major signal from 278 to 295 nm) yielded a 
straight line with a slope of --4.2 indicating that this increasing differential absorp- 
tion at the shorter wavelengths is probably due to light scattering. 

0.002~ -- - 

260 280 300 320 340 
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Fig. i. The ultraviolet  difference spec t rum of the g lu tamate  dehydrogenase-L-glutamate  complex. 
The g lu tamate  dehydrogenase concentrat ion was •.o 4 mg/ml  and the L-glutamate concentrat ion 
was 65 raM. Curve A is the spec t rum of the complex and Curve 13 is the spec t rum obtained by  sub- 
t ract ing a curve wi th  a reciprocal four th  power  dependence on wavelength.  

Curve B of Fig. I shows the spectrum of the L-glutamate dehydrogenase-L- 
glutamate complex with the light scatter effect subtracted. Both difference spectra 
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of Fig. I have maxima at 291 and 283 nm and minima at 287 and 28o nm. The general 
shape of both difference spectra suggest the involvement of enzyme aromatic amino 
acid chromophores and the 291 nm spectral feature could be characterized as a red- 
shifted t ryptophan perturbation difference spectrum. While the signals are too small 
to resolve, the minima at 287 and 280 nm suggest that a blue-shifted tyrosine pertur- 
bation difference spectrum may contribute to the overall signal. Since this binding 
signal does not resemble the large tryptophan and tyrosine solvent perturbation spec- 
tra of glutamate dehydrogenase caused by general perturbers which are the same size 
as L-glutamate, the signal is probably due to a specific perturbation upon L-glutamate 
binding. 
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Fig. 2. The concentration dependence of L-glutamate binding. 
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Fig. 3. The dependence of ZlAmax from L-glutamate binding plots on g lu tamate  dehydrogenase 
concentration. 

T ABLE I 

T H E  D I S S O C I A T I O N  C O N S T A N T S  F O R  T H E  G L U T A M A T E  D E H Y D R O G E N A S E - L - G L U T A M A T E  C O M P L E X  AT 

V A R I O U S  C O N D I T I O N S  

The dissociation constants  were determined from double reciprocal plots similar to Fig. 2. 

Temp. Ka (raM) 
°C 

pH 6.5 pH 7.6 

20 - -  47 ~ 5 
25 52 ~ IO* 38 ± 8 

* This experiment  was performed using 0.2 M potassium phosphate  buffer. 

The L-glutamate binding dependence of this enzyme-L-glutamate complex is 
shown in the double reciprocal plot in Fig. 2. The zJA values were measured from 
maxima to minima of the 283-287 nm spectral feature and the AAmax was found to 
be 0.0049 A units/mg per ml. A plot of zJAm~x v s  glutamate dehydrogenase concen- 
tration was linear from below 0.2 to 1.6 mg/ml (Fig. 3). The dissociation constants at 
two pH values and two temperatures are shown in Table I. 

Recently we have shown that many monocarboxylic amino acids form com- 
plexes with glutamate dehydrogenase and have postulated that these complexes are 
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the ac t iva t ing  amino  acid  complexes  observed  b y  several  o ther  workers+,~, 6. High 
concent ra t ions  of L-leucine (2 raM) and  L-isoleucine (2.8 mM) d id  not  affect the  spec- 
t roscopic  signal  or dissociat ion cons tan t  of the  e n z y m e - L - g l u t a m a t e  complex  nor d id  
5O-lOO mM L-glu tamate  affect the  signal or dissociat ion cons tan t  of the  L-leucine and  
L-isoleucine complexes.  Therefore,  the  ac t iva t ing  monocarboxyl ic  amino  acids and  
L-g lu tamate  have  separa te  b ind ing  sites. 

The re la t ionship  of  the  enzyme-L-g lu tamate  complex  to the  t rans ien t  s t a t e  
kinet ics  will be descr ibed elsewhere. 
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