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Metal-ion requirement for pyridine nucleotidainduced 
disaggregation of glutamate dehydrogenase 

703 

There has been a great deal of interest in the relationship of the activity of glutamate 

dehydrogenase (L-glutamate: NAD(P) oxidoreductase (deaminatingj, EC 1.4.1.3.) 

to its state of aggregation (e.g. see refs. 1-6). It was reported previously that 

disaggregation of crystalline beef-liver glutamate dehydrogenase occurred in the 
presence of concentrations of DPNH above 4. IO-~ M (ref. I). Recently, however, we 

have found that DPNH or TPNH alone were not sufficient to induce the disaggrega 
tion of the enzyme, but would do so if Zn2+ or certain other divalent cations were 

also present. The details of these experiments are reported below. 
Nucleotides and beef-liver glutamate dehydrogenase (as a suspension of crystals 

in (NH,),SO,) were purchased from the Sigma Chemical Company. Measurements 

of weight average molecular weight of the enzyme were made by light scattering 

using the Aminco photomultiplier microphotometer (calibrated with Ludox, E. I. 
du Pont de Nemour and Co., Inc.) 7 on solutions of the enzyme which had been clarified 

by centrifugation at 5000 x 6 for 60 min. The other reagents were freed of particulate 
matter either by centrifugation, or by filtration through millipore filters. Sedimen- 

tation velocity experiments were performed in the Spinco Model E analytical ultra- 

centrifuge as described previously2. 
In Fig. I the recriprocal of the weight average molecular weight determined by 
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Fig. I. Effects of DPNH and Zn2+ on weight average molecular weight (%) of glutamate dehy- 
drogenase. Light-scattering measurements were made at room temperature on reaction mixtures 
containing crystalline glutamate dehydrogenase 0.84 mg/ml, 0.1 M NaCl, 0.02 M Tri-HCl 
(pH 7.75), and DPNH and ZnCl, as follows: o-0, no ZnCl,; A-A, 4’ IO-~ M ZnCl,; U-U, 

8. IO-~ M ZnCl,; @-O, 1.6. IO-~ M ZnCl,. 

light scattering, is plotted as a function of DPNH with and without varyiug con- 
centrations of Zn2+. As shown, even 4. IO-~ M DPNH had no significant effect on the 
molecular weight of the enzyme when Zn2+ was not present. However, the inclusion 
of molar concentrations Zn2+ as little as a s-fold of that of the enzyme (assuming 
a molecular weight of 10~) in the same reaction mixtures permitted DPNH to 
cause extensive lowering of the weight-average imolecular weight. As expected, 
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Fig .  2. R e a c t i o n  m i x t u r e  c o n t a i n e d  o.76 m g / m l  g l u t a m a t e  d e h y d r o g e n a s e ,  4" lO-4 M D P N H ,  
1.6- i o  -~ M ZnC1 v a n d  E D T A  as s h o w n  in 0.025 M T r i s - H C 1  ( p H  7.75) a n d  o . i  M NaC1. 

the effect of Zn ~+ and DPNH could be completely reversed by the addition of EDTA 
(Fig. 2). Identical results were obtained when TPNH was substituted for DPNH. 
The weight average molecular weight of the enzyme was not affected by Zn 2+ in the 
absence of the nucleotides except at very high concentrations (i.e. > IO -s M). CO 2+, 
Mn 2+ and Cu 2+ (in the presence of DPNH and TPNH) also promoted the disag- 
gregation of the enzyme, although considerably higher concentrations of thesemetals 
were required than of the Zn 2+. 

Sedimentation-velocity experiments confirmed the requirement for the metal 

Fig.  3- E f fec t s  o f  D P N H  a n d  Zn  ~+ on  t h e  s e d i m e n t a t i o n  v e l o c i t y  o f  g l u t a m a t e  d e h y d r o g e n a s e .  
E x p e r i m e n t a l  m i x t u r e s  c o n t a i n e d  4 m g / m l  c r y s t a l l i n e  g l u t a m a t e  d e h y d r o g e n a s e  in  0 .022 M 
Tr i s  HC1 ( p H  7-75), a n d  I • i o  3 M D P N H .  T h e  l owe r  c u r v e  c o n t a i n e d  2 .  i o - * M  E D T A  whi l e  t h e  
u p p e r  c u r v e  c o n t a i n e d  I - i o  4 M ZnCl~. S e d i m e n t a t i o n  w a s  f r o m  lef t  t o  r i g h t  a t  59 78o r e v . / m i n  

a n d  25 ° . 
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ion in the D P N H  induced disaggregation of the enzymes (Fig. 3). In  this experiment  
the s2o, w of the enzyme in the presence of 5" lO-4 M D P N H  alone was 25.8 bu t  was 
12.5 when I .  lO -4 M Zn 2+ was added. 

I t  appears, therefore, tha t  D P N H  and T P N H  can promote the reversible dis- 
sociation of g lu tamate  dehydrogenase into subunits in the presence of  Zn 2+ or 
certain other  nletal ions. Other  investigations have shown tha t  D P N H  is also in- 
volved in steroid or GTP-induced structural  modifications of g lu tamate  dehy-  
drogenase6, s. 

A small amount  of Zn 2+ has been reported to be t ight ly bound to the crystalline 
enzyme 9. The relationship of  this intrinsic Zn 2+ to the ZnZ÷-dependent D P N H  dis- 
aggregation is not  clear at present. However,  further  investigations on the mecha- 
nism m a y  establish some relationship between the two. 
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