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Thermodynamic parameters of the ~-methyl aspartate-aspartate 
aminotransferase interaction 

Although the rmodynamic  da ta  are of potent ia l  use in unders tand ing  the, 
mechanism of enzyme substrate  complex formation,  surprisingly few per t inent  data  
are available. In  this communica t ion  we report the the rmodynamic  parameters  
characterizing the formation of a complex between L-{~-methyl aspartate  and aspar- 
tate aminotransferase (EC 2.6.1.1). Although (~-methyl aspartate  is not :in actual  
substrate,  it is known to be a competi t ive inhibi tor  of the enzyme and fl)rms a 
Schiff base with the enzyme-bound  pyridoxal  phosphate,  al though t r ansamina t ion  
cannot  occur because of the methyl  group in the {~ position ] 3. T h e r e f l ) r e ,  the (2- 
methyl  aspar ta te  t ransaminase  reaction appears to be representat ive of enzyme 
substra te  complex formation.  

The procedure for obta in ing the binding constant  by spectrophotometric 
t i t ra t ion  has been previously described a. All da ta  were obtained at pH 8.o, o.I 4 M 
Tris. The pH was measured with a Beckman Expandomat ic  or Radiometer  pH meter  
at the tempera ture  at which the spectrophotometric measurements  were made. The 
cx subform of aspartate  aminotransferase was used 4 and DL-(~-methvl aspartate  was 
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Fig. l. t'lot of the logarithm of the association cunstant in M a for the L-r~-nlethyl aspartatc -aspar- 
rate aminotransferase reatetion versus the reciprocal absolute temperature. The straight line is 
that calculated from a least squares analysis. The point at l.t ° (in parentheses) was not used in 
this analysis. 

obtained from Sigma chemicals; as befl)re the assumption was made that  only the 
L isomer binds  to the enzyme. Absorpt ion changes were measured at 36o and 43 ° m/~ 
and the data  were analyzed by  a weighted least-squares t r ea tment  according to the 
analysis  previously presented a. Since the form of the enzyme with an absorption 
m a x i m u m  at 43o m/~ does not  b ind the amino acid, a small correction ( < 5 % )  
which varies with tempera ture  was applied to the apparent  constants3; this required 
de te rmina t ion  of the p K  value of tile 362 ~-43o  m/~ interconversion of the free 
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enzyme at various temperatures. The apparent p K  value ranged from 6. 3 to 6. 5 in 
going from 25 ° to 5 ° . 

A plot of the logarithm of the binding constant versus the reciprocal tempera-  
ture over the temperature range 5-25 ° is shown in Fig. I ;  a point is also shown for 
I . i  °, although it is not very reliable because of the difficulties in obtaining spectro- 
photometric data  at such a low temperature. By the usual analysis the standard free 
energy, enthalpy and entropy changes at 25 ° were found to be --3.55 ( +  0-05) kca]/ 
mole, 5.9 (:6 0.8) kcal/mole and 32 (:h 3) e.u., respectively. (A least-squares analysis 
of the data in Fig. I was used to obtain the standard enthalpy change.) The positive 
enthalpy change is rather surprising. The simplest interpretation of this result is 
that  the internal Schiff base of the enzyme is energetically more stable than the 
Schiff base formed between a-methyl aspartate and the enzyme. The latter forms 
only because of the favorable entropy change which is piobably due to desolvation 
of the amino acid and increased freedom of the enzyme structure due to the break- 
down of the internal aldimine. A loosening of the enzyme structure is also consistent 
with the reduction of the pyridoxal phosphate Cotton effect in the complex relative 
to that  of the free enzymeS, 5-v. Thus the enzyme structure appears to be intimately 
involved in enzyme-substrate  complex formation. 

The spectrum of the complex is relatively insensitive to temperature : the ex- 
tinction coefficient at 360 m# varies from 5.1. lO 3 to 4.9" IO~ M-1 cm-1 in going from 
25 ° to 5 °, while the extinction coefficient at 430 m# changes from 3.8" IO s to 4.2" IO 3 M -1 
cm -1. These changes suggest that  the complex exists in more than one structural 
form. By analogy with the enzyme itself, the spectral peaks of the complex at 430 and 
360 m/~ might be expected to represent different ionization states. However, the 
spectrum of the complex is invarient with pH over the range 5.o-11.o. Thus if 
different ionization states are involved the associated pK values are either unusually 
high or low. Finally preliminary kinetic results suggest the actual mechanism of 
complex formation is quite complex s. However, the qualitative interpretation 
given above to the overall thermodynamic constants still appears to be appro- 
priate and these constants may prove useful in the interpretation of the detailed 
mechanism. 
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