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change in the enzyme thereby exposing buried active sites. For it is obvious that sites 
for substrate binding are available whether an activator univalent cation is present or 
not. Thus, a proposed enzyme conformation 5 induced by K + and essential for phos- 
phoryl transfer, could be attained either before or after substrate binding but must be 
important at some later stage in the overall mechanism. One can imagine that any 
conformational change involved need be only small, perhaps explaining wily so little 
success has been obtained from most of the existing methods of detecting confor- 
mational variations. 

This investigation was supported in part by Research (;rant AMo8123 from the 
U.S. Public Health Service. The authors are indebted to Dr R. R. BECKER for both 
theoretical and practical help. 
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BBA 6334 ° 

The inhibition of univalent cation activated enzymes by tris(hydroxymethyl) 
aminomethane 

Many enzyme systems are stimulated by or show an absolute requirement for 
a univalent cationk K + is commonly the most effective ion, and in general, enzymes 
requiring univalent cations are not activated by Li ~. Various organic cations such as 
Tris + and tetramethylammonium + also fail to activate and have been used widely, 
therefore, in buffering systems where univalent cation requirements are being studied. 
In addition to failing to substitute for K + as a univalent cation activator, Li ~ frequently 
has been shown to inhibit certain enzymes in environments containing K + (refs. 2 6). 
The type of inhibition has rarely been studied adequately, but occa.sionally, has been 
shown to be competitive with K + (refs. 2, 6). The question then arises whether non- 
activators of enzymes such as Tris can also inhibit competitively, in which case 
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saturation curves for activator cations could vary simply as a result of differing 
concentrations of background buffer. Tris inhibition has been considered previously 
and stated to be negligible at usual concentrations3, 4. A reexamination of the effect 
of Tris on the activity of K*-activated enzymes was prompted by the finding in this 
laboratory ~ that the effect of various activating and non-activating univalent cations 
on ultraviolet difference spectra of pyruvate kinase was markedly affected by the 
presence of "rris in the enzyme environment. 

Rabbit muscle pyruvate kinase (ATP : pyruvate phosphotransfera.se, EC 2.7.1.4 o) 
(Calif. Biochem. Co. A grade) was suitably diluted with o.oI ,X,I Tris-HCl (pH 7.4) and 
freed from contaminating NH+4 by chromatography on Bio-gel P-2 columns (Bio-Rad 
laboratories), equilibrated with the same buffer. 

Pyruvate kinase was assayed as bv MILLER AND EVANS s except that Mg ~+ was 
added at o.oo8 M (ref. 9) and Tris concentration was as indicated in legends of Figs. 1-3. 
The monocyclohexylamn~oniunl salt of phosphoenolpyruvate and Tris-ADP were 
adjusted to pH 7.4 with Tris. The concentration of Tris added to anv reaction mixture 
other than that in the buffe.r totaled o.o22 M. This is alwavs considered in calculations 
of total Tris concentration. 

KACH.~AR AYr) BOYER 4 have noted previously that there is an inhibition of 
pyruvate kinase at high ionic strengths even when the salt added is KC1. COHN a has 
demonstrated an inhibition at high salt concentration (presumable tetramethyl 
ammonium chloride) and also a competitive relationship between K + and Mg "+. It 
was necessary therefore to establish optimal concentrations of cation activators under 
the conditions used here and to establish the extent of non-specific inhibition by high 
salt concentration for comparison with the effect of Tris. Fig. I demonstrates the effect 
of increasing K-  concentration up to and above the optimal level. The inhibition at high 
K + concentration seems to be due in part to a competition of K ¢ with l~Ig 2¢ , since 
increasing the level of Mg 2+ from o.oo8 to o.oI6 M partially reverses the inhibition. 
Increasing the level of Mg 2 still furtl~er, fails to regain maximal activity, and thus this 
inhibition seems to be due to high salt concentration rather than an unfawmrable 
balance between K + and Mg 2+. 
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Fig. I. "l'he effect of high concen t ra t ions  of K* and Mg s" on the a c t i v i t y  of p y r u v a t e  kinase. 
Each react ion mix tu r e  conta ins  in a vo lume of i ml:  2 .25 .1o  - s M  AI)P ;  1.5"To - s M  phospho-  
e n o l p y r u v a t e ;  o.o22 M Tris IIC1 (pH 7.4) ; o.o5 1*g prote in  ; NCI and MgCle as shown. The reac t ion  
t e m p e r a t u r e  wa.s 37 ¢ and the react ion t ime was to  ra in . .Mg e4 mo la r i t y ;  (),  o.oo8; ~ ,  o.o16; 
O, 0.03"; :~, o.096. 
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Any specific inhibitory effect of Tris must be contrasted therefore with the 
effect of K + at high concentration. Fig. 2 shows the results of adding levels of KC1, 
Tris-HCl at pH 7-4 or LiC1 to reaction mixtures containing the optimal cation concen- 
trations established in Fig. I. It is seen that under these conditions both Tris and Li + 
inhibit more strongly than do equivalent supra-optimal concentrations of K +. 

To investigate the type of inhibition by Tris +, low levels of this cation were used 
in an attempt to avoid the complicating effects of high salt concentration. Fig. 3 
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Fig. 2. Inh ib i t ion  of p y r u v a t e  k inase  by u n i v a l e n t  ca t ion  chlorides.  Condi t ions  were as in Fig. I 
excep t  t h a t  the reac t ion  m i x t u r e s  con ta ined  s t a n d a r d  concen t r a t i ons  of 0.008 M MgC1,; 0.08 M 
KC1. To these reac t ion  m i x t u r e s  were added  KC1, Tris-HC1 (pH 7.4) or LiC1 as shown. The un- 
inh ib i ted  sy s t em produced 0. 4 / , m o l e  p y r u v a t e  per Io min. 

Fig. 3. The effect of Tris on the  a c t i v a t i o n  of p y r u v a t e  k inase  by K*. Reac t ion  condi t ions  were 
as in Fig. I excep t  for the fol lowing:  o.oo8 M MgCI2; o.o35/~g pro te in ;  KCI and T r i s - H C l  (pH 7.4) 
as shown.  Plots  are g iven  as K + c onc e n t r a t i on /ve loc i t y  versus K + concen t ra t ion  wi th  ve loc i ty  
expressed as #moles  p y r u v a t e  formed per  IO min. Appa ren t  Ka for K ~ a t  the  var ious  Tris levels 
are as follows: o.o52 M Tris, o.oo9 M; o.o82 M Tris ,o.o155 M; o.[2z M Tris, o.oi 4 M. 

presents plots of K + concentration/velocity versus K + concentration at three different 
levels of Tris-HC1. The results show that the inhibition by Tris is due largely to a 
competition with K-. The plots however do not have a common slope and therefore 
the inhibition by Tris exhibits both competitive and non-competitive characteristics. 

When Tris is being used to adjust and maintain the pH of the reaction mixture 
it is impossible to obtain an accurate estimate of Ka from such plots as Fig. 3- If 
Kp ,-= Ka in the presence of inhibitor I,  then plotting the various Kp's against their 
corresponding I ' s  and extrapolating to zero inhibitor concentration for the data in 
Fig. 3, a tentative value of o.oo5 M is obtained for the Ka of K + when no Tris is present 
in the pyruvate kinase reaction mixture. 

Similar investigations to those in Fig. 3 have been conducted using K+-activated 
yeast acetaldehyde dehydrogenase which does not require a divalent cation in addition 
to a monovalent cation for activity. Essentially similar results are obtained as those 
for pyruvate kinase. While not offering a complete explanation of the effect of Tris, 
it would seem that its action in the pyruvate kinase and acetaldehyde dehydrogenase 
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reactions is in large part due to a competition with activating K ~-. When Tris is used 
as the buffer in studies of these enzymes a Ka for K ~- will be obtained which can vary 
simply a.~ a result of varying buffer concentration. Thus in the pyruvate kinase system, 
a Ka for K + of o.oI I M has been reported 4 using a Tris buffer concentration of o.o 4 M. 
As can be seen from Fig. 3, a Ka for K-  both higher and lower than O.Oli M has been 
obtained simply by varying the Tris concentration. 

In order to assess the possible physiological significance of enzyme activation 
by univalent cations it is essenti~tl to obtain accurate data for saturation characteristics 
of these enzymes with K +. It is clear that in obtaining such data for pyruvate kinase, 
acetaldehyde dehydrogenase and perhaps other K+-activated enzymes, the buffer 
system used for assays must be accurately defined, and actively considered in the 
interpretation of results. 

This investigation was supported in part by Research Grant AMo 8123 from 
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Rat liver glycine acyltransferase: Partial purification and some properties 

Glycine acyltransferase (acyl-CoA:glycine N-acyltransferase, EC 2.3.1.13) 
catalyzes the third and final step in one of the detoxication pathways for benzoic acid 
and similar substances z. Its specificity is indicated by its systematic name, and it is 
found in the mitochondrial fraction of liver and kidney z. In the course of studying the 
activity of the enzyme in developing rat liver z, partial imrification and characterization 
were performed. 

Adult rats of the Sprague-I)awley strain were killed by decapitation and ex- 
sanguination. The livers were homogenize.d in 9 vol. of cold 0.25 M sucrose, and the 
nfitochondria were isolated by differential centrifugation, washed 4 times and made 
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