
169 

Biochimica et Biophysica Acta, 658 ( 1 9 8 1 )  1 6 9 - - 1 7 3  
© E l sev ie r /Nor th -Hol l and  Biomedica l  Press 

BBA Report 

BBA 61391  

THE EFFECT OF TRIS (HYDROXYMETHYL) AMINOMETHANE ON 
MEMBRANE BOUND 5'-NUCLEOTIDASE FROM SWINE AORTIC SMOOTH 
MUSCLE 

S A M U E L  J. G O L D M A N  and  L I N D A  L. S L A K E Y  

Department of Biochemistry, university of Massachusetts, Amherst, MA 01003 (U.S.A.) 

(Received  D e c e m b e r  1st,  1980)  

Key words: 5'-Nucleotidase assay; Tris interference 

Summary 

5'-Nucleotidase (5'-ribonucleotide phosphohydrolase,  EC 3.1.3.5) activity 
was stimulated by  increasing the concentrat ion of  Tris over the range of  1--100 
mM. Significant differences were found when the kinetic parameters of  the 
enzyme determined in Tris were compared to those determined in glycine. 
These data suggest that  Tris interacts with 5'-nucleotidase and is therefore 
unsuitable for use in the assay of  the enzyme. 

Tris has become the buffer  of  choice for the in vitro assay of  5'-nucleotidase 
(5'-ribonucleotide phosphohydrolase,  EC 3.1.3.5) [1--12].  The assumption 
that Tris is appropriate for use in the  assay of  phosphatases is undermined by  
evidence obtained with alkaline phosphatase (orthophosphoric-monoester  
phosphohydrolase (alkaline opt imum),  EC 3.1.3.1) that  shows Tris modulates  
enzyme act iv i ty  [12--17].  We have therefore examined the effect  of  Tris on 
a preparation of  membrane bound 5 '-nucleotidase from porcine aortic smooth  
muscle. The results of  our work show a complex relationship between Tris 
concentrat ion and enzyme activity. 

Segments of  hog aorta 10--20 cm in length were obtained from freshly 
slaughtered hogs. The medial layer was dissected away, rinsed in ice-cold 
0.25 M sucrose, minced with scissors and weighed. The minced tissue was 
suspended in 8--10 vol, by  weight, of  ice-cold 0.25 M sucrose. The tissue 

Abbreviations: EPPS, (4-(2-hydroxyethyl)-l-piperazine propane sulfonic acid; AOPCP, ~fl-methylen~ 
adenosine diphosphonate.  
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was homogenized for 20 s at 3 0 0 0 0  rev./min in a Virtis blender. The 
homogenate was centrifuged for 12 000 X g • min in a SS34 Sorvall rotor.  The 
supernatant was decanted and the pellet resuspended in 0.25 M sucrose and 
centrifuged as above. The post  nuclear ~pellet was obtained by  centrifuging the 
combined post  nuclear supernatants for 6 . 9 . 1 0 6  X g - m i n  in a Beckman 
50 Ti or TY 65 rotor.  The post nuclear supernatants were resuspended in 0.25 M 
sucrose/1 mM EPPS, pH 7.85. This suspension was centrifuged for 12 000 X 
g .  min, the supernatant decanted, and 0.02% sodium azide (final concentra- 
tion) added as preservative. Typical yield of  this preparation was 30--40% of 
the total homogenate 5'-nucleotidase activity. 

The membrane bound 5'-nucleotidase activity obtained was judged to be due 
to a single activity by the following criteria. (1) 5'-AMP, 5'-GMP, 5'-UMP, 
5'-IMP, and 5'-CMP were hydrolyzed while hydrolysis of 2'- and 3'-AMP was 
undetectable.  (2) For each substrate, the dependence of rate on substrate con- 
centration showed a Hill coefficienct equal to one, and each mononucleot ide 
inhibited the hydrolysis of  5'-AMP with a K i proportional to its K0.5 as sub- 
strate. (3) The enzyme activity is completely inhibited by the ADP analog 
AOPCP. 

Two methods of  enzyme assay were used. Incubation mixtures contained 
100 mM glycine, pH 7.85/0.25 M sucrose/100 pM MNC12/0.75--1.5 ~g pro- 
tein (uniformly suspended in buffer with a glass pestle douce homogenizer)/  
20--500 pM 5'-AMP (or other mononucleotide)  in a final volume of  0.400 
ml. Incubations were carried out  in duplicate at 37°C for 7--15 min. Reac- 
tions were stopped by addition of  0.080 ml 0.25 M ZnSO4, pH 2.5. An aliquot 
was taken and assayed for inorganic phosphate by  the method of  Penny and 
Bolger [18]. In experiments involving Tris, the appropriate concentrations 
of Tris (1--100 mM) at pH 7.85 were substi tuted for 100 mM glycine. At all 
concentrations of  buffer employed,  the pH of the reaction mixture did not  
change during the time course of  the assay. 

The second method is a modification of  the technique of  Glastris and 
Pfeiffer [19].  Incubation mixtures contained 100 mM glycine, pH 7.85/0.25 
M sucrose/100 p~M MNC12/0.75--1.5 tzg protein/20--500 pM 5'-AMP/tracer 
amounts of 5'-[3H]AMP in a final volume of 0.400 ml. Incubations were 
carried out  in duplicate at 37°C for 7--15 min. Reactions were stopped by 
addition of  0.200 ml of  a stirring suspension of  Dowex 1 X4. The reaction 
vials were immediately vortexed for 20 s and the Dowex was removed by cen- 
trifugation for 35 000 X g .  min in an Eppendorf  Model 3200/30 table-top 
centrifuge. An aliquot was then counted in 3.5 ml Biofluor. [3H]Toluene 
was added as an internal standard when needed. Increasing the concentration 
of Tris above 20 mM altered the binding properties of  the Dowex in the assay 
so that  measurements on higher concentrations of  Tris were impractical. 

The effect of various concentrations of  Tris on 5'-nucleotidase activity 
is shown in Fig. 1. When analyzed by  assay of  inorganic phosphate,  the activity 
at 1 mM Tris was decreased by about  65% relative to the 100 mM glycine 
reference. As the concentration of  Tris increases, the activity also increases, 
and at concentrations of Tris above 40 mM, there is a relative stimulation of 
activity compared to 100 mM glycine. Although the analysis by  radioisotope 
assay parallels the phosphate assay, the apparent activity at low Tris concen- 
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Fig. 1. Initial  ve loc i t i e s  at  100 pM 5 ' -AMP were  d e t e r m i n e d  by  e i ther  direct  assay o f  p h o s p h a t e  
( ~ - - - - - - - ~ )  or  r a d i o i s o t o p e  assay (o o) as descr ibed.  Each p o i n t  represents  the  m e a n  o f  t w o  dete r -  
mina t ions .  Relat ive  act iv i ty  is expressed  as the  p e r c e n t  ac t iv i ty  of  a 100  m M  glyc ine  re f erence .  Co ntro l  
e x p e r i m e n t s  s h o w e d  tha t  varying the  c o n c e n t r a t i o n  o f  g lyc ine  f r o m  1 0  to  1 0 0  m M  had no  e f f e c t  on  the  
e n z y m e  act iv i ty .  

trations is greater, and the activity increases to equal that of  100 mM glycine 
at about 15 mM Tris. The magnitude of  the difference in activity in 1 mM 
Tris as compared to 100 mM glycine was dependent on the particular prepa- 
ration and varied between 20 and 70%; however, the qualitative relation- 
ship between the two assay methods  was always maintained. 

The effect of  increasing the concentration of  Tris was to stimulate the 
enzyme activity (Fig. 1). Evidence that this apparent stimulation was not  
due to appearance of  a new activity was 2-fold. First, the activity in the 
presence of  10 mM Tris did not  hydrolyze 2'- or 3'-AMP. Second, the activity 
in both 10 mM Tris and 100 mM glycine was completely inhibited by 20 pM 
AOPCP and inhibited approx. 50% by 1 phi AOPCP. The change in activity 
from low to high concentrations of  Tris compared to activity in 100 mM 
glycine was not  due simply to changes in ionic strength. When the reaction 
mixtures were adjusted to physiological ionic strength with saline and com- 
pared to standard reaction mixtures,  the ratio of  activity in 100 mM glycine 
to corresponding activity in 10 mM Tris was constant within experimental 

T A B L E  I 

E F F E C T  OF T R I S  ON K I N E T I C  P A R A M E T E R S  OF 5 ' - N U C L E O T I D A S E  

Init ial  ve loc i t i e s  w e r e  d e t e r m i n e d  b y  the  m e t h o d  ind ica ted .  Va lues  are expressed  as m e a n s  ± S.D. Each 
e x p e r i m e n t  i nc luded  a m i n i m u m  of  e ight  subs t ra t e  c o n c e n t r a t i o n s .  T h e  n u m b e r  o f  e x p e r i m e n t s  is given 
in paren theses .  P is ca lcu la ted  b y  S t u d e n t ' s  t t e s t  fo r  palzed variables and d e n o t e s  the  probabi l i ty  that  the  
m e a n s  for  t he  t w o  buf fe r s  d i f fe r  b y  chance .  K0 .  5 was  ca lcu la ted  b y  the  d irect  l inear p lo t  m e t h o d  of  
Corn i sh -Bowden  a nd  Eisen tha l  [ 2 3 ] .  Hill  coef f ic ien t s  were  ca lcu la ted  using a leas t -squares  l inear  regzes- 
sion. 

1 0 0  m M  glyc ine  1 0  m M  Tris P M e t h o d  
of  assay 

K 0 .  5 0zM) 4 9 . 9  ± 1 5 . 7  (7 )  2 3 . 8  ± 1 7 . 3  ( 7 )  ~ 0 . 0 1 0  Pho spha te  
Hill coe f f i c i en t  0 .94  ± 0 .10  (7)  0 .94  ± 0 .10  (5)  - -  Pho spha te  
K 0 . 5 ( M )  48.9  ± 5.0 (4) 27 .0  ± 5.0 (4)  <~0.025 [ 3 H ] A M P  
Hill coe f f i c i en t  0 .90  ± 0 .11  (4) 0 .93  ± 0 .05  (4)  - -  [ 3 H ] A M P  
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error. Changing the coucentration of glycine in the range of  10--100 mM had 
no effect on the enzyme activity. Concentrations of glycine less than 10 mM 
were not measured since the buffering capacity is not  adequate to maintain 
constant pH in the reaction mixture. 

The kinetic properties of 5'-nucleotidase in 100 mM glycine and in 10 mM 
Tris are summarized in Table I. Whether analyzed by direct assay of inorganic 
phosphate or by accumulation of radiolabeled adenosine, the results were 
similar. The K0.5 in 100 mM glycine buffer was about 2-fold greater than the 
K0.5 in 10 mM Tris. Values for V were dependent on the particular preparation 
and varied by as much as 2-fold; however, a statistically significant trend was 
established. The values for V in 100 mM glycine exceeded those in 10 mM Tris 
by an average of 1.6-fold (*P  < 0.01) measured by phosphate assay and 
1.4-fold (* P ~ 0.025) measured by radioisotope assay. It is apparent from 
these data that  the effect of 10 mM Tris on 5'-nucleotidase kinetic behavior 
was relatively independent of  assay technique. This argues against the pos- 
sibility that  the effect seen is an artifact of assay techniques and suggests that  
Tris modulates the enzyme activity. 

The possible problems associated with the use of amine buffers in bio- 
logical studies with enzymes were first addressed by H.R. Mahler [20]. He 
suggested, and presented evidence for, several possible mechanisms of inter- 
action of amine buffers, particularly Tris, with enzymatic systems. These 
included (1) utilization of Tris as substrate. (2) action as inhibitor of protein 
activity, (3) actual participation of Tris in react ion  sequences, and (4) com- 
pound formation of Tris and substrate. Examples of  such interactions include 
use of Tris as substrate for liver alcohol dehydrogenase [20], formation of 
5'-AMP ester of  Tris by liver plasma membrane [21], chelation of Mn 2÷ by Tris 
[22], and the various effects of Tris on alkaline phosphatase. 

A review of recent literature shows that  Tris is still commonly used as buffer 
for kinetic [8,9,11,12] and clinical [10] studies on 5'-nucleotidase. The 
evidence presented above shows complex effects of Tris on  5'-nucleotidase 
activity. The effects appear to be dependent on the concentration of Tris 
employed as well as the concentration of substrate. Whether these effects are 
analogous to other 5'-nucleotidases will likely depend on the specific 
characteristics of those systems. However, it is clear that  the assumption that  
Tris does not  interact with system components in the assay of 5'-nucleotidase 
is not  valid. 
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program for calculation of kinetic parameters was the kind gift of Dr. Athel 
Cornish-Bowden. This research was supported by NIH Grant No. HL. 24660- 
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