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Reaction of Pyridoxal 5'-Phosphate with TRIS 
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Kinetic and equilibrium studies are presented on the reaction of pyridoxal 
5'-phosphate with Tri,s. Upon raising the pH from 7.3 to 9.3 at 25°C, the 
second-order rate constant increases from 1.05 M -1 s -1 to 3.79 M -1 s -I,  whereas 
the apparent, dissociation constant varies from 2 to 8mM. These results 
demonstrate the significance of this reaction when Tri.~' buffer is used in studies 
of pyridoxal 5'-phosphate-dependent enzymes. 
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Reaktion yon Pyridoxal-5'pho~'phat mit TRIS 

Es werden Untersuchungen fiber die Kinetik und das Gleichgewieht der 
Reaktion yon Pyridoxal-5'-phosphat mit TRIS vorgelegt. Wenn der pH bei 
25 °C yon 7,3 auf 9,3 erh6ht wird, stcigt die Gcschwindigkeitskonstante zweiter 
Ordnung yon 1,05 M -1 s -1 auf 3,79 M -1 s -1, wghrend die seheinbare Dissozia- 
t ionskonstante sieh im Bereich yon 2 bis 8ram ver/indert. Die Ergebnisse 
zeigen, welche Bedeutung diese Reaktion fiir Untersuchungen yon Pyridoxal- 
5'-phosphat-abh/ingigen Enzymen bei Verwendung yon TRIS-Puffer hat. 

Introduction 

A l t h o u g h  Tris has been used as a s t a n d a r d  buffer  in b iochemica l  
research  for over  20 yea r s  1, i ts  use wi th  sy s t ems  con ta in ing  p y r i d o x a l  
5 ' - p h o s p h a t e  can resul t  in compl i ca t i ons  f rom the  n o n e n z y m a t i c  re- 
ac t ion  of  the  p r i m a r y  a m i n e  func t ion  wi th  the  a l d e h y d e  m o i e t y  of  the  
coenzyme  2,a. The  Sch~J'f's base  fo rmed  on r eac t i on  of  T r i s - P y r i d o x a l  5'- 
p h o s p h a t e  has a d i s soc ia t ion  c o n s t a n t  in the  mi l l imo la r  r~nge u, and  
resul t s  in a red-sh i f t ed  a d s o r b a n c e  s p e c t r u m  a as c o m p a r e d  with  the  
s p e c t r u m  of  free coenzyme.  This  r eac t i on  has  been  u t i l i zed  to  d imin i sh  
p r o d u c t  inh ib i t ion  t h a t  occurs  du r ing  the  r eac t ion  c a t a l y z e d  b y  
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p y r i d o x a m i n e  (pyr idox ine)  5 ' - p h o s p h a t e  ox idase  (EC 1.4.3.5). The  
c o n c o m i t a n t  color  change  al lows s p e c t r o p h o t o m e t r i c  mon i to r ing  of 
p r o d u c t  release (414 nm)  4,5 which,  however ,  ove r l aps  the  abso rbance  of 
the  F M N  (448nm)  as soc ia t ed  w i th  the  e n z y m e  a n d  can resu l t  in 
compl i ca t i ons  when  the  f lav in  is m o n i t o r e d  spec t r a l ly  du r ing  c a t a l y t i c  
t u rnove r .  This  c o m m u n i c a t i o n  descr ibes  t he  k ine t ic  and  equ i l i b r ium 
p a r a m e t e r s  of the  T r i s - p y r i d o x a l  5 ' - p h o s p h a t e  i n t e r a c t i o n  so as to  
p rov ide  a r a t i ona l e  for m i n i m i z a t i o n  of a n y  in te r fe rence  of  t he  non- 
enzymic  r eac t ion  wi th  the  e n z y m e - c a t a l y z e d  reac t ion .  

Experimental 

Pyridoxal  5'-phosphate and Tris were purchased from Sigma Chemical Co. 
Optical spectra were recorded on a Varian 219 speetrophotometer. Kinetic 
experiments were performed on an Update  Instrument  stopped-flow spectro- 
meter, Model 731, interfaced to a ,North Star Horizon computer, using the 
hardware and software provided by On-Line Instrument  Systems, Jefferson, 
GA. Equilibrium studies were performed spectrophotometrically at 278 nm and 
25°C in the presence of 0.1MNaCh Titration da ta  were analyzed by both 
Benesi-Hildebrand 6 and Scatchard procedures v. The apparent rate constants 
(kobs) were computed from the kinetic traces using a single exponential non- 
linear regression curve-fitting routine. Least square analyses were used for both 
the calculation of the equilibrium and the kinetic parameters from all linear 
plots, yielding correlation coefficient values (r) of 0.994 or better s. When the 
kinetic data  were to be compared to the corresponding equil ibrium data, a 
constant ionic strength of 0.1 was maintained by the addition of NaC1, and the 
concentration of Tris was kept to 75 mM or less. 

Results and Discussion 

Three major spectral effects between 500 and 250nm were observed on 
raising the p H  from 7.3 to 9.3 of a pyridoxal 5'-phosphate solution (Fig. 1); 
these changes are predominantly due to deprotonation of the ring nitrogen 
(ioKa = 8.7) 9. First ,  the peak at 390 nm increases in absorbance, i.e.: the molar 
absorbanee coefficient is raised from 4,900 to 5,900M - l c m  -1. Second, a 
shoulder at approximately 330nm disappears. Third, a shoulder at  265nm 
is formed. Isobestic points at 351nm (~=2,700M-1cm-1) and 280nm 
(¢ = 900M 1 cm-1) are observed*. 

In  agreement with previous observations 2-5, the addition of Tri8 to a 
solution of pyridoxal 5'-phosphate results in a spectrum displaying two major 
peaks, viz. at  414nm (~ = 5,900M-1 cm -1) and at 278nm (z = 5,600M-1 cm-1). 

* For  a comprehensive review on the spectral properties of pyridoxal 5'~ 
phosphate and its corresponding Schiff 's bases, see gels.9, l°. 
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Fig. 1. Spectra of Pyridoxal 5'-phosphate with and without 0.1 M Tris at pH 7.3 
(...), 8.3 ( - -  - ), and 9.3 (-- ) at, 25°C 

In contrast to that  observed with pyridoxal 5'-phosphate, the spectrum of the 
Tris-pyridoxal-5'-phosphate Schiff's base is only slightly altered as the pH is 
increased from 7.3 to 9.3. In fact, the spectra at pH 7.3 and 9.3 are practically 
superimposable, whereas that  at. pH 8.3 displays a slightly greater absorbance 
at 414nm. 

The  ra te  cons tan t s  for the  react ion  are def ined b y  the  following 
scheme n : 

A + B , ~ C ~ D  (1) 

wi th  A, B, C, and D represen t ing  py r idoxa l  5 ' -phospha te ,  Tris, the  
resul t ing ca rb ino lamine  and  the  a ld imine  respec t ive ly  le,13. Using the  
s t eady - s t a t e  a s s u m p t i o n  n,  the  observed  ra te  constant/Cob s is equal  to:  

/Cl r B ]  (/C3 -}- /C4)  -Jr-/C2/C4 
(2) 

kl [B] +/C2 +/ca 
However ,  under  the  condi t ions of  our experiments~ /Cobs is a l inear 
funct ion  of [B]~ imply ing  (/c 2 +/C3) >>/Cl FB]. F u r t h e r m o r e ,  Jo et al.13, 
s tudy ing  the  reac t ion  of D L - a l a n i n e  and  py r idoxa l  5 ' -phospha te  by  ~3C 
NMR,  r epor t  t h a t  be tween  pH7 .1 -10 .5  the  equi l ibr ium be tween  the  
ca rb ino lamine  and  the  a ld imine  is shif ted f~r towards  the  r ight  
indicat ing t h a t  /C3 >>/C4 under  the  condi t ions of this s tudy .  Therefore :  

/ce /C4 _ _  / C l / C 3  [ B ]  -~-  - -  ( 3 )  

/Cobs /C2 + ks /C2 + ka 

65* 
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/cl/c3 
The slope of the plot of /cobs versus [Tris] is thus -/cforward, 

/c2 + k~ 
/C2/C4 

whereas the y-intercept is -/creverse. The apparent  dissociation 
k2 +/c3 

constant (Kd) is the product  of the individual reverse rate constants 
divided by the product  of the individual forward rate constants : 

/C2/C4 /creverse 
- -  ( 4 )  

/Cl/c3 /cforward 

The reaction of Tris with pyridoxal 5'-phosphate displays a linear 
correlation between the concentration of Tris and the apparent  pseudo- 
first-order rate constant (/cobs) at all pH values and temperatures tested 
(Fig. 2). At pH 8.3 the value of/cforw~rd at 13 °C (1.1 M 1 s-l) is 4.4-fold 
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0.2 

8.3  

0.1 

0 25 50 75 
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Fig. 2. Effect of Tris concentration on the observed rate of aldimine formation. 
kobs versus [Tris] at pH values indicated ~nd 25°C, O O - - O  450nm, 

Q - - O - - O  380nm 

slower than tha t  at 37 °C (5.0 M 1 S- l ) ,  which indicates an approximate 
2-fold change per 10°C increment (not shown). Increasing the pH 
results in an increase in kforwar d (Table 1). This is anticipated because it 
is likely tha t  upon raising the pH, /Cl and /c a will increase due to the 
deprotonat ion of the amino group of Tris and the base-catalyzed 
conversion of the earbinolamine to the aldimine respectively 13. All plots 
(Fig. 2 A) intercept the ordinate near the origin, which suggests the 
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Table 1. Kinetic and equilibrium constant,s 2br the reaction of pyridoxal 5'- 
phosphate with TRIS  as a function of pH (the values were obtained as described in 

the text ,+ S.D.) 

pH kforwar d llY3 X ~reverse Kd(calc) a K~(obs) 
M -1 s 1 s-1 mM mM 

7.3 1.05 __+ 0.03 3.54 __+ 1.02 3.36 + 0.97 2,96 __+ 0.08 
8.3 2.73,+0.08 5.51,+1.85 2.01+__0.68 2.18,+0.10 
9.3 3.79,+0.09 30.5 +_3 .00  8.04,+0.82 7.74__+0.16 

a Obtained by dividing ~:reverse by kforwar d. 

reverse rate constants are small but have finite values (Table 1). Thus, 
the format ion of the Tris-pyridoxal 5'-phosphate aldimine is favored 
even at  relatively low concentrations of Tris. Indeed, the apparent  
dissociation constant  (Kd) for the aldimine is on the order of 1 to 10 mM 
between pH 7.3 to 9.3 (Table 1). The dissociation constant  decreases by 
approximate ly  30~o on raising the pH from 7.3 to 8.3; however, it 
increases 4-fold on fur ther  raising the p H  to 9.3. This complex 
relationship of the dissociation constant  with pH is not reflective of 
either kforwar d or/Crevers  e individually, as both  increase with pH. There 
is, however, a reasonable correlation between the equilibrium constants 
obtained by equilibrium t i t rat ions with those calculated using the 
observed kinetic constants (Table 1). 

The results reported here are eonsistant with both earlier studies of 
pyridoxal  5 ' -phosphate with Tri82,14 as well as with similar studies 
between pyridoxal  5 ' -phosphate and other aminesl0,1a, 15. Although 
Schiff's base format ion of Tris with pyridoxal  has been known for some 
t ime 2, the results of this s tudy provide information tha t  will be useful 
tbr catalytic studies of pyridoxal  5 ' -phosphate-dependent  enzymes in 
Tri8 buffer. We find tha t  within one p H  unit  (in either direction) of the 
pKa of Tri81, greater  than  half of the pyridoxal  5 ' -phosphate 'Tree" in 
solution will be bound to the buffer at  concentrations of Tris greater  
than  10mM. Fur thermore ,  the Schiff's base format ion is relatively 
slow, i.e., with 50ram Tris at pH8.3 ,  and 25°C, the tbrward rate 
constant  is only 8 min -1. 
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