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Reaction of Pyridoxal 5'-Phosphate with TRIS

Michael D. Davis, Dale E. Edmondson, and Donald B. McCormick *

Department of Biochemistry, Emory University School of Medicine, Atlanta,
GA 30322, US.A.

(Received 28 December 1981. Accepted 28 February 1982)

Kinetic and equilibrium studies are presented on the reaction of pyridoxal
5'-phosphate with Tris. Upon raising the pH from 7.3 to 9.3 at 25°C, the
second-order rate constant increases from 1.05 M~1s71 to 3.79 M~1571, whereas
the apparent dissociation constant varies from 2 to 8 mM. These results
demonstrate the significance of this reaction when T'ris buffer is used in studies
of pyridoxal 5"-phosphate-dependent enzymes.
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Reaktion von Pyridoxal-&'-phosphat mit TRIS

Es werden Untersuchungen iber die Kinetik und das Gleichgewicht der
Reaktion von Pyridoxal-5-phosphat mit TRIS vorgelegt. Wenn der pH bei
25°C von 7,3 auf 9,3 erhoht wird, steigt die Geschwindigkeitskonstante zweiter
Ordnung von 1,06 M-1g71 auf 3,79 M~1s71, wihrend die scheinbare Dissozia-
tionskonstante sich im Bereich von 2 bis 8 mM verdndert. Die Ergebnisse
zeigen, welche Bedeutung diese Reaktion fiir Untersuchungen von Pyridoxal-
5'-phosphat-abhéngigen Enzymen bei Verwendung von T RIS-Puffer hat.

Introduction

Although T'ris has been used as a standard buffer in biochemical
research for over 20 years!, its use with systems containing pyridoxal
5'-phosphate can result in complications from the nonenzymatic re-
action of the primary amine function with the aldehyde moiety of the
coenzyme?-3. The Schiff’s base formed on reaction of 7'ris-Pyridoxal 5'-
phosphate has a dissociation constant in the millimolar range?, and
results in a red-shifted adsorbance spectrum3 as compared with the
spectrum of free coenzyme. This reaction has been utilized to diminish
product inhibition that occurs during the reaction catalyzed by
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pyridoxamine (pyridoxine) 5-phosphate oxidase (EC 1.4.3.5). The
concomitant color change allows spectrophotometric monitoring of
product release (414 nm)#5 which, however, overlaps the absorbance of
the FMN (448nm) associated with the enzyme and can result in
complications when the flavin is monitored spectrally during catalytic
turnover. This communication describes the kinetic and equilibrium
parameters of the T'ris-pyridoxal 5'-phosphate interaction so as to
provide a rationale for minimization of any interference of the non-
enzymic reaction with the enzyme-catalyzed reaction.

Experimental

Pyridoxal 5'-phosphate and T'vis were purchased from Sigma Chemical Co.
Optical spectra were recorded on a Varian 219 spectrophotometer. 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 0.1 MNaCl. Titration data were analyzed by both
Benesi-Hildebrand® and Scatchard procedures?. The apparent rate constants
(kops) 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®. When the
kinetic data were to be compared to the corresponding equilibrium data, a
constant ionic strength of 0.1 was maintained by the addition of NaCl, and the
concentration of T'ris was kept to 75 mM or less.

Results and Discussion

Three major spectral effects between 500 and 250nm were observed on
raising the pH 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
(pK, =8.7)%. First, the peak at 390 nm increases in absorbance, i.e., the molar
absorbance coefficient is raised from 4,900 to 5,900M-lcm-1. Second, a
shoulder at approximately 330nm disappears. Third, a shoulder at 265nm
is formed. Isobestic points at 35lnm (¢=2,700Mtcm!) and 280nm
(e =900 M-1cm2) are observed *.

In agreement with previous observations?—5, the addition of T'ris to a
solution of pyridoxal 5'-phosphate results in a spectrum displaying two major
peaks, viz. at 414nm (¢ =5,900M-1em™1) and at 278 nm (¢ = 5,600 M1 cm™1).

* For a comprehensive review on the spectral properties of pyridoxal 5'-
phosphate and its corresponding Schiff's bases, see Refs.9,10,
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Fig. 1. Spectra of Pyridoxal 5-phosphate with and without 0.1 M T'ris at pH 7.3
(...), 83 (— — —), 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 414 nm.

The rate constants for the reaction are defined by the following
schemell:

Bk
A+B=C=D (1)
by By

with A, B, C, and D representing pyridoxal 5-phosphate, Tris, the
resulting carbinolamine and the aldimine respectively!2.13. Using the
steady-state assumption!!, the observed rate constant kqps is equal to:

ky[B1 (kg + ka) + ko kg
kl [B] + ]{32 -+ k3

However, under the conditions of our experiments, kqpe is a linear

function of [B], implying (ks + k3) > &1 [B]. Furthermore, Jo etal.13,

studying the reaction of D L-alanine and pyridoxzal 5'-phosphate by 13C

NMR, report that between pH 7.1-10.5 the equilibrium between the

carbinolamine and the aldimine is shifted far towards the right

indicating that ks> k, under the conditions of this study. Therefore:
key kg ko kg

= B] +
@+%[] Fy + by

(2)

(3)

obs
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kK
The slope of the plot of keps versus [T'ris] is thus 1 Ctorward s
2+ K3
.  kyky L
whereas the y-intercept is P = kyeverse- The apparent dissociation
2 T 3

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

](72 k4 _ kreverse (4)

kl ks kforward

The reaction of T'ris with pyridoxal 5'-phosphate displays a linear
correlation between the concentration of T'ris and the apparent pseudo-
first-order rate constant (kops) at all pH values and temperatures tested
(Fig. 2). At pH 8.3 the value of kiorwarg at 13°C (1.1 M~1571) is 4.4-fold

Kobs,s1

L
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Fig. 2. Effect of T'ris concentration on the observed rate of aldimine formation.
kops versus [Tris] at pH values indicated and 25°C, O—O—0O 450nm,
@0 O 380nm

slower than that at 37°C (5.0 M1s71), which indicates an approximate
2-fold change per 10°C increment (not shown). Increasing the pH
results in an increase in kgorwara (Table 1). This is anticipated because it
is likely that upon raising the pH, k; and k3 will increase due to the
deprotonation of the amino group of 7'ris and the base-catalyzed
conversion of the carbinolamine to the aldimine respectively!3. All plots
(Fig. 2 A) intercept the ordinate near the origin, which suggests the



Reaction of Pyridoxal 5-Phosphate with TRIS 1003

Table 1. Kinetic and equilibrium constants for the reaction of pyridoxal 5'-
phosphate with TRIS as a function of pH (the values were obtained as described in
the text +8.D.)

pH krorwara 103 X kreverse K ;(cale)? K z(obs)
M-1g1 st mM mM
7.3 1.05 +0.03 3.504+£1.02 3.36 +0.97 2.96 +0.08
8.3 2.731+0.08 5514185 2.01 +0.68 218 +£0.10
9.3 3.79 £ 0.09 30.5 +3.00 8.04+0.82 7.74+0.16

2 Obtained by dividing kreverse bY #rorwara-

reverse rate constants are small but have finite values (Table 1). Thus,
the formation of the 7T'ris-pyridoxal 5'-phosphate aldimine is favored
even at relatively low concentrations of Tris. Indeed, the apparent
dissociation constant {K ;) for the aldimine is on the order of 1 to 10 mM
between pH 7.3 t0 9.3 (Table 1). The dissociation constant decreases by
approximately 30% on raising the pH from 7.3 to 8.3; however, it
increases 4-fold on further raising the pH to 9.3. This complex
relationship of the dissociation constant with pH is not reflective of
either ktopward OF kreverse individually, as both increase with pH. There
is, however, a reasonable correlation between the equilibrium constants
obtained by equilibrium titrations with those calculated using the
observed kinetic constants (Table 1).

The results reported here are consistant with both earlier studies of
pyridoxal 5'-phosphate with T7r4s2:14 as well as with similar studies
between pyridoxal 5'-phosphate and other amines®.13,15 Ajthough
Schiff’s base formation of T'ris with pyridoxal has been known for some
time?, the results of this study provide information that will be useful
for catalytic studies of pyridoxal 5-phosphate-dependent enzymes in
Tris buffer. We find that within one pH unit (in either direction) of the
pK, of T'risl, greater than half of the pyridoxal 5'-phosphate “free” in
solution will be bound to the buffer at concentrations of 7'ris greater
than 10 mM. Furthermore, the Schiff’s base formation is relatively
slow, i.e., with 50 mM Tris at pH 8.3, and 25°C, the forward rate
constant is only 8 min—1.
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