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Catalytic and Structural Properties of Pyridoxal Kinase
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Abstract : This work reports studies of the catalytic and structural properties of pyridoxal kinase (ATP:
pyridoxal 5 -phosphotransferase, EC. 2.7.1.35). Pyridoxal kinase catalyzes the phosphorylation of vitamin By
{pyridoxal, pyridoxamine, pyridoxine) using ATP-Zn as a phosphoryl donor. The enzyme purified from brain
tissues is made up of two identical subunits of 40 kDa each. Native enzyme was inhibited by a substrate
analogue, pyridoxal-oxime. Limited chymotrypsin digestion of pyridoxal kinase vields two fragments of 24
and 16 kDa with concomitant loss of catalytic activity. These fragments were isolated by DEAE ion exchange
chromatography and used for binding studies with fluorescent ATP and pyridoxal analogues. The spectro-
scopic properties of both fluorescent pyridoxal analogue and Anthraniloyl ATP (Ant-ATP) bound to the 24
kDa fragment are indistinguishable from those of both pyridoxal analogue and Ant-ATP bound to the native
pyridoxal kinase, respectively. The small 16 kDa fragment, generated by proteolytic cleavage of the kinase,
does not bind any of the substrate analogues. Binding characteristics of Ant-ATP were extensively studied by
measuring the changes in fluorescence spectra at various conditions. From the results presented herein, it is
postulated that the structural domain associated with catalytic activity comprises approximately one-half of
the molecular mass of pyridoxal kinase (24 kDa), whereas the remaining portion {16 kDa) of the enzyme
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contains a regulatory binding domain.
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Pyridoxal kinase is an enzyme of utmost biological in-
terest since it catalyzes the formation of the active
species of vitamin Bg from its vitamers (Snell, 1990).
The formation of pyridoxal-P catalyzed by pyridoxal ki-
nase from pyridoxal, ATP and a divalent cation is es-
sential for many transamination, decarboxylation and
racemization reactions (McCormick et al., 1961; Meist-
er, 1990). Besides the conversion of pyridoxal to py-
ridoxal-P, this enzyme can also phosphorylate py-
ridoxine and pyridoxamine from ATP.

Procedures for the purification of pyridoxal kinase
from bovine, porcine, and sheep brains have been de-
veloped in several laboratories (Neary and Diven, 1970:
Kwok and Churchich, 1979; Kerry et al., 1986). Re-
cently, the enzyme isolated from sheep brain has been
identified to be a dimer with a molecular weight of 80
kDa, and dissociation of the dimeric structure under
mild denaturing conditions demonstrated that the
monomeric species were catalytically competent (Kerry
et al., 1986). Similar to other well-characterized kinases
(Bennet and Steitz, 1978: Weigard and Reminton,
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1986), it seems likely that pyridoxal kinase contains a
cleft that divides the monomeric protein into two lobes.
Two structural domains connected by a flexible pol-
ypeptide chain might undergo conformational reor-
ganizations prior to the catalytic events (Dominici et al.,
1988; Kim et al., 1988; Kwok and Churchich, 1988;
Churchich and Kim, 1990; Wolkers et al., 1991).

Many pyridoxal analogs have been reported to be in-
hibitors of pyridoxal kinase (McCormick and Snell,
1961; Loo and Whittaker, 1967) and these analogs
are primarily oximes, azines and hydrazines of py-
ridoxal. Biogenic amines have also been reported to in-
hibit pyridoxal kinase (Neary, 1972).

Previous physical studies have suggested that sub-
strate binding sites of pyridoxal kinase are hydrophaobic
(Kwok, F and Churchich, 1979). In a recent report
(Dominici et al., 1988), the affinity label reagent, py-
ridoxal-ATP (AP,-PL), has reacted with a specific lysyl
residue of monomeric pyridoxal kinase. Another rei)ort
{Scholtz and Kwok, 1989) showed that a tyrosine resi-
due at the pyridoxal binding site is essential for cat-
alytic activity. Furthermore, limited digestion of the en-
zyme with chymotrypsin resulted in a decrease in the
catalytic activity, whereas the electrophoretic patterns
revealed the presence of two bands of 24 kDa and 16
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kDa, respectively, arising from the cleavage of the
monomeric 40 kDa protein (Churchich and Kim, 1990).
In an attempt to increase our understanding of the
structure and function of pyridoxal kinase, we have de-
cided to investigate the catalytic and structural prop-
erties of the enzyme. The ability of some fluorescent an-
alogs of ATP and pyridoxal to bind to the enzyme can
be exploited to gain further information on the struc-
ture and function of different structural domains.

Materials and Methods

Materials

Protein standards for -electrophoresis experiments
were obtained from Bio-Rad (Richmond, USA). Chy-
motrypsin and trypsin inhibitor were from Boeringer
Mannheim (Indianapolise, USA). Sephadex LH-20 and
DEAE-cellulose were purchased from Pharmacia
(Uppsala. Sweden). Pyridoxal-5 -P, pyridoxal, ATP,
and other chemicals were obtained from Sigma (St.

Louis, USA).

Preparation of Anthraniloyl-ATP

The reagent anthraniloyl-ATP (Ant-ATP) was pre-
pared essentially as described by Hirasuka (1983) for
the ribonucleotides, except a threefold excess of isatoic
anhydride over ATP was used. The product was puri-
fied by two chromatographic steps using a Sephadex
LH-20 column {2 emX50 e¢m) equilibrated with water
and a DEAE-cellulose column (2 emx30 cm) equili-
brated with 0.2 M tetraethylammonium bicarbonate,
pH 7.5, and eluted with a gradient of 0.2~05 M
tetraethylammonium bicarbonate, pH 7.5.

The purified compound has absorption coefficients of
20,000 M™'-cm™! and 4,700 M™' - em™ at 252 nm
and 330 nm, respectively.

Purification of the kinase

Pyridoxal kinase from sheep brain was purified ac-
cording to the procedure previously described by Kerry
and Kwok (1986). The last step of the purification pro-
cedure includes a step of affinity chromatography on
pyridoxal-Sepharose and elution with pyridoxal (10
mM) at pH 5.

Enzymatic assays

The rate of formation of pyridoxal-5 -P was measured
by following the increase in absorbance at 388 nm,
with an extinction coefficient of 4,900 ™! - cm™! at pH
7. Enzymatic activity was measured at pH 6.5 in 0.075
M potassium phosphate containing ATP (0.2 mM), py-
ridoxal (0.4 mM), and Zn%*-acetate (0.2 mM) at 25°C.
Initial rate measurements were carried out by mon-

J. Biochem. Mol. Biol. (1997), Val. 30(2)

itoring the change in absorbance at 388 nm for at least
5 min in a double beam spectrophotometer (UVICON-
922) at 0.5 absorbance full scale.

Limited proteolysis with chymotrypsin

Pyridoxal kinase (5 mg/ml) was incubated with chy-
motrypsin (0.01 mg/mi)} in 0.1 M Na-phosphate (pH
7.0) at 25°C for 1 h. At the end of the incubation, 0.1
mg of trypsin inhibitor (soy bean) was added to the in-
cubation mixture. Aliquots withdrawn from the in-
cubation mixture were used for SDS-PAGE.

Labeling and separation of the protein fragments
Pyridoxal kinase (1.5 M) was incubated with PL-ox-
ime {(5x10°4 M) and DCC (5x1072 M} in 75 mM po-
tassium phosphate {pH 6.8) at 4°C. The reaction was
allowed to proceed for 2 h. Excess of free reagent was
removed by gel filtration through Sephadex G-25, equi-
librated with the same buffer. The degree of labeling of
the enzyme (2.0/dimer) was determined spectrophoto-
metrically using an extinction coefficient of 7.4 X103
cm™ ! - M™! at 340 nm. Pyridoxal kinase labeled with
PL-oxime, digested with chymotrypsin for 1 h at a mix-
ing ratio of substrate : chymotrypsin 50 : 1, was chro-
matographed on a DEAE 5PW column fitted to a Wa-
ters HPLC, and the sample eluted with a linear gra-
dient from 0 to 60% B at a flow rate of 1 ml/min [A=5
mM Na-phosphate {(pH 7.0), B=0.5 M NaCl in 5 mM
Na-phosphate (pH 7.0)]. Fractions collected from the
column were tested for fluorescence (excitation
wavelength 340 nm) and for absorption at 280 nm.
Then, they were lyophilized and examined by SDS-
PAGE for characterization of their molecular weights.
Pyridoxal kinase (1.5 pM) was incubated with Ant-
ATP (20 uM) in 75 mM potassium phosphate {(pH 6.8)
at 25°C. Pyridoxal kinase labeled with Ant-ATP was
digested with chymotrypsin for 1 h at a mixing ratio (w/
w) of substrate:chymotrypsin 50:1. Fifty microlitre of
the protein solution was applied to a DEAE LSPW
column fitted to a Waters HPLC, and the sample eluted
with the above method. Fractions collected from the col-
umn were tested for fluorescence (excitation wavelength
460 nm) and for absorption at 280 nm. Then, they
were lyophilized and examined by SDS-PAGE for char-

.acterization of their molecular weights.

Titration of pyridoxal kinase with Ant-ATP

The fluorescence intensity at 420 nm, as well as the
change in emission anisotropy upon excitation at 330
nm, was measured when increasing concentrations of
Ant-ATP were added to a fixed concentration of the
native and the large fragment (24 kDa) of pyridoxal ki-
nase in 50 mM Tris-HCI, pH 7.5, at 25°C.
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The fraction (&) of Ant-ATP bound to enzyme can
be calculated from Equation (1):

Aobs‘-A0

T (An— Aw)B+ (Agps — Ad) M

a

where A, and A,, are the emission anisotropy values of
free and bound Ant-ATP, whereas Aobs is the ob-
served emission anisotropy of during titration. B is the
ratio of fluorescence vields of free and bound Ant-ATP
(B=0.5) determined by fluorescence measurements.

The concentration of bound (B) and free Ant-ATP
(L), was determined with the aid of Equations (2) and
(3):

[B]=0a[Ant — ATP] roraL (2)
[L]=[Ant — ATP] ropa.—[B] (3)

The result of titration experiments were fitted to the
equations for equivalent and non-equivalent binding
sites using the Enzifitter program of R. J. Leath-
erbarrow, Biosoft.

Spectroscopy

Fluorescence emission spectra were obtained with the
use of a Perkin-Elmer Cetus LS-50B spectrofluorometer.
The excitation and emission slit widths were set at 2.5
nm. Absorption spectra were recorded with a UVICON-
922 spectrophotometer.

Other methods

Protein concentration was determined by the Brad-
ford method (1976). SDS-PAGE was performed on
15% polyacrylamide slab gels according to the method
of Laemmli (1970).

Results

Characterization of the binding effects by divalent
metal ions

The PL-oxime is a powerful inhibitor of kinase ac-
tivity even at ATP concentration of 1072 Fluorescence

Table 1. Fluorescence quenching effects of PL. and PL-oxime
by divalent metal ions

Substrate Divalent Fluorescence
metal ions quenching (%)

PL Co?* 0

Zn2+ 0

Mn2+ 0
PL-oxime Co?* 40

Zn2+ 0

Mn2+ 0

properties of PL-oxime bound to heavy metal were in-
vestigated with Co?*, Zn?*, and Mn?*. Upon addition di-
valent metal ions to PL-oxime at a final concentration
of 0.5 mM, only Co?" resulted in approximately 40%
quenching of free PL-oxime (Table 1). While these me-
tal ions (Co?*, Zn*', and Mn?*) were added to PL, there
was no effect on the total fluorescence of pyridoxal
(Table 1). From the fluorescence quenching by Co?* as
shown in Fig. 1, we determined a dissociation constant
of the Co* to PL-oxime by the method described in
(Kim et al, 1988, 1992; Kim and Churchich, 1991),
which is a K;=0.7x10* ML

Binding of PL-oxime to the kinase was accompanied
by a 3.6 fold decrease in fluorescence intensity (Fig. 2).
Co?" at 1 mM has no effect on the fluorescence in-
tensity of PL-oxime bound to the kinase (Fig. 2), sug-
gesting that Co?" is inaccessible to bound PL-oxime.
Fluorescence quenching experiments of PL-oxime (5
MUM) bound to the kinase (5 UM) were performed in the
presence of ATP (0.5 mM). Binding of ATP (0.5 mM)
has an effect on the fluorescence intensity of bound PL-
oxime. The fluorescence was enhanced by 1.6 fold (Fig.
2). Interestingly, if the PL-oxime remains attached to
the enzyme, it does not interact directly with the Co?
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Fig. 1. Titration of the fluorescence quenching effect by Co?*
and determination of a dissociation constant (K.). (A)
Changes in fluorescence intensity of upon addition of Co®" to
a fixed concentration of PL-oxime (1.5X10°° M) only (O)
and PL-oxime (1.5X10°° M) in the presence of pyridoxal ki-
nase (1.5xX10°° M) (@) in 70 mM potassium phosphate (pH
7.0) at 25°C. (B) plot of F,/F=1+K, [Co®"] where F, is the
fluorescence when the enzyme is saturated with ligand and F,
is the measured fluorescence at varying concentrations of li-
gand. A dissociation constant of 0.7 X 10° M.

o
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atom complexed to ATP. When the binding process is
detected in the presence of saturating concentrations of
Zn*-ATP (0.5 mM), characteristic of fluorescence
quenching of PL-oxime bound to the kinase gives em-
ission spectra identical to that represented by the Co?*
used (data not shown). These results indicate that the
binding of PL-oxime to the substrate binding site of the
enzyme was not altered by divalent metal ions. From
the fluorescence quenching experiments, we can con-
clude that the PL binding site of the enzyme is distinct
from the nucleotide binding site of pyridoxal kinase.

Two structural domains of pyridoxal kinase

Proteolytic digestion of pyridoxal kinase by chy-
motrypsin generated two fragments of approximately
24 kDa and 16 kDa with concomitant loss of catalytic
activity (Fig 9, lane 2). These fragments were separat-
ed by DEAE ion exchange HPLC chromatography and
used for binding studies with ATP and pyridoxal ana-
logues.

Binding of PL analogue

PL-oxime is a strong competitive inhibitor with
respect to the substrate PL of pyridoxal kinase by dis-
placing PL.. binds to the folded conformation of the pro-
tein with a K= 0.1 uM (Churchich and Wu, 1981).
The binding process elicits quenching of PL-oxime flu-
orescence bound to native pyridoxal kinase (Fig. 2 and
5). If cleavage of pyridoxal kinase into two structural
domains is restricted to a flexible polypeptide chain con-
necting two structural domains and the surrounding of
the substrate binding sites remains intact, then one

160

100

50

Rel. Fluorescence

i I
400 450 500 550

Wavelength (nm )

Fig. 2. Fluorescence spectra of pyridoxal-oxime in the ab-
sence and presence of proteins, metal ions, and ATP. Emission
spectra of PlL-oxime (5 pM) in the presence of 1 mM Co?"
(curve 1) and PL-oxime {5 UM) in the presence of 1 mM Co*"
and 0.5 mM ATP {curve 2). Emission spectra of PL-oxime (5
#tM) bound to the kinase (5 UM) in the presence of 1 mM Co®”
were performed in the absence (curve 3) and presence (curve
4} of ATP (0.5 mM). A solution PL-oxime (5 uM) + pyridoxal
kinase {5 pM) in the absence of 1 mM gives emission spectra
identical to that represented by curve 4. Excitation wavelength
360 nm, slits for excitation and emission 2.5 nm.
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should be able to demonstrate binding of substrate
analogues to any of the two fragments arising from pro-
teolytic cleavage. In order to determine which structural
domain of the pyridoxal kinase is responsible for the
substrate PL binding, pyridoxal kinase was digested by
chymotrypsin at the ratio of 50 to 1 (w/w) and separat-
ed by HPLC eqipped with DEAE column as described
in the "Materials and Methods . Two proteolytic frag-
ments of 24 kDa and 16 kDa were isolated and bind-
ing properties of two fragments were investigated by
measuring the fluorescence after incubation with PL-ox-
ime. As shown in Fig. 6, PL-oxime reacted with the
large fragment (24 kDa) of the protein, whereas the
small fragment corresponding to a molecular mass of 16
kDa did not react with PL-oxime (Fig. 5).

Affinity labeling of the PL-oxime to PL binding
site .

PL. binding site of the native enzyme was labeled
with PL.-oxime in the presence of DCC. DCC catalyzes
the affinity labeling of PL-oxime to carboxylic group of
the acidic amino acids (Kaiser, 1988) as shown in Fig.
3. In the presence of catalyst DCC, the coupling of sub-
strate analog PL-oxime and PL binding site of the ca-
talytic domains of the enzyme has been carried out. La-
beling of PL-oxime was monitored by means of flu-
orescence spectroscopy as shown Fig. 4. As a control
experiment, BSA was used for non-reactive protein as
a control with PL-oxime.

Covalently-labeled pyridoxal kinase with PL-oxime
was incubated with chymotrypsin at the ratio of 50 to 1
(w/w; enzyme to chymotrypsin) for 1 h. At the end of
the incubation. the excess reagents were removed by di-
alysis and separated by a reversed phase column. Frac-
tions collected from the column were tested for flu-
orescence (excitation wavelength 340 nm) and for ab-
sorption at 280 nm. Fractions showing fluorescence
were lyophilized and examined by SDS-PAGE for de-
termination of their molecular weights. As shown in Fig.
5, PL-oxime was covalently bound to the large frag-

Fig. 3. Reaction scheme represents the chemical coupling of
PL-oxime to PL binding site of the proteins.
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ment, exhibiting a mobility on SDS-PAGE cor-
responding to molecular species of 24 kDa, indicating
that the large domain was involved in the binding of
substrate pyridoxal.

Binding of fluorescent ATP analogs to nucleotide
binding site

The substrate analogue Ant-ATP was selected as a
probe of nucleotide binding sites because the in-
teraction of Ant-ATP with the nucleotide site is ac-
companied by an enhancement of the emission cov-
ering the wide range of 400~600 nm when excited at
320 nm (Fig. 6). Free Ant-ATP is practically non-
fluorescent in aqueous solution at pH 7.0. At a protein
concentration of 10 pM and an Ant-ATP concentration
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Fig. 4. Analysis of the affinity labeling of PL-oxime to pro-
teins in the presence of DCC. Emission spectra of free PL-ox-
ime (5 uM) only (curve 1). Pyridoxal kinase (5 M) was in-
cubated with PL-oxime (50 uM), excess PL-oxime was re-
moved by dialysis expensively, and emission spectra (curve 2)
of the covalently labeled PL-oxime were measured. As a con-
trol protein for nonspecific labeling. 5 UM BSA was reacted
with PL-oxime (50 uM), excess PL-oxime was removed by di-
alysis, and emission spectra (curve 3) were measured. Ex-
citation wavelength 340 nm.

3
—

(4]
o
[

N
o
T

4

Rel. Fluorescence

| 1 I
400 450 500 550

Wavelength (nm )

Fig. 5. Fluorescence spectra of proteolytic fragments of py-
ridoxal kinase reacted with pyridoxal-oxime. Emission spec-
trum of 1.5x10® M PL oxime (curve 1). Emission spectra of
PL oxime (1.5x10° M) reacted with 1.5 #M the small frag-
ment of 16 kDa {curve 2) and 1.5 pM the large fragment of 24
kDa {curve 3) after chymotrypsin digestion and separation
with HPLC using DEAE column. Curve 4 represents PL oxime
(1.5x10°® M) reacted with native 1.5 UM pyridoxal kinase.

of 10 uM, the emission of the anthraniloyl moiety was
approximately 3 fold increased when compared to free
Ant-ATP at pH 7.0 (Fig. 6). The enhancement of flu-
orescence revealed that the anthraniloyl moiety bound
Ant-ATP is exposed to a non-polar environment. Flu-
orescence spectra of Ant-ATP bound to the fragment
of 24 kDa are practically indistinguishable from those
of Ant-ATP complexed to native kinase (Fig. 6). Hence,
bound Ant-ATP is highly immobilized with a de-
polarization factor near unity when complexed to the
proteins. In marked contrast to the fragment of 24 kDa,
the smaller 16 kDa fragment does not recognize the nu-
cleotide probe Ant-ATP.

Fig. 7A shows the steady-state emission anisotropy
values of the Ant-ATP in the presence of protein. The
emission anisotropy values were decreased by binding
of Ant-ATP to pyridoxal kinase and used to determine
the dissociation constant and the stoichiometry of the
enzyme-Ant-ATP complex by Scatchard analysis. An
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Fig. 6. Binding of Ant-ATP to pyridoxal kinase. Emission spec-
tra of Ant-ATP (5 uM) in the absence {curve 1) and presence
(curve 2) of enzyme (10 pM). Ten microliter of two fragments
after separation of chymotrypsin-treated kinase with DEAE
HPLC chromatography corresponding to molecular weight of 24
kDa {curve 3) and 16 kDa (curve 4) were incubated with Ant-
ATP (10 pM), respectively. Excitation was at 330 nm.
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Fig. 7. Titration of pyridoxal kinase with Ant-ATP. (A)
Changes in steady-state emission anisotropy upon addition of
varying concentrations of Ant-ATP to a fixed concentration of
pyridoxal kinase (25 uM). The reaction buffer was in 50 mM
Tris-HCI, pH 7.5, at 25°C. The excitation wavelength was 330
nm. Emission was selected by a Corning filter (C-5-3-72). (B)
Analysis of the binding results using Scatchard plot of V/[L]
against V. A dissociation constant of 13+2 uM for one bind-
ing site per molecule of enzyme was obtained.
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Fig. 8. Displacement of bound Ant-ATP by ATP. A mixture
containing pyridoxal kinase (50 M) and Ant-ATP (10 pM) in
50 mM Tris-HCl, pH 7.5, was allowed to interact with varying
concentrations of Zn-ATP for several minutes and the emission
anisotropy recorded upon excitation at 330 nm. Meas-
urements were conducted at constant temperature of 25°C.

analysis of the results included in Fig. 7B by plotting v/
[L] against V yielded a dissociation constant of 13+2
UM for one binding site {(n=1) per molecule of enzyme.
If the fluorescent analogue is displaced by ATP, one
should be able to detect a progressive decrease in emis-
sion anisotropy values as the concentration of ATP in-
creased. Indeed. ATP displaces Ant-ATP from the nu-
cleotide binding site as shown in Fig. 8.

Protection experiment of limited digestion bound
to the labeled enzyme

If cleavage of pyridoxal kinase into two structural
domains is restricted to a flexible polypeptide chain con-
necting two structural domains, and if the immediate
environment surrounding the substrate binding sites re-
mains intact, then one should be able to demonstrate
binding of substrate analogues to any of the two frag-
ments arising from proteolytic cleavage. However, if
binding sites of the substrate analogues either PL an-
alogue or nucleotide are located near a flexible hinge re-
gion, proteolytic cleavage will be protected from the
proteolytic attack. Proteolytic cleavage of the kinase in
the presence of the substrate analogues Ant-ATP and
PL-oxime was not very much protected (Fig. 9). Judg-
ing from the protection experiments, it appears that
proteolysis has not perturbed the topography of the nu-
cleotide binding site. These results indicate that both
the pyridoxal and the nucleotide binding sites are not
located at the hinge region which is susceptible to pro-
teolytic digestion.

Discussion

In this paper we have described the biochemical
characterization of pyridoxal kinase using the tech-
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40kDa
24 kDa

16 kDa

Fig. 9. SDS-PAGE analysis of the protection experiment of
pyridoxal kinase against chymotrypsin digestion. The pyridoxal
kinase was digested with chymotrypsin at the ratio of 50 to
1{w/w) as indicated. Digestion progress was monitored by 15
% PAGE in the presence of 0.1% SDS. lane M: molecular
weight standard proteins: phosphorylase b (97 kDa), bovine
serum albumin (67 kDa), ovalbumin (45 kDa), carbonic anhy-
drase (31 kDa), soybean trypsin inhibitor (21.5 kDa), and lyso-
zyme (14.4 kDa). lane 1: undigested native pyridoxal kinase:
lane 2: digested pyridoxal kinase in the absence of substrate
analogues; lane 3: digested pyridoxal kinase in the presence of
10 fold excess of PL-oxime: lane 4: digested pyridoxal kinase
in the presence of 10 fold excess of Ant-ATP.

niques of limited proteolysis and spectroscopic analysis
on the binding properties of heavy metals and sub-
strate analogues, PL-oxime and Ant-ATP. The prin-
cipal findings reported herein are firstly, that PL-oxime,
a strong competitive inhibitor with respect to substrate
PL, binds to the catalytic site of the enzyme; secondly,
Ant-ATP fluorescent nucleotide analogue binds to the
nucleotide site of the kinase.

Fluorescence quenching induced by the binding of
PL-oxime to the kinase revealed that the large struc-
tural domain is responsible for the binding of substrate
pyridoxal. Addition of ATP has an effect on the flu-
orescence intensity of bound PL-oxime. The flu-
orescence was enhanced by 1.6 fold. It can be in-
terpreted in two ways: firstly, ATP induces the con-
formational change that perturbs the increasing of the
PL.-oxime with the PL binding site; secondly, the PL-ox~
ime is displaced from the enzyme. The second in-
terpretation is less likely because the PL-oxime is a
powerful inhibitor of kinase activity even at ATP con-
centration of 1073, An interesting aspect of the present
studies is the finding that binding of ATP to the kinase
perturbs the emission band of the PL-oxime located at
the PL binding site. Since it is generally accepted that
the substrate pyridoxal and ATP are bound to different
physical domains of the protein (Walkers et al., 1991),
the simplest interpretation of the fluorescence studies
would suggest that binding of ATP to the protein may
initiate domain movement and conformational changes
might extend to the nucleotide binding site. Heavy met-
al ions such as Co*" and Zn?" did not disturb the bind-
ing characteristics of PL-oxime to the enzyme. Inter-
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estingly, if the PL-oxime remains attached to the en-
zyme, it does not interact directly with the Co?*" atom
complexed to ATP.

Binding of Ant-ATP to the kinase can be easily de-
tected by fluorescence and emission anisotropy meas-
urements. Ant-ATP recognizes hydrophobic clusters of
the nucleotide binding site which become exposed to
the solvent as the protein undergoes a structural tran-
sition during the catalytic events. This is demonstrated
by a progressive decrease in the emission anisotropy of
the bound chromophore.

Experimental evidence derived from limited pro-
teolysis and fluorescence spectroscopy support the hy-
pothesis that the substrates are bound to distinct struc-
tural domains and that a closed conformation of the en-
zyme facilitates the phosphorylation of the OH group
of pyridoxal.

Both the catalytic site and nucleotide binding site are
located in the large structural domain (24 kDa). Py-
ridoxal kinase is cleaved by chymotrypsin into two frag-
ments of 24 and 16 kDa. An analogue of PL, PL-ox-
ime, binds to the fragment of larger molecular weight.
Ant-ATP, a nucleotide analogue, also binds to the large
fragment characterized by a molecular weight of 24
kDa.

The most important conclusion derived from spec-
troscopic and chemical studies involving affinity la-
beling of the kinase is related to the topography of the
catalytic and nucleotide binding site: both are located
on the large structural domain of 24 kDa. Proteolytic
cleavage of the kinase in the presence of the substrate
analogues Ant-ATP and PL-oxime was not pre-
venteded (Fig. 9). Judging from the protection ex-
periments against proteolytic digestion, it appears that
limited proteolysis has not perturbed the topography of
the nucleotide and PL binding sites of the substrate
analogue either PL analogue or nucleotide, indicating
the binding sites are not located near to a flexible hinge
region which is susceptible to proteolytic attack.
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