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Here we report the purification and biochemical

characterization of a pyridoxine 50-phosphate phospha-

tase involved in the biosynthesis of pyridoxine in

Sinorhizobium meliloti. The phosphatase was localized

in the cytoplasm and purified to electrophoretic homo-

geneity by a combination of EDTA/lysozyme treatment

and five chromatography steps. Gel-filtration chroma-

tography with Sephacryl S-200 and SDS/PAGE dem-

onstrated that the protein was a monomer with a

molecular size of approximately 29 kDa. The protein

required divalent metal ions for pyridoxine 50-phos-

phate phosphatase activity, and specifically catalyzed

the removal of Pi from pyridoxine and pyridoxal 50-

phosphates at physiological pH (about 7.5). It was

inactive on pyridoxamine 50-phosphate and other phys-

iologically important phosphorylated compounds. The

enzyme had the same Michaelis constant (Km) of 385�M

for pyridoxine and pyridoxal 50-phosphates, but its

specific constant [maximum velocity ðVmaxÞ=Km] was

nearly 2.5 times higher for the former than for the

latter.
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phatase; vitamin B6; pyridoxine; Sinorhi-

zobium (Rhizobium) meliloti

When pyridoxine (PN), which is also known as
vitamin B6

***, and other compounds in this family are
taken up by living organisms, they are converted into
pyridoxal 50-phosphate (PLP) and pyridoxamine 50-
phosphate (PMP). These act as cofactors of vitamin B6

enzymes that are active in the metabolism of amino
acids1,2) and deoxysugars.3) Many microorganisms (bac-
teria, yeasts, fungi, and algae) and plants synthesize their
own vitamin B6. The biosynthetic pathway in Esche-
richia coli is well understood (Fig. 1). It contains two
key intermediates, 4-phosphohydroxy-L-threonine and

1-deoxy-D-xylulose 5-phosphate. The former is synthe-
sized from D-erythrose 4-phosphate in three reaction
steps catalyzed by Epd, PdxB, and SerC (PdxF) proteins
in that order.4–7) The latter is formed from pyruvate and
D-glyceraldehyde 3-phosphate by 1-deoxy-D-xylulose 5-
phosphate synthase (Dxs).8) The two intermediates are
then combined by PdxA and PdxJ proteins to generate
the first vitamin B6 compound: pyridoxine 50-phosphate
(PNP).9) PNP is finally oxidized to the active form, PLP,
by a PNP/PMP oxidase (PdxH).10) PLP and PMP are
easily interconverted by ubiquitous transaminases.
Sinorhizobium (formerly known as Rhizobium) meli-

loti IFO 14782 produces large quantities of PN.11) Since
two compounds, 1-deoxy-D-xylulose (1-DX) and 4-
hydroxy-L-theronine (4-HT), have been found to act as
precursors of PN in a study of the biosynthetic pathway
of vitamin B6

12) we examined the biosynthesis of PN
from 1-DX and 4-HT in vitro,13) and purified the
enzymes involved in its synthesis from the two
precursors (M. Tazoe, K. Ichikawa, and T. Hoshino,
unpublished results). BLAST searches of the five
purified enzymes required for the formation of PN from
the two compounds identified two putative xylulose
and homoserine kinases, 4-phosphohydroxy-L-threonine
dehydrogenase (PdxA), PNP synthase (PdxJ), and a
conserved hypothetical protein, based on analysis of
the chromosome sequence of S. meliloti strain 1021.14)

This suggests that PN is formed in the following
sequence of reactions (Fig. 2): Initially, 1-DX and 4-
HT are converted to 1-deoxy-D-xylulose 5-phosphate
and 4-phosphohydroxy-L-threonine by xylulose kinase15)

and homoserine kinase16,17) respectively. The latter
product is then oxidized by PdxA, followed by con-
densation with 1-deoxy-D-xylulose 5-phosphate by a
PdxJ protein to yield PNP, as it is in E. coli. The final
step requires a hypothetical protein that dephospho-
rylates PNP to PN and an enzyme with the required
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properties, which is the subject of this paper. In
vitamin B6 biosynthesis in microorganisms, an enzyme
catalyzing dephosphorylation of PNP has not yet been
identified. With a view to understanding the dephos-
phorylation step in the biosynthesis of PN in S. meliloti
and our ultimate aim of gene engineering PN produc-
tion, it is important to characterize the enzyme catalyz-
ing the dephosphorylation of PNP. Here we show that
this enzyme is a cytoplasmic PNP/PLP-specific phos-
phatase that is active as a monomer at physiological pH.

Materials and Methods

Materials. ATP, ADP, AMP, malate, and phospho-L-
serine were purchased from Wako Pure Chemical
(Osaka, Japan). PN, PLP, PMP, p-nitrophenylphosphate
(p-NPP), and most of the other biochemicals were
obtained from Sigma Chemical (St. Louis, MO.). PNP
was synthesized by reducing PLP with sodium borohy-
dride according to the method of Stock et al.18) Most of
the chromatographic media and prepacked columns
were purchased from Amersham Biosciences (Uppsala,
Sweden), and Ether Toyopearl was purchased from
Toyo Soda Manufacturing (Tokyo). All other chemicals
were of reagent grade and were purchased from
commercial sources.

Microorganisms, media, and cell growth. S. meliloti
IFO 14782 was cultured in a Pi-rich production medium
composed of 4% glucose, 2% polypeptone, 0.2% yeast
extract, 0.05% MgSO4

.7H2O, 0.05% MnSO4
.5H2O,

and 0.001% FeSO4
.7H2O (pH 6.8) at 28 �C. The

Pi-limited chemically defined medium for the induction
of periplasmic marker proteins comprised the following:
1% glucose and L-arginine, glycine, L-histidine, L-
isoleucine, L-leucine, L-lysine, L-methionine, L-threo-
nine, L-valine, L-aspartic acid, L-glutamic acid, L-
phenylalanine, and L-tyrosine; pantothenic acid, inositol,
nicotinic acid, thiamine, and biotin; and MnSO4

.5H2O,
MgSO4

.7H2O, CaCl2.2H2O, KCl, and KH2PO4, which
was limited to 14mg/l (pH 7.0).

Fig. 1. Currently Proposed Biosynthetic Pathway for Vitamin B6 in Escherichia coli.

Fig. 2. Proposed Pathway for Pyridoxine from 1-Deoxy-D-xylulose

and 4-Hydroxy-L-threonine in S. meliloti.
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Fractionation of cellular proteins. S. meliloti IFO
14782 was grown in the production medium for 3 d.
After harvesting by centrifugation, the cells were
subcultured in the chemically defined medium and in
the production medium for an additional 6 h. Then they
were pelleted, washed twice with 0.85% NaCl, and
suspended in buffer A [30mM Tris–HCl (pH 8.0) con-
taining 20% (w/v) sucrose and 1mM EDTA]. Then
lysozyme (0.05%, w/v) was added at 23 �C with slow
stirring for 20min, and the suspensions were separated
into periplasmic proteins and cell pellets by centrifuga-
tion. The periplasmic fractions were dialyzed against
buffer B [10mM Tris–HCl (pH 7.5) containing 15%
(w/v) sucrose, 1mM dithiothreitol, and 0.1mM phenyl-
methylsulfonyl fluoride], and alkaline phosphatase ac-
tivity was measured by recording the hydrolysis of p-
NPP.19) The activity from the Pi-limited culture was
1.56 mmol/min/mg protein, and that from the Pi-rich
culture was about 36-fold lower. When the cytoplasmic
marker enzyme malate dehydrogenase was assayed by
monitoring the rate of oxidation of NADH (A340),

20) no
activity was found in the periplasmic fractions of either
culture.

To obtain the cytoplasmic proteins, pelleted cells
were resuspended in buffer B and passed through a
French pressure cell, and the suspensions were centri-
fuged at 37;500� g for 1 h. Cytoplasmic extracts of both
cultures had substantial malate dehydrogenase activity
(0.55 and 0.58 mmol/min/mg protein in Pi-limited and
Pi-rich cultures respectively).

Enzyme assays. Dephosphorylase activity was initial-
ly assayed with NADP, NAD, ATP, MnCl2, and MgCl2
as cofactors. A mixture containing 0.38mM NADP,
0.38mM NAD, 5mM ATP, 8.4mM MnCl2, 32mM

MgCl2, 50mM Tris–HCl (pH 7.0), and enzyme solution
was pre-incubated for 1min at 28 �C. The reaction in a
total volume of 125 ml was then started by adding 40 mM
PNP, and was incubated at the same temperature for
30min and then cooled in ice water. Once a cofactor
necessary for the enzyme activity and its optimum
concentration had been determined, the mixture con-
tained 1mM MnCl2 as a cofactor. Enzyme activity was
calculated by quantifying the PN produced, or the Pi
released. First, the amount of PN was measured using
the turbidity method with Saccharomyces carlsbergensis
ATCC 9080, whose growth is supported with PN but not
with PNP in vitamin B6 assay medium, as described
previously.11) One unit of PNP dephosphorylase (or
phosphatase) activity produced 1 mmol of PN in 30min.
Second, Pi was determined by the malachite-green
method of Geladopoulos et al.21) This method was used
to determine substrate specificity, the Michaelis constant
(Km), and the maximum velocity (Vmax).

Purification of PNP dephosphorylase. Unless other-
wise stated, all operations were performed at 0–4 �C.

Step 1. Preparation of cell extract containing PNP

dephosphorylase. The cell cake (59.5 g) formed by
centrifugation of a 3-d culture broth (3.4-liter) in
production medium was washed twice with 300ml of
0.85% NaCl and resuspended in 340ml of buffer A. The
cellular proteins were divided into periplasmic and
cytoplasmic fractions using the procedure described
above.
Step 2. Q Sepharose column chromatography (I). The

lysate of the cytoplasmic fraction was centrifuged, and
the supernatant was dialyzed against buffer B and
applied to a Q Sepharose column (4:4� 17 cm). It was
developed with 600ml of 400mM KCl at a flow rate of
0.57ml/min.
Step 3. Q Sepharose column rechromatography (II).

The active fractions, which were dialyzed against
buffer B, were then applied to a Q Sepharose column
(4:4� 12:5 cm). Elution was carried out at a flow rate of
0.72ml/min with a linear gradient of KCl (0–400mM) in
buffer B (total volume, 2,200ml).
Step 4. Ether Toyopearl column chromatography. The

sample was dialyzed against buffer B and adjusted to
1.3 M (NH4)2SO4, and then applied to an Ether Toyo-
pearl column (2:5� 15 cm) previously equilibrated with
buffer B containing 1.3 M (NH4)2SO4. Elution was
carried out at a flow rate of 0.7ml/min with a linear
gradient of (NH4)2SO4 (1.3–0.5 M) in buffer B (total
volume, 1,000ml).
Step 5. Resource ISO column chromatography. The

sample was dialyzed against buffer B and applied to a
Resource ISO column (6ml) equilibrated with buffer B
containing 1.2 M (NH4)2SO4. Elution was carried out at
a flow rate of 0.8ml/min with a linear gradient of
(NH4)2SO4 (1.2–0.5 M) in buffer B (total volume,
120ml).
Step 6. Sephacryl S-200 column chromatography. The

sample was dialyzed against buffer C [50mM Tris–HCl
(pH 7.5), 15% (w/v) sucrose, and 150mM KCl]. Finally,
the dialysate was concentrated to 300 ml by ultrafiltra-
tion. The solution was applied to a Sephacryl S-200
column (1:6� 60 cm), which was developed with
buffer C.

Molecular size estimation and amino-terminal se-
quence analysis. The molecular size of the native
dephosphorylase was calculated using the Sephacryl S-
200 column calibrated with molecular mass standards
(Bio-Rad, Richmond, CA). SDS/PAGE was carried out
according to the method of Laemmli22) with 12%
acrylamide gels. Protein bands on the gels were
visualized with Coomassie brilliant blue R-250. The
apparent molecular size of the protein was estimated by
comparison with molecular mass standards (Amersham
Biosciences, Uppsala, Sweden). A purified protein was
identified on SDS/PAGE gels by the method of
Matsudaira,23) and the amino-terminal sequence was
determined by an amino acid sequence system.

Removing divalent metal ions to test for divalent
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metal requirements. Purified enzyme solution (1mg/ml)
was dialyzed twice against buffer B containing 1mM

EDTA for 15 h, and subsequently twice against buffer B
for 15 h to remove the remaining EDTA.

Identification of the reaction product. A reaction
mixture (5ml) consisting of 640 mM PNP, 1mM MnCl2,
50mM Tris–HCl (pH 7.5), and enzyme solution was
incubated at 28 �C for 1 h and heated for 3min in boiling
water, and then the denaturated proteins were removed
by centrifugation. The supernatant was applied to an
Amberlite CG-120 column (1:6� 11 cm; Rohm and
Haas Co., Philadelphia, PA), which was washed with
water and developed with a 5% (w/v) ammonium
hydroxide solution. The eluate was concentrated under
reduced pressure, and the residue was dissolved in a
small volume of methanol and analyzed by high-
pressure liquid chromatography.11) The product was
identified as PN by reference to a pure sample.

Results and Discussion

A protein involved in the last step of PN synthesis in
S. meliloti
PN was formed when 1-DX and 4-HT were incubated

with extracts of S. meliloti IFO 14782 in buffer with
15% (w/v) sucrose, but not when they were incubated
with extracts made in the absence of sucrose.13) PNP
was identified by high-pressure liquid chromatography
in the latter mixture; when treated with potato acid
phosphatase (Boehringer Mannheim, Munich, Germa-
ny), it supported the growth of a vitamin B6 indicator,
S. carlsbergensis ATCC 9080, which requires phos-
phate-free vitamin B6, PN, pyridoxal, or pyridoxamine
for growth in vitamin B6 assay medium (data not
shown). These observations suggest that sucrose extracts
of S. meliloti IFO 14782 generate PN by dephospho-
rylation of PNP and that the enzyme responsible is
inactivated by extraction in the absence of sucrose.

Localization of a PNP dephosphorylase
S. meliloti IFO 14782 accumulates large amounts of

extracellular PN, and the result presented above suggests
that a dephosphorylase participates in the final step of
PN synthesis. To determine the location of this enzyme,

extracts of Pi-limited and Pi-rich cultures were divided
into periplasmic and cytoplasmic fractions after EDTA/
lysozyme treatment (see ‘‘Materials and Methods’’).
Alkaline phosphatase and malate dehydrogenase were
assayed as standard periplasmic and cytoplasmic marker
proteins respectively. The cytoplasmic fractions of both
the Pi-limited and the Pi-rich cultures had high dephos-
phorylase activity. By contrast, there was no activity in
the periplasmic fractions of either culture (Table 1). It
appears likely that the PNP dephosphorylase involved in
the de novo synthesis of PN is cytoplasmic.

Purification of PNP dephosphorylase
Protein samples for purification of PNP dephospho-

rylase were prepared initially by rupture of whole cells
from Pi-rich cultures, but the enzyme was difficult to
purify because of the high concentrations of other
proteins and its instability. Before the application of
chromatographic procedures, periplasmic proteins were
removed by treatment with EDTA/lysozyme and cen-
trifugation. PNP dephosphorylase was then purified
to apparent homogeneity from the cytoplasm in five
chromatographic steps. The purification procedure,
starting with the cytoplasmic fraction of S. meliloti, is
summarized in Table 2. The protein was purified 2,090-
fold with a yield of 18% based on the PNP dephospho-
rylase activity in cytoplasmic extracts. Since it was
enriched about two-fold with a yield of about 80% by
isolating the cytoplasmic proteins, the overall purifica-
tion was approximately 4,180-fold with a yield of
14.4%.

Molecular size estimation of PNP dephosphorylase
and amino-terminal amino acid sequence

In the final gel-filtration step described in the previous
section, PNP dephosphorylase activity eluted as a single
peak between chicken ovalbumin (44 kDa) and equine
myoglobin (17 kDa) (to the left in Fig. 3). The position
of the peak corresponded to a molecular size of 29 kDa,
which was similar to that seen on SDS/PAGE gels (to
the right in Fig. 3). The protein is thus a monomer with a
molecular size of approximately 29 kDa.

The amino-terminal amino acid sequence was deter-
mined to be M(amino-terminal)–K–K–L–D–R–M–P–T–
H. The NCBI databases were predicted to be a

Table 1. Localization of PNP Dephosphorylase

Cellular proteins
PNP dephosphorylase

(nmol/min/mg protein)

Alkaline phosphatase

(mmol/min/mg protein)

Malate dehydrogenase

(mmol/min/mg protein)

(Cells from Pi-limited culture)

Periplasmic proteins 2 1.56 0.01

Cytoplasmic proteins 137 0.07 0.55

(Cells from Pi-rich culture)

Periplasmic proteins 1 0.04 0.03

Cytoplasmic proteins 138 0.11 0.58

Reaction mixtures contained 40 mM PNP, 0.38mM NADP, 0.38mM NAD, 5mM ATP, 8.4mM MnCl2, 32mM MgCl2, 50mM Tris–HCl (pH 7.0), and periplasmic

proteins (3.23mg) or cytoplasmic proteins (3.19mg) in 125 ml.
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conserved hypothetical protein consisting of 258 amino
acids [Sinorhizobium meliloti strain 1021] with 100%
identity from this sequence.14) A further search was
conducted using the 258 amino acid-sequence. It
resulted in predictions of putative hydrolases (many
bacteria), phosphoglycolate phosphatase (Brucella me-
litenis), and putative haloacid dehalogenase superfamily
hydrolase (many bacteria) with 40–70% identities.
These results suggest that our enzyme is yet unspecified.

Characterization of PNP dephosphorylase
PNP dephosphorylase activity did not require NAD,

NADP, or ATP, which are essential for PN formation
from 1-DX and 4-HT, but it did require either Mn2þ

or Mg2þ (Table 3). Activation by MnCl2 or MgCl2
followed saturation kinetics (Fig. 4). Activity was high-
est with Mn2þ (100%), followed by Mg2þ (88%), Co2þ

(65%), Sn2þ (11%), and Ni2þ (7%). The enzyme should
thus be classified either as a phosphohydrolase or as a
phosphotransferase, depending on its reaction mecha-
nism. In the former case, Pi is released as PN is formed.
Hence we used the malachite-green method to determine
whether Pi is released upon incubation of PNP with a
purified protein. Pi was indeed released, indicating that
the reaction is hydrolytic. The enzyme is therefore likely
to be a phosphatase.
Many phosphatases have divalent metal ions,24) which

play an important role in protein structures to maintain
activity.19) An alkaline phosphatase of R. leguminosa-
rum, which incorporates divalent metal ions and forms
dimers, releases the metal ions upon EDTA treatment
and breaks down to inactive fragments, and its activity is
restored completely by adding an appropriate concen-
tration of divalent metal ions. Our PNP phosphatase was

Fig. 3. Molecular Size Estimation of PNP Dephosphorylase by Sephacryl S-200 Chromatography (left) and SDS–PAGE (right).

Left figure: molecular mass standard markers correspond to (1) thyroglobulin (669 kDa), (2) bovine gamma globulin (158 kDa), (3) chicken

ovalbumin (44 kDa), and (4) equnine myoglobin (17 kDa). Right figure: lanes correspond to (1) molecular mass markers: A, phosphorylase B

(92.5 kDa); B, bovine serum albumin (66.2 kDa); C, ovalbumin (45 kDa); D, carbonic anhydrase (31 kDa); E, soybean trypsin inhibitor

(21.5 kDa); and F, �-lactalbumin (14.4 kDa) and (2) 2.7 mg of purified PNP dephosphorylase.

Table 2. Purification of PNP Dephosphorylase Starting from Cytoplasmic Extracts

Steps
Total protein

(mg)

Total activity

(unit)

Specific activity

(unit/mg protein)

Purification

(-fold)

Yield

(%)

Cytoplasmic extracts 8,570 4.1 0.00048 1.0 100

Q Sepharose (I) 5,700 3.4 0.0006 1.3 83

Q Sepharose (II) 316 2.5 0.0079 16.5 62

Ether Toyopearl 74 1.6 0.022 45.8 39

Resource ISO 4.2 1.2 0.29 605 28

Sephacryl S-200 0.71 0.74 1.0 2,090 18

PNP dephosphorylase was assayed in mixtures containing (in 125 ml): 40mM PNP, 0.38mM NADP, 0.38mM NAD, 5mM ATP, 8.4mM MnCl2, 32mM MgCl2, 50mM

Tris–HCl (pH 7.0), and desalted fraction in each chromatography.
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purified in a buffer without metal ions, and its molecular
size was estimated using gel-filtration chromatography
in a buffer without metal ions. To determine the actual
molecular size of the active enzyme, we performed
chromatography on a Sephacryl S-200 column in a
buffer containing 1mM MnCl2. The protein eluted at the
same position as that purified in buffer without a
divalent metal ion (to the left in Fig. 3). From these
results, we infer that this enzyme is likely to act as a
monomer. Our PNP/PLP phosphatase differs from the
human erythrocyte vitamin B6 phosphate phosphatase,
which is a dimer of 64 kDa.24)

Properties of PNP phosphatase
Next we examined the pH dependence of PNP

phosphatase activity. The optimal pH was about 7.5
(Fig. 5). The enzyme catalyzed the removal of Pi from
PNP and PLP, but not from PMP or other physiolog-
ically important phosphorylated compounds, such as
phosphosugars, nucleotides, and a phosphoamino acid
(Table 4). Phosphoglycolic acid, a substrate for phos-
phoglycolate phosphatase predicted in a NCBI database
search, was not a substrate for our phosphatase. This
substrate specificity indicates that it is a PNP/PLP

Fig. 5. Effect of pH on PNP Phosphatase Activity.

Activity was measured in 50mM Tris–maleate buffer (pH 5.5–

7.5) ( ) and 50mM Tris–HCl buffer (pH 7.5–9.5) ( ) containing

40mM PNP, 1mM MnCl2, and a purified protein (1.53mg) in 125 ml.

Table 4. Kinetic Parameters of PNP Phosphatase with Potential

Substrates

Compound
Km

(mM)

Vmax or activity

(mmol/min/mg

protein)

Vmax=Km

(min/mg)

Pyridoxine 50-phosphate 385 105a 2,180

Pyridoxal 50-phosphate 385 42a 870

Pyridoxamine 50-phosphate <0:73b

D-Glucose 6-phosphate <0:73b

D-(�)-3-Phosphoglyceric acid <0:73b

2-Phosphoglycolic acid <0:73b

ATP <0:73b

ADP <0:73b

AMP <0:73b

Phospho-L-serine <0:73b

The reaction was conducted in mixtures containing (in 125 ml) the indicated
compounds, 1mM MnCl2, 50mM Tris–HCl (pH 7.0), and a purified protein

(1.53 mg).
aVmax values were calculated using the indicated compounds at concen-

trations of 40, 80, 160, 320, and 640 mM.
bActivity with 640 mM of the indicated compounds.

Fig. 4. Dependence of PNP Dephosphorylase Activity on MnCl2 and

MgCl2.

Reaction mixtures contained 40 mM PNP, MnCl2, or MgCl2,

50mM Tris–HCl (pH 7.0), and a purified protein (1.53 mg) in 125 ml.
Metal salts were tested at concentrations of 0.625–2mM MnCl2 ( )

and 0.625–2mM MgCl2 ( ).

Table 3. Cofactor Requirements of PNP Dephosphorylase

Cofactors present
PNP dephosphorylase

activity (unit/ml)

Complete 0.32

minus NAD 0.32

minus NADP 0.31

minus ATP 0.32

minus NAD, NADP, ATP 0.32

minus MnCl2 0.30

minus MgCl2 0.32

minus MgCl2 and MnCl2 0

minus NAD, NADP, ATP and MnCl2 0.32

minus NAD, NADP, ATP and MgCl2 0.33

minus all 0

Mixtures for the complete system contained 40 mM PNP as substrate,

0.38mM NADP, 0.38mM NAD, 5mM ATP, 8.4mM MnCl2, and 32mM

MgCl2 as cofactors, 50mM Tris–HCl (pH 7.0), and a purified protein

(1.53 mg) in 125 ml.
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phosphatase. The velocities with PNP and PLP followed
Michaelis–Menten kinetics (Fig. 6). The Km and Vmax

(mM, mmol/min/mg protein) values for PNP and PLP
were 385 and 105, and 385 and 42, respectively
(Table 4). Thus it had the same Km for PNP and PLP,
but had a Vmax that was nearly 2.5-times higher for PNP
than for PLP; therefore the specific constant (Vmax=Km)
for PNP was higher than that for PLP. The human
erythrocyte vitamin B6 phosphate-specific phosphatase
shows substrate specificity similar to our enzyme, but it
has a lower Km value for PLP than for PNP.24)

To differentiate our phosphatase from human eryth-
rocyte phosphatase, the effects of inhibitors tested by
Fonda24) on our enzyme were examined in the presence
of 1mM MnCl2, which gave a maximum activity for
PNP phosphatase (Fig. 4). EDTA was an effective
inhibitor (I50 ¼ 16 mM). From these results, we infer
that the Mn ion is not tightly bound to this enzyme.
Sodium molybdate was a poor inhibitor. Potassium
phosphate, N-ethylmaleimide, idoacetate, sodium fluo-
ride, and levamisole were even less inhibitory, and L-
phenylalanine and L-(+)-tartarate showed no inhibition
to concentration of 5mM (Table 5). These features of
inhibition to our enzyme were similar to those of the
human phosphatase except for sulfhydryl reagents, N-
ethylmaleimide, and idoacetate, which are very sensitive
inhibitors of the latter phosphatase.24)

There has been one previous report of an acidic
phosphatase specific for PLP in an anaerobic photo-
synthetic bacterium, but the enzyme was periplasmic.25)

An interesting aspect of our present work was the

finding that the highly specific PNP/PLP phosphatase of
S. meliloti is localized in the cytoplasm rather than in
the periplasm, where the well-known non-specific
alkaline and acid phosphatases are found. This is the
first report of a microbial phosphatase with this unique
characteristic. There have been many previous studies of
the regulation of PLP levels by interactions between
PLP phosphatase and PL kinase in mammals, which can
not synthesize their own vitamin B6.

24,26–28) In Sinorhi-
zobium, which possesses a complete vitamin B6 bio-
synthetic pathway, PNP is the first vitamin B6 com-
pound synthesized de novo and represents the point of
divergence of the pathways leading to PN and PLP. PNP
phosphatase might play a major role together with a
PNP oxidase in the control of intracellular PLP levels.
In conclusion, we believe the results obtained in this

study will provide information that will help develop
approaches to genetic engineering of the PNP phospha-
tase of S. meliloti in order to produce PN.
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