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A close examination of the protein sequence encoded
by the Arabidopsis thaliana gene F21M12.26 reveals the
gene product to be a phosphomonoesterase, acid opti-
mum (EC 3.1.3.2). A subclass of this broad acid phospha-
tase is also known as ‘histidine acid phosphatase.’ This is
the first sequence-based evidence for a ‘histidine acid
phosphatase’ in a dicotyledon. One important member
of this class of enzymes is Aspergillus niger (ficuum)
phytase, which came into prominence for its commercial
application as a feed additive. The putative protein from
A. thaliana gene F21M12.26 shares many important fea-
tures of Aspergillus phytase, namely, size, active-site se-
quence, catalytic dipeptide and ten cysteine residues
located in the key areas of the molecule, but lacks all
nine N-glycosylation sites. © 1998 Academic Press

Myo-inositol hexakisphosphate phosphohydrolase,
phytase, is a member of broad acid optimum
phosphomonoesterase. This group is also referred to as
‘acid phosphatase.’ While all phytases show acid
phosphatase-like activity by hydrolyzing an array of
phosphomonoesters, i.e. sugar phosphates, nucleotide
phosphates, etc., the reverse is not true. We have pu-
rified acid phosphatase in A. niger, which cannot ac-
cept phytic acid as a substrate (1). The acid phospha-
tases, orthophosphoric-monoester phosphohydrolase,
that are able to hydrolyze phosphomonoesters from
simple sugars and nucleotides but not from a myo-
inositol backbone were given the Enzyme Commission
nomenclature EC 3.1.3.2. Acid phosphatases that are
able to liberate inorganic acid phosphates from a myo-
inositol backbone are referred to as phytase and were
assigned the Enzyme Commission designation EC
3.1.3.8, myo-inositol-hexakisphosphate 3-phosphohy-
drolase, or 3.1.3.26, myo-inositol-hexakisphosphate
6-phosphohydrolase (2). Microbial phytases, including
that from A. niger, hydrolyze preferentially the third
phosphate group of the myo-inositol hexakisphosphate.
The plant phytase shows a preference for hydrolyzing

the sixth phosphate group of the same molecule. The
microbial and plant phytases are grouped under
3-phytase (EC 3.1.3.8) and 6-phytase (3.1.3.26), respec-
tively (3, 4).

An active phytase had been reported in A. niger
(ficuum) NRRL 3135 as early as 1968 by Shieh and
Ware (5). This fungal enzyme has been the focus of
study for over a decade by numerous groups (6). Unlike
plant phytases, which are difficult to purify, A. niger
phytase is well characterized and its sequence deter-
mined by Edman degradation and also deduced from
DNA sequencing (7, 8). The gene coding for this en-
zyme was named phyA (8). This phytase had two pH
optima, pH 5.0 and pH 2.5, respectively. The temper-
ature optima was found to be 58°C. Later, we identified
another acid phosphatase activity from the same fun-
gal culture filtrate. This enzyme was markedly differ-
ent from the phyA gene product, having only one pH
optimum at pH 2.5 (9). Since then the enzyme was
shown to be another efficient phytase (1). Because of
both kinetic and sequence differences, the enzyme was
referred to as phyB gene product (10). Both phyA and
phyB proteins share a common octa-peptide active site
region (11, 12) and have 10 cysteines (7, 10). In phyA,
all ten cysteines are known to participate in forming
five crucial disulfide bridges (13).

In this paper we have examined the deduced amino
acid sequence of the A. thaliana gene F21M12.26 and
compared the sequence with that of both phyA and
phyB gene product. Based on this comparison we infer
that the gene F21M12.26 from A. thaliana may code for
a ‘histidine acid phosphatase’ with phytase activity.

RESULTS AND DISCUSSION

Active Site Similarities

Searching the Genbank database for sequence simi-
larities with the septa-peptide active site sequence of
A. niger, RHGXRXP, led to the identification of A.
thaliana gene F21M12.26 as a putative histidine acid
phosphatase. The septa peptide active site region was
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identified earlier as the hallmark of histidine acid
phosphatase (14).

The sequence of A. thaliana gene F21M12.26 was
obtained from GenBank, accession number 2160177,
from chromosome 1. The sequence was deposited with
Genbank as part of the Arabidopsis genome sequenc-
ing program. Up until this reporting no function was
attributed to the gene product. However, the gene hy-
bridizes to one of the expressed sequence tags or EST
prepared for chromosome 1 of A. thaliana (15, 16).

When the amino acid sequence of A. niger phytase
(phyA) was compared with A. thaliana F21M12.26 by
using ALIGN program Release 1.6c (17), the fungal
phyA protein only showed 15.1% sequence homology.
Despite the low total level of homology both the pro-
teins shared the common active site sequences and
several other conserved regions (Figure 1). We also
compared the amino acid sequences of A. thaliana gene
F21M12.26 with that of A. niger pH 2.5 optimum acid
phosphatase, which is also known as phyB, with
ALIGN program. The results are also shown in Figure
1. Although, both the proteins contain septa-peptide
active site belonging to histidine acid phosphatase, the
overall sequence homology was only 16.4%.

Histidine-Aspartic (H-D) Acid Motif

In other histidine phosphatases a dipeptidic region
containing His-Asp residues was shown to be impor-
tant for catalysis (18). These two-residues are thought
to be involved in donation of a proton to the substrate
leaving group during the formation of phosphohisti-
dine (18). Fungal phyA has three “HD” regions, while
both fungal phyB, and A. thaliana putative acid
phosphomonoesterase have one “HD” region (Figure 1).

Conservation of Cysteines

Although cysteines (Cys) are not implicated in hav-
ing any role in catalysis, they were shown to be very
important for folding in Aspergillus phytase (13). All
ten Cys residues form five disulfide bridges (13, 19).
The pairing of Cys 8-17, 48-391, 192-442, 241-259, and
413-421, is probably critical for maintaining the opti-
mal three-dimensional structure of the fungal phytase
(13). Of all the five disulfide bridges present in A. niger
phytase the one which seems to be most crucial is the
pairing between Cys 48 and Cys 391. This disulfide
bridge brings two b-sheets, A and E, closer together
(19). In addition, the septa-peptide active site sequence

FIG. 1. Amino acid alignment of A. niger phyA, phyB, and derived amino acid sequence from A. thaliana gene F21M12.26 (A. Th). The
active site motif (RHGXRXP) and the HD motif are underlined. Regions of conserved sequence are highlighted.
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is located at the end of b-sheet A. These two Cys were
found in the identical position not only in A. niger phyA
and phyB proteins, but also in the deduced amino acid
sequence of A. thaliana gene F21M12.26.

The other important finding is that both A. niger
phyA and phyB proteins contain 10 Cys. The deduced
sequence of A. thaliana gene F21M12.26 contains 10
Cys. The relative position of these Cys are also main-
tained throughout the molecule.

Conservation of Histidines

Histidines (His) of acid phosphatases are implicated
in catalysis of phosphomonoesters (20). When His res-
idues of fungal phytase were modified by diethyl pyro-
carbonate (5 mM), the enzyme lost about 85% activity
in 30 minutes at room temperature (21). The fungal
phyA protein contains 10 His residues and the putative
histidine acid phosphatase from A. thaliana has
eleven. Moreover, four His residues of both the proteins
occupy the same location. The fungal phyB protein,
however, only has six His residues and only two of
them show sequence homology with fungal phyA and
putative A. thaliana histidine acid phosphatase.

Total Length of Histidine Acid Phosphatases

The total residues of A. niger phyA and phyB pro-
teins, both belonging to histidine acid phosphatase,
were reported to be 448 and 450, respectively (8, 10).
The deduced sequence of A. thaliana gene F21M12.26
codes for a 468 amino acid protein. This size is in
agreement with the size expected for other members of
histidine acid phosphatase.

N-Glycosylation Sites

A search of the putative phytase encoded by A. thali-
ana revealed no N-glycosylation signal motif (NXS/T).
Nine N-glycosylation signal motifs are present in A.
niger phyA enzyme (8). Chemical sequencing of this
enzyme also confirmed the presences of the nine
N-glycosylation sites (7).

Table 1 summarizes the sequence and residue simi-
larities among A. niger phyA, phyB, and the deduced
amino acid sequence of the A. thaliana gene. From the
active site motif, and Cys residue distributions in the
deduced sequence of A. thaliana gene F21M12.26, it is
indicated that the gene codes for a phyA type of histi-
dine acid phosphate. This is the first documentation of
any plant protein sequence that show a significant
homology to fungal phyA or phyB protein.

Recently the phyA gene from a monocotyledon,
maize, was reported (22). The cDNA encoding maize
phytase contains an open reading frame of 387 amino
acids with five Cys residues. Analysis of the these two
plant amino sequences reveal the active site motif RH-

GXRXP is more conserved in the dicotyledon Arabidop-
sis gene than in the monocotyledon maize seedling
phytase phyA. The homology between maize phytase
and this putative Arabidopsis phytase is limited to the
same 33 amino acid region that maize phytase shares
with fungal phytase.

As more genomes are being sequenced and deduced
ORF proteins generated, it is becoming increasingly
important to identify these new proteins. In this com-
munication we have provided a minimum criteria for a
subclass of acid phosphomonoesterase referred to as
‘histidine acid phosphatase’.
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