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Summary. An acid phosphatase activity was detected in the supernatant of Haemophilus parasuis, a Gram-negative 
pleomorphic bacillus and the causative agent of Glässer’s disease in pigs. To identify the gene responsible for the secreted 
activity, a genomic library of H. parasuis strain ER-6P was produced in Escherichia coli. Screening of the library allowed 
identifi cation of two homologs to known phosphatases: PgpB and AphA. PgpB was predicted to be located in the bacterial 
membrane through six transmembrane domains while AphA was predicted to have a signal peptide. The aphA gene was 
cloned and expressed in E. coli. Characterization of H. parasuis AphA indicated that this protein belongs to the class B 
nonspecifi c acid phosphatases. AphA contained sequence signatures characteristic of this family of phosphatases and its 
activity was inhibited by EDTA. The optimal pH of recombinant AphA differed from that of the phosphatase activity found in 
H. parasuis supernatants. In addition, the phosphatase activity from H. parasuis supernatants was not inhibited by EDTA, 
indicating that H. parasuis AphA does not account for the phosphatase activity observed in the supernatants. Our results 
demonstrate the presence of a class B acid phosphatase (AphA) in H. parasuis and suggest that the bacterium would also 
secrete another, as yet unidentifi ed phosphatase. [Int Microbiol 2014; 17(3):141-147]
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Introduction 

Haemophilus parasuis is a Gram-negative pleomorphic bacil-
lus and the etiological agent of Glässer’s disease in pigs, a 
severe systemic disease characterized by fi brinous polyserosi-
tis, polyarthritis, and meningitis that is responsible for impor-
tant economic losses in the swine industry worldwide. H. para-
suis has been shown to produce a variety of potential mem-

brane-associated virulence factors [5], but little is known 
about the role of its acid phosphatases.

Acid phosphatases are ubiquitous in prokaryotes and eukary-
otes. Based on criteria such as specifi city and optimum pH, 
phosphatases can be classifi ed into several families. Thus, 
bacterial non-specifi c acid phosphatases (NSAPs) are catego-
rized into three types (classes A, B and C) [3,23]. Reports in-
dicate that in Gram-negative bacteria these enzymes play a 
critical role in numerous processes, including pathogenesis 
[2,6,8,9,16,19,20]. Acid phosphatases catalyze the transfer of 
a phosphoryl group from phosphomonoesters to water at an 
acidic pH. The class B acid phosphatases are a group of homo-
tetrameric secreted phosphohydrolases containing a 25-kDa 
polypeptide monomer. These enzymes are characterized by 
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conserved sequence motifs including four conserved aspar-
tate residues, which are characteristic of the molecular super-
family of phosphohydrolases referred to as “DDDD” [11,21, 
22]. The class B signature sequence is divided into two do-
mains, an N-terminal motif composed of FDIDDTVLFSSP 
and a C-terminal motif of YGD-(A/S)-DXD-[I/V] [18]. The 
aspartate nucleophile in this group is located in the N-terminal 
region of the signature sequence. These phosphatases are 
members of the haloacid dehalogenase (HAD) superfamily 
and include a large number of bacterial phosphatases. The 
fi rst bacterial nonspecifi c class B acid phosphatase described 
was NapA from Morganella morganii [21], but others have 
been identifi ed since then, such as the AphA phosphatase of 
Escherichia coli [14,22]. A napA homolog was also detected 
in the genome of Haemophilus infl uenzae [7]. Here we pro-
vide the fi rst report of a class B acid phosphatase in H. para-
suis. 

Materials and methods

Bacterial strains and growth conditions. Haemophilus parasuis 
strains (Table 1) were grown on chocolate agar plates (BioMerieux, Madrid, 
Spain) at 37ºC in an atmosphere of 5% CO2 or in brain heart infusion (BHI) 
broth when a liquid culture was needed (see below). All H. parasuis strains 
were stored frozen in BHI with 20% glycerol at –80ºC. The majority of the 
strains were stored after the minimum number of passages needed for isolation 
(usually two passages on plates). The passage numbers of strains IT29205, 
9904108, and P015/96 and the reference strains Nagasaki and SW114 are not 
known. Escherichia coli BL21 was used as the host for recombinant plasmids 
and was grown in LB medium at 37ºC. LB medium was supplemented with 
ampicillin (100 μg/ml) or chloramphenicol (30 μg/ml) as required. 

Preparation of supernatants. Culture supernatants were analyzed at 
different growth phases. Strains of H. parasuis were grown in BHI broth sup-
plemented with isovitalex (BD, Madrid, Spain) at 37ºC in an orbital shaker 
(200 rpm). Bacterial growth was assessed by measuring the absorbance at 660 
nm in a VIS7200 spectrophotometer (Dinko Instruments, Barcelona, Spain). 
Supernatants were obtained by centrifugation followed by fi ltration (0.22 μm). 
For some experiments; the supernatants were concentrated 100-fold through a 
Millipore YM10 ultrafi ltration cell. 

Phosphatase assays. Phosphatase activity was measured using the 
fl uorescent substrate 4-methylumbelliferyl phosphate (MUP) [13,17]. Acid 
phosphatase activity was measured in 0.1 M sodium acetate buffer (pH 5.2) 
or in 0.1 M sodium citrate buffer (pH 5.2) and MUP at a fi nal concentration 
of 0.6 mg/ml. The reaction was measured in a fl uorometer (ASCENT Fluo-
roskan & FL; Thermo Labsystems). The fl uorometer was programmed for 
incubation at 37ºC and for fl uorescence measurements at different time points 
(usually, at 0, 10 min, 30 min, 1 h and 2 h). Fluorescence was measured at an 
excitation of 355 nm and an emission of 460 nm.

In standard phosphatase assays, 96-well microtiter plates were used with 
50 μl of sample, 50 μl of 2× reaction buffer, and MUP. To measure phospha-
tase activity at different pHs, 0.1 M sodium citrate buffer was used for pH 4, 

5.2, and 6, and 0.05 M Tris buffer used for pH 7, 8, and 9. The MUP concen-
tration was the same as above. An acid phosphatase from potato (Sigma-Al-
drich) was used in the assays as a positive control.

The effect of ethylenediaminetetraacetic acid (EDTA) on phosphatase 
activity was assessed by the addition of 20 mM EDTA to the reaction. The 
effects of tartrate and molybdate on phosphatase activity were assayed by 
adding sodium tartrate or sodium molybdate to the reaction at 1, 10, 100, 
1000 and 10,000 μM. 

Construction of a genomic library and screening. DNA from 
H. parasuis strain ER-6P (acid phosphatase positive) was extracted and par-
tially digested with Sau3AI. The reaction was incubated at 37ºC for 2 min and 
then stopped with 40 mM EDTA. DNA fragments between 4 and 5 kb were 
selected and excised from an agarose gel and then purifi ed using the Wizard 
SV gel and PCR clean-up system (Promega). Plasmid pACYC184 digested 
with BamHI and then dephosphorylated was used to clone the 4- to 5-kb ge-
nomic fragments from strain ER-6P, which were then introduced into E. coli 
BL21. The genomic library consisted of 2,880 clones, which was suffi cient to 
ensure the representation of the H. parasuis genome. To screen for acid phos-
phatase activity, the individual clones from the genomic library were cultured 
in 96-well plates with 200 μl of medium. After incubation at 37ºC, the complete 
culture and the supernatant from each well were analyzed for phosphatase 
activity. Plasmid DNA from the positive clones was purifi ed and the insert 
was sequenced with primers pACYCseq-F (5′-ACTTGGAGCCACTATC-
GACTAC-3′) and pACYCseq-R (5′-CGGTGATGTCGGCGATA TAGG-3′). 
The complete sequence included in each clone was deduced by comparison 
with the H. parasuis genome sequence from strain SH0165 (GenBank acces-
sion number NC_011852.1).

Cloning of aphA homolog from Haemophilus parasuis. 
Screening of the 4- to 5-kb genomic library and BLAST searches of the ge-
nome of H. parasuis SHO165 (accession number YP002476402.1) detected 
an aphA homolog in H. parasuis. The aphA gene, with its putative promoter 
region (predicted by BProm), was PCR-amplifi ed from the strains described 
in Table 1, using primers APha-Fw-prom (5′-ATGTTCCCTATAACCTATT-
GTG-3′) and Apha-Rev (5′-ATTAGTAGCTTGAATTTATAATAAC-3′). The 
resulting 900-bp PCR fragment was purifi ed, cloned into pGemT-easy, and 
electroporated into E. coli BL21. Transformants were selected and the acid 
phosphatase activity of the clones was evaluated in complete cultures and in 
the supernatants. Inserts in the clones were sequenced and the orientation of 
the gene in each clone was checked. The presence of a putative signal peptide 
in the predicted amino acid sequence was analyzed using SignalP 4.1 and 
PSORT. Transmembrane domains and cellular location were analyzed using 
TMHMM Server v.2.0 and PSORT.

Results and Discussion 

Secreted acid phosphatase activity. An acid phos-
phatase activity was detected in the supernatant of H. parasuis, 
with a secretion peak in the early-stationary phase of bacterial 
growth and an optimal pH of 5–6 (Fig. 1). The activity of the 
supernatants could be preserved at –80ºC if 50% glycerol was 
added to the samples. Failure to add glycerol rendered the sam-
ples inactive after freezing at –80ºC. Although the activity may 
have been released into the supernatant after bacterial lysis, this 
was unlikely since the samples were obtained at the end of the 
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exponential phase of growth, during which time no signifi cant 
lysis occurred. Moreover, supernatants obtained after overnight 
incubation showed phosphatase activity at an alkaline pH (not 
shown), probably due to the release of an alkaline phosphatase 
after bacterial lysis.

A gradual loss of the acid phosphatase activity was observed 
after several in vitro passes of strain ER-6P on agar plates. This 
was the case after 6, 10, and 14 passes (ER-6Pp6, ER-6Pp10, and 
ER-6Pp14). After 14 passes, acid phosphatase activity in the su-
pernatant of ER-6Pp14 was no longer detectable, even though 

the growth rate of this strain in the laboratory was similar to that 
of the original ER-6P strain (not shown), recovered from the peri-
cardium of a diseased pig and maintained frozen with no addi-
tional passages. We assume that, under standard laboratory con-
ditions, H. parasuis does not require this acid phosphatase and 
therefore blocks its production. Similarly, a previous report had 
demonstrated the reduced expression of the H. parasuis capsule 
after in vitro passage of the bacterium [15]. The role of the acid 
phosphatase activity in infection, whether to obtain nutrients or 
as a virulence factor, remains to be determined.

Table 1. Strains of Haemophilus parasuis used in this study and their main characteristicsa

Susceptibility tob

Strain Serovar     Serum                   Phagocytosis Disease status Reference or source

Strains from lesions

Nagasaki 5 R R Glässer’s disease Reference strain [10] 

ER-6P 15 R R Glässer’s disease  [4] 

IT29205 4 R R Glässer’s disease [1]

373/03A 7 I R Glässer’s disease [1]

264/99 10 R R Glässer’s disease [1]

2725 10 S R Glässer’s disease [1]

228/04 5 R R Glässer’s disease [12]

PV1-12 15 S R Glässer’s disease [1]

CT175-L 15 S ND Glässer’s disease [4]

PC4-6P 12 R R Glässer’s disease [4]

9904108c 4 S R Glässer’s disease [1]

P015/96 5 R R Pneumonia [12]

Nasal strains

SW114 3 S S Healthy Reference strain [10] 

F9 6 S S Healthy [12]

IQ1N-6 9 S S Healthy [4]

ND14-1 7 S S Healthy [4]

FL3-1 7 ND ND Healthy [12]

FL1-3 10 S I Healthy [12]

CA38-4 12 R R Glässer’s disease [12]

MU21-2 7 S S Healthy [12]

VS6-2 15 I S Healthy [12]

SC14-1 15 S S Healthy [12]

SL3-2 10 S S Healthy [4]

aAll strains are aphaA positive.
bS, Sensitive; I, intermediate; R, resistant; ND, Not determined.
cThis strain did not reproduce disease when inoculated intranasally in colostrum-deprived piglets [1].
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Screening of the genomic library. To identify the gene 
responsible for the phosphatase activity detected in H. pa ra suis 
supernatants, individual clones of the genomic library H. para-
suis ER-6P were tested for the production of phosphatase ac-
tivity in the presence of MUP. Sequencing of the phosphatase-
positive clones yielded four clones with a class B acid phos-
phatase (aphA homolog gene) and one clone with a phosphati-
dylglycerophosphate phosphatase (pgpB homolog gene). The 
pgpB and aphA genes were PCR-amplifi ed and cloned to sub-
sequently determine their activity. Acid phosphatase activity 
was demonstrated in the pgpB clones (not shown). The pre-
dicted sequence of PgpB contained six transmembrane do-
mains probably located in the cytoplasmic membrane. These 
data are in agreement with the location of other bacterial PgpB 
proteins in the cytoplasmic membrane. Thus, in the following, 
we focus our attention on the aphA homolog as a possible se-
creted phosphatase.

Analysis of the aphA gene from the available H. parasuis 
sequence demonstrated that the predicted protein had the fea-
tures of a NSAP class B phosphatase, including the two signa-
ture motifs characteristic of these enzymes (Fig. 2). Also, a 
signal peptide was detected by SignalP in the predicted pro-
tein. The predicted molecular mass of 24.33 kDa for the 
monomer is characteristic of class B phosphatases [18].

The complete aphA gene, with the putative promotor re-
gion, from virulent and non-virulent strains of H. parasuis 
was PCR-amplifi ed and sequenced (Table 1). No association 
between aphA and the putative virulence of the strains was 
observed, since the gene was detected by PCR in all of the 
analyzed strains (Table 1). Clones were produced with aphA 
from strains ER-6P, FL3-1, IQ1N-6, and ND14–1. All of the 
clones showed phosphatase activity, but only one aphA-con-
taining clone, from strain FL3-1 (clone pGem-T Easy aphA 
FL3-1#19), secreted the activity into the culture supernatant, 
(Fig. 1). Sequencing revealed that the only difference between 
this clone and others from the same strain was the orientation 
of the insert in the plasmid, as the orientation of the insert in 
clone FL3-1#19 was opposite to that of the other inserts. 
Thus, why the activity was secreted by this clone but not by 
the others is unclear.

Characterization of the AphA homolog from 
Haemophilus parasuis. The supernatant from BL21 
pGem-T Easy aphA FL3-1#19 was analyzed at different pHs 
and the activities were compared to the activity in H. parasuis 
supernatants (Fig. 1). The activity produced by the H. para-
suis AphA homolog had a different optimal pH than the activ-
ity of the H. parasuis supernatants, indicating that the two 
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Fig. 1. Phosphatase activity in the supernatant prepared from Haemophilus parasuis strain ER-6P 
harvested at the beginning of the stationary phase of growth (gray bars) and in the supernatant of 
clone E. coli BL21 pGem-T Easy-aphA FL3-1#19 (black bars). Phosphatase activity was measured 
at different pH values, with MUP as the substrate. Phosphatase activity is represented as relative 
fl uorescence units (RFU) per min. (Average of duplicate samples ± standard deviation.) 
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activities were produced by different enzymes. The optimal 
pH for H. parasuis Apha with MUP was around 7–8. This 
may seem high for an acid phosphatase, but the optimal pH of 
these enzymes varies with the substrate [18]; thus, the activity 
of AphA with its natural substrate may be maximal at an 
acidic pH.

Since class B NSAPs require Mg2+, we evaluated the in-
hibitory effects of EDTA. The activity produced by clone 
pGem-T Easy aphA FL3-1#19 was indeed inhibited by EDTA 
(Fig. 3), in agreement with its class B phosphatase structure 
[18]. However, the activity in the supernatant of H. parasuis 
strain ER-6P was not affected by the addition of 20 mM 
EDTA to the reaction (not shown). Thus, besides having the 
characteristic domains of a type B acid phosphatase, the 
H. parasuis AphA homolog is inhibited by EDTA, in agree-
ment with its classifi cation within this group of phosphatases. 
Therefore, the inhibition of Apha activity by EDTA is com-
patible with the requirement of divalent cations by class B 
phosphatases.

Tartrate was also tested as phosphatase inhibitor but it had 
no effect on the secreted activity in the supernatants of either 
H. parasuis ER-6P or the recombinant AphA, up to a concen-
tration of 10 mM sodium tartrate. When molybdate concen-
trations up to 10 mM were similarly tested, the activity in the 

supernatant of strain ER-6P was only partially inhibited at 10 mM 
whereas there was no effect on the recombinant AphA phos-
phatase (Fig. 4). 
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Fig. 2. Alignment of the predicted amino acid sequence of acid phosphatase AphA from different strains of Haemophilus parasuis (CT: 
CT175-L; ER: ER-6P; F9; FL: FL3-1; IQ: IQ1N-6; SW: SW114; ND: ND14-1; IT: IT29205; NG: Nagasaki; SH: SH0165). The catalytic 
domain characteristic of class B acid phosphatases is presented in two boxes; motif F-D-I-D-D-T-V-L-F-S-S-P, located in the N-terminal 
moiety, and motif Y-G-D-(A/S)-D-X-D-(IV), located near the C-terminus [23]. 
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Fig. 3. Inhibition of AphA by EDTA. Phosphatase activity in the supernatant 
of clone E. coli BL21 pGem-T Easy aphA FL3-1#19 with (black bars) and 
without (white bars) 20 mM EDTA, at different pH values. Phosphatase 
activity was measured with MUP as the substrate and is represented as 
relative fluorescence units (RFU) per min (average of duplicate samples 
± standard deviation).
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The presence of the aphA gene in strains from different 
clinical backgrounds, including non-virulent nasal isolates, 
indicated that this enzyme was probably not a virulence fac-
tor. In addition, we did not detect any effect on the activa-
tion/inhibition of alveolar macrophages (cell-surface 
CD163, SLAI, SLAII, sialoadhesin and SWC3) after incu-
bation of the cells with supernatant containing the AphA ac-
tivity (not shown).

In summary, the different optimal pH and the different 
EDTA and molybdate susceptibilities between Apha and the 
activity found in H. parasuis supernatant suggested that Apha 
was not the activity found in the H. parasuis supernatant. 
These results are consistent with the periplasmic location of 
AphA, as described in E. coli [14], or with the secretion of the 
Apha enzyme into the supernatant together with another, as 
yet unidentifi ed phosphatase activity. Further experiments are 
required to identify the enzyme responsible for the phospha-
tase activity found in H. parasuis supernatants. Although ac-

cording to our results, phosphatase activity is not be associ-
ated with virulence, a role for this activity in bacterial sur-
vival during infection cannot be ruled out.
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