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Abstract

Leishmaniasis is a parasitic disease caused by the protozoa Leishmania that affects both humans and animals. This disease
is associated mostly with developing countries, especially in warmer climate regions. There are few good therapeutic drugs,
so it is necessary to develop more affordable treatments for those stricken by the disease. Leishmania produce Secreted Acid
Phosphatases (SAPs) during their growth cycle as an important part of their cell targeting system against host macrophage
cells thus allowing for successful infection. Inhibition of these SAPs can be the focus of new drug therapy. Recombinant
DNA technology was employed to characterize these enzymes. Expression of two Secreted Acid Phosphatases, from L. ma-
jor, SAP1 and SAP2, was attempted in Arctic Express E. coli cells using pET45b or Leishmania tarentolae using the pLex-
sy-sat2 expression system. The prokaryotic systems were carried out first due to ease of expression control. The eukaryotic
expression system was used to overcome expression and activity problems experienced with the prokaryotic systems.
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Introduction effective inhibitors of phosphatases [6], this is of inter-
est because Vannier-Santos, et al. [7] have reported that
Leishmania secretes Acid Phosphatases (SAP), which
have an important role in the infectivity by Leishmania.
We have previously evaluated the in vitro effects of the
vanadium complexes on the Secreted Acid Phosphatases
[8] using partially purified enzyme following the method
of Ilg, et al. [9]. We were able to show inhibitory effects
by vanadium complexes. However, there are at least two
isoforms of Secreted Acid Phosphatase, which differ by
molecular weight and degree of glycosylation [9,10,11].
The presence of these isoforms therefore complicated
the kinetic evaluation of the inhibition data and we pro-
posed that the expression of recombinant SAPs would
be a more useful approach to study their inhibition by

Leishmaniasis is a growing worldwide health concern,
especially in developing nations where this disease is of-
ten endemic. Human and animal leishmaniasis is caused
by some 20 species of Leishmania that are transmitted
by sandflies [1]. Although leishmaniasis afflicts about 2
million people annually and threatens some 350 million
people in some 90 countries worldwide, the Centers for
Disease Control and Prevention consider leishmaniasis
a neglected disease [2,3]. The status quo of treatment for
the three major forms of leishmaniasis: cutaneous, mu-
cosal, and visceral, is troubling. As reviewed by Pathak
and Batra [4], current drugs, such as pentavalent anti-
monials, amphotericin B, fluconazole, pentamidine,
and miltefosine, have serious side effects, some delivery
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vanadium complexes. However, we wanted to study the
secreted enzymes from the human parasites, such as L
major, since the effects of test compounds on the human
parasites is of direct clinical interest. We did not, how-
ever, want to have the expense and problems associated
with growing these human parasites for direct isolation
of their enzymes. Here we report the use of two different
expression systems to investigate recombinant L. major
Secreted Acid Phosphatases (SAPs).

For recombinant protein production, we evaluat-
ed the E. coli expression system first due to the ease of
recombinant expression control followed by use of the
eukaryotic system. The prokaryotic system (E. coli Arc-
tic Express cells) resulted in no active enzyme, although
recombinant protein was evidenced by electrophoresis.
The eukaryotic Leishmania cell expression system for re-
combinant Secreted Acid Phosphatase 1 (SAP1) and Se-
creted Acid Phosphatase 2 (SAP2) was employed in these
studies with the recombinant SAPs since these enzymes
are reported to have extensive glycosylation [9,10,11]
and we anticipated that glycosylation would increase the
possibility of obtaining active enzymes.

Materials and Methods

Cloning of SAP1 and SAP2 genes

Putative secreted acid phosphatase (SAP1 and SAP2)
genes are present in the Leishmania major genome
(SAP1 accession XM_001687187 and SAP2 accession
XM_001687184). The gene sequences are shown in the
Supplementary Material Section. Polymerase Chain Reac-
tion (PCR) was used to amplify these genes. For prokary-
otic expression, the SAP1 5’ primer was 5-TACTGGATC-
CCGTGCAGGTGGTACACCGCC-3’ and 3’ primer
5-TACTCTCGAGTTAACAATGTCTGCGGTAC-3".The
underlined sequences in the PCR primers indicate a BamHI
site (GGATCC) and an Xhol site (CTCGAG) for cloning
into pET45b (Novagen). Similarly, the SAP2 gene was am-
plified using the primers 5-TACTGGATCCCGTGCAG-
GTGGTACACCGCC-3’ and 5-TACTCTCGAGTTAAG-
GCACGCGAGATGTATG-3". For eukaryotic expression
the SAP1 and SAP2 genes were cloned into the PLexsy-sat2
vector (Jena Bioscience) using the BglII and Nhel restric-
tion enzyme sites. Amplification primers for SAP1 were
5-TACAGTAGATCTGCCATGGTGCAGGTGGTGG-
TACAC-3" and 5-TACAGTGCTAGCACAATGTCTGC-
GGTACTC-3. For SAP2 amplification primer sequences
were 5-TACAGTAGATCTGCCATGGTGCAGGTGGT-
GGTACAC-3 and 5-TACAGTGCTAGCAGGCACGC-
GAGATGTATG-3’, with BglII and Nhel sites underlined.
PCR employed L. major genomic DNA as the template and
Taq DNA Polymerase (New England Biolabs). The reaction
mixture contained 0.2 mM dNTPs, 4 mM MgSO,, and 1
mM of each primer and were cycled through the PTC-200

Peltier Thermal Cycler thirty times at the following condi-
tions: 94 °C for 15 seconds, 50 °C for 30 seconds, and 72 °C
for one minute.

A Purelink™ Quick PCR Purification Kit from Invi-
trogen was used to purify PCR products. A 0.7% (w/v)
agarose gel was used to identify PCR products. Five uL
of purified PCR product was electrophoresed (150 V, 35
minutes) with 5 pL of blue orange 6x loading dye from
Promega with molecular weight standards (100 bp from
Promega). The DNA bands were cut from the gel, iso-
lated using a Purelink™ Quick Gel Extraction Kit from
Invitrogen, then restriction enzyme digestion was per-
formed using either BamHI and Xhol (pET45b) or BglII
and Nhel (pLexsy-sat2) on the purified PCR products
and plasmid templates overnight at 37 °C following the
recommendation of the manufacturer. To confirm that
the restriction enzyme digest was successful, the prod-
ucts were evaluated using a 0.7% agarose gel as previous-
ly described. The desired samples were then ligated over-
night at 4 °C into either pET45b or pLexsy-sat2 using T4
DNA ligase (Promega). Expression of the SAP genes us-
ing pET45b results in an N-terminal His-tagged protein
and expression using pLexsy-sat2 results in C-terminal
His-tagged proteins. pET45b confers ampicillin resis-
tance and pLexsy-sat2 contains an NTC resistance gene.

Expression of SAP1 and SAP2 in arctic express E.
coli

The recombinant plasmid DNA pET45b-SAP1 and
pET45b-SAP2 were transformed into competent Arctic
Express E. coli (Arctic Express; DE3CodonPlus RIL E. colj;
Agilent Genomics) by incubation on ice for 30 minutes
followed by heat shock at 42 °C for one minute then be-
ing placed on ice again for 2 minutes. After growth at
37 °C for one hour cells were plated on LB media with
100 pug/mL ampicillin, 75 pg/mL streptomycin and 34
pg/mL chloramphenicol and grown at 37 °C overnight.
For recombinant SAP protein expression, a colony was
picked from the transformation plates and transferred to
a 14 mL sterile tube that contained 5 mL of LB medi-
um supplemented with 50 pg/mL ampicillin, 20 pg/mL
gentamycin and 75 pg/mL streptomycin. After 5 hours
of incubation, the 5 mL culture was transferred to a ster-
ile flask containing 50 ml of LB supplemented with 50
pg/mL ampicillin, 20 ug/mL gentamycin and 75 pg/mL
streptomycin. The 50 mL cultures were grown overnight,
transferred to 1 liter LB cultures supplemented with 50
pg/mL ampicillin, 20 ug/mL gentamycin and 75 pg/mL
streptomycin, and allowed to grow in a shaker incubator
at 37 °C. When the cultures had an absorbance of 0.8-
1.2 at 600 nm, protein expression was induced by the
addition of 0.1 g of IPTG. After induction with IPTG,
the 1-liter cultures were allowed to grow for 72 hours (3
days) at 11 °C in a cold room with stirring.
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Expression of SAP1 and SAP2 in Leishmania
tarentolae

The pLexsy-sat2-SAP1 and pLexsy-sat2-SAP2 plas-
mids were cleaved by the Swal restriction enzyme in a
solution of 2 pl NE3 buffer, 1 pl Swal (New England Bi-
olabs), and 17 pl plasmid DNA. Reaction mixtures were
incubated at 37 °C overnight (approximately 16 hours).
Agarose gel electrophoresis was utilized to confirm com-
pletion of the digest and DNA fragments of interest were
excised from the gel with a razor blade. The excised DNA
was purified using the Purelink™ Quick Gel Extraction Kit
from Invitrogen. The DNA samples were stored at -20 °C
for later use in the transfection of L. tarentolae by elec-
troporation. All work with L. tarentolae was performed
under sterile conditions. The DNA samples were electro-
porated with a Biorad GenePulser Xcell™ at 450 V for 5
msec with concentrated log phase L. tarentolae cells in a
2 mm electrocuvette. The cells were prepared by incubat-
ing a 20 mL brain heart infusion (BHI; Becton, Dickin-
son and Company) medium with 100 uL of L. tarentolae
cells (ATCC #30143) following the method of Mendez, et
al. [8]. After four days, the cells were pelleted (6,000 xg,
10 minutes, 4 °C) and resuspended in half of the origi-
nal volume (10 mL) using fresh medium. The culture was
put on ice for ten minutes, electroporated with the given
parameters previously described, and immediately re-
turned to ice for an additional 10 minutes. The cells were
then transferred into a fresh 10 mL complete BHI culture
with hemin (20 pM), penicillin, and streptomycin (10,000
units/mL and 10 mg/mL, respectively; Sigma). After an
overnight incubation at 26 °C, the selective antibiotic
NTC (1000X v/v; Jena Bioscience) was added to the cul-
tures to select for the cells that incorporated the gene. A
volume of 100 puL of cells was transferred every three days
for two weeks into fresh 10 mL BHI media with hemin,
pen/strep, and NTC. The SAP1 and SAP2 recombinants
were processed and grown separately.

NTC resistance of recombinant strains

Each cell type was transferred to a 10 mL flask con-
taining BHI, hemin, pen/strep, and NTC. The concen-
tration of NTC used in cultures was 1:1000 v/v. The
NTC-selective antibiotic resistant cells were evaluated
using a standard MTT cell viability procedure [8] at se-
lected times in the growth of SAP1, SAP2, or wild type
(non-recombinant) cultures. The results are reported as
a mean of n = 4 and error under 5% is not shown.

SAP1 and SAP2 purification

Bacterial cell cultures were harvested by centrifuga-
tion at 5000 rpm for five minutes. Cell pellets were sus-
pended in 20 mL lysis buffer (50 mM Tris Base, 100 mM
NaCl, pH 7.5), treated with 500 pL protease inhibitors (2
mM AEBSF, 0.3 uM Aprotinin, 130 uM Bestatin, 1 mM

EDTA, 14 uM E-64, 1 uM Leupeptin), and broken open
in a French Press (Sim-Aminco, Spectronic Instruments;
10,000 psi). Samples were then spun at 15,000 rpm for
twenty minutes, and the supernatant was collected for
purification on a Ni-NTA Agarose Ni** affinity resin col-
umn (Quigen). The column was loaded with resin and
equilibrated with lysis buffer before the sample was add-
ed to the column. The column was then washed with 50
mL lysis buffer and 50 mL 10 mM Imidazole (in lysis buf-
fer) before elution of bound protein with 10 mL 200 mM
Imidazole (in lysis buffer). Imidazole elutions were col-
lected in 1 mL fractions. Protein concentration in each
fraction was determined with the Bio-Rad Protein Assay.

For pLexsy expression, SAP1 recombinant cells, SAP2
recombinant cells, or L. tarentolae wild type cells (500
mL) were incubated in a shaking incubator (100 rpm)
in the dark at room temperature for 10 days. The cells
were pelleted at 9,000 xg, 4 °C for 15 minutes. The su-
pernatant was collected and the pH was adjusted to 7 by
addition of 67 mM Tris buffer pH 7.4. The cell pellet was
resuspended in 50 mL of 67 mM Tris bufter pH 7.4 and
lysed using the Sim-Aminco French Press at 10,000 psi.
The lysate was centrifuged at 10,000 xg for 30 minutes
at 4 °C and the supernatant was evaluated for enzyme
activity. Ni** affinity chromatography and Concanavalin
A-Sepharose 4B (Con-A; GE life Sciences) affinity resin
were used to isolate these recombinant enzymes. Nickel
columns were equilibrated and washed with 67 mM Tris
buftfer pH 7.4 (20 mL buffer per mL of resin used) and
eluted using 67 mM Tris buffer with 200 mM imidazole
pH 7.4 (5 mL). The fractions were collected and assayed
for acid phosphatase activity. Concanavalin A chroma-
tography was also employed following the manufacturer
recommended procedure (Sigma).

Enzyme assays

Using the Ni**affinity resin, precolumn, flow through,
wash, and eluted fractions from the wild type, SAP1 or
SAP2 supernatant were assayed for catalytic activity us-
ing the artificial substrate para-nitrophenylphosphate
(pNpp, Sigma-Aldrich), which was dissolved in sodium
acetate buffer (0.5 M, pH 4.5). These conditions thus se-
lect for acid phosphatase activity even though Leishma-
nia do have neutral and alkaline phosphatases. The test
samples (450 pL, n = 3) were incubated with the assay
buffer and pNPP (final concentration 220 uM) in a final
reaction volume of 1.0 mL. The enzymatic reactions were
incubated for 36 hours then stopped by the addition of
10 M NaOH (100 pL) after which product formation was
evaluated by visible spectroscopy at 405 nm. The correct
spectrophotometric blank was used for each buffer. Data
are reported as A, . /36 hours. A protein determination
was performed on each fraction using the Bio-Rad re-
agent and BSA as the standard.
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Figure 1: PCR products of SAP1 and SAP2.
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Figure 2: The SAP2 gene was transfected into Arctic Express (DE3) RIL E. coli competent cells then expressed. The isolation
of SAP2 was carried out using Ni?* histidine affinity chromatography. The results are shown in the SDS-PAGE gel; the circled
bands are the correct molecular weight for this protein. Lanes a and g are molecular weight standards; b = cells; ¢ = cell
supernatant; d = post cell lysis pellet; e = flow through; f = buffer wash; h = 10 mM imidazole wash; i = first 200 mM imidazole
wash; j = second 200 mM imidazole wash; k = third 200 mM imidazole wash.
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Results

PCR of SAP1 and SAP2

PCR products of SAP1 and SAP2 are shown on an
agarose gel in Figure 1. SAP1 products are in lanes 3-5 at
approximately 1100 bp, and SAP2 products are in lanes
6-9 at approximately 680 bp. These are the expected sizes
for the SAP1 and SAP2 genes.

Chromatography of recombinant protein

The prokaryotic expression system (E. coli Artic Ex-
press cells) was used, but resulted in no active protein
(data not shown), although recombinant protein was ev-
idenced by electrophoresis as shown in Figure 2.

NTC resistance of Leishmania recombinant strains

To demonstrate that the pLexsy-sat2 incorporat-
ed genes were taken up by L. tarentolae, the cells were
grown in complete BHI medium with NTC for 5 days
and evaluated by the MTT viability assay. The SAP1 and
SAP2 strains are viable for 120 hours in culture reaching
the stationary phase at roughly 72 hours. The wild type
strain was not viable under the selective antibiotic condi-
tions (Figure 3) over the 5 day culture time.

Enzyme assays using pLexsy-sat2 expression system

Using lysed cell supernatant, the pre-column frac-
tions from all cell strains showed the highest average
absorbance indicating high levels of acid phosphatase
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Figure 3: Resistance of SAP1 and SAP2 recombinant strains to NTC Antibiotic.
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Figure 4: Evaluation of SAP enzyme activity before and after Nickel Affinity Chromatography; series 1 is from wild type cells;
series 2 is from cells with SAP1 gene; series 3 is cells with SAP2 gene.

activity. The cell flow through and wash fractions (Figure
4) also had very high activity for all 3 cell strains indicat-
ing that most SAP activity did not stick to the columns.
The activity from SAP1 and SAP2 elution fractions are
not significantly different from the wild type elution

fraction activity for the French pressed cell supernatants.
The same trends were seen with the Con-A purification
technique (data not shown). There was not a significant
difference in protein concentration for the same fraction
from each cell type (data not shown).
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Recombinant SAP1 and SAP activity eluding from the
column was approximately 6% of the phosphatase activ-
ity loaded onto the column whereas approximately 5%
of the Secreted Acid Phosphatase activity from the wild
type cells loaded onto the column eluded is this same im-
idazole wash fraction. Thus, it appears that there was no
additional recombinant enzyme activity detectable.

Discussions and Conclusions

The successful insertion of the pLexy-sat2 vector con-
taining either the SAP1 or SAP2 gene into Leishmania
cells is evidenced by the resistance of these strains to the
NTC antibiotic which is not seen in wild type cells. The
WT cells were unable to grow in the NTC. An increase
in SAP activity is not seen in either the French pressed
cells or the cell free supernatants (data not shown) rela-
tive to the wild type endogenous activity. Therefore, we
conclude that the recombinant enzymes are expressed
either at very low levels relative to endogenous enzyme
or are not catalytically active. In addition, protein con-
centration was not found to be significantly different
from the SAP1, SAP2, or wild type cell purification tech-
niques. Attempts were made to increase gene expression
by altering pH or temperature, but the expression of
the recombinant enzymes was still very low relative to
the endogenous enzyme. Since we do not have a way to
turn off the endogenous SAP genes while simultaneously
turning on the pLexsy-sat2 containing genes, this pLex-
sy-sat2 expression system does not work for expression
and subsequent isolation of our target enzymes. Future
work will include investigating other expression systems
to increase the yield of the recombinant enzyme relative
to the endogenous SAPs.
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Supplementary Material cccgetgtggetgacggtcacagegecatgacgcatgctcagtacagceaacat-
gggctccccgegeaccatcgecgacaacaagetggtgecgttgegetgetg-
gatctaccgctacgcttgecctagcaagtcatgeecgggcetcctacatectctce-
cgecggtcgaccaccagtgctacccccagaccgacattccgaactccageag-
Sapl (accession XM-001687187) cagcgagggcacaagttcatcggatgtctcttccttcaaaaagectgegaact-
ggatgccgegegtttcctcgecggaaaagagecgccacattgecgegga-
catcctecgeggegtgacgaacggtgttacggtcggtgcagecgtccgaaag-
cacgatgagtaccgcagacattgttaa

Supplementary Figure 1: The Secreted Acid Phos-
phatase (SAP1 and SAP2) genes.

atggtgcaggtggtacaccgccacggtgagcgcagtgcactgatcaac-
gacaacaagacggagatttgcggcaccctgtacccgtgeggtgagctgac-
cggcgagcegtgtcaagatggtccgtgctatcggegagtttgeccgtage-
cgctacaacgacctctcattggtggagagecctctetgeccgtegacgeagta-  Sap2 (accession XM-001687184)
caactcctctctcgtgtacacccgccccacccacacccagegceaccatcca-
gagcgcgaccgcectttctgecacagectcttccaggacgactacttctacccg-
gtcgcgtactcggtcaacagaacgaccgacatgctgctcagcaccgacgeg-
gtgccgtccgtggtggaccgcagetggctcgacaaccaggeggtgtatecg-
ggccttatggaggtgaacgccgectggticaagtatgtcttcagetggaacca-
cacgagcaagctcgatctcacgcagggttccgectcgcagaaccttgagcag-
gcgatgctggccaacatcaacgcccccccccgectctctecgtegtataacat-
gttccattacagcgctcacgacacaacggtgactcecttcgetgecacgttcg-
gtgaccagggcaacacgacgatgcacccgecctttgeggttaccagettcgt-
ggcgctgctccaggacaccgeggatgecagtggcetggtacgtgeggctcate-
cgcagcaaccccgtgaaggtagccageggcacctacgtcttccggeaga-
caggcatcgcggtgcactgcttcgacgcaaccggcaacaggtaccgcgtatc-
caccggcatctgcccactggatgacttccgecgeatggtcgaccactcacgce-

atggtgcaggtggtacaccgccacggtgagcgcagtgcactgatcaacg-
acaacaagacggagatttgcggcaccctgtacccgtgeggtgagctgaccgge-
gagcgtgtcaagatggtccgtgctatcggegagtttgeccgtagecgctacaac-
gacctctcatcggtggagagecctctctgeccgtcgacgcagtacaactectctcete-
gtgtacacccgecccacccacacccagegcaccatccagagegegaccg-
cctttctgcacagcectcttccaggacgactacttctacceggtegegtactcggt-
caacagaacgaccgacatgctgctcagcaccgacgeggtgccgtecgtggtgg-
gccgcagcetggctcgacaaccaggeggtgtatccgggccttatggaggtgaacg-
ccgectggttcaagtatgtcttcagetggaaccacacgagcaagctcgatctcac-
gcagggttccgectcgcagaaccttgageaggegatgetggecaacatcaac-
gcecccccccgectctetecgtegtacaaagatcgacagctacctgttggtetg-
cagttggcgttattgttcatacattcccgtecctttcattttcaatatcgaagacgc-
gatggcgeccttcatacatctcgegtgecttaa
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