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Leptospirosis is a zoonosis of multisystem involvement caused by pathogenic strains of the genus Leptospira.
In the last few years, intensive studies aimed at the development of a vaccine have provided important
knowledge about the nature of the immunological mechanisms of the host. The purpose of this study was to
analyze the immune responses to two recombinant proteins, MPL17 and MPL21 (encoded by the genes
LIC10765 and LIC13131, respectively) of Leptospira interrogans serovar Copenhageni in individuals during
infection. The recombinant proteins were expressed in Escherichia coli as six-His tag fusion proteins and were
purified from the soluble bacterial fraction by affinity chromatography with Ni2�-charged resin. The recom-
binant proteins were used to evaluate their ability to bind to immunoglobulin G (IgG) (and IgG subclass) or
IgM antibodies in serum samples from patients in the early and convalescent phases of leptospirosis (n � 52)
by enzyme-linked immunosorbent assays. The prevalences of total IgG antibodies against MPL17 and MPL21
were 38.5% and 21.2%, respectively. The titers achieved with MPL17 were statistically significantly higher than
those obtained by the reference microscopic agglutination test. The specificity of the assay was estimated to be
95.5% for MPL17 and 80.6% for MPL21 when serum samples from individuals with unrelated febrile diseases
and control healthy donors were tested. The proteins are conserved among Leptospira strains that cause human
and animal diseases. MPL17 and MPL21 are most likely new surface proteins of leptospires, as revealed by
liquid-phase immunofluorescence assays with living organisms. Our results demonstrate that these recombi-
nant proteins are highly immunogenic and, when they are used together, might be useful as a means of
diagnosing leptospirosis.

Leptospirosis is an acute febrile disease caused by patho-
genic spirochetes of the genus Leptospira. It is considered an
important reemerging infectious disease that affects popula-
tions worldwide (15). The disease is endemic in tropical and
subtropical regions, while the disease is associated with occu-
pational and recreational activities in temperate climates (5).
Leptospiral serovar diversity results from structural heteroge-
neity in the carbohydrate component of lipopolysaccharides
(12). Many serovars are adapted for specific mammalian res-
ervoir hosts, which harbor the organisms in their renal tubules
and shed them in their urine. Humans are accidental hosts that
become infected through contact with wild or domestic animals
or exposure to contaminated soil or water (27). Due to the
broad spectrum of symptoms, the disease largely remains un-
derdiagnosed. If it is not treated in due course, patients may
develop renal damage or liver failure, and in some cases death
may occur (2, 5, 22). Although leptospirosis can be treated,
early diagnosis is critical for the establishment of effective

antibiotic therapy. The “gold standard” reference method for
serological diagnosis of the disease is the microscopic aggluti-
nation test (MAT), in which sera from patients are reacted
with suspensions of antigens from live leptospiral serovars (15,
25). In addition to the complexities with the control and inter-
pretation of MAT, serological diagnosis by MAT has a low
sensitivity during the early phase of the disease, since it relies
on antibodies to leptospiral antigens not detected in the first
few days after exposure (2, 11, 22, 37). Although we have
identified a leptospiral protein, Lp29, that was capable of re-
acting with sera from patients diagnosed with leptospirosis
during the early phase of the disease (32), its poor conservation
among pathogenic leptospires restricts the utility of this
protein.

We have investigated two leptospiral proteins, MPL17 (en-
coded by LIC10765 and MPL21 (encoded by LIC13131), which
have previously been identified in the genome sequences of
Leptospira interrogans serovar Copenhageni (30, 31) and which
have been shown to be reactive with serum from patients
diagnosed with leptospirosis during the convalescent phase
(19). These 2 proteins were selected for further study from
among the 16 recombinant proteins that have been described
because they showed low levels of reactivity with serum sam-
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ples from healthy individuals and we were able to obtain them
in a soluble form in an Escherichia coli expression system.
These recombinant proteins were evaluated for their reactivi-
ties with sera from patients in the early and the convalescent
phases of the illness by using a selection of serum samples that
was larger than that employed in our earlier studies (19) and
that included sera from patients with other febrile diseases.

MATERIALS AND METHODS

Characterization of the proteins in silico. The predicted coding sequences of
MPL17 and MPL21 from the L. interrogans serovar Copenhageni genome were
selected on the basis of the prediction of their cellular localization by the PSORT
program (http://psort.nibb.ac.jp/). The SMART (http://smart.embl-heidelberg
.de/), PFAM (http://www.sanger.ac.uk/Software/Pfam/), and LipoP (http://www
.cbs.dtu.dk/services/LipoP/) web servers were used to search for predicted func-
tional and structural domains within the amino acid sequences of the selected
sequences. The predicted sequence of the lipobox was evaluated by use of the
SpLip program, as described by Setubal et al. (42). The PSIPRED server (http:
//bioinf.cs.ucl.ac.uk/psipred/) was employed for prediction of the protein second-
ary structure.

Sera and bacteria strains. Serum samples from patients confirmed to have
leptospirosis were obtained from the collection of the Instituto Adolfo Lutz;
serum samples from patients with unrelated infectious diseases were obtained
from the collections of the Laboratorio Imunoepidemiologia, SUCEN, São
Paulo, Brazil; Laboratorio Protozoologia, IMT/USP, Brazil (sera from patients
with Chagas’ disease); Laboratorio Virologia, IMT/USP, Brazil (sera from pa-
tients with human immunodeficiency virus [HIV] infection and dengue); and the
Nucleo Estudos em Malária, SUCEN/IMT/USP, Brazil (sera from patients with
malaria). Human sera were from the collections of the Instituto Adolfo Lutz,
SUCEN, and IMT (São Paulo, Brazil) and were donated for use for research
purposes. Strains of L. interrogans serovars Bratislava (Berlin 406), Autumnalis
(Akiyami A), Pyrogenes (Salinem), Canicola (Hond Utrechet IV), Copenhageni
(M20), Hardjo (Hardjoprajtino), Icterohaemorrhagiae (RGA), and Pomona
(Pomona) and L. biflexa serovar Patoc (Patoc 1) were from the Faculdade de
Medicina Veterinária da Universidade de São Paulo, São Paulo, Brazil. The
leptospires were cultured at 29°C under aerobic conditions in liquid Eling-
hausen-McCullough-Johnson-Harris medium (Difco) with 10% rabbit serum
enriched with L-asparagine (0.015%, wt/vol), sodium pyruvate (0.001%, wt/vol),
calcium chloride (0.001%, wt/vol), magnesium chloride (0.001%, wt/vol), pep-
tone (0.03%, wt/vol), and meat extract (0.02%, wt/vol).

DNA recombinant techniques. Genes without signal peptides were amplified
from the genomic DNA of L. interrogans serovar Copenhageni by PCR with
specific primers (primers LIC10765 F [CACC GAA AGT CCC GTA AGG TTC
AAA], LIC10765R [TGC AGG AGT TCC CAC ATT TTA], LIC13131F [CACC
ACG TCT CAA AGT TAC GCT TCA G], and LIC13131R [TTC TCA CCA
TCC AGC TCG G]), and the conditions used were those previously described by
Gamberini et al. (19). The E. coli Gateway cloning (pENTR) and expression
(pDEST17) system (Invitrogen) was used. The pDEST17 vector allows the ex-
pression of recombinant proteins with a six-His tag at the N terminus.

Expression and purification of recombinant proteins. E. coli BL21(DE3) (45)
and E. coli BL21 SI (4) containing recombinant plasmids pDEST17-LIC10765
and pDEST17-LIC13131, respectively, were grown at 37°C and 30°C in Luria-
Bertani broth with or without NaCl and with 100 �g/ml ampicillin with contin-
uous shaking until an optical density at 600 nm (OD600) of 0.6 to 0.8 was reached.
Recombinant protein synthesis was induced by the addition of 0.1 mM isopropyl-
�-D-thiogalactopyranoside (IPTG) or 3 mM NaCl. After 3 h, the bacterial sus-
pensions were pelleted by centrifugation and resuspended in lysis buffer (20 mM
Tris-HCl, pH 8.0, 200 mM NaCl, 200 �g/ml of lysozyme, 1% Triton X-100, 2 mM
phenylmethylsulfonyl fluoride [PMSF]). The bacterial cell pellets were lysed on
ice with the aid of a sonicator (Ultrasonic Processor; GE). The soluble and
insoluble fractions were separated by centrifugation at 3,000 � g for 30 min at
4°C. Recombinant proteins were purified from the supernatants of the bacterial
cell lysates by using Ni2�-charged Sepharose beads (GE). After the proteins
were extensively washed with increasing concentrations of imidazole (20 to 60
mM), the proteins were eluted in 20 mM Tris-HCl (pH 8.0)–200 mM NaCl
containing 500 mM imidazole. The efficiency of purification of the recombinant
proteins was evaluated by 15% sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE). Fractions containing high concentrations of purified
recombinant proteins were pooled and extensively dialyzed against phosphate-

buffered saline (PBS) containing 1 mM PMSF. The concentration of the recom-
binant proteins was estimated by the method of Bradford (6).

CD spectroscopy. Measurements were obtained by circular dichroism (CD)
spectroscopy at 20°C in a Jasco J-810 spectropolarimeter (Japan Spectroscopic,
Tokyo, Japan) equipped with a Peltier unit for temperature control. CD spec-
troscopy of the far-UV spectrum for 20 �M recombinant proteins in 10 mM
sodium phosphate buffer was performed. The spectra were measured at 0.5-nm
intervals by using a cell with a 1-mm path length and are presented as the
averages of five scans recorded from 190 to 260 nm. Spectral data were analyzed
with Dicroprot software (http://dicroprot-pbil.ibcp.fr/) by using the K2D (Ko-
honen neural network with a two-dimensional output layer) method for estima-
tion of the secondary structure content (1, 13).

MAT. MAT was performed as described by Faine et al. (15) by using a battery
of the following 22 serovars of Leptospira spp. as antigens: Andaman, Australis,
Autumnalis, Bataviae, Butembo, Canicola, Castellonis, Celledoni, Copenhageni,
Cynopteri, Djasiman, Grippotyphosa, Hebdomadis, Icterohaemorrhagiae, Ja-
vanica, Panama, Patoc, Pomona, Pyrogenes, Shermani, Tarassovi, and Wolffi. All
the strains were maintained in liquid Elinghausen-McCullough-Johnson-Harris
medium (Difco) at 29°C. A laboratory-confirmed case of leptospirosis was de-
fined by the demonstration of a fourfold rise in the microagglutination titer
between paired serum samples. The serovar with a titer with 50% agglutination
of the highest sample dilution was considered the probable predominant serovar.
Serum was considered MAT negative if no agglutination was detected when it
was tested with the 22 serovars listed above.

ELISA for detection of human IgG and IgM antibodies. Human immunoglob-
ulin G (IgG) antibodies against MPL17 and MPL21 were detected by enzyme-
linked immunosorbent assay (ELISA), as described previously (39), but in this
work the plates were covered with 250 ng/well of each protein. All samples were
diluted 1:100 and were evaluated for total IgG and IgM by using peroxidase-
conjugated anti-human IgG and IgM antibodies (1:5,000; Sigma). Serial dilutions
(1:100 to 1:6,400) of sera positive for recombinant proteins were subsequently
analyzed. We utilized individual titers that represented the highest dilution of
serum that presented an OD492 greater than 0.1. The results were expressed as
log10, and the cutoff points were set at 3 standard deviations above the mean
OD492 for sera from six individuals from the city of São Paulo, Brazil, who had
not been exposed to leptospirosis. Sera from patients diagnosed with unrelated
febrile infection diseases and healthy donors were employed, as follows: dengue
(n � 13), malaria (n � 15), HIV infection (n � 15), Chagas’ disease (n � 20), and
healthy donors (n � 6). The sera were used at 1:100 dilutions.

Detection of antigen-specific antibodies of distinct IgG subclasses by ELISA.
The ELISA used to detect IgG subclasses was performed as described previously
(33). The serum dilution used was 1:25; and the mouse monoclonal antibodies to
human IgG subclasses (Sigma) used were diluted 1:400 (anti-IgG1), 1:2,500
(anti-IgG2), 1:125 (anti-IgG3), and 1:500 (anti-IgG4). Monoclonal antibody
binding was detected with peroxidase-conjugated anti-mouse Ig (Sigma) at
1:1,000 dilutions.

Production of serum with antibodies against the recombinant proteins. Fe-
male BALB/c mice (weight, 18 to 22 g) were immunized subcutaneously with 10
�g of recombinant protein MPL17 or MPL21 containing complete Freund ad-
juvant (1:1, vol/vol). A booster injection of the protein preparations, but with
incomplete Freund adjuvant, was given after 2 weeks. One week after each
immunization, the mice were bled from the retroorbital plexus, and the pooled
sera were analyzed by ELISA for determination of the antibody titers. The
control group was inoculated with PBS and adjuvant. All animal studies were
approved by the Ethics Committee of the Instituto Butantan, São Paulo, Brazil.

Liquid-phase immunofluorescence assay (L-IFA). The localization of MPL17
and MPL21 by immunofluorescence was performed by a protocol modified from
that of Costa et al. (8). In brief, suspensions of 2.5 ml live leptospires were
harvested at 10,000 rpm for 15 min, washed twice with PBS (with 50 mM NaCl),
resuspended in 200 �l of PBS with 6 �g/ml propidium iodide to stain the nuclei,
and incubated for 45 min at 37°C. After incubation, the leptospires were washed
gently with PBS and incubated for 30 min at 4°C with polyclonal mouse anti-
serum against recombinant MPL17, recombinant MPL21, recombinant LipL32,
or recombinant GroEL at a 1:50 dilution. The leptospires were washed and
incubated with goat anti-mouse IgG antibodies conjugated to fluorescein iso-
thiocyanate (FITC; Sigma) at a dilution of 1:50 for 30 min at 4°C. After incu-
bation with secondary antibody, the leptospires were washed twice and resus-
pended in PBS-antifading solution (ProLong Gold; Molecular Probes). The
immunofluorescence-labeled leptospires were examined by use of a confocal
LSM 510 META immunofluorescence microscope (Zeiss, Germany).

DNA and RNA isolation and PCR analysis. Leptospira cultures were harvested
by centrifugation at 11,500 � g for 30 min and were gently washed twice in sterile
PBS. The genomic DNA was isolated from the pellets with a guanidine-and-
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detergent lysing solution (DNAzol reagent; Invitrogen), according to the man-
ufacturer’s instructions. For reverse transcription-PCR (RT-PCR), total RNA
was isolated from leptospires cultured as described above by the acid guani-
dinium thiocyanate phenol-chloroform method with the TRIzol reagent (Invitro-
gen), according to the manufacturer’s recommendations. Two micrograms of
RNA from each sample was treated with 1 U of DNase I (Invitrogen) for 15 min
at room temperature. DNase I was inactivated by the addition of 1 �l of 25 mM
EDTA solution, followed by incubation at 65°C for 10 min. DNase-treated RNAs
were reverse transcribed by using the SuperScript III first-strand synthesis system
(Invitrogen) for RT-PCR. Two-microliter aliquots of the cDNA were used to
amplify cDNA-specific genes by PCR. Sample integrity was verified by amplifi-
cation of a 1,042-bp 16S ribosomal cDNA fragment by using oligomers 16R
and 16F.

Statistical analysis. The differences between the proportions of responders
were analyzed by the chi-square test (version 3.0; GraphPad Prism, San Diego,
CA). The unpaired t test was used to compare the mean values of the antibody
titers between the two tests. A P value less than 0.05 was considered statistically
significant. The values for specificity were determined by the method of Galen
and Gambino (18).

RESULTS

Features of the proteins. In silico analysis predicts that both
MPL17 and MPL21 encode membrane proteins (28); have
signal peptide tags with a signal cleavage site between amino
acids 35/36 and 21/22, respectively (3); and have no assigned
function (40). Putative lipoprotein signal peptide sequences
(SpII) in both coding sequences were not identified by the use
of either the LipoP server (24) or the SpLip lipoprotein pre-
diction algorithm described by Setubal et al. (42). The se-
quence encoding MPL17 in L. interrogans serovar Copenhageni
was present with 100% similarity to that in the genome se-
quence of L. interrogans serovar Lai strain 56601 (38) and
with 80% similarity to that in the genome sequences of L.
borgpetersenii serovar Hardjo-bovis strains L550 and JB197 (7),
while a lower level of sequence similarity (40%) was found in
both strains of L. biflexa serovar Patoc sequenced (36). The
MPL21 sequence of L. interrogans serovar Copenhageni has a
similar counterpart (98%) in L. interrogans serovar Lai strain
56601 (38) and 45% similarity to the sequences in the genomes
of both strains of L. biflexa serovar Patoc (36), but it is absent
from the genome sequences of L. borgpetersenii serovar
Hardjo-bovis strains L550 and JB197 (7).

Expression, purification, and characterization of MPL17
and MPL21 recombinant proteins. The proteins were ex-

pressed in a soluble form by the addition of 0.1 mM IPTG to
E. coli BL21(DE3) for MPL17 and 3 mM NaCl to E. coli BL21
SI for MPL21. The recombinant proteins were purified by
Ni2�-charged chromatography under nondenaturing condi-
tions. Aliquots of the purified MPL17 and MPL21 proteins
were analyzed by 15% SDS-PAGE (Fig. 1A), by which the
proteins appeared as single major bands (Fig. 1A). Because
certain recombinant proteins tend to lose their structure either
as a result of the purification process or during storage, we
assessed their secondary structures by CD spectroscopy. As
demonstrated in Fig. 1B, both proteins present a mixture of
secondary structures, as none of the spectra showed a flat line,
characteristic of the denatured nonstructured form. The spec-
trum of MPL21 depicts a positive band at 198 nm and a
minimum broad band at 215 to 225 nm; these consist of pre-
dominantly � strands and � helices, respectively. For MPL17,
the spectrum shows a negative ellipticity of approximately 215
nm and a positive band near 192 nm; these consist of predom-
inantly � strands and � helices, respectively. The estimation of
the secondary structure content resulted in 37% and 26% �
helix and � strands, respectively, for both recombinant proteins
by the K2D method (1, 13). These data corroborate the pre-
dicted secondary structures of the proteins, which have shown
a mixture of � helices and � strands for both proteins (23).

Reactivities of MPL17 and MPL21 with sera from con-
firmed and unconfirmed cases of leptospirosis. Sera from pa-
tients with confirmed early- and convalescent-phase leptospi-
rosis were evaluated for the presence of total IgG antibodies by
ELISA. The cutoff values were defined as the mean plus 3
standard deviations obtained with serum samples from six
healthy individuals. Our results show that MPL17 IgG and
MPL21 IgG antibodies were detected by ELISA both in sam-
ples from patients with early-phase disease who were negative
by MAT and in samples from patients with convalescent-phase
disease who were positive by MAT (Fig. 2A). No statistically
significant difference between the frequency of sera positive for
the recombinant MPL17 and MPL21 proteins was detected in
the different groups of individuals. Since MAT is the reference
test used to diagnose the disease, we evaluated the IgG anti-
body titers of the recombinant proteins by MAT. The titers
achieved with MPL17 were statistically significant higher than

FIG. 1. SDS-PAGE analysis of purified recombinant proteins and CD spectra. (A) Recombinant proteins MPL17 and MPL21 were expressed
in E. coli BL21(DE3) and BL21 SI, respectively, and purified from the supernatant of the bacterial cell lysate by using Ni2�-charged chelating
Sepharose columns. Lane 1, MPL17; lane 2, MPL21; lane M, protein molecular mass marker. (B) Far-UV spectrum by CD spectroscopy of 20 �M
recombinant proteins obtained in 10 mM sodium phosphate buffer. The y axes indicate ellipticity values (to be multiplied by 103) in degrees cm2

dmol�1.
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those achieved by MAT (Fig. 2B), but comparable values were
obtained when MPL21 and MAT were used (Fig. 2B). IgM
antibodies to recombinant protein MPL21 were found in sera
from individuals diagnosed with leptospirosis. Total IgM anti-
bodies was detected only with MPL21, and the frequency of
responders was statistically significant higher when sera from
patients in the convalescent phase than when sera from pa-
tients in the early phase of leptospirosis were used (Fig. 3A).
The results were considered positive when the mean values at
OD492 were above the mean plus 3 standard deviations for sera
from six uninfected controls. Compared to the results of MAT
(Fig. 3B), no statistically significant difference in the antibody
levels obtained was observed between the two tests.

Specificities of the recombinant proteins with serum sam-
ples from individuals with unrelated diseases and healthy
controls. Due to the nonspecific clinical symptoms of leptospi-
rosis, we analyzed the reactivities of the recombinant proteins
with serum samples from patients with other febrile illnesses,
including dengue (n � 13), malaria (n � 13), Chagas’ disease
(n � 20), and HIV infection (n � 15), and control sera from
healthy donors (n � 6). The reactivities obtained with MPL17
and these serum samples from patients with other febrile dis-
eases were similar to the ones obtained with serum samples
from healthy donors, but they were much lower than those
obtained with serum samples from patients with leptospirosis
(Fig. 4A). MPL21 showed a behavior similar to that of MPL17,
but it presented a reactivity lower than that of MPL17 with sera
from patients with leptospirosis (Fig. 4B). The specificities of

FIG. 2. Recognition of recombinant proteins MPL17 and MPL21 by IgG antibodies in sera from individuals diagnosed with leptospirosis.
(A) Percentage of positive sera (responders) determined by ELISA with recombinant proteins MPL17 and MPL21 and serum samples from
patients with both phases of the disease tested at a dilution of 1:100. Serum was considered MAT positive or MAT negative if agglutination was
detected when the sera were tested for their reactivities with isolates of the 22 serovars (see Materials and Methods). The cutoff values were defined
as the mean plus 3 standard deviations obtained for sera from six healthy individuals. No statistically significant difference in the frequency of
positive sera for recombinant proteins MPL17 and MPL21 in the different groups of individuals was observed. (B) Comparison of the antibody
titers of serum samples that recognize recombinant proteins MPL17 (left) and MPL21 (right) and that were obtained by MAT. The symbols
represent the titer of each serum sample. The solid lines represent the geometric mean antibody titers in each group. Significance was assessed
by comparison with antibody titers to MPL17 and those obtained by MAT by use of the unpaired t test (�, P � 0.05).

FIG. 3. Prevalence of IgM antibodies to recombinant protein
MPL21 in sera from individuals diagnosed with leptospirosis as deter-
mined by ELISA. (A) Serum samples diluted 1:100 were considered
positive when the mean OD492 values were above the mean plus 3
standard deviations for six uninfected control serum samples. �, a
significant increase in the frequency of responders containing IgM
antibodies in convalescent-phase serum (P � 0.05). (B) The antibody
titers of each individual represent the last dilution that had an OD492
greater than 0.1. The horizontal lines represent the geometric mean
antibody titers for each group. No statistically significant difference in
antibody levels was observed between the two tests.
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MPL17 and MPL21 were calculated to be 95.5% and 80.6%,
respectively.

IgG subclasses specific for recombinant protein MPL17 or
MPL21. To study the type of immune response triggered by
these proteins, we performed the ELISA using subclass-spe-
cific anti-human IgG1, IgG2, IgG3, or IgG4 antibodies and
serum samples at a dilution of 1:25. Only serum samples that
had total IgG specific for recombinant protein MPL17 or
MPL21 were tested by this assay. For MPL17, the proportions
of the IgG1, IgG2, IgG3, and IgG4 subclasses detected were
89.5%, 94.7%, 100.0%, and 94.7%, respectively, whereas for
MPL21 the proportions were 0%, 10.0%, 10.0%, and 10.0%,
respectively.

Localization of leptospiral antigens by L-IFA. To evaluate
whether MPL17 and MPL21 are located in the bacterial mem-
brane, we set out to analyze their localization by using living
organisms and the L-IFA method. Leptospires were visualized
by propidium iodide staining (Fig. 5A1, B1, C1, and D1),
followed by protein detection with polyclonal mouse antiserum
raised against each protein in the presence of anti-mouse IgG
antibodies conjugated to FITC. Green fluorescence could be
observed for MPL17 (Fig. 5A2), MPL21 (Fig. 5B2), and
LipL32 (an outer membrane protein used as a positive control;
Fig. 5C2) (29) but not with GroEL (Fig. 5D2), a protoplasmic
cylinder marker used as a negative control (21). The localiza-
tion within the leptospires of the green fluorescence indicating
the protein was achieved by superimposing both fields; and the
results obtained are shown in Fig. 5A3, B3, C3, and D3 for
MPL17, MPL21, LipL32, and GroEL, respectively.

Conservation of protein antigens among leptospiral strains.
Protein conservation in the most prevalent pathogenic serovars
of L. interrogans is an important requirement for leptospiral
antigens. To characterize the conservation of the coding
sequences selected, we evaluated several L. interrogans se-
rovars (Bratislava, Autumnalis, Canicola, Copenhageni,
Icterohaemorrhagiae, Pomona, Pyrogenes, and Hardjo) and a
nonpathogenic strain (L. biflexa serovar Patoc) for the pres-
ence of DNA (Fig. 6A) and the corresponding transcript (Fig.
6B). The presence of the MPL17 and MPL21 genes was con-

firmed in all strains tested (Fig. 6A), and their transcripts could
also be detected in all serovars except serovar Autumnalis, in
the case of MPL21 (Fig. 6B). These data were confirmed by the
absence of reactivity of the MPL21 protein with serum from a
patient infected with this serovar. Although a weak band was
seen for the MPL17 transcript, MPL17 was able to react with
serum samples from patients infected with serovar Autumnalis.
Transcripts were barely noticed for both MPL17 and MPL21
for nonpathogenic strain L. biflexa, consistent with the data
obtained by BLAST analysis, which showed partial sequence
similarity.

DISCUSSION

Leptospirosis is a zoonotic disease with a global distribution.
Antibiotic treatment is available and can be effective when it is
initiated early in the course of the disease (15). MAT, the
reference method for the serological diagnosis of leptospirosis
(2, 5), and other commercially available whole Leptospira-
based assays (2, 26, 43) present low sensitivities during the
early phase of the disease. As a result, there is an urgent need
for an improved and accurate test for the diagnosis of lepto-
spirosis. The search for conserved antigens that could be pro-
duced by recombinant technologies, thus avoiding the prob-
lems associated with whole-cell preparations, is under way (9,
14, 32, 34, 41, 44). Nevertheless, difficulties associated with a
low sensitivity of detection during the early stage of the dis-
ease, poor protein conservation among Leptospira strains, and
cross-reactivity with serum from individuals with unrelated
febrile illness have, to date, hampered the identification of the
ideal antigen to be used for diagnosis.

In the present work, we carried out further studies with two
proteins, MPL17 and MPL21, that were previously shown to
react with serum from a patient with leptospirosis during the
convalescent phase (19). We succeeded in expressing the pro-
teins in their soluble forms by employing such conditions as
low IPTG and NaCl concentrations, depending on the E. coli
strain used, and temperature induction. These conditions were
found to favor the expression of their soluble forms. The main-
tenance of the secondary structures of the recombinant pro-
teins after the purification process has been one of our con-
cerns, because some denatured proteins may lose their
immunogenicity and immunoprotection activities (35). CD
spectroscopy showed a mixture of � strands and � helices in
the secondary structure contents of both proteins, which vali-
dates their use for immunological studies.

The reactivities of the recombinant proteins against sera
from patients with confirmed early and convalescent phases of
leptospirosis were evaluated by ELISA. MPL17 and MPL21
were reactive with IgG antibodies present both in the sera of
patients with early-phase leptospirosis who were negative by
MAT and in the sera of patients with late-phase leptospirosis
who were positive by MAT, but a higher sensitivity was re-
vealed with MPL17. These results confirm and extend our
previous data for MPL17 and MPL21, which have shown the
reactivities of these proteins with IgG antibodies during the
convalescent phase of the disease (19). Interestingly, a higher
statistically significant sensitivity was observed with MPL17
compared to that obtained by MAT, but this was not the case

FIG. 4. Evaluation of the specificities of the recombinant proteins
with serum samples from individuals with unrelated diseases and
healthy controls. The specificities of the reactivities of the proteins to
serum samples from patients with other febrile illnesses and healthy
donors were determined by ELISA. The symbols represent the reac-
tivities against recombinant proteins MPL17 (A) and MPL21 (B) of
each serum sample tested in duplicate at a 1:100 dilution. DE, indi-
viduals with dengue (n � 13); Mal, individuals with Plasmodium vivax
or P. falciparum malaria (n � 13), HIV, individuals infected with HIV
(n � 15); Cha, individuals with Chagas’ disease (n � 20); healthy,
healthy individuals (n � 6). The dashed lines represent the cutoff
values (0.325 and 0.168 for MPL17 and MPL21, respectively).
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for MPL21, which showed results similar to those obtained
by MAT.

When we assessed sera from patients with early-phase lep-
tospirosis who were negative by MAT and patients with late-
phase leptospirosis who were positive by MAT for anti-MPL17
IgM and anti-MPL21 IgM antibodies, only anti-MPL21 IgM
antibodies were detected. The reason for the absence of anti-
MPL17 IgM antibodies is unknown. The strong IgG antibody
response and the absence of IgM antibodies have been shown
for other leptospiral proteins and possibly relate to a memory
response due to a previous contact with the bacterium (9, 17,

20). Comparable data were achieved for anti-MPL21 IgM
antibodies and the antibody titers determined by MAT.

The nonspecific symptoms of leptospirosis and their similar-
ity to those of other tropical febrile diseases make the diagno-
sis of the disease difficult (26). We thus evaluated the specific-
ities of MPL17 and MPL21 for their reactivities with the IgG
antibodies present in serum samples of patients with unrelated
febrile diseases. The specificity of the IgG antibody response to
MPL17 was 95.5% with sera from patients with febrile diseases
such as dengue, malaria, HIV infection, and Chagas’ disease
and serum samples from healthy individuals. An 80.6% spec-

FIG. 5. Protein recognition by L-IFA. Proteins in live L. interrogans isolates were recognized by antibodies against MPL17, MPL21, LipL32 (a
surface-exposed lipoprotein), and GroEL (a protoplasmic cylinder marker) under a confocal microscope. The leptospires were identified by using
the DNA counterstain propidium iodide. Panels 1 to 3, propidium iodide-stained, FITC-stained, and composite images, respectively.
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ificity was detected with MPL21 when the same serum samples
were tested. The specificities of recombinant LipL41 by the
latex agglutination test and a flowthrough assay were reported
to be 90.45% and 77.70%, respectively (41). The specificities of
the IgG antibody responses to recombinant LigB were 100%,
94%, and 88% with sera from healthy individuals from the
United States, from residents of Salvador, Brazil, and from
individuals in high-risk slum communities in Salvador, Brazil
(9). Even though the specificity of the LigA IgG ELISA was
estimated to be 100%, only serum samples from patients with
serologically confirmed scrub typhus and dengue were em-
ployed (44). Although distinct methodologies were employed,
the specificity of the IgG antibody response to MPL17 was
similar to the specificity of the IgG antibody response to re-
combinant LigB. This finding must be considered in light of the
fact that in our study healthy individuals were from the city of
São Paulo, Brazil, who are comparable to residents from the
city of Salvador (Ministry of Health, MS, Brazil, 2007 [http:
//www.saude.gov.br/svs]).

The frequencies of responders to antibodies of the distinct
IgG subclasses obtained with recombinant proteins MPL17 or

MPL21 were similar and suggest a combination of Th1 and
Th2 responses. Vernel-Pauillac and Merien (46) have demon-
strated that pathogenic leptospires can stimulate a Th1 re-
sponse, together with antilipopolysaccharide antibodies, in an
animal model. The immunoprotective mechanism evaluated in
animals immunized with a LigA DNA vaccine was recently
shown to be conferred by both humoral and cellular immuni-
ties (16). Although more studies are needed, our results are in
agreement with the data reported in the literature.

We have employed for the first time live leptospires to assess
the bacterial cell localization of the proteins by L-IFA. A
similar method was used in the work of Cullen et al. (10);
however, they used dried pellets and sonicates. Polyclonal se-
rum against each recombinant protein showed reactivities
(positive green fluorescence) with MPL17 and MPL21 that
were similar but to less intense than the reactivities obtained
with the LipL32 outer membrane protein, a major leptospiral
antigen (21, 29). The fluorescence obtained with MPL17 and
MPL21, in addition to the negative reactivity to the protoplas-
mic cylinder protein GroEL antiserum, suggests that these
proteins are surface exposed.

An important requirement for the development of recombi-
nant protein-based serological tests is the conservation of pro-
teins among diverse leptospiral pathogenic strains. The tran-
scripts of both MPL17 and MPL21 were detected in several
Leptospira strains, including those that cause diseases in hu-
mans and animals.

Although MPL17 had a higher specificity than MPL21, only
the latter detected IgM antibodies by ELISA. Thus, we pre-
sume that MPL17 and MPL21 together are good leptospiral
antigens. A larger array of serum samples, in addition to im-
mune protection studies, will be used to evaluate the suitability
of the use of these proteins for the diagnosis of leptospirosis, as
well as their potentials as vaccine candidates.
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