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ABSTRACT
The preliminary identification of antigens recognized by sera from individuals vaccinated with the antileptospirosis
vaccine vax-SPIRAL® in outer membrane protein preparations from Leptospira pomoma serovar mozdok was made.
In this paper we start with the solubilization of the outer membrane components of Leptospira interrogans serovar
mozdok, using the Nunes-Edward method. In addition, we characterized the obtained fractions; the molecular
weight of the protein present in this fraction and its immunogenic capacity by western and dot blot were determined.
Our results show that this is an appropriate method to identify antigens for vaccine purposes. Humoral response
was addressed to antigens absents in the outer membrane preparations with the aforementioned method. Coomassie
stain showed a profile characterised by 16 bands; 6 main bands, 49.4, 45.8, 36.7, 28.3 and 21.0 kDa and 10 minor
bands such as 66.4, 57.2, 34.1 y 32.8 kDa. The silver stain showed the presence of lipopolysaccharide. Dot and
western blot techniques showed the recognition of these proteins by the sera from vaccinated individuals. The
humoral response was addressed mainly to the bands of 66.1, 58.3, 47.2, 45.3, 34.5, 30.0, 29.8 and 17.2 kDa.
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RESUMEN
Caracterización preliminar de antígeno reconocidos por sueros de individuos vacunados con vax-SPIRAL®
en preparaciones de membrana externa de Leptospira pomona serovar mozdok. Se realizó la caracterización
preliminar de los antígenos reconocidos en preparaciones de membrana externa de Leptospira pomona serovar
mozdok, por el suero de individuos inmunizados con la vacuna trivalente antileptospirósica vax-SPIRAL®, a partir de
la solubilización de los componentes de la membrana externa de Leptospira interrogans serovar mozdok por el
método de Nunes-Edwars. Se realizó, además, la caracterización de las fracciones obtenidas, y se determinó el
peso molecular de las proteínas presentes en ellas, así como su capacidad inmunogénica, mediante las técnicas de
western y dot blot. Los resultados demostraron que el método empleado no es adecuado en la identificación de
antígenos con fines vacunales. Se obtuvo respuesta humoral a antígenos no presentes en las preparaciones de
membranas externas. La tinción con azul de Coomassie mostró un perfil caracterizado por 16 bandas: 6 bandas
mayoritarias, entre ellas, 49.4, 45.8, 36.7, 28.3 y 21.0 kDa, y 10 bandas minoritarias, como 66.4, 57.2, 34.1 y
32.8 kDa. La tinción con plata reflejó la presencia de lipopolisacáridos. Con las técnicas de dot y western blot se
apreció el reconocimiento de esas proteínas por el suero de individuos vacunados. La respuesta humoral estuvo
dirigida principalmente a las bandas 66.1, 58.3, 47.2, 45.3, 34.5, 30.0, 29.8 y 17.2 kDa.
Palabras claves: Leptospira, proteínas de membrana externa, OMP, SDS, extracción, purificación

Introduction
Leptospirosis is a disease with a worldwide distribution
[1]. Most available vaccines for human or veterinary use
are based on the use of whole cells inactivated by
physical (heat) or chemical (formaldehyde or phenol)
methods [2-6]. Most of these vaccines offer only very
limited protection, since they are typically not effective
against the asymptomatic development of renal infections
and the subsequent leptospiuria in animals, which later
become asymptomatic carriers that perpetuate the
animal-to-animal transmission of the disease and may
potentially endanger the lives of human beings upon
close contact [7].
For an immunogen to be effective in the control of
leptospirosis, it must be safe, able to protect against
the clinical manifestations of the disease and against
asymptomatic renal infections, and induce relatively
long-term immunity [7].
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Urinary transmission is the only means known so
far by which Leptospira is spread from animals to
man. Therefore, the ability of an immunogen to prevent
renal infections is of major relevance in the control of
leptospirosis, and vaccine research in this field should
focus on the development of a new generation of more
effective vaccines, based on preparations of outer
membrane components from Leptospira interrogans.
It is known that the components of the outer membrane
are not only immunogenic and capable of inducing a
protective response in immunized animals comparable
to that achieved by whole-cell immunization [4, 8, 9],
but also, and perhaps most importantly, it can prevent
renal infections [6].
There are several reports indicating that the outer
membrane from Leptospira contains antigens involved
in its infection, transmission, virulence, survival and
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adaptation to the environment, which are, additionally,
excellent candidates for the development of diagnostic
tools and DNA vaccines [10-15].
One of the components identified at the outer
membrane of this pathogen is the lipopolysaccharide
(LPS) or lipopolysaccharide-like substance (LLS), a
biomolecule which can induce a protective immune
response [16-18]. Furthermore, it has been reported
that some outer membrane proteins can enhance the
response against LPS or LLS, resulting in higher levels
of protection in hamsters [19].
A large number of publications describe different
purification methods for outer membrane proteins
(OMP) [10-20]. They differ mainly in the extraction
step, which is the most important stage of the process
due to its influence not only in the final yield, but in the
protective capacity upon immunization, the number of
contaminants which must later be eliminated, and the
conditions for downstream processing [21]. The nature
of the detergent used in this process is also very
important; some of the detergents most commonly used
are: sodium dodecyl sulphate (SDS), Triton-X-100 (TX100), Triton-X-114 (TX-114), sodium deoxycholate
(DOC) and N-lauryl sarcosinate (Sarkosyl).
The standard method for the purification of the
outer membrane of Leptospira consists of treating the
cells with a hypertonic saline solution, which shrinks
the cells and detaches the outer membrane from the
protoplasmatic cylinder (PC). The outer membrane is
then released with the ionic detergent SDS [22, 23].
A trivalent vaccine has previously been obtained
in Cuba, consisting of whole Leptospira cells from
serovars canicola, copanhageni and mozdok ,
inactivated and adsorbed to aluminum hydroxide
gel (vax-SPIRAL ®). It is known from passive
immunization experiments in hamsters that this
vaccine induces a humoral immune response in
humans. Therefore, it is necessary to characterize
this response to know the antigens it targets in
addition to LPS or LLS, in order to characterize
other biomolecules, such as proteins, which may be
relevant in establishing an immune status.
The main objective of this work is the preliminary
identification of the antigens recognized in outer
membrane preparations from Leptospira pomona
serovar mozdok by sera from individuals vaccinated
with the antileptospiral trivalent vaccine vaxSPIRAL® . Furthermore, this study compares the
method for the solubilization of outer membrane
components proposed by Auran et al. [22] with the
modification to this method published by NunesEdwards [23], to determine which one yields the
highest possible number of antigens that can be used
in the characterization of anti-vax-SPIRAL® sera.

with 10 L of fresh protein-free medium at 18 to 22
hours after inoculation. Samples were taken at
inoculation (sample I), before supplementation
(sample II) and at the end of the process (sample III).
These samples were controlled for growth by
measuring the optical density at 400 nm on an
spectrophotometer, and for viability by direct
observation under a dark field optical microscope, Gram
staining, and virulence [26]. Other parameters under
control were pH, dissolved oxygen percentage, air flow
and temperature.
The culture was centrifuged at 3260 x g for 30
minutes at 4 °C after 48 hours of growth. The yield of
wet biomass was measured by weighing the cell pellet,
which was then washed three times in phosphatebuffered saline (PBS), pH 7.2 before further
processing.
Outer Membrane Proteins(OMP) extraction
The OMP were extracted using the SDS solubilization
technique described by Auran et al. (1972), and modified
by Nunes-Edwards (1985). The wet biomass obtained
from every 5 L of culture was resuspended in 10 mL of
distilled water, mixed then with 200 mL of a 1 M NaCl
solution, and kept for 2 hours at 25 °C. It was then
treated with 200 mL of 0.04% SDS for 30 minutes and
subjected to four centrifugations, the first at 4 260 g and
the others at 23 200 g. Finally, the mixture was
centrifuged at 40 000 g. The pellet obtained from each
centrifugation step was resuspended in 10 mL of PBS,
and its protein concentration was measured by the
Lowry method [27].
SDS-polyacrylamide gel electrophoresis
The proteins were electrophoresed using the
discontinuous system of Laemmli [28]. Twenty
micrograms of protein were loaded per well, and after
completing the electrophoretic run (30 mA, 100 and
120 V for 1 hour), the gel was stained with Coomassie
blue [26]. Some gels were stained with silver for the
detection of LPS [29]; in this case only 5 µg of protein
were loaded per well. A mixture of proteins of 94, 57,
43, 30, 20.1 and 14.4 kDa were used as molecular
weight markers (Pharmacia Biotech).
Immunotransfer
Western blot
This technique was carried out as described by
Burnnette [30]. After electrophoresis, the samples were
transferred to 0.45 µm nitrocellulose membranes, using
a buffer composed of 20 mM Tris and 20% (v/v)
methanol. The transfer was performed at 0.2 A for 2
hours, using a high-voltage power source. The
nitrocellulose strips were incubated first for 1 hour at
37 °C in a blocking solution containing 5% (w/v)
skimmed milk (Merck) in PBS, and then for 14 hours at
4 °C with the sera under study diluted 1/3 in PBS-1%
(w/v) bovine serum albumin (BSA)-0.05% (v/v) Tween
20. After five washes in PBS-0.01% (v/v) NP40, the
strips were incubated with a Protein A-peroxidase
conjugate (Sigma) diluted 1/6000 in the same buffer for
1 hour. Finally, the membranes were washed and the
signals were developed using 4-chloro-1-naphtol and
hydrogen peroxide as substrates for peroxidase (5 mg

Materials and methods
Cell culture and production of biomass
A strain of Leptospira interrogans, serogroup Pomona,
serovar mozdok , was cultured in protein-free media
[24] using a 35-L Chemap fermentor, starting from a
10% (v/v) inoculum grown in a Tween-albumin
medium [25] on an orbital shaker at 130 rpm and , at
28 °C, for 7 days. The fed-batch fermentation started
at a culture volume of 20 L, which was supplemented
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of 4-chloro-1-naphtol, 1 mL of methanol, 24 mL of
TBS and 15 µL of 30% (v/v) H2O2).
Dot blot
Ten microliters of the samples were directly dotted
under vacuum on a nitrocellulose membrane. The strips
were incubated for 1 hour at 37 °C in a blocking
solution, and were processed afterwards as described
above for the western blot.
Immune sera
The immune sera used were obtained from
individuals vaccinated with one and two doses of
vax-SPIRAL® ,6 weeks apart [2]. Sera from nonvaccinated individuals were used as negative
controls.

Table 1. Results of the culture of Leptospira
interrogans serovar mozdok to obtain
biomass for the solubilization of outer
membrane components
Controlled
parameters
Temperature (°C )
Air flow (L/min)
Dissolved oxygen
percentage ( % )
OD (400 nm)
Gram staining
Viability
Virulence

I
28.4
2

Samples
II

III
28.2
2

100

29.6
2
98

0.031
S
S
S

0.526
S
S
S

0.661
S
S
S

60

I = Sample taken at inoculation
II = Sample taken at supplementation
III = Sample taken at the end of fermentation
S = Satisfactory result (Number of LD 5 0 within the established
range)

Molecular weight determination
A regression curve was obtained from the logarithm of
the molecular weight of the MWM and the observed
electrophoretic mobilities. The molecular weights of
the different bands visualized in the electrophoresis
or after western blot were estimated by the
interpolation of this curve.
Determination of the LD50
The LD50 was estimated using the methodology
described by Reed and Muench [31].

Results and discussion
The vax-SPIRAL® vaccine, manufactured by the
Finlay Institute, is composed of whole Leptospira
interrogans cells from serovars canicola, copenhageni
and mozdok , and it protects against leptospirosis.
Clinical trials carried out in our country before
registering this vaccine showed an efficacy of 93%,
prompting the establishment of routine vaccination
for all high-risk personnel since 1996.
This study, which aims to identify the outer
membrane antigens of serovar mozdok of Leptospira
interrogans serogroup pomona involved in eliciting
an immune response in individuals vaccinated with
vax-SPIRAL®, started with a fermentation to obtain
the necessary biomass for the extraction of the OMP
components.
The culture conditions determine or lead to the
expression of both structural and soluble outer
membrane components in any microorganism [32]. In
the specific case of Leptospira interrogans, it is very
important to control its biological activity, since this
is closely related to its ability to induce a protective
response in immunized individuals [2]. This is why
virulence is the main parameter under control in the
cultures intended for the purification of structural or
soluble OM components. The results from the 30 L
fermentative processes of Leptospira mozdok are
shown in table 1. The wet biomass yield was 26.62 g,
corresponding to 0.88 g/L of culture.
Once the biomass was obtained, the OMP were
extracted. Since the culture volumes were higher than
those used in the literature, the treatment time using
the NaCl and SDS solutions were adjusted to 2 hours
and 30 minutes respectively, on the basis of dark field
microscopy observations.
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One of the goals of this study is the comparison of
two OMP purification methods described by Auran et
al. [22] and Nunes-Edwards et al. [23]. According to the
latter, the two additional centrifugation steps introduced,
performed at 23 200 g/ 30 minutes before the
ultracentrifugación, are for eliminating the protoplasmatic
cylinders. Another additional centrifugation step was
introduced here since, in our study, the methodology
described in the literature did not guarantee the complete
elimination of these components. The pellets obtained
in each centrifugation step were however not discarded,
but resuspended in 10 mL of PBS and, after determinating
their protein concentration by Lowry (table 2), they
were analyzed by electrophoresis and Coomassie blue
staining to determine if these fractions contained antigenic
components that might be related to the induction of an
immune response (figure 1).
The fractions had a complex electrophoretic profile,
with protein bands having apparent molecular weights
that ranged from 14 kDa to more than 80 kDa, similar
to that reported by other authors [33-35].
The electrophoretic profile of these fractions was
characterized by approximately 6 major and 10 minor
bands shared among all samples. There were no
qualitative differences among the fractions (FI-IV)
regarding their electrophoretic profiles, although there
were quantitative differences related to the intensity of
the bands in FIV compared to the others, as well as the
protein concentration for each fraction (table 2).
After using linear regression (described in the
Materials and Methods section), it was determined
that the major bands had apparent molecular weights
Table 2. Yields during the process for the isolation of
outer membrane components solubilized with SDS
Protein
Total
Sample in each
concentration
volume of
centrifugation
by Lowry
the
(mg/mL)
s ample (mL)
C2 (FI)
C3(FII)
C4(FIII)
UC(FIV)

6.210
1.139
0.614
4.560

10
10
10
10

C2: Pellet from the second centrifugation
C3: Pellet from the third centrifugation
C4: Pellet from the fourth centrifugation
UC: Pellet from ultracentrifugation
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will be directed against the main protective antigens
of virulent strains, instead of those conserved in
attenuated strains. Both virulent and attenuated
strains contain similar amounts of the major detergentsoluble proteins, with molecular weights of 41 y
44 kDa. The latter may correspond to the band
observed in our study at an apparent molecular weight
of 45.8 kDa, since its mobility might have been altered
due to the presence of LPS (data not shown). A similar
explanation could be used for the protein reported
by Haake et al. [32] at 59.5 kDa, which in our case
appeared at 75.2 kDa. LPS or LLS in Leptospira
samples subjected to SDS-PAGE which is detected
by a characteristic band pattern upon silver staining
and western blot [32]. Its presence in our preparations,
however, is of prime importance, taking into account
the high number of findings that point to LPS as the
main antigen responsible for immunity against
leptospirosis [8, 17, 19, 34].
The 32.8 kDa band seems to correspond to the
major outer membrane protein (MOMP), reported
by other authors at 32 kDa. The protein observed at
49.4 kDa may correspond to that identified by Brown
et al. [33] at around 50 kDa. These results are similar
to those reported by Chapman et al. [37], who
evaluated the immune response in persons who were
given a bivalent hardjo-pomona vaccine, in which the
main protein bands were those of 32 kDa and the
34.5/35 kDa doublet, besides other components.
The protein found at 21 kDa (figure 1) was
described by Haake [38] as one of the proteins isolated
when using sucrose for OMP purification, and was
identified by other authors as Lip21, one of the most
abundant proteins of the leptospiral surface [15].
Since there were no qualitative differences between
the electrophoretic profiles of fractions I to III (shown
in figure 1), FI and FIV were selected for the evaluation
of their immunogenic capacity, given the possibility
of finding differences in their antigenic composition
arising from the centrifugation conditions used for their
isolation that can not be detected by electrophoresis.
Using these two fractions, variants A = FI and B =
FIV were prepared, adjusted to the same concentration
and adsorbed to aluminum hydroxide gel. No free
protein was detected after absorption, evidencing the
high efficiency of this step.
Figure 2 shows the bands recognized in each fraction
by the sera of vax-SPIRAL® vaccinees. It can be seen
that the intensity of the signal is lower after only one
immunization, as compared to the sera from humans
receiving two doses, whose response has been boosted.
No antigens were recognized by the negative control
serum. Besides, it is evident that the LPS in the sample
is being recognized by the immune sera, indicating that
the immune response induced by vax-SPIRAL® is also
directed against LPS as one of the major components of
the outer membrane. It also confirms what is argued by
other authors who consider that the LPS plays an
important role in immunity against Leptospira ,
conferring even higher protection levels when combined
with OMP that enhances this response [16-19].
Figure 3 shows the results of western blot evaluating
the detection of outer membrane components (FI and
FIV) by the sera of individuals vaccinated with one and
two doses of vax-SPIRAL®, as well as unvaccinated

94.0 kDa
67.0 kDa

43.0 kDa

30.0kDa

20.1 kDa

14.4 kDa
1

FI

FII

FIII

FIV

Figure 1. SDS-Polyacrylamide gel electrophoresis (12.5%).
Twenty micrograms were loaded per well from each of the
fractions obtained after the second (FI), third (FII) and fourth
(FIII) centrifugations, and after ultracentrifugation (FIV) during
the OMP extraction process.

of 49.4, 45.8, 36.7, 35.3, 28.3 and 21.0 kDa, with the
minor bands corresponding to 66.4, 57.2, 34.1 and
32.8 kDa.
These results are similar to those obtained by
Nicholson and Prescott [36], which used sarkosyl as
the detergent and the sonication for OMP extraction
in Leptospira alstoni serovar grippotyphosa, L.
borgpetersenii serovar hardjo and L. interrogans
serovar autumnales, bratislava, canicola, icterohaemorrhagiae and pomona. They identified 7 protein
bands shared between the 3 pathogenic species under
analysis, with molecular weights of 77.0, 66.0, 59.5,
42.0, 35.5, 24.0 and 18.0 kDa. The 44.0 kDa stained
poorly with Coomassie blue, which might be explained
if it was a lipoprotein, a glycoprotein, or just because
it was present in small amounts.
In both extraction methods (sarkosyl- or SDSbased) the fractions are usually contaminated with
endoflagelar components, represented by a double
band with approximate weights of 34.5 and 36 kDa
[23-33]. This study identified this double band with
species appearing at 35.3 and 36.7 kDa, since their
intensity matches previous reports in the literature
[30-33]. The insoluble fraction obtained using either
method can have proteins associated both to the
peptidoglycan layer or the outer membrane.
According to Haake et al. [32], who used 0.1%
Triton-X-114, the 66 kDa protein (observed in this
work) together with other two proteins of 35 and 39
kDa are unique to virulent strains. In contrast, the 31
kDa (OmpL1) and 38 kDa proteins are found only in
attenuated strains, which explains their absence in
the electrophoretic profiles of our samples. Taking
into account that vax-SPIRAL ® is a whole-cell
inactivated vaccine prepared from a non-attenuated
strain, it is logical to expect that the immune response
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Negative control

First dose

Second dose

Figure 2. Dot blot results, showing the recognition of 1)
Whole cells from L. mozdok, 2) FI (Pellet from the second
centrifugation), 3) FIV (Pellet from ultracentrifugation), and 4)
L. mozdok LPS, by the sera from individuals vaccinated with
one or two doses of the vax-SPIRAL® vaccine. Each well was
loaded with 10 µL of the samples. Sera from non-vaccinated
individuals was used as a negative control.

individuals. In terms of the number and intensity of the
bands, there is a higher recognition of the OMP by the
sera from individuals vaccinated with two doses of the
vaccine, evidencing once again, the identified booster
effect of the second dose. Eight bands are recognized
by all the sera from individuals vaccinated with 2 doses
in the immunotransfers of fractions FI and FIV, with
quantitative differences between these bands.
Furthermore, two additional proteins are recognized in
the last fraction (FIV). These might represent proteins
that precipitated during ultracentrifugation, which would
explain their absence in FI. Using linear regression, it is
found that the bands detected in both fractions have
molecular weights of 66.1, 58.3, 47.2, 45.3, 34.5, 30.0,
29.8 and 17.2 kDa, whereas the proteins unique for
FIV migrate at 26.2 and 24.1 kDa.
The proteins recognized in FI and FIV by the sera
from individuals immunized with one or two doses of
the antileptospirosis vaccine have apparent molecular
weights of 66.1, 58.3, 45.3, 34.5 and 29.8 kDa. These
seem to correspond to the 66.4, 57.2, 45.8, 34.1 and
28 kDa bands observed in the electrophoretic pattern,
respectively.
These results, are also very similar to those
published by Nicholson y Prescott [36], who found,
in immunoblots from different Leptospira strains,
six antigens which were recognized by all their sera,
with molecular weights of 66, 59.5, 44.0, 42.0, 35.5
and 18.0 kDa.
Although the electrophoretic profile (figure 1) does
not have bands below 21 kDa, western blot shows a
17.2 kDa band that may correspond to the 18 kDa
species described by Nicholson and Prescott [36].
Its absence in Coomassie-stained gels may imply
that although it is present in quantities below the
detection limit of this staining technique, it is
immunogenic enough to be recognized by the sera of
vax-SPIRAL® vaccinees, even in those who have
received only one dose.
The same reasoning can be applied to explain the
presence of other three additional bands which are
detected by western blot but not by electrophoresis
alone. They correspond to 30.0 kDa, present in both
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fractions (FI and FIV), and 24.1 and 26.2 kDa,
present only in FIV. The 24.1 kDa band seems to be
that reported by Nicholson and Prescott [36] in
electrophoresis, and the one with 30.0 kDa, although
not mentioned often in the literature, was first
described by Haake in 1997 [36], using a French
press for its isolation. The 26.0 kDa band has not
been previously reported. This is a very important
finding, since this is the first description of an outer
membrane protein from Leptospira interrogans with
that molecular weight involved in immunity. This
protein could be used, after verification studies, for
the design of new generation vaccines against human
leptospirosis based on defined, highly purified
components; or for enhancing the current vaccine. It
will be necessary to find out whether this protein is
involved in the induction of a protective response
and what is even more important, in the prevention
of renal infections.
Upon evaluation of the method of Nunes-Edwards
[16], which is just a modification of the protocol
described by Auran et al. [15] claimed by its authors
to eliminate the protoplasmic cylinder by using two
centrifugations before ultracentrifugation, it was seen
that these fractions had immunogenic components,
which is undesirable for the objectives of this study.
Since one of the goals of our research is the
characterization of the immune response in persons
vaccinated with vax-SPIRAL® through the recognition
of OMP preparations by their sera, it is imperative to
have at our disposal a preparation from which no OMP
has been depleted. Therefore, the use of the
methodology proposed by Auran et al. (1972), without

FI
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Negative control
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FIV
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FI
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Figure 3. Recognition by western blot of the fractions FI (Pellet from the second centrifugation) and FIV
(Pellet from ultracentrifugation) by sera from persons immunized with one or two doses of the vaxSPIRAL® vaccine or from non-vaccinated individuals.
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partial centrifugations before ultracentrifugation, is
proposed for future studies.
Our results have allowed the identification of
proteins which are important in the immunogenicity of
the vax-SPIRAL® (L. mozdok) vaccine, as evaluated by
the induced response to its antigens. The findings
reported here will be essential in future studies for
characterizing the vaccine components that are not only
immunogenic, but relevant for the induction of a
protective response, and will guide research focused on
the purification of these antigens for improving the
current vaccine, or for the development of second
generation vaccines against human leptospirosis.
It was shown by dot and western blot that the
OMP are recognized by sera from vax-SPIRAL®
vaccinees. In western blot, bands of 66.1, 58.3, 47.2,

45.3, 34.5, 30.0, 29.8 and 17.2 kDa were recognized
in both fractions, and of 26.2 and 24.1 kDa in FIV.
A 26.0 kDa protein detected by the sera of human
vaccinees was identified for the first time. This
protein is involved in the immunity to Leptospira
and might be used as an antigen in new generation
vaccines.
The use of the methodology for OMP extraction
described by Nunes-Edwards depletes outer
membrane preparations of some antigens which may
be important in the induction of an immune response
against Leptospira.
The use of the methodology described by Auran et
al. is recommended if a representative preparation,
containing all the antigens involved in the induction of
an immune response, is needed.
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