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Abstract
Leptospirosis, caused by Leptospira spp., is a disease of worldwide signiﬁcance affecting millions of people annually. The outer
membrane of Leptospira facilitates direct interactions with the surroundings and contains important molecules involved in infection,
transmission, survival, and adaptation to environmental conditions. The results showed that Triton X-100 can extract outer membrane
protein without co extraction of inner membrane or cellular protein as evidenced by the absence of cell lysis. The comparison with existing
Triton X-114 method showed that Triton X-100 is more selective in partitioning protein into the detergent phase. Our results establish a
broadly applicable strategy for the preparation of outer membrane proteins of Leptospira, an essential step in the identiﬁcation of potential
virulence factors, diagnostic antigens and vaccine candidates.
Keywords: Leptospira; Triton X-100; Triton X-114 ; Membrane Protein Isolation

INTRODUCTION

MATERIALS AND METHODS

Leptospirosisis one of the most important zoonotic diseases,
caused by invasive bacteria included in a pathogenic complex
known as Leptospira Interrogans Sensu Lato [1]. This illness has a
global prevalence of half million severe human cases per year [2].
The prevalence of cases worldwide is broadly underestimated, due
to the variety of clinical symptoms and signs, potentially leading to
misdiagnosis and undiagnosis of the disease. This zoonosis is endemic
in many tropical and subtropical countries, and in the past 20 years it
has emerged as a major public health problem [1].

Reference strains and culture conditions

In recent years research on immunogenic leptospiral proteins
has focused on the outer membrane proteins (OMPs) [3]. OMPs are
highly conserved in most of the pathogenic serovars and induce strong
immune response [4], comparable with that induced by whole cells
[5]. These membrane proteins are involved in infection, transmission,
virulence, survival and environmental adaptation by Leptospira.
The identification of OMPs is essential for the understanding of
the structure, function, interactions with the environment and
the knowledge will be useful in the development of diagnostic and
protective antigens for controlling the leptospirosis [6].
The design of novel diagnostic methods and vaccines for
Leptospira, involves the implementation and development of new
techniques and methods that allow the isolation, identification,
purification and characterization of OMPs. The elucidation of the
possible role of these biomolecules in the pathogenesis of leptospirosis
will add up basic knowledge on biology of such pathogens.
The isolation of leptospiral OMPs was usually carried out by
extraction with detergents such as Triton X-114 and Triton X-100
[7]. Triton X-114 has been most commonly employed for the
isolation of leptospiral OMPs [8,9], whereas Triton X-100 has been
used infrequently for this purpose. Matsunaga, et al. [10] fractionated
leptospiral cells using Triton X-100 for solubilization and then
discarding the insoluble protoplasmic cylinder after centrifugation.
A comparison of membrane protein extraction using sodium
desoxycholate and Triton X-100 suggested that Triton X-100 was
superior [11]. However, there are not robust evidences corroborating
the usefulness of Triton X-100 as an effective detergent for leptospiral
outer membrane proteins isolation.
We describe in this research a simple and reliable method to
obtain leptospiral OMPs along with a comparison to the existing
method using Triton X-114 showing the difference in phase
partitioning properties of these detergents. This can be applied to
the identification of novel antigenic proteins with potential to use as
serodiagnostic markers and vaccine candidates.
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Leptospira interrogans serovar Copenhageni strain Fiocruz L1130 and L. borgspetensenii serovar Castellonis strain Castellon 3 were
grown in Ellinghausen, McCullough, Jonhson and Harris (EMJH)
medium at 30°C and checked for the presence of contaminating
aerobic bacteria after 7-10 days growth. Mid log phase cultures,
identified by Petroff-Hausser counting chamber, were used for
protein isolation (108 cell/ mL).
Extraction of OMPs using Triton X-100
Outer membrane protein was extracted using Triton X-100 as
reported earlier [12]. Briefly, leptospires were centrifuged at 17 000×g
for 30 min at 4°C and the pellets were washed twice with PBS and
extracted using the buffer containing 10 mM Tris-HCl, 1 mM EDTA,
150 mMNaCl, 0.5% protease inhibitor cocktail (cat. #P8849 Sigma)
and variable concentrations of Triton X-100 (0.5, 1 or 1.5%). The cells
were incubated overnight at 4°C and then pelleted by centrifugation
(17000 × g/ 1h/ 4°C). The protein was estimated using the BCA
Protein Assay Kit and stored at -70°C in aliquots. The proteins were
precipitated using Comassie Brillant Blue (CBB) as described by [13]
and Trichloro Acetic Acid (TCA) as described by Mechin, et al. [14].
Extraction of outer membrane proteins with phase
separation
In order to elucidate the protein extraction ability of Triton
X-100 and Triton X-114, outer membrane proteins were isolated by
a method described previously [15,16]. In brief, the mid log phase
culture pellets were washed in PBS containing 5mM MgCl2 and then
extracted in presence of either 1% Triton X-114 or 1% Triton X-100
containing 150 mM NaCl, 10 mM Tris pH 8, 1mM EDTA at 4°C. The
insoluble material was removed by centrifugation at 17,000 × g for 30
min. After centrifugation 20 mM CaCl2 was added to the supernatant.
Phase separation was performed by warming the supernatant to 37°C
and subjecting it to centrifugation for 5min at 6,000×g. Triton X-100
phase separation was carried out at room temperature by addition of
25% NaCl. From both preparation, the detergent and aqueous phases
were then separated and precipitated with acetone. The protein
concentrations in aqueous and detergent phases were estimated using
the BCA protein assay kit (Pierce, USA).
Protein extracts from both Triton X-100 and TritonX-114
methods were electrophoresed in 12% SDS-PAGE using the MiniProtean® Cell II (Bio-Rad, USA) system. Used concentration of
acrylamide/ bisacrylamide gel justifies the wide range of protein
size to resolve (10-250KDa), as expected for leptospiral membrane
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protein. After staining with silver nitrate [17], gels were scanned
using a CanoScanLide 30 (USA). The comparative protein molecular
mass with respect to the molecular standard was determined using
UVI save D-55/20M (UVItec, England) software.
Screening for cell lysis during Triton X-100 extraction
PCR of LipL32: The absence of cell lysis after protein extraction
was verified by identification of DNA using PCR. The DNA from the
supernatant (centrifugation after the incubation overnight at 4°C) of
Triton X-100 extraction was used to isolate DNA using High Pure PCR
Template Preparation Kit for genomic DNA (ROCHE, Switzerland)
and used as template to carry out PCR. The PCR amplifying a gene
fragment encoding LipL32 (146bp), the major pathogenic Leptospira
lipoprotein, was used as reported by Noda, et al. [18] as a marker for
presence of DNA in the sample.
Zymography: A 46kDa gelatinase activity on the outer membrane
[19] was used as a marker for outer membrane protein extraction.
Zymography was carried out to verify the extraction of membrane
protein by the presence of gelatinase activity. The sample in nonreducing SDS-PAGE sample buffer (40 mM Tris-HCl pH 6.8, 1%
SDS, 2% glycerol and 0.01% bromophenol blue) was loaded without
boiling to a 10% polyacrylamide gel containing 0.1% SDS and 1%
gelatin. After electrophoresis, the gel was washed in 2.5% Triton X-100
solution for 30 min at room temperature followed by incubation in a
reaction buffer containing 50 mM Tris-HCl pH 7.5, 1% Triton X-100
and 25mM CaCl2 at 37°C for 18h. The gels were stained using CBB
solution; gelatinase activity appeared as a clear band against a blue
background. The molecular masses were determined in comparison
with pre-stained markers previously punched to fit the band positions
using UVIsave D-55/ 20M (UVItec, England) software.
Detection of LPS in membrane protein extract
To exclude presence of LPS contamination in final protein
extract, LPS detection was performed according to Riazi [20], with
minor modifications. In brief, a mix of sample and proteinase K to
a final concentration of 0.1 mg/ mL was prepared. The samples were
incubated to 50°C for 1h and analyzed by SDS-PAGE as described
above. Gels were stained with CBB and silver nitrate.

RESULTS

Figure 1: Phase partitioning of protein extract using Triton X-100 and Triton
X-114. Lane 1: Triton X-114 total extract; lane 2: Triton X-114 detergent
phase; lane 3: Triton X-114 aqueous phase; lane 4: Triton X-100 total extract;
lane 5: Triton X-114 aqueous phase of Triton X-100 extract; lane 6: Triton
X-114 detergent phase of Triton X-100 extract; lane 7: Triton X-100 aqueous
phase; lane 8: Triton X-100 detergent phase; lane 9: Molecular weight pattern.

Extraction of OMPs using Triton X-100
Figure 2 shows the SDS-PAGE pattern of Leptospira proteins
visualized by silver staining following TCA or CBB precipitation
agents at different concentrations of Triton X-100 (0.5%, 1% and
1.5%). TCA precipitation yielded a clearer and more prominent
protein pattern than that obtained by the CBB method. However,
omission of the precipitation step showed the best results, allowing
the higher number of isolated bands in PAGE.
Twenty different bands were observed in the gel when 0.5% and
1% Triton X-100 were used, whereas 1.5% detergent yielded 21 bands
(Table 1). The protein concentration obtained was 158.84 μg/ mL,
197.59 μg/ mL and 121.02 μg / mL when 0.5%, 1% and 1.5% Triton
X-100 were used, respectively. A concentration of 120.34 μg/ mL was
achieved for Triton X-114 extract.

Phase partitioning of protein by Triton X-100 and Triton
X-114 method
1

The phase partitioning properties of proteins showed that
different proteins selectively enter into detergent phase of Triton
X-114 or Triton X-100. For example while 67kDa and 22kDa proteins
were partitioned in the detergent phase of Triton X-114, they were
not retained in the detergent phase of Triton X-100. In the case of
11kDa, it was more in aqueous portion of Triton X-114 comparatively
with the detergent phase of Triton X-100. In addition, 59kDa was
completely partitioned into the aqueous phase of Triton X-114, it was
found in both aqueous and detergent portion in the case of Triton
X-100 phase partitioning as well as Triton X-114 phase partitioning
of protein extracted with Triton X-100. It is also showed that Triton
X-100 is more selective in retaining protein in the detergent phase as
evidenced by shift of proteins from detergent to aqueous phase. None
of the proteins present in Triton X-100 detergent phase changed its
preference to aqueous during phase partitioning with Triton X-114
(Figure 1).
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Figure 2: SDS-PAGE electrophoretic pattern of membrane protein using
Triton X-100. Lane 1: Molecular weight pattern; lane 2: 0,5% Triton X-100,
lane 3: CCB precipitation and 0,5% Triton X-100; lane 4: TCA precipitation
and 0,5% Triton X-100; lane 5: 1% Triton X-100; lane 6: CCB precipitation
and 1% Triton X-100; lane 7: TCA precipitation and 1% Triton X-100; lane 8:
1,5% Triton X-100; lane 9: CCB precipitation and 1, 5% Triton X-100; lane 10:
TCA precipitation and 1,5% Triton X-100.
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Table 1: Apparently molecular weight of protein bands obtained with Triton
X-100 to variable concentration.

1

2

3

4

5

6

Apparently molecular weight (kDa)
0.5% Triton X-100

1% Triton X-100

1.5% Triton X-100

204.74

201.32

200.46

131.76

131.25

128.14

80.87

80.67

80.23

66.71

66.56

66.43

45kDa-

66

65.8

65.43

30kDa-

61

60.04

59.87

54.3

53.9

55.99

47.94

47.24

46.77

45.85

46.17

46.08

40.86

41.03

41.65

37.18

36.88

37.63

32.9

33

32.96

31.87

31.87

32.05

29.8

28.2

29.76

21.75

22.11

22.27

20.37

20.59

20.49

14.95

14.36

14.5

13.13

12.87

13.1

12.04

11.97

12.24

-

-

11.46

10.64

10.17

10.21

Based on the number and intensity of bands visualized by SDSPAGE, 1.5% Triton X-100 and non-precipitation procedures were
selected as optimal conditions for further experiments. The same
pattern was observed when Triton X-100 and X-114 procedures were
compared (Figure 3).
Screening of cell lysis during Triton X-100 extraction
No PCR products were amplified from any of the protein extracts,
in contrast to the control extract with Leptospira DNA from the
extraction solution, which showed the expected amplification band
(Figure 4). These results suggest the absence of cell lysis during the
extraction procedure. A proteinase band of 46kDa, the Leptospira
gelatinase, was visualized by the zymography analysis as an indication
of extraction of outer membrane protein [18] (Figure 4).
Assessment of LPS presence in protein extract
No LPS was detected by SDS-PAGE (Figure 5). When the sample
was treated with proteinase K, all bands disappeared and the CBB
staining, which is more specific for protein detection than silver,
not showed other electrophoretic band than that obtained with the
extraction buffer and proteinase K only, suggesting LPS absence.

DISCUSSION
Several OMPs have been identified in Leptospira, such as LigB
(200kDa), LigA (130kDa), HbpA (80kDa), GspD (66,5kDa), Omp85
(60kDa), OmpL54 (54kDa), OmpL47 (47kDa), LipL46 (46kDa) or/
and gelatinase (46kDa), LipL41 (41kDa), OmpL37 (37kDa), OmpL1
(33kDa), LipL32 (32kDa), Loa 22 (22kDa) and LipL21 (21kDa) [21].
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220kDa100kDa60kDa-

20kDa12kDa8kDaFigure 3: SDS-PAGE electrophoretic pattern of membrane protein using
1.5%Triton X-100 and 0.5% Triton X-114. Lane 1: Molecular weight pattern;
lane 2: EMJH medium extract; lane 3: 1.5% Triton X-100; lane 4: 0.5% Triton
X-114; lane 5: Triton X-100 extraction buffer; lane 6: Triton X-114 extraction
buffer.

Proteins located on the cell surface are of utmost importance as they
are likely to be involved in the interaction of leptospires with the
external environment, including host cells or extracellular matrix
components. In addition, leptospiral surface molecules may serve as
targets for immune-mediated clearance [22].
This study describes the comparison of Triton X-100 and Triton
X-114 as method for OMPs isolation from Leptospira with phase
separation and the implementation of a reliable method particularly
useful using Triton X-100. Due to the structural characteristics of
Leptospira outer membrane, the use of Triton X-100 may facilitate the
solublization of membrane proteins by destabilizing their interaction
with the peptidoglycan layer. However, the OMPs of other bacteria,
such as Escherichia coli, are tightly associated with the peptidoglycan
layer, thus preventing extraction of OMPs by Triton X-100 [10].
The protein shift from detergent to aqueous phase shows that
Triton X-100 is more selective in partitioning membrane proteins.
The phase partitioning happened as a result of keeping the protein
in the micelle form giving the hydrophobic environment similar to
those found in the plasma membrane. In this case the proteins which
are having more hydrophobic nature only will be partitioned with
detergent phase of Triton X-100. This property may be useful to extract
and selectively separate more embedded proteins of the membrane.
The treatment of spirochetes with high concentration of ionic or
nonionic detergents is effective in solubilizing OMPs. Nevertheless,
the OMPs extraction with non-ionic detergents is better than ionic
detergents, such as SDS, for as they have the potential to retain protein
conformation. In addition, nonionic detergents at low concentrations,
may selectively solubilize the spirochetal outer membrane, and leave
the intact cytoplasmic membrane (stabilized by the cell wall). It is
thought that at low concentrations the nonionic detergents Triton
X-100 and Triton X-114 are able to solubilize membrane proteins.
The most likely explanation is that the hydrocarbon tails of membrane
proteins can be substitute for phospholipids in their interaction
with membrane proteins. Definitively, the presence of cell wall is an
important factor in the selectivity of nonionic detergent, which is
consistent with their selective solubilization of the outer membrane
of typical gram-negative bacteria [6].
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Figure 4: Cell lysis assessment. A: PCR showing the evidence of non-occurrence of cell lysis. Lane 1: Molecular weight pattern; lane 2: protein extract with
1.5% Triton X-100; lane 3: protein extract with 0.5% Triton X-114; lane 4: leptospires in extraction solution with 1, 5% Triton X-100; lane 5: leptospires in
extraction solution with 0.5% Triton X-114; lane 6: leptospiral DNA in extraction solution with 1.5% Triton X-100; lane 7: leptospiral DNA in extraction solution
with 0.5% Triton X-114; lane 8: negative control (H2O ultrapure); lane 9: positive control (DNA of L. borg peter senii serovar Castellonisstrain Castellon 3). B:
Zymography of membrane protein extracts with proteinase K. Lane 1: proteinase K; lane 2: 1.5% Triton X-100; lane 3: 0.5% Triton X-114; lane 4: Triton X-100
extraction buffer; lane 5: Triton X-114 extraction buffer.

(A)

(B)

Figure 5: Assay for the LPS detection using proteinase K. (A) Silver nitrate stain. (B) CBB stain. Lane 1: Molecular weight pattern; lane 2: protein extract with
1.5% Triton X-100; lane 3: protein extract with 0, 5% Triton X-114 and proteinase K; lane 4: Triton X-100 extraction buffer and proteinase K; lane 5: Triton X-114
extraction buffer and proteinase K; lane 6: BSA and proteinase K; lane 7: BSA.

As expected, SDS-PAGE gel analysis revealed that there was high
correspondence among the estimated molecular sizes of the protein
bands in this study with those reported for pathogenic leptospires
and 1.5% of Triton X-100 was selected for further experiments since
a higher number of proteins band were visualized. Future studies,
will aim to resolve the identification of these proteins by mass
spectrometry.
PCR analysis revealed the absence of cell lysis, suggesting that
only membrane proteins were present in the extract and that the
extract was free of cytoplasmic contaminants. Moreover, in the
control experiment, the amplification observed with leptospiral DNA
added to extraction solution and carried out PCR confirmed the
lack of PCR inhibitors in the extraction buffer. PCR can be a reliable
method for cell lysis determination if appropriate controls are used
to confirm the absence of PCR inhibitors from the culture medium.
PCR would be useful when monoclonal antibodies for monitoring the
presence of internal leptospiral proteins are not available. Therefore,
we reported here the use of PCR as alternative method for a rapid
SCIRES Literature - Volume 1 Issue 1 - www.scireslit.com
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screening of leptospiral DNA, the presence of which would indicate a
condition of cell lysis.
In gelatin zymography the presence of one enzyme with gelatinase
activity (46kDa), has been also reported in pathogenic leptospires
[19]. In addition, other proteinases with gelatinase activity ranging
in size between about 240 to 32kDa, described in L. interrogans [23]
are not found in our extraction and their cellular localization in
Leptospira is also not known. Hence, our findings suggest the absence
of cell lysis in protein extract with both Triton.
In conclusion, our results recommend that Triton X-100 can
be used to isolate membrane proteins more specifically than Triton
X-114 with no cell lysis and this method can be used in proteomic
studies and study of transmembrane proteins [24].
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