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Abstract Leishmania infantum belongs to the Kinetoplastidae
that is characterized by a specific mitochondrial DNA, the
kinetoplast. This parasite is responsible for both benign
cutaneous leishmaniasis and severe visceral leishmaniasis in
humans. Molecular determinants of such differences in
pathogenesis are not well understood, and the parasites as
well as their hosts may contribute to the disease phenotype.
Factors that help parasite to adapt its metabolism to
nutritional conditions encountered in different location
might play pivotal roles in controlling parasite development
in these various host environments. Thus, we have decided
to initiate studies aimed to compare the mitochondrial
protein content of L. infantum. To avoid the drawback
caused by the most abundant proteins such as tubulin and
proteins of the cytoskeleton present in whole cell extract, we
have decided to fractionate the subcellular components of
the cells. Using both cytosolic and mitochondrial markers,
we have improved a protein pre-fractionation protocol using
digitonin that allowed us to generate an enriched mitochon-
drial fraction.
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Introduction

Leishmania parasites are responsible for veterinary and
human diseases, called leishmaniasis, subdivided into three
main categories: cutaneous, mucocutaneous, and visceral
forms. Leishmania infantum is responsible not only for
visceral leishmaniasis but also for benign cutaneous forms.
Leishmania parasites belong to the Kinetoplastidae and
have a specific DNA, the kinetoplast. This kinetoplast is a
mass of circular DNA inside a large mitochondrion.
Leishmania spp. have a dimorphic life cycle, the first form
growing as free-living flagellated promastigotes in the
midgut of the phlebotomine sand fly vector and the second
one as rounded, non-motile amastigotes inside macro-
phages. Leishmania have to survive to widely differing
host environment, and this adaptation is achieved by a
combination of morphological and biochemical changes.
The mechanisms by which Leishmania achieve this
complex reshaping is currently poorly understood. Total
proteome or transcriptome analysis demonstrates the exis-
tence of some differentially or stage-specific expressed
proteins (McNicoll et al. 2006). At the subcellular level,
mitochondria that is present in one specimen per cell and is
localized at the flagellum basis is also deeply affected by
the mechanisms that lead to the adaptation of Leishmania to
their new environment (Brun and Krassner 1976). Accord-
ingly, proteins belonging to the TIM and TOM transporter
family are found to be differentially expressed between
promastigotes and amastigotes of Leishmania (El Fakhry et
al. 2002). However, repercussions of such variations on the
mitochondrial proteome composition and/or activity during
cytodifferentiation are currently unknown. Because the
proteome coverage is often confined to the analysis of
abundant proteins such as tubulin and proteins of the
cytoskeleton, it is necessary to avoid whole cell extraction.
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Mitochondrion protein purification requires gradient centri-
fugations and massive amount of materials. Alternative
methodologies that use differential lysis by digitonin may
represent a valuable approach for purification of mitochon-
drial proteins. The capacity of digitonin to bind to the
membrane and to form pores depends on sterol composition
that is variable between intracellular organella and the
cytoplasmic membrane. Such differential lysis capacity of
digitonin was used to increase the resolution and the depth of
total cytosolic and intracellular proteome via sequential lysis
of Leishmania parasites (Foucher et al. 2006). In this study,
we improved the method for the isolation of an enriched
mitochondrial fraction previously described by Castro et al.
(2004). Purity fractions were estimated using luciferase
activity as cytosolic marker and LimTXNPx as mitochondri-
al marker protein (Castro et al. 2004; Foucher et al. 2000).

Materials and methods
Cell culture

To monitor cell lysis by digitonin and to check for potential
fractions contamination, L. infantum promastigotes express-
ing the luciferase gene (xNEO«LUC; Roy et al. 2000;
Sereno et al. 2001, 2007) were used. L. infantum promas-
tigotes (wild type: MHOM/MA/67/ITMAP263 and mutant:
oaNEOxLUC) were cultured at 26°C in RPMI 1640
medium (Lonza Ltd., Switzerland) supplemented with
10% heat-inactivated fetal calf serum (Lonza Ltd.), genta-
mycin 20 mM, and 1% L-glutamine 100X (Lonza Ltd.).
They were harvested in exponential phase after counting
(about 5x107 cells are required for each experiment). The
pellet was washed twice in phosphate-buffered saline (PBS)
by centrifugation (2,000xg, 20 min, 4°C) and immediately
used for the subcellular fractionation.

Digitonin fractionation

The amount of protein present in a pellet of 5x10’
promastigotes was determined spectrophotometrically
(660 nm). Parasites were then resuspended in 1.125 ml of
trypanosome homogenization buffer (THB: Tris—HCI
25 mM pH 7.8, EDTA 1 mM, sucrose 0.6 M, dithiothreitol
(DTT) 1 mM, and one tablet of protease inhibitor cocktail).
The amount of digitonin to be used and diluted in 125 ul of
THB was then added to the homogenized sample. A large
range of digitonin concentrations were tested: 0.0-0.1-0.2—
0.25-0.3-0.4-0.5-1.0-1.5 mg of digitonin per milligram of
total protein extract. After 2 min at 37°C, samples were
centrifuged (10,000xg, 10 min, 4°C). At this step, the
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efficiency of cell lysis and fractionation was checked
according to different ways.

Luciferase activity

A gene coding the luciferase was previously inserted in the
nuclear DNA of L. infantum 1ITMAP263 («NEOxLUC;
Sereno et al. 1998; Roy et al. 2000; Sereno et al. 2001).
Luciferase is expressed in the cytosol and thus constitutes,
in our study, the cytosolic marker. The activity of luciferase
in the pellet and the supernatant of our different fractions
was measured. Briefly, 1 pg of each fraction was deposited
on a 96-well plate in a final volume of 20 ul (dilution in
Glo lysis buffer; Promega) and 20 pl of Luc buffer [20 mM
tricine, 1.07 mM (MgCO;)4-Mg (OH),-5 H,O, 2.67 mM
MgSOy4, 0.1 mM EDTA, 220 puM coenzyme A, 4.70 uM
D-luciferin potassium salt, 530 uM ATP, 33.3 mM DTT]
containing luciferin, substrate of the luciferase and the ATP
necessary to the reaction. Measurements were carried out in
triplicates. The emission of light in each well was measured,
thanks to a luminometer (Viktor II, PerkinElmer), and the
averages and standard deviations were estimated for each
fraction and each point tested. Cytosolic contamination was
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Fig. 1 Detection of the luciferase activity in parasites treated with
various amount of digitonin. Pellets of 5x 10" «NEOxLUC cells were
harvested and lysed with various amount of digitonin; after centrifu-
gation, luciferase activity (cytosolic marker) was detected in the
different fractions. Results are expressed as a mean of a triplicate
experiment
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Fig. 2 Detection of the mitochondrial protein LimTXNPx after lysis with various amount of digitonin (0.10 to 0.50 mg digitonin per milligram
total proteins). Pellet represents the enriched mitochondrial fraction and supernatant represents cytosolic fraction

then calculated using the following formula [100—(RLU of
mitochondrial fraction/RLU of cytosolic fraction)]x 100%.

SDS-PAGE analysis using LimTXNPx, a mitochondrial
marker

To test further the purity of the fractions, the presence of a
mitochondrial marker in the various fractions treated with
digitonin was checked (Castro et al. 2004). Before sodium
dodecyl sulfate—polyacrylamide gel electrophoresis (SDS-
PAGE) analysis, supernatants were precipitated with trichloro-
acetic acid (TCA) and ice-cold methanol. To precipitate the
sample, 1.250 ml cytosolic fraction was incubated 30 min on
ice using 10% of TCA. TCA is eliminated by centrifugation
(3,000xg, 15 min, 4°C) and washed twice with 1 ml of cold
acetone [incubation 20 min in ice and centrifugation (3,000xg,
15 min, 4°C)]. The pellet was dried 10 min under hood with
laminar flow and can be stored at —80°C for a later use.
Fractions obtained using 0.1 to 0.5 mg of digitonin by total
proteins per milligram were run on 12% polyacrylamide gels
and then blotted onto nitrocellulose membranes (GE health-
care, Amersham). The blots were blocked 1 h under agitation
in 5% dried milk in PBS (0.01 M pH 7.4). Polyclonal
antibody directed against the mitochondrial protein LimTXNPx
(kindly provided by Dr H. Castro diluted) was added
(1:2,000), and membranes were incubated overnight under
agitation at 4°C (Castro et al. 2004). Membranes were washed
three times for 10 min in PBS-Tween (0.01 M pH 7.4, 0.1%
Tween 20) and incubated with the goat anti-mouse peroxi-
dase-conjugated IgG (1:500, Calbiochem). Membranes were
then washed three times in PBS-Tween and revealed 5 min
with Western blotting analysis system (GE healthcare).

Results and discussion

As illustrated in Fig. 1, an increase of luciferase activity in
the supernatant was observed as a function of digitonin
concentration; maximal luciferase activity was observed for
a concentration of 0.5 mg digitonin per milligram of protein
extracted. This corresponds to the lysis of the cytoplasmic

membrane that leads to a leakage of the luciferase.
Concomitantly, a decrease in the luciferase activity was
measured in the pellet fraction that corresponds to membrane
and organelle not targeted by the detergent effect of
digitonin. Minimum activity was observed when concen-
trations above 0.3 mg digitonin per milligram total protein
were used. For 0.25 mg digitonin per milligram proteins, the
contamination ratio calculated is about 8.96%. Using lower
digitonin concentration increased dramatically the contami-
nation ratio (19.63% and 56.85% for 0.2 and 0.1 mg
digitonin, respectively), indicating therefore that either all
the parasites were not lysed or that some luciferase
contaminated the pellet fraction due to its binding to the
external membrane of the mitochondria. Using higher
amount of digitonin further decreased the luciferase activity
present in the pellet fraction below 5%. However, a too large
quantity of digitonin might damage mitochondria and should
lead to a leakage of the mitochondrial protein content. To
confirm the fractions purity, we have checked the presence
of a mitochondrial marker, LimTXNPx [5]. As illustrated in
Fig. 2, LimTXNPx is mainly present in the pellet fraction at
concentration below 0.3 mg of digitonin; an equal amount of
LimTXNPx is detected in supernatant and pellet when
parasites were treated with 0.3 mg digitonin. When higher
amount of digitonin, i.e., 0.5 mg, was used, LimTXNPx is
mainly found in the supernatant fraction. These observations
suggest that concentration superior to 0.25 mg digitonin
might damage mitochondria. Thus, to enrich mitochondrial
fraction with low cytosolic contamination, digitonin should
be used at a concentration about 0.25 mg per milligram of
total protein. The increase of digitonin concentration from
0.2 to 0.25 mg decreases cytosolic contamination by twofold
(19.63% vs 8.96%). This simple, easily handled, and fast
method will now allow us to investigate the mitochondrial
content of Leishmania parasites isolated from different
clinical forms (benign cutaneous form versus severe visceral
form) using two-dimensional gel electrophoresis.

Acknowledgments MH is sponsored by the CNRS (Centre National
de la Recherche Scientifique), DS and JPB by the IRD (Institut de
Recherche pour le Développement). We are grateful to David Biron
and Renaud Veyrier for their technical support.

@ Springer



Parasitol Res

References

Brun R, Krassner SM (1976) Quantitative ultrastructural investiga-
tions of mitochondrial development in Leishmania donovani
during transformation. J Protozool 23(4):493-7

Castro H, Sousa C, Novais M, Santos M, Budde H, Cordeiro-da-Silva A,
Flohe L, Tomas AM (2004) Two linked genes of Leishmania
infantum encode tryparedoxins localised to cytosol and mitochon-
drion. Mol Biochem Parasitol 136(2):137-47

El Fakhry Y, Ouellette M, Papadopoulou B (2002) A proteomic
approach to identify developmentally regulated proteins in
Leishmania infantum. Proteomics 2(8):1007-17

Foucher AL, Papadopoulou B, Ouellette M (2006) Prefractionation by
digitonin extraction increases representation of the cytosolic and
intracellular proteome of Leishmania infantum. J Proteome Res 5
(7):1741-50

McNicoll F, Drummelsmith J, Muller M, Madore E, Boilard N,
Ouellette M, Papadopoulou B (2006) A combined proteomic and

@ Springer

transcriptomic approach to the study of stage differentiation in
Leishmania infantum. Proteomics 6(12):3567-81

Roy G, Dumas C, Sereno D, Wu Y, Singh AK, Tremblay MJ,
Ouellette M, Olivier M, Papadopoulou B (2000) Episomal and
stable expression of the luciferase reporter gene for quantifying
Leishmania spp. infections in macrophages and in animal
models. Mol Biochem Parasitol 110(2):195-206

Sereno D, Cavaleyra M, Zemzoumi K, Maquaire S, Ouaissi A,
Lemesre JL (1998) Axenically grown amastigotes of Leishmania
infantum used as an in vitro model to investigate the pentavalent
antimony mode of action. Antimicrob Agents Chemother 42
(12):097-102

Sereno D, Holzmuller P, Mangot I, Cuny G, Ouaissi A, Lemesre JL
(2001) Antimonial-mediated DNA fragmentation in Leishmania
infantum amastigotes. Antimicrob Agents Chemother 45
(7):2064-9

Sereno D, Cordeiro da Silva A, Mathieu-Daude F, Ouaissi A (2007)
Advances and perspectives in Leishmania cell based drug-
screening procedures. Parasitol Int 56(1):3—7



	Leishmania infantum: tuning digitonin fractionation for comparative proteomic of the mitochondrial protein content
	Abstract
	Introduction
	Materials and methods
	Cell culture
	Digitonin fractionation
	Luciferase activity
	SDS-PAGE analysis using LimTXNPx, a mitochondrial marker

	Results and discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


