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Abstract Detergent-resistant membranes (DRMs) from
Leishmania (Viannia) braziliensis promastigotes, insoluble in
1% Triton X-100 at 4°C, were fractionated by sucrose density
gradient ultracentrifugation. They were composed of glyco-
inositolphospholipids (GIPLs), inositol phosphorylceramide
(IPC), phosphatidylinositol (PI), phosphatidylethanolamine
(PE), and sterols. In contrast, 1% Triton X-100-soluble frac-
tion was composed of PE, phosphatidylcholine, phosphati-
dylserine, PI, IPC, sterol, and lyso-PI. High-performance
thin-layer chromatography (HPTLC) immunostaining using
monoclonal antibody SST-1 showed that 85% of GIPLs are
present in DRMs, and immunoelectron microscopic analy-
sis showed that SST-1-reactive components are located in
patches along the parasite surface. No difference in GIPL
pattern was observed by HPTLC between Triton X-100-
soluble versus -insoluble fractions at 4°C. Analysis of fatty
acid composition in DRMs by GC-MS showed the presence
of GIPLs containing an alkylacylglycerol, presenting mainly
saturated acyl and alkyl chains. DRMs also contained sterol,
IPC with saturated fatty acids, PI with at least one saturated
acyl chain, and PE with predominantly oleic acid.if Pro-
mastigotes treated with methyl-B-cyclodextrin to disrupt
lipid microdomains showed significantly lower macrophage
infectivity, suggesting a relationship between lipid micro-
domains and the infectivity of these parasites.—Yoneyama,
K. A. G,, A. K. Tanaka, T. G. V. Silveira, H. K. Takahashi,
and A. H. Straus. Characterization of Leishmania (Viannia)
braziliensis membrane microdomains, and their role in mac-

rophage infectivity. J. Lipid Res. 2006. 47: 2171-2178.
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In the fluid bilayer of eukaryotic plasma membranes,
various lipid species are asymmetrically distributed within
the exoplasmic and cytoplasmic layers, and specific subsets
of proteins and glycolipids are organized as specialized
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microdomains (1). In mammalian cells, certain plasma
membrane proteins, such as receptors and proteins an-
chored by glycosylphosphatidylinositol (GPI) or acyl moi-
eties, are associated with sphingolipid/cholesterol-rich
microdomains termed “lipid rafts.” Such microdomains have
also been termed “detergent-resistant membranes” (DRMs)
because they can be isolated by density gradient ultracen-
trifugation on the basis of their low density and insolubility
in cold, nonionic detergent (2).

DRMs containing GPI-anchored proteins have also been
isolated from trypanosomatids such as Leishmania (3, 4).
Leishmania is a digenetic parasite whose life cycle includes
motile promastigotes in the alimentary tract of its insect
vector, the phlebotomine sandfly, and intracellular non-
motile amastigotes in mononuclear phagocytes of mam-
malian hosts. Numerous studies during the past 15 years
indicate that the infection process in parasites depends
on surface glycoconjugates such as lipophosphoglycans,
GPI-anchored proteins, and glycolipids (5-12).

The purpose of this study was to characterize the lipids
present in lipid raft microdomains in promastigote forms
and to analyze the involvement of these microdomains in
parasite-macrophage interaction in a particular Leishmania
species, Leishmania (Viannia) braziliensis. This species be-
longs to the L. Viannia subgenus that causes human cu-
taneous and mucocutaneous leishmaniasis in the New
World (13). Members of this subgenus express lipophos-
phoglycan levels at only 5-10% of those found in spe-
cies of the L. Leishmania subgenus (14, 15). In contrast,

Abbreviations: AGPB, phosphate buffer containing 0.5% bovine
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FAME, fatty acid methyl ester; GIPL, glycoinositolphospholipid; GPI,
glycosylphosphatidylinositol; HPTLC, high-performance thin-layer
chromatography; IPC, inositol phosphorylceramide; MAb, monoclonal
antibody; MBCD, methyl-B-cyclodextrin; PC, phosphatidylcholine; PE,
phosphatidylethanolamine; PI, phosphatidylinositol; PS, phosphatidyl-
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glycoinositolphospholipids (GIPLs) are highly expressed
in L. (V.) panamensis and L. (V.) braziliensis promastigotes
(16, 17). Therefore, it is important to evaluate the distri-
bution and functional role of these molecules in cell mem-
branes of these parasites.

MATERIALS AND METHODS

Parasites

L. (V.) braziliensis (WMHOM/BR/1987/M11272) promasti-
gotes were cultured at 23°C by several passages of log-phase
parasite in Medium 199 supplemented with 10% heat-inactivated
fetal calf serum (Cultilab, Campinas, Brazil).

Triton X-100 detergent extraction

L. (V.) braziliensis promastigotes (1 X 10° cells) were harvested
by centrifugation (2,000 g, 4°C, 10 min), washed three times with
0.01 M phosphate buffer (pH 7.2) containing 0.15 M NaCl (PBS),
resuspended in 1 ml of ice-cold 1% Triton X-100 (Sigma) in PBS,
and maintained for 30 min at 37°C or on ice. Detergent-soluble
(supernatant) and -insoluble (pellet) fractions were separated by
centrifugation at 14,500 g for 10 min at 4°C or 25°C. Lipids pres-
ent in the detergentsoluble fraction were recovered directly
by partition with the same volume of 1-butanol (3); the butanol
fraction was dried, resuspended in chloroform-methanol (2:1),
and analyzed by high-performance thin-layer chromatography
(HPTLC). Lipids present in the detergent-insoluble fraction
were extracted with 2 ml of isopropanol-hexane-water (55:20:25;
solvent A), dried, resuspended in chloroform-methanol (2:1),
and analyzed by HPTLC (17).

Sucrose density gradient centrifugation

L. (V.) braziliensis promastigotes (1 X 108 cells) were washed in
ice-cold PBS, resuspended in 50 mM Tris-HCI, 150 mM NaCl, and
5 mM EDTA, pH 7.4 (TNE buffer), and stirred with glass beads
(5 mm; Reidel-deHéen, Seeize, Germany) for 5 min on ice to
disrupt the parasites. The suspension was centrifuged at 800 gfor
10 min at 4°C. The supernatant was collected and adjusted to 1%
Triton X-100 in TNE buffer and maintained for 30 min on ice.
The extract was adjusted to 45% sucrose and then overlaid with a
discontinuous sucrose density gradient consisting of 30% sucrose
(3 ml) and 5% sucrose (1.75 ml) in an ultracentrifugation
tube. Gradients were centrifuged with a Sorvall AH-629 rotor at
100,000 g for 30 h at 4°C, and fractions (950 wl) were collected
from the top. The fractions were dialyzed against water and dried.
Lipids were recovered from the fractions by extraction with
isopropanol-hexane-water (55:20:25) and analyzed by HPTLC.

Lipid analysis

GIPLswere analyzed by HPTLC on Silica Gel 60 plates (E. Merck,
Darmstadt, Germany) using chloroform-methanol-0.02% CaCly
(60:40:9; solvent B) as the mobile phase. Glycolipids were visualized
by staining with orcinol/HySOy4. The standard used was GIPL-1
purified from L. (L.) major, as described by Suzuki et al. (18).
Phospholipids were analyzed by HPTLC, developed in chloroform-
methanol-40% methylamine (63:35:10; solvent C), and visualized
by Dittmer-Lester reagent as blue spots (19). HPTLC plates were
stained, and phospholipids were quantified by densitometry
(Shimadzu CS9301) at 525 nm. The standard mixture contained
1 mg/ml each of six phospholipids: phosphatidylinositol (PI), egg
lecithin phosphatidylcholine (PC), phosphatidylethanolamine
(PE; Matreya, Pleasant Gap, PA), sphingomyelin, phosphatidylser-
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ine (PS; Sigma), and inositol phosphorylceramide (IPC) purified
from Saccharomyces cerevisiae as described by Smith and Lester (20).

Individual GIPLs and phospholipids were further purified by
a combination of HPLC and preparative HPTLC as follows. GIPL
bands were purified by HPLC (Varian; model 9010) on an Iatro-
beads column (4.6 X 300 mm, 6R-8010; Iatron, Tokyo, Japan)
and eluted on a gradient of isopropanol-hexane-water from 55:
43:2 to 55:30:15 (175 min, flow rate of 1.0 ml/min) (17). GIPLs
were quantified by phenol-sulfuric acid reaction, a colorimetric
method for carbohydrate determination (21). Phospholipids were
purified by preparative HPTLC in solvent C. Separated phospho-
lipids were visualized under ultraviolet light after spraying with
0.01% primulin in 90% aqueous acetone. Individual phospho-
lipids were isolated from HPTLC plates by scraping and soni-
cation in solvent A (22). Sterols were analyzed by HPTLC
developed in chloroform-ethyl ether-acetic acid (97:2.3:0.5;
solvent D) and visualized as gray spots using copper acetate re-
agent (10% CuSO4-5H0 in 3% HsPOy) (23). Ergosterol and
cholesterol (Sigma) were used as standards for the quantification
of HPTLC by densitometry at 525 nm.

HPTLC immunostaining

Immunostaining of GIPLs by monoclonal antibody (MAb)
SST-1, which specifically recognizes glycolipids of L. (V.) braziliensis
promastigotes, was performed as described previously (17). After
HPTLC development, plates were dried, soaked in 0.5% poly-
methacrylate in hexane, dried, blocked with 1% BSA in PBS for
2 h, incubated with MADb SST-1 overnight at 4°C, and incubated
sequentially with rabbit anti-mouse IgG and '*Ilabeled protein A
(4 X 10° cpm/ml).

Solid-phase RIA

For solid-phase RIA binding assay, glycolipids present in the
fractions obtained after sucrose gradient ultracentrifugation were
recovered directly by partition with the same volume of 1-butanol
(950 wl). The butanol fractions were dried and resuspended in
ethanol (400 pl), and 20 pl of each fraction was adsorbed on
96-well plates (Falcon Microtest III, Oxnard, CA) (24). The
ethanol was dried at 37°C, and the wells were blocked with 1%
BSA in PBS (200 pl/well) for 2 h. Plates were incubated over-
night with MAb SST-1 (100 pl) at 4°C. The amount of MAb
bound to glycolipid was determined by reaction with 50 wl of rab-
bit anti-mouse IgG. Plates were washed three times with PBS
and incubated with 50 ul of '**Ilabeled protein A in 1% BSA in
PBS (~10° cpm/well) for 1 h. Radioactivity in each well was mea-
sured by y counter.

Analysis of phospholipids and GIPLs by GC-MS

Purified phospholipids or glycolipids (20 wg) were dried in
Pyrex tubes with Teflon-lined screw caps. Methanolysis was
performed by adding 1.0 ml of 1 M HCI in anhydrous methanol
and incubating at 80°C for 16-22 h. The cooled lysate was par-
titioned three times with an equal volume of hexane. Combined
hexane phases containing fatty acid methyl esters (FAMEs) were
dried under Ny at 37°C, resuspended in 100 wl of hexane, and
analyzed by GC-MS. For analysis of inositols and sphingoid bases,
the anhydrous methanol phase was dried under Ny at 37°C,
washed three times with anhydrous methanol, converted to tri-
methylsilyl derivative by reaction with Tri-Sil reagent (Pierce,
Rockford, IL) for 30 min at 80°C, and analyzed by GC-MS (25).
GC-MS analyses were performed on a Varian CP-3800/1200L
using a CP-Sil 8 CB column with splitless injection. The tem-
perature program was from 40°C to 300°C at 5°C/ min, followed
by a 5 min plateau at 300°C. Derivatives were identified by their
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retention times and mass spectra, in comparison with authentic
standards and published data.

Indirect immunofluorescence

Parasites (1 X 108) were fixed with 1% formaldehyde in PBS
for 10 min. Cells were washed and resuspended in 1 ml of PBS,
and 20 pl of the solution was added to coverslips. Air-dried prep-
arations were extracted with 1% Triton X-100 in PBS at 4°C or
37°C. Coverslips were blocked with 5% BSA in PBS and incubated
sequentially with primary antibody (1 h) and with 1% BSA con-
taining 0.01 mM 4,6-diamidino-2-phenylindole (Sigma) and anti-
mouse IgG conjugated to FITC (Dako Corp., Carpinteria, CA).
Coverslips were washed five times with PBS after each incubation
and examined by epifluorescence microscopy (Nikon).

Transmission electron microscopy

Parasites (3 X 10%) were fixed with 4% paraformaldehyde and
0.05% glutaraldehyde in 0.1 M Na-cacodylate buffer (CB), pH
7.6, for 20 min at 4°C. Cells were washed (3,400 g, 3 min) in 0.1 M
phosphate buffer (PB), pH 7.4, and incubated with 0.05%
sodium borohydride and 0.1% glycine in PB for 10 min to block
free aldehyde groups. Parasites were washed with phosphate buf-
fer containing 0.5% BSA and 0.1% gelatin (AGPB), and blocked
with 5% goat serum (Sigma) in AGPB for 1 h. Approximately 1 X
107 parasites were incubated with 0.5 ml of MADb (culture super-
natant, 90 min at 25°C), washed with AGPB, and incubated with
goat anti-mouse Ig conjugated with colloidal gold (10 nm; E-Y
Laboratories, San Mateo, CA) for 90 min. Parasites were washed
with AGPB and PB, fixed with 2.5% glutaraldehyde in PB
(10 min), washed in PB, and embedded with 4% agarose. Frag-
ments (2-3 mm) were treated with 2% osmium tetroxide in CB
(1 h) for contrast, washed with water, and incubated with 0.5%
uranyl acetate in 0.3 M sucrose (30 min). Fragments were washed
with water, dehydrated in ethanol (70, 90, and 100% successively),
and infiltrated sequentially with propylene oxide (two times for
15 min), Araldite in propylene oxide (1:2, 1 h), Araldite in pro-
pylene oxide (1:1, overnight under agitation), and Araldite in a
desiccator (5 h). After polymerization, the material was sectioned
(70-90 nm thickness). Sections were treated with uranyl acetate
(8 min) and with lead citrate (4 min) for contrast and examined
using a JEOL 1200 EX-II transmission electron microscope at 80 kV.

Preparation of peritoneal macrophages

Peritoneal macrophages were harvested by washing the perito-
neal cavity of BALB/c mice with PBS. Macrophages were washed
three times with cold PBS by centrifugation at 400 g, and the
pellet was resuspended in RPMI 1640 supplemented with 10%

\

fetal calf serum, 10 mM HEPES, and penicillin/streptomycin
(100 U/ml and 100 pg/ml, respectively). Approximately 5 X 10°
macrophages were placed on sterile glass coverslips on 24-well
plates for 1 h at room temperature. Nonadherent cells were
removed by several washes with RPMI 1640, and the plates were
kept at 37°C in a COq incubator.

Disruption of lipid microdomains

Promastigotes (1 X 10%) from the stationary growth phase were
washed three times with sterile PBS by centrifugation at 600 gfor
10 min at 4°C and maintained in Medium 199 without serum for
12 h. The cells were washed three times in PBS and incubated with
20 or 40 mM methyl-B-cyclodextrin (MBCD) (Sigma) in PBS for
1 h at room temperature. After treatment, viability was analyzed
by culturing the parasites in complete medium containing 10%
fetal calf serum for cholesterol replacement in the parasite mem-
brane. Growth rates of parasites were measured relative to those
of control cells incubated without MBCD.

Leishmania infectivity in macrophages after
MpBCD treatment

Promastigotes preincubated with MBCD (20 or 40 mM) and
control promastigotes were incubated with peritoneal macro-
phages (10 parasites/macrophage, 5 X 10° parasites/well) for
1 h in RPMI 1640 medium without serum at room temperature.
Nonadherent parasites were removed by washing the monolayers
with medium. Infected macrophages were maintained in RPMI
1640 with 10% fetal calf serum in a COs, incubator for 24 h.
Macrophages were fixed with 2% formaldehyde in PBS for
10 min and stained with Giemsa’s solution. The phagocytic index
was determined by multiplying the percentage of macrophages
that had phagocytosed at least one parasite by the parasite aver-
age per infected macrophage (300 cells were examined), as
described by Straus et al. (5).

RESULTS

Immunolocalization of glycolipids recognized
by MADb SST-1

MADb SST-1 specifically recognizes glycolipids of L. (V.)
braziliensis promastigotes and does not cross-react with the
lipophosphoglycan fraction or with other parasite glyco-
conjugates, as shown by Silveira et al. (17). We observed
strong reactivity in all parasites by indirect immunofluo-
rescence (Fig. 1A). When promastigotes were incubated

/

Fig. 1. Indirect immunofluorescence of detergent-extracted promastigotes probed with monoclonal antibody (MAb) SST-1. L. (V.)
braziliensis promastigotes were analyzed as described in Materials and Methods. A: Fixed parasites. B: Coverslips containing fixed
promastigotes, extracted with 1% Triton X-100 at 37°C before SST-1 labeling. C: Same as B, but Triton X-100 extraction was carried out
at 4°C. Green areas, SST-1 reactivity; blue areas, nucleus and kinetoplast stained with 4,6-diamidino-2-phenylindole. Bar = 5 pm.
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Fig. 2. Transmission electron microscopy of L. (V.) braziliensis
promastigotes using MAb SST-1. Promastigotes were fixed, incu-
bated sequentially with SST-1 and gold-conjugated anti-mouse
IgG, fixed with Araldite, and processed as described in Materials
and Methods. F, flagella; L, lipid vesicles; M, mitochondria. Bar =
0.5 pm.

with 1% Triton X-100 at 37°C, surface fluorescence was
abolished and only a small fluorescent stain remained
near the kinetoplast (Fig. 1B, arrows). In contrast, when
parasites were treated with 1% Triton X-100 at 4°C, SST-1
immunofluorescence labeling was unchanged (Fig. 1C),

A

PS- s

P|—-——"

indicating that the glycolipid antigens recognized by SST-1
are detergent-insoluble at 4°C.

We also analyzed MAb SST-1 reactivity with L. (V.) bra-
ziliensis promastigotes by transmission electron microscopy
to localize and determine the organization of glycolipids
in the plasma membrane. Gold particles were visualized
mainly in patches at the surface of the promastigotes (Fig. 2,
arrows). No labeling was detected in the cytoplasm or other
organelles. In control experiments using an irrelevant MAb,
no labeling was observed (data not shown).

GIPL and phospholipid composition of detergent-soluble
and -insoluble fractions

L. (V.) braziliensis promastigotes were extracted with 1%
Triton X-100 at 4°C and 37°C, and GIPL composition was
determined by HPTLC and quantified by densitometry.
When promastigotes were extracted in ice-cold 1% Triton
X-100, ~85% of total GIPLs were recovered in the detergent-
insoluble fraction (Fig. 3A, 4°C, lane I). In contrast, at 37°C,
almost 99% of GIPLs were soluble (37°C, lane S). Six GIPL
bands, termed B1-B6, were present in both fractions as
visualized by orcinol staining. Bands B3 and B5 correspond
to SST-1-reactive GIPLs (Fig. 3B). Traces of GIPLs in the
37°C insoluble fraction were detected only after SST-1 im-

SD s |

4°C

B
g
—B3
ome
T S | S |
4°C 37°C
e a——— - -FE
e IPc
i - - -PS
— sy -Pl
.- sy -IPC
«~ -lysoPI
S I T
37°C

Fig. 3. Temperature-dependent detergent extraction of L. (V.) braziliensis lipids. Soluble (S) and insoluble
(I) fractions after parasite extraction with 1% Triton X-100 at 4°C or 37°C were analyzed by high-performance
thin-layer chromatography (HPTLC). A: HPTLC gel developed in chloroform-methanol-0.02% CaCls (60:40:
9) and stained with orcinol/HsSOy4 for glycolipids. B: HPTLC gel developed in the same solvent and
immunostained with SST-1. C: HPTLC gel developed in chloroform-methanol-40% methylamine (63:35:10)
and phospholipids visualized by Dittmer-Lester reagent. SD, standard phospholipid (1 mg/ml) containing
phosphatidylethanolamine (PE), phosphatidylcholine (PC), sphingomyelin (SM), phosphatidylserine (PS),
and phosphatidylinositol (PI); T, total promastigote lipid content after extraction with isopropanol-hexane-

water and chloroform-methanol.
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munostaining. Approximately 64% of phospholipids were
recovered in the 4°C Triton X-100-soluble fraction, as de-
termined by HPTLC densitometry (Fig. 3C). Phospholipid
compositions of the soluble versus insoluble fractions were
conspicuously different. The 4°C soluble fraction contained
mainly phospholipids with chromatographic migration of
PE, PC, PS, PI, IPC, and a slow-migrating component cor-
responding to lyso-PI, as determined by GC-MS. Approxi-
mately 36% of phospholipids remained in the 4°C insoluble
fraction (4°C, lane I), including PE, PI, and IPC, which
corresponds to the major sphingolipids of these parasites.
When parasites were incubated with 1% Triton X-100 at
37°C, all phospholipids were recovered in the soluble
fraction (37°C, lane S). Concentrations of glycolipids and
phospholipids recovered in the 1% Triton X-100-soluble
fraction at 37°C and the insoluble fraction at 4°C were de-
termined by densitometry of HPTLC plates stained with
orcinol (for GIPLs) or Dittmer-Lester reagent (for phos-

pholipids) (Fig. 4).

Fractionation by sucrose density gradient centrifugation
of promastigote membranes incubated with ice-cold

1% Triton X-100

To confirm that the 4°C insoluble fraction described
above represents DRMs, low-density membrane microdo-
mains were obtained by sucrose density gradient centrifu-
gation, and GIPL and phospholipid contentwas analyzed by
HPTLC. GIPLs were present mainly in fractions 3 and 4
(Fig. 5A), which correspond to low-density membranes.
GIPLs were also present in fractions 5 and 6, which cor-
respond to soluble GIPLs. Cholesterol/ergosterol was pres-
ent predominantly in fractions 3 and 4 (Fig. 5B), whereas
fractions 5 and 6 contained other yet-unidentified sterol
components with lower relative mobility. Phospholipid
composition, analyzed by HPTLC, varied among the dif-
ferent fractions (Fig. 5C). Fractions 3 and 4 contained
mainly phospholipids with chromatographic migration of
PE, PI, and IPC, whereas fractions 5 and 6 (corresponding

8-
71
6
5
4
3

PE IPC lyso-Pl  GIPLs

Fig. 4. Glycoinositolphospholipid (GIPL) and phospholipid com-
position of L. (V.) braziliensis promastigotes. Parasites were extracted
with 1% Triton X-100 at 37°C and subjected to HPTLC. Concentra-
tions of GIPLs and phospholipids were determined by densitometry
using a standard solution of 1 mg/ml commercial phospholipids
containing PI, PC, PE, SM, and PS, inositol phosphorylceramide
(IPC) purified from S. cerevisiae, and GIPL-1 purified from L. major.
Black columns, concentration of phospholipids and GIPLs that
remained insoluble in 1% Triton X-100 at 4°C.

A - .
GIPL-1-
B
C/E-
C
PE- o -PE
PC- «
SM- -PC
PS-
-PS
PI- -Pl
-IPC
-lyso PI

SD1 2 3 45 6 T

100

Percentage (%)
N B o @
o o o o

(=]

PE PC PS Pl IPC  lyso-PI C/E GIPLs

Fig. 5. Distribution pattern of GIPLs, phospholipids, and sterols
in various fractions from sucrose density gradient centrifugation of
L. (V.) braziliensis promastigote lysate. The membrane suspension
was placed at the bottom of a centrifuge tube, and a sucrose gra-
dient was established as described in Materials and Methods. After
ultracentrifugation (100,000 g for 30 h), 950 pl fractions were col-
lected and analyzed for lipid content by HPTLC. Abscissa, fraction
number (1 = top, 6 = bottom). A: HPTLC gel developed in solvent
B and stained with orcinol/HsSO, for GIPLs. SD, standard GIPL-1
purified from L. major. B: Distribution of sterols in gradient cen-
trifugation fractions by HPTLC as developed in solvent D and
stained with copper acetate reagent. C/E, cholesterol/ergosterol;
SD, standard ergosterol; T, total promastigote lipid content after ex-
traction with isopropanol-hexane-water and chloroform-methanol.
C: Phospholipid distribution determined by HPTLC as developed
in solvent C and stained with Dittmer-Lester reagent. SD, standard
phospholipids. D: Distribution of phospholipid, GIPL, and sterol in
fractions 3 and 4 (corresponding to detergent-resistant membrane;
black columns) and fractions 5 and 6 (corresponding to detergent-
soluble fraction; white columns). Lipid concentration in each frac-
tion was estimated as the recovered percentage of each lipid, based
on the densitometry of HPTLC gels shown in A-C.

to 4°C Triton X-100-soluble phospholipids) contained PE,
PS, PI, IPC, lyso-PI, and traces of PC. Percentages of each
phospholipid present in fractions 3 and 4 and fractions 5
and 6, calculated by densitometry of the HPTLC plate, are
shown in Fig. 5D. PE and PI were distributed equally in
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fractions 3 and 4 and fractions 5 and 6. On the other hand,
78% of total IPC was present in fractions 3 and 4, whereas
79% of total PS and all lyso-PI and PC were concentrated in
fractions 5 and 6. For glycolipids, 68% of total GIPLs were
present in fractions 3 and 4.

Fatty acid and sphingosine composition of L. (V.)
braziliensis promastigote GIPLs and phospholipids

Phospholipids were purified by preparative HPTLC in
solvent C and subjected to methanolysis as described in
Materials and Methods. Percentages of peaks corresponding
to fatty acids detected by GC-MS as FAME derivatives are
summarized in Fig. 6A. The main fatty acid detected was oleic
acid, except for IPC, in which 69% of molecules present
myristicacid and 23% present palmitic acid. The presence of
sphingoid base and inositol in IPC was confirmed by GC-MS
analysis of trimethylsilyl derivatives (data not shown).

The various GIPLs purified by HPLC were analyzed for
FAMEs and found to preferentially present saturated fatty
acid, mainly stearic acid, and also palmitic acid and oleic
acid (Fig. 6B). GC-MS analysis after acid methanolysis and
trimethylsilylation showed the presence in all six glycolipid
bands of peaks corresponding to fully saturated unbranched
1-O-monoalkylglycerol with a chain length of C18:0 and myo-
inositol (data not shown), indicating that these glycolipids
correspond to GIPLs presenting alkylacylglycerols.

Role of membrane microdomains in L. (V.) braziliensis
infectivity to macrophage

A critical eventin Leishmania pathogenesis is the invasion
of macrophages by the parasite. To assess the possible role
of L. (V.) braziliensis membrane microdomains in the in-
fectivity of the macrophage monolayer by promastigotes,
parasites were treated with a sterol binding reagent, MBCD
(26). Treatment of promastigotes with 20 or 40 mM MBCD
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Fig. 6. Fatty acid composition (percentage abundance) of phos-
pholipids (A) and GIPLs (B) of L. (V.) braziliensis promastigotes.
Fatty acid methyl esters (FAMEs) were analyzed by GC-MS as de-
scribed in Materials and Methods.
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for 1 h caused a significant reduction (40% or 70%, re-
spectively) of parasite sterol levels, as determined by den-
sitometry of HPTLC plates containing parasite sterols
stained by copper acetate reagent. MBCD treatment had
no effect on the parasite concentration of phospholipids
and GIPLs. Membranes of MBCD-treated parasites, and
of control parasites, were incubated with ice-cold 1% Triton
X-100 and fractionated by sucrose gradient ultracentrifu-
gation, and GIPL distribution in the fractions was analyzed
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Fig. 7. Effect of the disruption of membrane microdomains on
L. (V.) braziliensis growth and infectivity. Parasites were preincubated
with 20 or 40 mM methyl-3-cyclodextrin (MBCD) in PBS for 1 h,
as described in Materials and Methods. A: GIPL distribution in six
fractions obtained after ultracentrifugation of parasite lysate in-
cubated with ice-cold 1% Triton X-100. GIPL distribution was de-
termined by RIA probed with MAb SST-1. Black columns, fractions
from parasites treated with 40 mM MBCD; white columns, fractions
from control parasites (not treated with MBCD). B: MBCD-treated
parasites were cultured in complete Medium 199, and concentra-
tion was determined daily. C: MBCD-treated parasites were incu-
bated with macrophage monolayers for 1 h. Nonadherent parasites
were removed, and infected macrophages were maintained in a
COqy incubator for 24 h as described in Materials and Methods.
Values shown are means * SD from triplicate experiments. * Values
for MBCD-treated parasites were significantly lower (P < 0.05 by
Student’s #test) than values for controls.
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by RIA using MAb SST-1. MBCD-treated parasites showed a
clear displacement of GIPLs from low-density fractions
(fractions 3 and 4) to soluble fractions (fractions 5 and 6)
(Fig. 7A), indicating that MBCD treatment led to a re-
duction of sterol content and a disruption of membrane
microdomains. MBCD treatment did not affect parasite
viability (i.e., treated vs. control parasites had similar growth
rates) (Fig. 7B). However, macrophage infectivity by MBCD-
treated parasites was significantly lower than infectivity by
control parasites (Fig. 7C).

DISCUSSION

This study was designed to elucidate the membrane
organization of glycolipids in L. (V.) braziliensis promas-
tigotes. We found that these parasites present GIPLs con-
taining alkylacylglycerol, composed mainly of saturated
fatty acid chains, primarily stearic acid. We estimate that
there are ~4 X 10° GIPL molecules/parasite and that
85% of the GIPLs are present in DRMs. Approximately 36%
of phospholipids are also present in DRMs, indicating that
L. (V.) braziliensis promastigotes present an extensive liquid
order or gel lipid bilayer, which may be essential for the
survival/infectivity of parasites in the host.

The presence of DRMs in mammalian cells can be ex-
plained by the formation of a detergent-resistant liquid-
ordered phase of sterols and sphingolipids containing
saturated fatty acid chains (27) surrounded by a fluid-
disordered phase presenting higher concentrations of phos-
pholipids with unsaturated fatty acids. We found that L. (V.)
braziliensis promastigote DRMs contain GIPLs presenting
mainly saturated acyl and alkyl chains. The DRMs also con-
tained sterol, IPC with saturated fatty acid, PI with at least
one saturated acyl chain, and PE with predominantly oleic
acid. In contrast, the 1% Triton X-100 (4°C)-soluble fraction
contained phospholipids presenting almost exclusively oleic
acid as PE, PC, PS, and lyso-PL.

Our findings indicate that GIPLs, IPC, and sterols are
distributed preferentially in L. (V.) braziliensis membrane
microdomains. This is the first demonstration that mem-
brane microdomains of Leishmania are involved in mac-
rophage infectivity. GIPLs and GPI-anchored proteins are
presumably organized in membrane microdomains, as
demonstrated in other species of Leishmania (3, 4), and
may be associated with signal transducer molecules and
carbohydrate-mediated parasite-host cell adhesion/rec-
ognition mechanisms. Carbohydrate-mediated interac-
tion may initiate a series of signals in these parasites to
affect cellular interactions and modulate host response,
in a manner similar to that proposed for glycosynapses
in mammalian cells by Hakomori and Handa (28). Our
results show clearly that membrane microdomains of
Leishmania play a role in parasite infectivity. Molecules
present in these microdomains are potential targets for
leishmaniasis therapy. Bl
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