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Fig. 5. Inhibition by cellular ATP-depletion and sodium orthovanadate of
the inward movements of Cg-NBD-PC and Cg-NBD-PS in Leishmania
promastigote plasma membrane at 26 °C. Key: (W) Cs-NBD-PC in normal
cells, () C4-NBD-PS in normal cells, (O) C4-NBD-PC in ATP-depleted
cells, () Cg-NBD-PS in ATP-depleted cells, (7) C4-NBD-PC in vanadate
treated cells, and (<) Co-NBD-PS in vanadate treated cells. Values shown
are means of two independent experiments with a maximum variation of
2.5%.

or required two separate translocation systems specific to
these lipids. To discriminate between these two possibilities,
we competed the inward movements of Cg-NBD-PS with
C2-NBD-PC and C¢-NBD-PC with Cj2-NBD-PS. As only
the Cg-NBD-lipids and not the Cj2-NBD-lipids could be
back-exchanged by incubating with1.5% BSA for 5 min at
0°C, this strategy enabled us to analyse the movements of
one phospholipid species in presence of another. Results of
these experiments given in Fig. 6 revealed that the inward
movement of Cg-NBD-PS was reduced by the presence
of C12-NBD-PC, presumably due to high affinity of the
translocator for the longer fatty acyl chain-containing phos-
pholipids [25,26]. In contrast to C;2-NBD-PC, the presence
of C|2-NBD-PS exerted a remarkable influence on the
inward movements of C4-NBD-PC. Instead of its transloca-
tion from the outer to the inner monolayer, this lipid in the
presence of Ci-NBD-PS appeared to migrate from inner
to the outer monolayer. This finding may be attributed to
the high preference of the translocator to Cj,-NBD-lipids
over the Cg-NBD-lipids [25,26] as well as to the intrinsic
preference of PS to localize in the inner monolayer [21].

3.3.2. In-to-out movements of exogenous phospholipids
in plasma membranes of Leishmania promastigotes

The in-to-out phospholipid movements were induced by
incubating the NBD-lipids-incorporated cells with BSA, as
reported earlier [33]. The cells were incubated with 1.5%
BSA at 0°C for variable time periods, and then the NBD
fluorescence measured in both the Triton X-100 extract and
the cell pellet. Fig. 7 shows that the rate of the outward mi-
gration of the PC was greater than that observed with the PE
and PS. These outward movements of NBD-phospholipids
were not inhibited by depleting the cells of ATP (>90%)
or by orthovanadate treatment (data shown), suggesting
that some ATP-independent mechanism may be involved
in these movements. To further examine the specificity of
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Fig. 6. Inward movements of C4-NBD-PC and Cg-NBD-PS in Leish-
mania promastigote plasma membrane at 26°C in presence of
C2-NBD-phospholipids. (A) Cg-NBD-PS movement in absence () and
presence (1) of Cy2-NBD-PC; (B) C4-NBD-PC movement in absence
(V) and presence () of C2-NBD-PS. Values shown are means of two
independent experiments with a maximum variation of about 4%.

this in-to-out phospholipid translocator, we competed the
outward movements of Cy-NBD-PC with C-NBD-PS
and of C¢-NBD-PS with Cy2-NBD-PC. Fig. 8 shows that
the in-to-out movements of Cg-NBD-PS were inhibited
by the presence of C2-NBD-PC, whereas no effect of
C12-NBD-PS was observed on the outward translocation of
Cgs-NBD-PC.

4. Discussion

Earlier studies have shown that infectivity of Leishma-
nia promastigotes is growth cycle-dependent and restricted
to the stationary phase [34]. The present study demon-
strates that the higher infectivity of the stationary phase
promastigotes, as compared to the log phase promastigotes,
is primarily due to exposure of the procoagulant membrane
phospholipid, PS, on their surface, which may help pro-
mastigote internalisation by the macrophages through the
PS receptor [7]. This is consistent with a recent study which
showed that exposure of PS on the surface of Leishmania
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Fig. 7. Time-dependent outward movements of various NBD-labelled
phospholipids in Leishmania promastigote plasma membrane at 0°C.
Cy-NBD-phospholipids were incorporated and redistributed in promastig-
otes at 0°C as given in Section 2. The cells were divided into two equal
portions. While one portion was incubated at 0°C in presence of 1.5%
BSA, the second portion was incubated in buffer only, under identical
conditions. Open symbols, incubations in buffer only; solid symbols, in-
cubations in presence of BSA. Inverted triangles, Cy-NBD-PC; circles,
Cs-NBD-PE; squares, Cg-NBD-PS. Values shown are means of two in-
dependent experiments with a maximum variation of about 4%.

amastigotes is essential for their internalisation and subse-
quent survival within the host macrophages [16].

PS distribution in plasma membranes of a variety of cells
is known to be regulated by an energy-dependent out-to-in
aminophospholipid pump [25-28]. Since log phase pro-
mastigotes have been shown to have virtually no PS in their
plasma membrane, it was of interest to study the mecha-
nisms that regulate the PS distribution in two-halves of the
promastigote plasma membrane bilayer. Results presented
here clearly demonstrate that as in other cells, the log phase
promastigotes contain an energy-dependent out-to-in and
energy-independent in-to-out phospholipid translocation
systems which perhaps determine the transbilayer phos-
pholipid distributions in the parasite surface membrane.
To examine whether the PS externalisation in the station-
ary phase promastigotes is due to altered rates of the PS
transhilayer movements in these cells, we analysed the PS
movements in both the mid-log phase and early stationary
phase promastigotes under identical conditions. Whereas
the ATP-dependent out-to-in PS movement in the stationary
phase appeared to be little slower (P = 0.05 at 60 min time
point) than that observed with the log phase promastigotes
(Fig. 9), no differences in the in-to-out PS movements were
seen under our experimental conditions (data not shown).
From these findings, we infer that the energy-dependent
out-to-in PS translocation activity in the Leishmania pro-
mastigotes is reduced when these cells enter their stationary
phase. As in-to-out PS movements essentially remain unal-
tered in the stationary phase promastigotes compared to the
log phase promastigotes, it is suggested that the observed
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Fig. 8 Outward movements of Cg-NBD-PC and Cg-NBD-PS in
Leishmania promastigote plasma membrane at 0°C in presence of
C/2-NBD-phospholipids. (A) C-NBD-PC movement in absence (W) and
presence (57) of Cj2-NBD-PS; and (B) C¢-NBD-PS movement in absence
() and presence (L) of C2-NBD-PC. Values shown are means of two
independent experiments with a maximum variation of about 3%.

reduced activity of the out-to-in PS translocase is perhaps
responsible for the exposure of PS on surface of the sta-
tionary phase promastigotes. It is, however, not yet clear as
to how this parasite inactivates the out-to-in phospholipid
translocation system upon entering the stationary phase.
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Fig. 9. Out-to-in movements of Cs-NBD-PS in plasma membranes of
mid-log phase (M) and early stationary phase (W) promastigotes. Values
shown are means of three independent experiments £S.D.
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PE is the major phospholipid constituent in surface mem-
branes of the Leishmania parasite [1]. Since this lipid is
translocated across the promastigote surface membrane pri-
marily through some energy-independent mechanisms, we
speculated that PE in this membrane could be symmetri-
cally distributed in two-halves of the membrane bilayer. To
examine the validity of this speculation, we labelled the pro-
mastigotes with fluorescamine, isolated the surface mem-
branes from the labelled cells, followed by estimation of the
amounts of labelled and unlabelled PE, using published pro-
cedures [35,36]. Results of these studies (data not shown)
revealed that about 45% of the total surface membrane PE
is localised in the outer monolayer.

This study shows that unlike the other plasma membranes
[25-28], only PS and not PE is asymmetrically distributed
in the plasma membranes of the Leishmania promastigotes.
This PS asymmetry in the parasite cells appears to play a
crucial role in controlling the promastigote infectivity, as
externalisation of PS in the stationary phase promastigotes
renders these parasites infective to the host macrophages.
Since localisation of PS in the two monolayers of the pro-
mastigote plasma membrane bilayer is controlled by trans-
bilayer PS movements across the membrane, we conclude
that Leishmania promastigotes may regulate their infectivity
by regulating the ATP-dependent out-to-in PS translocase
activity.
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