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Changes in lipid and fatty acid composition of Leishmania donovani were investigated in the different
phases of growth namely log, stationary and decline. There was a gradual decrease in total phospholipid
content during aging in culture while sterol content remained constant. As a result there was progressive
increase in sterol to phospholipid molar ratio. Fluidity determination showed that the parasite mem-
brane becomes less fluid as aging proceeds. The major phospholipid, phosphatidylcholine (PC) showed
a gradual decrease with aging whereas the second major phospholipid, phosphatidylethanolamine (PE)
showed an increase. There was no significant change in the amount of minor phospholipid, phospha-
tidylinositol (PI). Fatty acid analyses of phospholipids PC and PE in log, stationary and decline phases
showed that the ratio of saturated to unsaturated fatty acids also decrease with aging. This ratio of fatty
acids when expressed as a ratio between PC to PE was found to remain constant throughout aging.
Radioactive experiments showed decreased biosynthesis of phospholipids which may be responsible for
decreased amount of phospholipids found during aging in culture.
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Microviscosity
Introduction -
. . L. . are already characterized (Wassef et al. 1985). No
Leishmania donova_m is the causative agent of attempt has so far been made to study the overall
Kala-azar or visceral leishmaniasis. The

parasite assumes two forms — (an intracellular
form (aflagellar form) in host macrophages
(Chang & Dwyer 1978) and the extracellular
promastigote form (flagellar form) in inset
vector. The latter form can be grown in speci-
fic media at 16-32°C. Since lipid is one of the
major components of biological membranes and
is the regulator of structural and physiological
properties of biomembranes, the study of overall
lipid composition of leishmania promastigotes
seemed to be important (Beach et al. 1979,
Goad et al. 1984) to understand their mode of
action in the host. Lipids isolated from the surface
membrane of Leishmania donovani promastigotes

lipid composition of Leishmania donovani proma-
stigotes at different stages of growth and to estab-
lish a structure-function relationship between
lipid compositin and membrane function. Recent
work by Sacks et al. (1985) suggests that during
growth in vitro and in vivo promastigotes of some
strains of Leishmania show a progressive increase
in infectivity in rodents. Considerably differences
have been found in protein composition and anti-
genicity of promastigotes at different phases of
growth (Grogl et al. 1987). Changes in lipid com-
position during aging in culture were found in case
of another protozoal parasite, Trypanosoma
cruzi (Bronia et al. 1986). In this paper we report
that the sterol to phospholipid molar ratio of the
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Leishmania donovani promastigotes increases
with aging in culture resulting in an increased
microviscosity from log phase to decline phase.

Materials and Methods

Leishmania donovani strain UR6 (MHOM/IN/
1978/UR6) was isolated from an Indian patient
with Kala-azar and was cultivated in Banerjee’s
medium (Chowdhury et al. 1986). The composi-
tion (per litre) of this medium was as follows:

Malt extract (oxoid L39) (deproteinised)—5 g,
peptone (oxoid)}—10 g, NaCl—4 g, Hemin—600
ug. The pH was adjusted to 7.5. Growth curve was
determined by parasite counts in haemocyto-
meter. The parasites were collected by centri-
fuging the culture at 9000 r.p.m. (6000 x g) for 10
min and washed twice with 0.15M sodium chlonde.
Sodium acetate (1,2-'*C) of specific activity 60.3
mCi/m.mole was obtained from the Bhabha
Atomic Research Centre, Bombay; cholesterol,
phospholipids and fatty acid methyl ester stand-
ards from the Sigma Chemicals, USA; heat inacti-
vated fetal calf serum and RPMI-1640 medium
from the Difco, USA; and penicillin and strepto-
mycin from the GIBCO, USA. All other reagents
were of analytical grade.

Male Swiss albino mice (BALB/C strain) weigh-
ing 20-22 g were used to harvest peritoneal macro-
phages which were separated from granulocytes
and other cells by adherance on coverslips, kept
overnight at 37°C in RPMI-1640 medium
(Mukherjee et al. 1988).

Chemical analyses: Lipids were extracted from
the whole promastigotes by conventional proce-
dures (Kates 1972) in which 1ml of the packed cell
suspension was shaken with 3.75 m] of methanol :
chloroform (2 : 1, V/V), followed by 4.75 ml of
methanol : chloroform : water (10: 5:4, V/V).
Lipid phosphorous was assayed by the technique
of Marinetti et al. (1959), total sterol by the method
of Brown et al. (1954) and total protein by the
method of Lowry et al. (1951).

Two-dimensional thin layer chromatography.
The lipid pattern was studed by two-dimensional
thin layer chromatograms (Skipski & Barclay
1969) using chloroform : methanol : 28% aque-

ous ammonia in the ratio of 65 : 25 : Sin the first
direction, and chloroform : acetone : methanol :
acetic acid : waterintheratioof6:8:2:2: lin
the second direction. The standards were first ap-
plied on the left bottom corner of the plate for run-
ning in the first direction. The mixture of unknown
lipids was applied on the right bottom corner.
After the run, the plate was airdried, rotated verti-
cally (90°C) in the clockwise direction. A second set
of standards was applied on the right bottom
corner of the plate for running in the second direction
(Basuet al. 1979). The lipids were detected on pla-
tes by various group reactions, e.g. 0.2% ethanolic
ninhydrin for the primary amino groups of phos-
phatidyl serine, phosphatidyl ethanolamine, and
amino sugars of glycolipids; iodine vapor for gene-
ral lipid detection; lipid phosphorus by the molyb-
date spray; a-napthol reaction followed by charr-
ing with conc. H,SO, at 120°C for sugar and sialic
acid of glycolipids. Quantitative analysis of each
phospholipid was carried out by separating them
on the thin layer plate, scrapping off the individual
spots, eluting with methanol and using the eluates
for lipid phosphorous determination.

Gas-liquid chromatography: The fatty acid ana-
lysis of phosphatidyl choline (PC) and phosphati-
dyl ethanolamine (PE) was done according to the
method of Vance and Sweeley (1967). To the dry
lipid residue (about 500 pg), 2ml of 0.75N metha-
nolic HCI was added and the mixture heated in
sealed pyrex tube for 22 hr at 80°C. The methyl
ester, in hexane, was applied to the gas chromato-
graph. The fatty acid analyses was carried out with
a Hewlett-Packard 402 gas chromatograph (equi-
pped with flame ionization detector), isothermally
at 170°C with a 6 ft U-shaped column of 3% OV-1
coated on 100-120 Supelcoport (Supelco, Inc, Bel-
lefonte, Pa). Peak identifications were verified
with a 6 ft column of 15% EGSS-X on 100-120 Gas
chrom P (Applied Science Laboratories, Inc, State
College, Pa.). Peak areas were measured with an
Infotronics CRS-101 e¢lectronic integrator.

Incorporation of '*C-acetate during different
Pphases of growth: Parasites were grown in 100 ml of
liquid culture medium containing !'*C-acetate
(1.6 x 107 cpm). Three separate flasks were used
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for growing parasites for each phase, 10ml aliquot
was removed from each flask, centrifuged and was-
hed 2-3 times with 0.15 M sodium chloride. The
total lipids extracted from the pellet were subjected
to radioactive counting. Another aliquot was pro-
cessed in the same way for protein estimation. The
remaining 80ml of the culture medium was centri-
fuged, washed 2-3 times and resuspended in 80ml
of fresh medium without '*C-acetate and incuba-
ted for 1/2, 1 and 2 hr. After incubation an aliquot
was removed, centrifuged, thoroughly washed
and the extracted lipids from the pellets were sub-
jected to radioactive counting. The protein was
estimated as before.

Fluidity measurements: Lipid fluidity of parasite
membrane was measured by fluorescence depolar-
ization measurements using Diphenylhexatriene
(DPH) as the probe (Basu et al. 1980). In a typical
experiment, parasites at a cell concentration of
107/ml were incubated in 2ml of PBS containing 1
pm DPH suspension for 2-4 hr at 37°C. The meas-
urement of fluorescence anisotropy (r) wasmade in
a fluorescence polarization spectrophotometer
(Perkin-Elmer, SI-3) at room temperature, with
an excitation wavelength of 365nm and emission
wavelength of 430nm using the following equati-
on:

r= 1)/ —2L)

where I, and I; are the fluorescence intensities ori-
ented, respectively, parallel and perpendicular to
the direction of polarization of the excited light.
The microviscosity parameters [(ro/r)—1)]7",
were calculated in each case, knowing the fluore-
sence anisotropy r and the maximal liming fluore-
scence ro which for DPH was observed to have an
experimental value of 0.362 (Shinitzky &
Berhenholtz 1974). All measurements were per-
formed within 24 hr after incubation.

Incubation of log phase promastigotes with
sterol-enriched liposomes and interaction of these
modified promastigotes with peritoneal macrophag-
es. Liposomes with total sterol to phospholipid
molarratio 1 : 1.5 were prepared according to the
method of Mukherjee et al. (1988). The sonicated
lipids were centrifuged for 1 hr at 105,000 x g to
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separate small unilamellar vesicles (SUV) from
large multilamellar vesicles (MLYV). The SUV prepa-
ration was exposed to UV light for | hr and used for
incubationin 1:1 v/v ratio with the promastigotes
(2.5-5.0 x 108 cells/ml of medium) harvested from
late log phase of growth. The incubation was done
overnight at 37°C. After incubation excess lipo-
somes were washed off. Peritoneal macrophages
(7.5x% 10%/cover slip) were cultured in 1ml
RPMI-1640 medium supplemented with 10% fe-
tal calf serum, L-glutamine (4mM), hepes (25
mM), streptomycin (100ug/ml) and penicillin C
(100 ug/ml) overnight at 37°C. They were challen-
ged with the modified sterol-enriched promastig-
otes in fresh RPMI-1640 medium at macrophage:
parasite ratio 1 : 20 for 4 hr at 37°C. Several cover-
slips were used for the infection studies. Afte 4 hr,
excess promastigotes were washed off and one of
the coverslips were airdired, stained with giemsa,
examined under the microscope for attachment
and internalization of parasites. The other cover-
Slips were further incubated with fresh
RPMI-1640 medium at 37°C for definite time
intervals (i.e. 24, 48, 72 hretc.) and examined for
any increase in the number of internalized parasites.
Parallel controls were run at each time point
using normal unmodified promastigotes.

Results

Figure 1 represents the growth curve for Leish-
mania donovani. Exponential phase started after a
lag phase of 20 hr and continued upto 72 hr. The
stationary phase was from 72-90 hr. After that dec-
line phase begun which lasted upto 120 hr.
Table 1 represents the changes in lipid composi-
tion of parasite at different phases of growth. There
was a gradual decrease in total phospholipids dur-
ing aging in culture while sterol content remained
constant. As a result there was a progressive incre-
ase in sterol to phospholipid (S/P) molar ratio.
Fluidity determination showed that the parasite-
membrane becomes more microviscous or less
fluid as the aging process proceeds. Steady
reduction of total phospholipids indicate that
there is a progressive decrease of the phospholipid
biosynthesis in culture. The observation was con-
firmed by experiments with #C-acetate (figure 2).
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Table 1 Changes in lipid composition and membrane microviscosity of L. donovani promastigotes at different phases of growth

Phase of growth  mg of phospho-

lipid/mg protein

mg of sterol
mg protein

S/P* (molar) [ro/r—1]1"1

0.138+0.002
0.07940.003
0.066 £ 0.002

0.028 +0.002
0.023+0.001
0.02310.001

Log 0.40+0.02
0.58 +0.01

0.69+0.01

1.02+0.02
1.37+0.03
1.96+0.05

Stationary
Decline

*Sterol to phospholipid All results are shown as mean+SD (N=3)

The possible degradation of phospholipids was
found to be very small (figure 3). The percentage
composition of major phospholipids in log, stationary
and decline phase are shown in figure 4. Phosphati-
dylcholine showed a gradual decrease with aging
in culture whereas phosphatidylethanolamine in-
creased. There was no significant change in the am-
ount of minor phospholipid e.g. phosphatidylino-
sitol (10% of the total) in the three different phases
of growth.

Table 2 represents the fatty acid composition of
PC and Table 3 represents the fatty acid composi-
tion of PE. The ratio of saturated to unsaturated
fatty acids for both PC and PE were found to decre-
ase during aging. As the decrease of PC was fol-
lowed with a concomittant increase in PE, to ascer-
tain the net effect of the ratio of saturated to unsat-
urated fatty acids in modifying membrane fluidity,
the values were further analyzed as a ratio of phos-
phatidyl choline to phosphatidy! ethanolamine
(table 4). They were found to be reasonably const-
ant from log phase to decline phase. In an attempt
to examine whether membrane modification and
hence, the membrane microviscosity has any role
in the survival of the parasites within the macro-
phages, promastigotes were harvested from late
log phase and their lipid compositions were modi-
fied by sterol exchange technique involving liposo-
mes of higher sterol to phospholipid molar ratio
(Dutta et al 1990). When peritoneal macro-
phages were challenged with both normal and lipid
modified promastigotes at a macrophage : para-
site ratio 1 ; 20 at 37°C for 4 hr and examined as
usual, the attachment of the modified promastigo-
tes onto the macrophage surface was found to be
much less compared to that of the normal ones.
When the modified promastigotes were examined
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Figure 1 Growth curve for Leishmania donovani
promastigotes
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Figure 2 Reduction '4C-acetate incorporation at
different phases of growth
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B Table 3 Fatty acid composition* of phosphatidyl ethanolamine
12 6 - HA J (PE) of L. donovani promastigotes
9 9 Fatty acid Log phase Stationary Decline
- 8 ﬁ? phase phase
=3 00 14:0 40 08 —
g — 16:0 8.8 8.4 5.3
g 16: 1 — 0.2 —
B 18:0 22 1.4 ]
g 80 — 18:1 41.7 57.6 55.9
~ H ﬁ? 18:2 5.0 6.3 5.3
« o
Q » 18:3 15.5 6.1 1.9
X 20:0 6.4 8.2 10.6
E 6ol 20:4 6.0 36 3.0
o 22:0 4.8 2.7 27
= 22:1 1.3 1.4 1.1
i i 1 n 22:5 2.9 23 1.8
05 1-0 1-5 2.0 2216 1.3 0.4 0.5
: — . N
HOUR OF INCUBATION 2:9 06 0
Figure 3 Studies on possible degradation of phospholipids us- Z Saturatedt,
% Unsaturated 0.35 0.29 0.26

ing resting cells at different growth phases. Curves: (A) log
phase; (B) stationary phase; (C) decline phase *The results are shown in each column as % of total
+The saturated to unsaturated ratios have been calculated by
dividing the sum of % of total saturated fatty acids with the sum
of % of total unsaturated fatty acids

Table 2 Fatty acid composition* of phosphatidyl choline (PO)
of L. donovani promastigotes

Fatty acid Log phase  Stationary Decline Table 4 Distribution of total saturated and unsatwrated fatty
phase phase acids in phosphatidyl choline (PC) to phosphatidvl ethanol-
amine (PE) of L. donovani promastigotes in different growth
14:0 8.8 0.9 0.4 phases
16:0 14.0 13.4 12.4
16: 1 1.0 08 0.4 Fatty acids PC/PE
18:0 34 2.8 2.9 Log Stationary Decline
18:1 39.5 41.4 40.3
18:2 45 36 44 % Saturatedt/
18: 3 17.9 18.4 17.4 Z Unsaturated 1.23 1.24 1.27
20:0 1.6 23 2.5 60
["2)
20: 4 5.9 5.0 5.9 a f_ o
22:0 48 4.1 4.8 =S r N
2:1 24 23 2.6 g [ §~\Pf
2:5 38 3.0 4.1 @ =9
2:6 0.4 0.3 0.1  r -3
24:0 — 1.8 20 220 /g-—;;
T Saturatedt/ e -
Z Unsaturated 0.43 0.36 0.33 s T
° 1 1 1 1 J
*The results are shown in each column as % of total.. 24 48 72 96 120

¥The saturated to unsaturated ratios have been calculated by Figure 4 Distribution of two major phospholipids of L. donor-
dividing the sum of % of total saturated fatty acids with the sum  ani promastigotes at different phases of growthin culture. Val-
of % of total unsaturated fatty acids ues are expressed as percentage of total phospholipids
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under the microscope, they were found to be viable
by trypan blue and erythrocin B exclusion test but
were sluggish and less motile and thus probably
showed a lesser tendency to attach on to the macro-
phage surface. Hence, the mechanism of survival
of the parasites after internalization could not be
examined via membrane modification.

Discussion

The modification of membrane properties caused
by aging in culture of living organisms is probably
related to the alterations of membrane lipid comp-
osition (Bronia et al. 1986), Thompson, Nozawa
1977, Kaneshiro et al. 1979) and thus to membrane
fluidity. The previous work (Mukherjee et al. 1988)
from our laboratory showed that membrane fluid-
ity has a key role in controlling macrophage paras-
ite interaction. Sterol to phospholipid molar ratio
is known to be involved in the regulation of memb-
rane fluidity (Basu et al. 1980, Mukherjee et al.
1988, Shinitzky & Souroujion 1979). Our present
results show that sterol remains constant through-
out the process of aging in culture but the reduction
of phospholipids causes a marked change in the
ratio of sterol to phospholipid and thereby increa-
ses the membrane microviscosity in L. donovani.
The steady reduction of total phospholipid sugg-
ests that there is a progressive decrease of the lipid
biosynthetic activity. A similar phenomenon has
been observed in cultures of T. pyriformis (Thomp-
son & Nozowa 1977) and T. cruzi (Bronia et al.
1986). The incorporation studies with '#C-acetate
clearly indicate that the phospholipid biosynthesis
is reduced during aging in culture (figure 2). An
alternative explanation of the steady decrease of
total phospholipid would be a possible degradat-
ion but the results presented in figure 3 definitely
show that the degradation, if at all, is very small.
Moreover, the decrease in PC, in percent of total, is
not proportional to that of PE increase. It is not
known whether Leisamania donovani makes PC
via methylation of PE or via the cytidine diphosph-
ate pathway or both.

Fatty acid composition of PC and PE undergoes
similar changes. It is of interest to note that altho-
ugh aging in culture in many cell types is associated

with an increase of saturated fatty acids (McKersie
etal. 1978, Amar et al. 1979), a parameter which
may lead to a reduction of membrane fluidity—our
results (Tables 2 & 3) show opposite trend, i.e. the
saturated to unsaturated fatty acid ratio decreased
with aging in culture—an observation which is co-
ntrary to our obseryations on sterol to phospholi-
pid ratio and on microviscosity measurements (ta-
ble 1). But the saturated to unsaturated fatty acid
ratio when expressed as a ratio between PC and PE
was found to remain constant from log phase to
decline phase. The significance of this observation
is that the fluidity of Leishmania donovani promas-
tigotes is governed by the total sterol to phospholi-
pid ratio of the membrane and not by the saturated
to unsaturated fatty acid ratio of the major phosp-
holipids. Thus, in Leishmania donovani, like other
organism lipids may play a key role in the adap-
tation to culture conditions. The association of in-
creased mannose residues with stationary infect-
ive stage promastigotes is reported for a few Leish-
mania species (Grogl et al. 1987, Ebrahamzadeh &
Jones 1983) although it is not known if this increa-
sed association is dependent on membrane micro-
viscosity (Shnitzky & Souroujon 1979). The incre-
ased mannose residues on the surface may be a
prerequisite for the uptake and survival of station-
ary phase promastigotes in macrophages (Grogl et
al. 1987). Since, Leishmania donovani promastigo-
tes obtained from log phase and modified by sterol
exchange technique involving liposomes (Datta et
al. 1990) are found to be less motile and have a
lesser tendency to attach onto the macrophage sur-
face, the mechanism of survival of parasites within
the macrophages cannot be answered from the vie-
wpoint of membrane modification. Whether infec-
tivity is a manifestation of membrane microviscos-
ity remains an open question.
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