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Biosynthesis and secretion of acid phosphatase by Leishmania donovani
promastigotes
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Metabolic labeling and immunoprecipitation experiments demonstrated that soluble acid phosphatase (EC 3.1.3.2) was rapidly
synthesized and released into culture medium by Leishmania donovani promastigotes. The kinetics of release indicated a consti-
tutive secretory process (f;,, = 45 min). Moreover, acid phosphatase was the major secretory protein. The extracellular enzyme
is composed of two heterodisperse bands of approximately 110 and 130 kDa in sodium dodecyl sulphate-polyacrylamide gels. It
is synthesized as two intracellular precursors of 92.5 and 107 kDa which acquire the heterodisperse form characteristic of the ma-
ture extracellular enzyme during biosynthesis. Labeling in the presence of tunicamycin altered the electrophoretic mobility of the
acid phosphatase, indicating the presence of several N-linked oligosaccharides on the mature enzyme. However, tunicamycin did
not block secretion of the enzyme or its processing to the heterodisperse form. The biosynthetic effect of tunicamycin was mim-
icked by N-glycosidase F treatment of acid phosphatase immunoprecipitates. In contrast to tunicamycin, labeling in the presence
of monensin inhibited processing of the phosphatase to its heterodisperse form. This indicates that Golgi processing, probably
glycosylation, is responsible for the heterodispersity of the mature enzyme in sodium dodecyl sulphate-polyacrylamide gels. As
with tunicamycin, monensin treatment did not prevent secretion of the acid phosphatase. These cumulative results demonstrate
that release of this enzyme by L. donovani promastigotes occurs via a secretory pathway.
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Introduction release of a non-specific acid phosphatase (EC

3.1.3.2) activity by in vitro cultured promasti-

The protozoan parasite Leishmania donovani
is the causative agent of human visceral leish-
maniasis [1]. The organism is exposed to hydro-
lytic environments throughout its life cycle either
as extracellular promastigotes within the alimen-
tary tract of the sandfly vector or as intracellular
amastigotes within the phagolysosomal system of
mammalian macrophages [2-4]. The biochemical
mechanisms responsible for the survival of the
parasite are poorly understood. However, one
unusual property of Leishmania parasites is the
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gotes [5,6]. This extracellular soluble acid phos-
phatase is distinct from a membrane-bound acid
phosphatase activity associated with promasti-
gote surface membranes [7-12]. Here we de-
scribe the biosynthesis and secretion of the extra-
cellular enzyme by L. donovani promastigotes.

Some results of this study were presented earlier
[13].

Materials and Methods

Parasites. A cloned line [14] derived from the 1S
strain [15] of L. donovani promastigotes was used
in all the experiments described (W.H.O. desig-
nation L. donovani MHOM/SD/00/1S-2D). Par-
asites were routinely maintained in tissue culture
medium 199 (Gibco, Grand Island, NY) supple-
mented with 10% (v/v) heat inactivated fetal bo-
vine serum (Biofluids, Rockville, MD) [8].
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Antisera. A rabbit antiserum raised against mon-
oclonal antibody-purified soluble acid phospha-
tase was used [12].

Enzyme assays. Acid phosphatase enzyme activ-
ity was assayed using p-nitrophenyl phosphate as
substrate as previously described [5].

Metabolic labeling. 1.og-phase promastigotes (1-2
x 107 cells m1™!) were harvested from serum con-
taining medium by centrifugation at 6000 X g for
10 min. These cells were washed three times by
resuspension and centrifugation at ambient tem-
perature (21°C) using RE-III medium [16], which
was prepared lacking methionine and bovine
serum albumin, i.e.. chemically defined and ma-
cromolecule-free. Promastigotes were resus-
pended in this medium to 2 x 10% cells ml™!, L-
[**S]methionine (Amersham, Arlington Heights,
IL; > 800 Ci mmol~!) was added to a final con-
centration of 25 wCi ml™!, and the cells incu-
bated at 26°C for the desired interval. In chase
experiments, unlabeled methionine and cyclo-
heximide were then added to 50 pg ml~! and 1
pug ml~! respectively, to prevent further incor-
poration of radiolabel into proteins (trichloroa-
cetic acid precipitable counts). In preliminary ex-
periments, it was determined that, aside from its
effect on protein synthesis, cycloheximide had no
effect on acid phosphatase secretion. Subsequent
procedures were performed at 4°C or on ice. La-
beled cells were pelleted by centrifugation at 6000
x g for 10 min, the supernatant retained, and the
cells washed three times in 10 mM phosphate, 145
mM NaCl, pH 7.4. Final pellets were resus-
pended to 2 x 107 cells ml~" in 38 mM Tris, 100
mM glycine pH 8.5, 19 (v/v) Triton X-100 (Pierce
Chemical Co., Rockford, IL), 1.6 mM phenyl-
methylsulphonyl fluoride, 25 pug ml~! leupeptin
(both inhibitors from Sigma Chemical Co., St.
Louis, MO) and stirred for 1 h at 4°C to ensure
solubilization prior to immunoprecipitation. To
the labeled cell-free culture supernatant a 1/10th
volume of the same solubilization buffer was
added (i.e., to provide protease inhibitors and a
detergent concentration appropriate for immu-
noprecipitation). The labeled cell lysate and cul-
ture supernatant were used directly in immuno-
precipitation.

In experiments where tunicamycin (Sigma
Chemical Co.) was used to prevent N-linked gly-
cosylation, promastigotes were prepared as above,
except that 16 h prior to labeling the cultures were
subdivided, one half serving as control and the
other given tunicamycin at 1 pg ml~' from a
10000-fold stock in 0.1 M NaOH. Tunicamycin
had no effect on either the rate of cell growth or
overall protein synthesis during pulse labeling as
compared to the control culture.

In experiments where monensin (Sigma Chem-
ical Co.) was used, additions were made to cul-
tures 15 min prior to labeling. Monensin was pre-
pared as a 1000-fold stock in absolute ethanol. In
parallel experiments the addition of this small
amount of ethanol (0.1%, v/v) did not have any
deleterious effects on promastigotes as judged by
growth, motility, their incorporation of counts into
trichloroacetic acid precipitates or overall pattern
of protein synthesis on sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE).

Immunoprecipitation. 100 pl aliquots of labeled
cell lysates (equivalent to 2 x 10® cells) or 1 ml
aliquots of labeled culture supernatants (derived
from 2 % 10% cells) were mixed with 5 wl volumes
of antiserum and incubated overnight at 4°C. The
100 wl samples were then diluted to 1 ml by the
addition of 900 pl of solubilization buffer pre-
pared as above but containing only 0.1% (v/v)
Triton X-100 (0.1% Triton buffer), and all sam-
ples (1 ml total volumes) centrifuged at 50000 x
g, 30 min, 4°C to pellet non-solubilized material.
The supernatants were removed and transferred
into 1.5 ml microcentrifuge tubes (Tekmar, Cin-
cinnati, OH) each containing 100 wl packed vol-
ume of Sepharose 4B (Pharmacia, Piscataway,
NJ) previously washed in 0.1% Triton buffer, and
adsorbed for 1 h by rocking at 4°C. The samples
were centrifuged briefly in an Eppendorf micro-
fuge and the supernatants transferred to a new set
of microcentrifuge tubes, each containing 50 pl
of washed protein A-Sepharose CL-4B (Phar-
macia). Immune complexes were allowed to bind
to these beads by rocking at 4°C for 1 h. To re-
move unbound proteins, each 50 pl aliquot of
protein A-Sepharose was washed three times by
resuspending in 1 ml of 0.1% Triton buffer, vor-
texing briefly, pelleting by centrifugation, and re-



moving the supernatant. The final pellets of
washed protein A-Sepharose were resuspended
in 200 pt of sample buffer [17], heated in a boil-
ing water bath for 2 min, and the supernatants
analyzed by SDS-PAGE.

N-glycosidase F treatment. Immunoprecipitates
were prepared as above, except that the final pel-
lets of washed protein A-Sepharose containing
bound immune complexes were resuspended in
100 pl of 0.2% (w/v) sodium dodecyl sulphate, 50
mM dithiothreitol, 38 mM Tris, 100 mM glycine,
pH 8.5, and heated in a boiling water bath for 2
min. The tubes were centrifuged briefly and the
supernatants containing labeled proteins were
transferred to new microcentrifuge tubes, to which
6 pl of 20% (v/v) Triton X-100 and 4 pnl of 0.5 M
ethylenediaminetetraacetic acid pH 8 were added
and mixed. 2 wl of peptide N-glycosidase F (EC
3.5.1.52) (N-glycanase, 250 units ml~'; Genzyme
Corp., Boston, MA) was added to each sample
and incubated for 1 h at 30°C. An equal volume
of 2 X gel sample buffer [17] was then added,
samples heated for 2 min in a boiling water bath,
and analyzed by SDS-PAGE.

SDS-PAGE. Standard methods were used [17] to
prepare 7.5% acrylamide gels, with the exception
that 50 mM dithiothreitol was used as reducing
agent. Gels were processed for fluorography us-
ing EN*'HANCE (New England Nuclear, Bos-
ton, MA) according to manufacturer’s instruc-
tions and exposed to X-Omat AR film (Kodak,
Rochester, NY) at —70°C. Fluorographs were
scanned with a 2202 Ultroscan laser densitometer
(LKB Instruments, Gaithersburg, MD). MC-
methylated molecular weight standards and pre-
stained molecular weight standards were used to
calibrate fluorographs (Amersham and Bethesda
Research Labs, Gaithersburg, MD, respec-
tively).

Results

Pulse labeling. The results of a typical experi-
ment in which promastigotes were pulse labeled
for 1 h are shown in Fig. 1. During this period, a
wide variety of cellular components were labeled
(Fig. 1A, lane 1). Of these, two proteins with ap-
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Fig. 1. Metabolically labeled soluble acid phosphatase ana-
lyzed by SDS-PAGE and fluorography. (A) Cell associated
enzyme. L. donovani promastigotes were pulse labeled with
[**S]methionine for 1 h and solubilized with Triton X-100. Lane
f. total labeled proteins; lane 2, immunoprecipitate with
preimmune rabbit serum; lane 3, immunoprecipitate with
antiserum to soluble acid phosphatase. (B) Extracellu-
lar/released enzyme. Samples as in (A), but using the cell-free
culture supernatant. Results shown were typical of those ob-
tained in ten separate experiments. Apparent molecular masses
are shown in kDa.

parent molecular masses of 108 and 92.5 kDa
were immunoprecipitated by a rabbit antiserum
against the soluble acid phosphatase (Fig. 1A,
lane 3). In contrast, during the same period, only
a limited number of labeled proteins were re-
leased by the promastigotes into the culture su-
pernatant (Fig. 1B, lane 1). Immunoprecipitates
of these showed that the extracellular enzyme
contained diffuse bands of ~110 and 130 kDa
(Fig. 1B, lane 3). The presence of these two bands
was more visually apparent in underexposed fluo-
rograms and was verified using laser scanning
densitometry. Although numerous proteins were
synthesized during pulse labeling (Fig. 1A), the
soluble acid phosphatase was clearly the major
component released by these cells (Fig. 1B). The
results of densitometry verified this and showed
that it accounted for 60-65% of the total signal in
such labeled supernatants.
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Pulse-chase experiments. A precursor-product re-
lationship between the intracellular (Fig. 1A) and
extracellular (Fig. 1B) forms of the soluble acid
phosphatase was demonstrated in pulse-chase ex-
periments (Fig. 2). Cumulative results showed
that it was synthesized as two discrete precursor
bands which were processed and subsequently re-
leased from the cells as the mature, extracellular,
soluble enzyme. The two intracellular precursor
bands appeared to be processed in parallel, as
both diminished equally with time, and no evi-
dence was deduced that one was the precur-
sor/product of the other. The extracellular form,
first detectable at 20 min, showed a concomitant
increase in signal intensity with all of the enzyme
being externalized by 240 min. The time required
for release of half of the pulse labeled enzyme
(t,,) was approximately 45 min (Fig. 3). A min-
imum of 10 min was required for de novo pro-
duction of extracellular acid phosphatase. Pre-
sumably this lag reflects the time required for the

Fig. 2. Analysis by SDS-PAGE and fluorography of immu-
noprecipitates of intracellular (I) and extracellular (E) soluble
acid phosphatase during the time course of a pulse-chase ex-
periment. Cells were pulse labeled for 10 min with
[*S]methionine and chased for up to an additional 230 min.
The times shown are inclusive of the pulse period, and indi-
cate immunoprecipitates with rabbit anti soluble acid phos-
phatase serum. NRS is the preimmune serum of this rabbit
reacted with a 10 min sample for I and a 240 min sample for
E. Virtually identical results to those shown were obtained in
three separate experiments.

uptake of radiolabeled methionine, its incorpo-
ration into the protein, secondary modifications
such as glycosylation, and secretion into the me-
dium. No similar lag phase was observed when
extracellular enzyme activity was assayed directly
(Fig. 3), indicating that the cells contained a pool
of preformed enzyme. Previous experiments
showed that the level of extracellular acid phos-
phatase activity increased in parallel with the
growth of promastigotes in vitro [5]. Taken to-
gether with the current data, this indicates that the
enzyme is released from promastigotes by a con-
stitutive secretory process, i.e., continuously re-
leased as opposed to regulated secretion under
secretagogue control. As is evident from Figs. 1
and 2, the mature extracellular acid phosphatase
possessed higher apparent molecular weight and
was heterodisperse relative to its major intracell-
ular precursors. It should be noted, however, that
a small amount of the heterodisperse form was
also present in the cell-associated enzyme (Figs.
1 and 2). This suggests that some event in bio-
synthesis, prior to secretion, was responsible for
the heterodispersity. Since the purified enzyme
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Fig. 3. Kinetics of soluble acid phosphatase release. Radio-

labeled enzyme released during a pulse-chase experiment as

measured by scintillation counting of immunoprecipitates (®-

®) compared with the release of enzymatic activity (0-0).

These results were typical of those obtained in three separate
experiments.



has a relatively high carbohydrate content, about
30% by weight [18], we examined the effects of
glycosylation inhibitors on its biosynthesis.

Effect of tunicamycin. The antibiotic tunicamycin
was used to investigate N-linked oligosaccharide
side chains in the soluble acid phosphatase. As
tunicamycin inhibits the biosynthesis of the doli-
chol-linked side chain, its inclusion in metabolic
labeling experiments results in the synthesis of
proteins deficient in N-linked carbohydrates [19].
Tunicamycin was added to promastigotes 16 h
prior to pulse labeling to deplete their intracell-
ular pools of oligosaccharide chains. As previ-
ously shown, 1 pg ml ! tunicamycin does not
block the secretion of soluble acid phosphatase
[13]. However, the secreted protein is enzymati-
cally inactive [20]. Fig. 4 shows the effect of tun-
icamycin in a 1 h pulse labeling experiment. The
apparent molecular weights of both intracellular
and extracellular forms of acid phosphatase were
reduced. However, the enzyme still acquired het-
erodispersity, indicating that this property is not
caused by extensive N-linked glycosylation or
modification of N-linked side chains in the Golgi
apparatus. As a result of tunicamycin treatment,
the heterodisperse extracellular enzyme exhib-
ited a net shift of approximately 25 kDa [i.e., (130
+ 110) — (120 + 95) = 25 kDa]. Similarly the in-
tracellular precursors demonstrated a net shift of
31 kDa [(108 + 92.5) — (92.5 + 77) = 31 kDa]
in electrophoretic mobility. These would indicate
the presence of several N-linked side chains in the
intact enzyme. Although the exact number has not
been determined. a single side chain would be
expected to contribute about 4 kDa to the appar-
ent molecular mass on SDS-PAGE [21].

Enzymatic deglycosylation. In addition to exper-
iments with tunicamycin, the occurrence of N-
linked oligosaccharide side chains in soluble acid
phosphatase was assessed using N-glycosidase F.
Immunoprecipitates of the enzyme from both un-
treated and tunicamycin treated promastigotes
were used as substrates for deglycosylation. Re-
sults of N-glycosidase F digestion mimicked the
biosynthetic effect of tunicamycin, causing a sim-
ilar shift in the electrophoretic mobility of acid
phosphatase (Fig. 5). Further, immunoprecipi-
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Fig. 4. Effect of tunicamycin on soluble acid phosphatase
biosynthesis. Immunoprecipitates of intracellular (I) and ex-
tracellular (E) enzyme from promastigotes labeled in the ab-
sence (—) or presence (+) of tunicamycin. Apparent molec-
ular masses are shown in kDa. These experiments were
repeated several times with similar results.

tates of the enzyme from tunicamycin treated cells
were unaffected by N-glycosidase F digestion (not
shown) indicating the equivalence of these treat-
ments. As is evident in Figs. 4 and 5, both com-
ponents of the intracellular and extracellular forms
of soluble acid phosphatase demonstrated similar
shifts in mobility, indicating that each of these
components contain N-linked oligosaccharides.

Effect of monensin. The possible role of the Golgi
apparatus in the biosynthesis of L. donovani sol-
uble acid phosphatase was investigated by em-
ploying the H*-Na*/K* ionophore monensin.
This reagent has been shown to affect the glyco-
sylation/transport of certain glycoproteins in a
variety of eukaryotic cells by interfering with
Golgi function [22]. Such effects have also been
observed in another trypanosomatid, Trypano-
soma brucei [23]. Monensin treatment had no ap-
parent effect on the biosynthesis of the major in-
tracellular precursors of the acid phosphatase (Fig.
6). However, the ionophore dramatically inhib-
ited its conversion to the heterodisperse form,
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Fig. 5. Treatment of soluble acid phosphatase with N-glycos-
idase F. Intracellular (a,b,c) and extracellular (a’,b’.c’) im-
munoprecipitates were untreated (a,a’), deglycosylated with
N-glycosidase F (b,b"), or subjected to control incubation
without N-glycosidase F (c,c’}. The results shown were rep-
resentative of three separate experiments.

such that the enzyme was released as two distinct
bands of ~97 and 112 kDa on SDS-PAGE. The
apparent sizes of these were slightly larger than
their intracellular precursors, suggesting that some
processing events might have occurred which were
not inhibited by monensin. A range of monensin
concentrations were employed in these studies
(0.1-12.5 pM). All had an identical effect on the
biosynthesis of the enzyme. However, above 0.5
pM the rate of secretion was inhibited, presum-
ably due to bioenergetic side effects.

Discussion

The results of the foregoing experiments con-
stitute substantive evidence of a secretory path-
way in L. donovani. Further, soluble acid phos-
phatase appears to be the major protein secreted
by L. donovani promastigotes during their growth
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Fig. 6. Effect of 0.1 wM monensin on soluble acid phospha-

tase biosynthesis. Immunoprecipitates of intracellular (I) and

extracellular (E) enzyme from cells labeled in the absence (—)

or presence (+) of monensin. Apparent molecular masses are

shown in kDa. The results shown were a typical example of
three individual experiments.

in vitro. The levels of enzyme activity released by
the cloned line used in this study are similar to
those described for other L. donovani strains [6]
and have remained stable over several years of
continuous in vitro cultivation. In addition to L.
donovani, release of acid phosphatase has been
noted in a variety of other species [6], suggesting
that this pathway is of widespread occurrence in
the genus Leishmania. The results obtained with
tunicamycin are consistent with cotranslational
addition of N-linked side chains as found in other
eukaryotes [24]. The precise number and possi-
ble modifications of the N-linked side chains in
this acid phosphatase remain to be determined.
These are important structural considerations to
the function of the native enzyme, since tunica-
mycin treated acid phosphatase is enzymatically
inactive [20]. With regard to subsequent process-
ing of the enzyme, monensin treatment clearly



prevented conversion to the heterodisperse form.
This effect on the parasite is strong circumstantial
evidence for an involvement of the Golgi appa-
ratus in the secretory pathway [22]. In all eukar-
yotes examined to date, the enzymes responsible
for secondary glycosylation reside in the Golgi
apparatus [25]. Tunicamycin treatment alone
caused a net reduction of only 10% in apparent
molecular weight of the extracellular enzyme on
SDS-PAGE (from above). Since direct chemical
analysis showed that the soluble acid phospha-
tase had a higher carbohydrate content, about
30% by weight [18], it is likely that the hetero-
dispersity of the mature enzyme results from sec-
ondary glycosylation events. The yeast Saccha-
romyces cerevisiae also secretes acid phosphatases
which show heterodispersity on SDS-PAGE sim-
ilar to the leishmanial enzyme [26,27]. In yeast,
this property is caused by extensive and variable
addition of mannose residues to N-linked oligo-
saccharides resulting in large branching polyman-
nose chains [26,27]. In higher eukaryotes,
heterodipersity has also been ascribed to hetero-
geneity in Golgi processing of N-linked oligosac-
charides [21]. The explanation is clearly different
for the L. donovani acid phosphatase, since tun-
icamycin did not interfere with the generation of
enzyme heterodispersity. A related process may
be occurring in L. donovani, however, such as an
unusual form of O-linked glycosylation or possi-
bly a completely novel form of secondary glyco-
sylation. The nature of this post-translational
modification is under investigation.

The two components present in the soluble acid
phosphatase may represent two subunits or coex-
pressed isozymes. Neither enzyme activity nor the
mobility of the two bands on SDS-PAGE were
affected by the presence or absence of reducing
agents (unpublished observations). The latter in-
dicates that the two components are not disul-
phide bonded. The native enzyme was immuno-
precipitated by each of the four independently
derived monoclonal antibodies against the solu-
ble acid phosphatase [12]. On SDS-PAGE, such
immunoprecipitates contained both bands of the
enzyme. These observations might result from
either the immunoprecipitation of a complex
containing non-covalently attached subunits or
two isoforms containing antigenically cross-reac-
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tive epitopes. In SDS-PAGE immunoblots, both
components were also recognized by the mono-
clonal antibodies (unpublished observations).
Further, using a variety of non-denaturing phys-
ical separation techniques (compatible with re-
tention of enzymatic activity), the two compo-
nents always co-purified. Although equivocal in
differentiating subunits from isozymes, these re-
sults further indicate that the two components of
acid phosphatase are antigenically and structur-
ally related.

It is clear that the biosynthesis and release of
soluble acid phosphatase is a major cellular proc-
ess of L. donovani promastigotes. This suggests
that the enzyme must play an important role in
the survival of the organism. With regard to func-
tion, the soluble acid phosphatase is capable of
dephosphorylating a wide variety of simple sub-
strates [5,18] rendering them available for para-
site uptake. It also possesses phosphoprotein
phosphatase activity [18]. Although the enzyme
is active over a broad pH range, its optimum of
4.8 is similar to those of endogenous host lyso-
somal hydrolases [5]. Further, the soluble acid
phosphatase is highly resistant to toxic oxygen
metabolites [28]. Therefore, the parasite enzyme
could function in both the sandfly alimentary tract
and the macrophage lysosomal environment. In
the latter regard, we have recently observed that
L. donovani amastigotes also produce this en-
zyme (unpublished observations). Pretreatment
of L. donovani promastigotes with tunicamycin
has been reported to adversely affect their sub-
sequent survival as amastigotes within macro-
phages [29]. These results may be partially ex-
plained by the effect of tunicamycin on acid
phosphatase biosynthesis, since the enzyme pro-
duced by such parasites would be enzymatically
inactive [20]. The parasite enzyme could aid the
intracellular survival of amastigotes by dephos-
phorylating critical elements involved in lysoso-
mal function and/or oxidative killing mecha-
nisms. These possibilities would make the soluble
acid phosphatase or its secretory pathway a tar-
get for immunological or chemotherapeutic inter-
vention.
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