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Introduction

One approach for identifying novel Leishmania factors involved in mammalian virulence
is by the identification of molecules that are specifically expressed by the amastigote
stage of the parasite’s life cycle, as such molecules are unlikely to have roles in cellular
“house keeping” or in sand fly virulence. Additionally, molecules with amastigote-
specific expression are good candidates for reverse genetic studies, as their synthesis is
unlikely to be essential to promastigote-stage parasites, which is the stage of the parasite
life cycle most easily cultured in a laboratory setting and in which transfection
experiments are typically performed (1). More than two decades ago, Charles Jaffe
developed monoclonal antibodies that specifically recognize Leishmania major
amastigotes, but neither the molecules recognized by these antisera, nor their functions,
have been determined (2). In Chapter 2 of this thesis, I developed the use of two of these
antisera, referred to as T17 and T18, as “amastigote markers”. In that work, we showed
by immunofluorescence microscopy that the two amastigote-specific antisera had
different sub-cellular localization patterns, and hence recognized different antigens. We
also found that the T17 and T18 reactive molecules are induced by 8 hours after infection
of host cells, ultimately labeling >90% of the parasites by 11 hours post-infection. In this
work, we further describe the sub-cellular localization of the molecules recognized by
these two antisera by immunoflourescence and immunoelectron microscopy and identify
conditions that result in high level expression of the T17 and T18 antigens in by >40% of

parasites axenic culture for proteomic analysis.
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Materials and Methods
Parasite culture

L. major Friedlin V1 strain (MHOM/IL/80/Friedlin) parasites expressing YFP (yellow
fluorescent protein; SSU:IR1PHLEO-YFP) were generated as described elsewhere (3).
These parasites were grown at 26°C in M199 medium (US Biologicals) supplemented
with 40 mM 4-(2-hydroxyethyl)-1-piperazine-ethanesulfonic acid (HEPES) pH 7.4,

50 pM adenosine, 1 pg ml™" biotin, 5 ug ml™' hemin, 2 ug mI™" biopterin and 10% (v/v)
heat-inactivated fetal calf serum (1). For experiments in which amastigote marker
induction was assayed in the absence of host cells, 10 ml of parasites that had been in
stationary-phase for two days (2X10° cells) were pelleted and resuspended in 30 ml pre-

warmed RPMI 1640 (Invitrogen) and kept in a 37°C for 24 hours with 5% CO..
Macrophage infections

Peritoneal macrophages (PEMs) were elicited by a peritoneal injection of potato starch
into female C57BI1/6] mice (6-10 weeks old; Jackson Labs) harvested as described, plated
on glass coverslips, and maintained in DMEM (Invitrogen) containing 10% FCS and 2
mM L-glutamine in a 37°C incubator with 5% CO, (4). The day after the PEM
isolations, infective metacyclic-stage parasites were recovered using the density gradient
centrifugation method (5) and opsonized with serum from C5-deficient mice prior to
being added at a parasite to PEM ratio of 5:1. Extracellular parasites were removed 2
hours after infection by extensive washing. Infected PEMs were provided with fresh

media daily, and samples were prepared for microscopy 3 days after infection.
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Antibodies, immunofluorescence staining and microscopy

T17 and T18 antisera were provided by C. Jaffe as lyophilized mouse ascites fluid. For
these studies we used T17 that was prepared 1/7/1996 and T18 that was prepared

2/8/1991.

Samples of infected PEMs on coverslips were fixed in 4% (w/v) paraformaldehyde (PFA)
in phosphate-buffered saline (PBS) for 10 minutes. In vitro “differentiated” parasites
were were fixed in 4% (w/v) PFA in phosphate-buffered saline (PBS) for 2 minutes, and
then the parasite/PFA suspension was diluted 10-fold in PBS. Samples were washed in
PBS, and then blocked and permeabolized in PBS containing 5% (v/v) normal goat sera
(Vector labs) and 0.1% (v/v) Triton-X-100 for 30 min (blocking buffer). Parasite nuclei
were then stained with a pool of rabbit antibodies raised against L. major histones H>A,
HAvariant, H2B, Hs, and Ha (pooled at a ratio of 3:2:3:3:1 by titer) and used at a dilution of
1:750 in blocking buffer (Wong and Beverley, in preparation). T17 or T18 antibodies
were diluted 1:400 in blocking buffer. After a one hour incubation in primary antibodies,
unbound antibody was washed off in PBS and primary antibodies were detected with
Alexafluor488 goat anti-mouse and Alexafluor555 goat anti-rabbit (Invitrogen, both used
at a concentration of 2 pg ml™"). DNA was detected with Hoechst 33342 (Invitrogen,
used at a concentration of 5 pg ml™") for wide-field microscopy or TOPRO-3 (Invitrogen,
used at a concentration of 2 uM) for confocal microscopy. After a 40 minute incubation,

samples were washed with PBS and mounted in ProLong Gold (Invitrogen).

In vitro “differentiated” parasites were were fixed in 4% (w/v) PFA in phosphate-

buffered saline (PBS) for 2 minutes, and then the parasite/PFA suspension was diluted
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10-fold in PBS. Fixed parasites were then spun down and resuspended in PBS at a
concentration of 8 X 10° parasites per milliliter. Parasites (4 X 10°) were then adhered to
glass cover slips by centrifugation. Blocking, permeabilization, and antibody staining was

then performed as described above.

Microscopy was performed on an Olympus AX-70 wide-field fluorescence microscope or
a Zeiss 510 META confocal laser scanning microscope. Cutoffs for saturation and

background levels were adjusted with Photoshop software (Adobe).
Immuno-electron microscopy

These studies were performed by Wandy Beatty in the Microbiology imaging facility.
For immunolocalization by transmission electron microscopy, infected cells were fixed in
4% paraformaldehyde/0.05% glutaraldehyde (Polysciences Inc., Warrington, PA) in
100mM PIPES/0.5mM MgCl2, pH 7.2 for 1 hr at 4°C. Samples were infiltrated
overnight in the cryoprotectant 2.3M sucrose/20% polyvinyl pyrrolidone in
PIPES/MgCl2 at 4°C. To permeabilize cells for antibody labeling samples were plunge-
frozen in liquid nitrogen and subsequently thawed in PBS at room temperature. This
technique was confirmed to permeabilize the host cell membrane and intracellular
organelle membranes. Samples were probed with the primary antibodies at 1:250
dilutions followed by FluoroNanogold anti-mouse Fab (1:250; Nanoprobes, Yaphank,
NY) and silver enhancement (Nanoprobes HQ silver enhancement kit). Samples were
washed in phosphate buffer and post-fixed in 1% osmium tetroxide (Polysciences Inc.,
Warrington, PA) for 1 hr. Samples were then rinsed extensively in dH20 prior to en bloc

staining with 1% aqueous uranyl acetate (Ted Pella Inc., Redding, CA) for 1 hr.
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Following several rinses in dH20, samples were dehydrated in a graded series of ethanol
and embedded in Eponate 12 resin (Ted Pella Inc.). Sections of 95 nm were cut with a
Leica Ultracut UCT ultramicrotome (Leica Microsystems Inc., Bannockburn, IL), stained
with uranyl acetate and lead citrate, and viewed on a JEOL 1200 EX transmission
electron microscope (JEOL USA Inc., Peabody, MA). All pre-labeling experiments were
conducted in parallel with omission of the primary antibody. These controls were
consistently negative at the concentration of Nanoprobes-conjugated secondary

antibodies used in these studies.
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Results and discussion

T17 epitope localizes to the amastigote flagella and surface and is also found in vesicles

within the host cell cytoplasm

To determine the localization of the antigen recognized by mAB T17, we stained PEMs
that had been infected for 72 hours with mAB T17, as well as antisera raised against L.
major histone proteins to localize parasite nuclei, and with Hoechst 33342 to detect DNA
(Figure 1A). The most intense T17 reactivity presented as a line at the parasites anterior
end proceeding outward from the kinetoplast to the anterior pole of the cell. This staining
pattern is consistent with mAB T17 recognizing the amastigote flagella, the length of
which is almost entirely within the flagellar pocket (6). Less intense staining was also
seen on the surface of amastigotes. This staining pattern was apparent on 91% of T17+
parasites scored (N = 222 parasites). As shown in Figure 1B and C, this localization

pattern was also found by immuno-electron microscopy.

Interestingly, mAB T17 reactivity was not limited to the parasite itself, but was also
showed a punctate staining pattern within the cytoplasm of infected, but not uninfected,
macrophages (Figure 2A). Immuno-electron microscopy images revealed that, in many
cases, the T17 antigen was concentrated just outside the phagolysosomal membrane at
the distal tip of the amastigote flagellum (Figure 2B) and was also found within
membranous compartments further away from the parasite-containing phagolysosome

(Figure 2C).

In summary, these results suggest that the mAB T17 antigen localizes predominantly to

the amastigote flagellum, and is somehow translocated to the parasite’s surface and out of
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the phagolysosome. These data are provocative when considered in the context of two
recent studies from other laboratories. First, Reiner’s laboratory has suggested that a
number of Leishmania proteins are delivered to the host cell within ‘exosomes’, which
could modulate immune responses by host cells (7, 8). One concern from these data is
that the exosome composition when evaluated by proteomics is qualitatively similar to
that of total Leishmania proteins, albeit with modest quantitative differences. Second,
Gluenz et al (2010) have proposed the existence of a ‘flagellar’ synapse in the parasites
orient their flagella such that the distal tip is in intimate contact with the phagolysosomal
membrane (6). Connecting these results is the observation of exosomes budding off of the
distal tip of Chlamydomonas flagella (9), suggesting a secretory role for this organelle.
Potentially antigen T17 represents an example of a stage-specific parasite ‘cargo’
delivered by the flagellar route. This will be pursued in the future by the Beverley

laboratory.

T18 epitope localizes to amastigote surface and a novel structure at the parasite’s

posterior pole

Figure 3 shows the localization of the antigen recognized by mAB T18 on amastigotes.
The parasite’s surface clearly is recognized by the antibody. In addition, most parasites
(78%, N = 187) have a region of intense staining on their posterior end, which is defined
as the end of the cell furthest from the kinetoplast DNA network (Figure 3A). 29% of
these parasites have an additional region of staining located between the parasite nucleus
and anterior pole (Figure 3B). In general, immunoEM studies yield results consistent with
what is seen by fluorescence microscopy, with antibody labeling present on the parasite

surface as well as labeling a ring of electron-dense material at the parasite’s posterior
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pole (Figure 3C & D). However, the T18 reactivity detected between the anterior pole
and the parasite nucleus that was seen by fluorescence microscopy was not detected by

immunoEM studies.

There are very few reports of organelles at the posterior end of L. major amastigotes. One
candidate for the structure recognized by mAB T18 is the “megasome”, a lysosome-like
organelle that has been described in New-World Leishmania species such as L.
amazonensis. This organelle, which is found near the posterior end of these parasites, has
been reported to degrade host MHC class 11 (10, 11). However, in electron micrographs,
amastigote megasomes do not resemble the electron-dense rings seen in our images, and
instead appear to be large, mostly open, vacuoles containing some electron dense material
(10). Thus the structure/region recognized by T18 may define a cellular structure that has

not been described previously.

Efforts to identify T17 and T18 antigens

The localization patterns of the antigens recognized by T17 and T18 are sufficiently
interesting to warrant studies directed towards the identification of the molecules
recognized by these antisera. One challenge is that Jaffe reported that these antisera do
not identify parasite molecules in western blotting (2). He did show that they were able to
immunoprecipitate several amastigote molecules, and from labeling studies inferred these
were proteins (2). Another challenge is the generation of sufficient amastigote lysate for
these studies, as isolation of lesion amastigotes from mice is costly, labor intensive, and
often results in substantial contamination with molecules of host origin. Unfortunately, L.

major does not give rise to culturable axenic amastigotes, despite efforts by our or other
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laboratories. Previous work and preliminary studies I performed suggest that these
antibodies do not cross-react with amastigotes from other Leishmania species (2),
precluding the use of ‘axenic’ amastigotes from species such as L. tropica, L.
braziliensis, L. mexicana or L. donovani as a source of antigen. As such, an approach in
which the expression of the T17 and T18 antigens could be expressed by parasites in the

absence of host cells would be extremely beneficial.

To simulate conditions under which L. major might differentiate into amastigotes, we
diluted stationary-phase parasite cultures into commercially available RPMI. 24 hours
later, 40-60% of the parasites presented an amastigote-like morphology (round with no
visible flagella) and were reactive with T17 and T18 (Figure 4) and were “positive” for
some of the other amastigote differentiation markers described in Chapter 2 (data not
shown). Interestingly, the use of other media conditions which had previously be shown
to successfully to induce other Leishmania species such as L. donovani to differentiate
into amastigote-like forms and support their subsequent replication (11) was much less

successful at inducing T17 and T18 reactivity.

In collaboration with Igor Alameida’s lab at the University of Texas El Paso, these
conditions are being employed to generate large batches of cells expressing the T17 and
T18 antigens. Lysate from these parasites will be subjected to immunoprecipitations with
the two monoclonal antisera with the ultimate goal of antigen identification by MS. If
these experiments are successful, reverse genetic experiments will be conducted in our
lab to generate parasites that are unable to synthesize the molecules recognized by T17
and T18, which will be used as tools to help ascertain the function of these molecules in

the parasite life cycle.
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Figure legends

Figure 1. Localization of T17 reactvitiy. A-C) PEMs that had been infected for 3 days
with L. major were fixed as described in methods. A) Infected cells were stained with
rabbit antisera that recognize parasite histones and mouse mAB T17. Primary antibodies
were detected with Alexafluor488-conjugated anti-mouse antisera (green) and
Alexaflour555-conjugated anti-rabbit antisera (red). DNA was stained with Hoechst
33342 (blue). Images were captured using wide-field fluorescence microscopy, scale bar
represents 2 pm. B-C) Immuno-electron micrograph of infected PEMs stained with mAB
T17, in which T17-reactivity is indicated by silver granule deposition. Scale bar
represents 0.5 um. Abbreviations: N = parasite nucleus, K = kinetoplast, A = flagellar

axoneme, P = posterior end.

Figure 2. T17 reactivity is seen in the cytoplasm of infected host cells. A) Confocal
micrograph of uninfected PEMs (left) or PEMs that had been infected for 3 days with L.
major. Samples were stained to detect parasite histones (red), the T17 antigen (green),
and DNA (blue). Bright green punctate staining is absent in uninfected PEMs, but present
in some infected PEMs. B) T17 reactivity is primarily on parasite flagella, but also
appears to exit phagolysosome and enter PEM cytoplasm at the flagellar distal tip. C) In
this image, T17 reactivity is primarily on the parasite flagella and surface (upper left hand
corner) but also within a membrane-bound compartment within PEM cytoplasm (arrow).
Scale bar represents 0.5 pm. Abbreviations for B and C: N = parasite nucleus, K =

kinetoplast, A = flagellar axoneme.
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Figure 3
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Figure 4

mAB T18

213



