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ABSTRACT

Trypanosoma cruzi calreticulin (TcCRT), a 47 kDa pleiotropic chaperone,
besides its intracellular functional roles, is translocated from the endoplasmic
reticulum (ER) to the area of flagellum emergence where it acts as a main
virulence factor. Extracellular TcCRT mediates parasite infectivity by virtue of its
capacity to interact with complement components C1 and MBL. Both inhibitions of the
classical and lectin complement pathways are also consequences of these
interactions. The localization and functions of TCCRT once the parasite is inside the
host cell has not been reported. Herein we hypothesize that, during T. cruzi infection,
and using specific antibodies, it is possible to detect TcCRT, once the parasite is
inside the mammalian host cell. We also propose that TcCRT expression in the host
cell inversely correlates with the MHC-I antigen expression. By experimentally
addressing these issues we expect to contribute to the knowledge of the molecular
terms governing the T. cruzi-host cell interplay, focusing on the role of TcCRT in
particular inside the infected host cell. To reach this goal we will aim at validating the
specificity of the antibodies to be used as TcCRT detector probes to identify TCCRT
inside infected murine macrophages and, finally, to evaluate variations in surface
MHC-1 molecules on infected murine macrophages. Thus, we specifically and
topographically monitor the TcCRT presence in parasites infecting a murine
macrophage cell line, as compared to free trypomastigotes and non-infective
epimastigotes. For that purpose, three different antibodies were tested as detector
probes for immunocytochemical procedures. Polyclonal and monoclonal anti-TcCRT
antibodies were validated as detector probes, as they showed minimal or null cross
reactivity. In immunocytochemistry, polyclonal rabbit, and monoclonal murine anti-
TcCRT antibodies, detected TcCRT with different sensitivities and specificities,
when revealed with immune probes conjugated to colloidal gold, followed by
transmission electron microscopy. With the rabbit polyclonal antibodies, CRT
particles were observed, both in free parasites and infected host cells, mainly in the
parasite nucleus and kinetoplast. With a murine monoclonal anti-TcCRT antibody,
and using larger size gold particles, a drastic improvement in sensitivity and
specificity for TcCRT detection, was obtained. TcCRT molecules were detected
mainly in the trypomastigotes kinetoplast. We propose that this organelle may
represent a stopover for TcCRT, generated in the ER, previous its translocation to the

area of flagellum emergence. This mobilization may be influenced by the new

ix



environmental conditions that the parasite meets inside the host cell. It remains to be
determined the functional consequences of TcCRT cumulative presence in the
kinetoplast. The possibility that TCCRT regulates transcription in kinetoplast DNA, as
previously proposed for mammalian CRT in the nucleus, could be considered,
although the DNA organization in the kinetoplast is different. Also, TcCRT may
regulate Ca*?-dependent transduction signalling pathways. Finally, by unknown
mechanisms, T. cruzi infection seems to decrease the number of MHC class | positive
cells, as early as 2h post-infection. It remains to be determined whether TcCRT
accesses to the host cell ER and interferes in the MHC class | molecule-folding
process.



RESUMEN

La calreticulina de Trypanosoma cruzi (TcCRT), una chaperona pleiotropica de
47 kDa, se transloca desde el reticulo endoplasmico (RE) a la zona de emergencia
flagelar, donde actia como un factor de virulencia principal, ademas de sus roles
funcionales intracelulares. La TcCRT extracelular media la infectividad del parasito en
virtud de su capacidad para interactuar con los componentes del complemento C1 y
MBL. La inhibicién de las vias del complemento clasica y de las lectinas también son
consecuencias de estas interacciones. No se ha reportado respecto a la localizacién y
funciones de TcCRT una vez que el parasito se encuentra en el interior de la célula
hospedera. Aqui proponemos que, durante la infeccién por T. cruzi, y mediante el uso
de anticuerpos especificos, es posible detectar TcCRT, una vez que el parasito se
encuentra el interior de la célula hospedera de mamifero. También proponemos que la
expresion de TcCRT en la célula hospedera se correlaciona inversamente con la
expresion de antigenos MHC-I. Al abordar experimentalmente estos temas queremos
contribuir al conocimiento de los términos moleculares que regulan la interaccion células
hospederas-T.cruzi, centrandose en el papel de TcCRT en particular, dentro de la célula
hospedera infectada. Para alcanzar este objetivo apuntamos a la validacion de la
especificidad de los anticuerpos para ser utilizados como sondas detectoras de TcCRT,
con ello identificar TcCRT interior de los macréfagos murinos infectados y, por ultimo,
evaluar las variaciones en la superficie de las moléculas de MHC- | en los macrofagos
murinos infectados. Por lo tanto, especifica y topograficamente se monitoreé la
presencia de TcCRT en los parasitos que infectan a una linea celular de macréfagos
murinos, en comparacién con tripomastigotes libres y epimastigotes no infecciosos.
Para ello, se probaron tres anticuerpos diferentes como sondas detectoras para
procedimientos inmunocitoquimicos.  Anticuerpos anti-TcCRT  policlonales vy
monoclonales se validaron como sondas detectoras, ya que mostraron poca o nula
reactividad cruzada. En inmunocitoquimica, el anticuerpo policlonal de conejo, y los
anticuerpos monoclonales murinos anti-TcCRT, detectan TcCRT con diferentes
sensibilidades y especificidades, cuando son revelados con inmunosondas conjugadas
con oro coloidal, seguido por microscopia electronica de transmision. Con los
anticuerpos policlonales de conejo, se observaron particulas de CRT, tanto en parasitos
libres como en aquellos que se encuentran dentro del interior de células hospederas
infectadas, principalmente en el nicleo y kinetoplasto del parasito. Con un anticuerpo

monoclonal murino anti-TcCRT, y el uso de particulas de oro de tamafio mas grande, se
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obtuvo una mejora drastica en la sensibilidad y especificidad para la deteccion TcCRT.
Se detectaron moléculas de TcCRT principalmente en el kinetoplasto del tripomastigote.
Proponemos que este organelo puede representar una escala para TcCRT, generada
en el RE, previo a su translocacion a la zona de emergencia flagelar. Esta movilizacion
puede estar influenciada por las nuevas condiciones ambientales con las que el parésito
se encuentra en el interior de la célula hospedera. Queda por determinar las
consecuencias funcionales de la presencia acumulada de TcCRT en el kinetoplasto. La
posibilidad de que TcCRT regule la transcripcién en el ADN del kinetoplasto, segun lo
propuesto anteriormente para la CRT de mamifero en el nlcleo, podria ser considerada,
aunque la organizacién de ADN en el kinetoplasto es diferente. Ademas, TcCRT podria
regular vias de transducciéon de sefiales dependientes de Ca'?. Finalmente, por
mecanismos desconocidos, la infecciébn por T. cruzi disminuye el nimero de células
positivas MHC de clase |, tan temprano como 2 horas después de la infeccion. Queda
por determinar si TCCRT accede al RE de la célula huésped e interfiere en el proceso de

plegamiento de moléculas MHC clase |.
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INTRODUCTION

1.- General Aspects

American Trypanosomiasis (Chagas’ disease) currently affects over 10
million people, and the infection now spreads worldwide [1-3]. Its etiological agent
is Trypanosoma cruzi, a hemoflagellate protozoan parasite that uses multiple
strategies to evade the host immune system. Strategies to control Chagas’ disease
are oriented to the elimination of arthropod vectors, to the systematic control of
blood donors in endemic countries, to the screening and treatment of children
congenitally infected, among others.

There are currently 21 endemic countries, including Chile (about 150,000
cases), where annually 42,000 people become infected by vectors, 15,000
congenitally and 20,000 die. According to its chronicity, it is the parasitic disease
with the greatest economic burden in America, mainly due to its productive impact
on affected individuals. It has yet to be evaluated the impact of this parasitism in
animal populations with economic or affective values, since they are susceptible to

infection and act as parasite reservoirs.

Migration of infected people is a threat to public health in countries where there
is no vector transmission, such as US, Canada and Spain (In US, however, was
reported the vector transmission of the disease [4-6]). There, transmission is mainly
through blood transfusions, organ transplantation [7] and congenital. Chile may be
approaching to this scenario, since the vector transmission is relatively under control,
but important migratory populations from neighbour countries may be contributing to
keep the prevalence of the disease. In addition, infection by ingestion of food

contaminated with the parasite is also important [8, 9].

Consequently, the control of this disease not only involves vectors, but also the
elimination of the parasite in infected hosts (man and other mammals). The detailed
knowledge of the mechanisms used by the parasite to evade the host immune
system and its variety of virulence factors are key for the proper treatment of the

disease.



In vertebrates, calreticulin (CRT) is an important, ER-resident lectin chaperone
that, among many other pleiotropic functions, controls the proper folding and
functions of a variety of proteins [10-13]. In T. cruzi, CRT (TcCRT), upon
translocation from the ER to the area of flagellum emergence, mediates immune
evasion strategies and acts as a relevant virulence factor [14-17] and antiangiogenic
/anti-tumor moiety [18-20].

A large variety of pharmacologic and immunologic strategies are oriented to
specifically interfere with virulence factors and parasite metabolic pathways [21-24].
However, secondary effects of current treatments [25-27] sustain the need to search

for alternatives.

2.- American Trypanosomiasis [28]

American Trypanosomiasis or Chagas’ disease was first described in 1907
by Dr. Carlos Chagas who detected a large number of patients with symptoms
different to all described diseases. When analyzing the gut of hematophagous
Panstrongylus megistus, discovered a parasite, T. cruzi, results that were published
in 1909 [29].

2.1T. cruzi

2.1.1 Biology:

T. cruzi is a hemoflagellate protozoan, with single flagellum and
mitochondria (mitochondrion), where the kinetoplast, an organelle that contains
specialized DNA, locates. T. cruzi has a fusiform flagellum, a microflagelar rod,
subpellicular microtubules, glycosome (where part of glycolysis occurs) and a
mitochondria-kinetoplast complex, among others. This protozoan has several

cellular forms recognizable by light microscopy:

Trypomastigote: Around 25 um long and 2 um in diameter. The nucleus is located in
the front and the kinetoplast to the posterior. The flagellum emerges from basal

body near the kinetoplast and then folds forming an undulating membrane along the



parasite, emerging free at the other end and functioning as a driving flap.
Trypomastigotes are found in the blood of the vertebrate host and in the gut, urine

and faeces of the vector. This stage, although highly infectious, is not replicative.

Epimastigote: Between 20 and 40 um long and 2 pum in diameter, with the
kinetoplast located more centrally, above the nucleus. The flagellum arises again
from the basal body, near the kinetoplast, forming a shorter membrane than the
previous stadia, so they have less mobility than trypomastigotes. This stage is

replicative and is observed in the gut of the vector insect or grown in axenic media.

Amastigote: With a short, non-emerging flagellum is a spherical form of the parasite,
with the kinetoplast near the nucleus. It is commonly found inside host cells, where it

replicates. It may also infect mammal cells [30].

The parasite is organized as follows:

a) CYTOSKELETON: One characteristic of Trypanosomatidae is the presence of a
layer of microtubules located under the plasma membrane (also known as
subpellicular microtubules). Microtubules are connected together and attached to
the plasma membrane by short flaments of unknown nature. This association is
likely responsible for the rigidity of the cell and its resistance to mechanical

breakdown.

b) NUCLEUS: About 2.5 um, elongated. In epimastigotes, is round. Its genome
consists of 8.7 MB of DNA.

c) KINETOPLAST: As several members of the Trypanosomatidae family, T. cruzi
has only a mitochondrion extending through the cell body. Near the basal body
(organelle formed from a centriole, and a short cylindrical array of microtubules),
there is a complex array of DNA fibrils in the mitochondrial matrix that forms the
kinetoplast. About 1 um long and 0.1 um in depth, it is connected to the basal body

by filamentous structures. It represents about 20-25% of the epimastigote DNA.

d) GLYCOSOMES: About 0.7 um diameter. They are randomly distributed in the cell



with a slightly dense, homogeneous matrix in which most of the glycolytic pathway is
located. They do not have detectable DNA.

e) CYTOSTOME: Funnel-shaped structure, located close to the flagellum
emergence zone. This structure initially binds macromolecules like transferrin and
LDL, which then are internalized through vesicles to the central portion of the
parasite.

f) RESERVOSOMES: These organelles concentrate internalized macromolecules in
the back of the cell. In this organelle, cruzipain, the most important cysteine
protease of these parasites, accumulates.

g) ACIDOCALCISOMES: Vesicles with electron-dense content. Contains high
concentrations of calcium ion and an ATPase activity dependent of the Ca*?-H*

translocation.

2.1.2 Life Cycle:

Infective trypomastigotes enter the insect vector when it feeds from an infected
mammal host. In the stomach of the insect, the trypomastigote transforms into an
epimastigote, which replicates in the gut, and may adhere to intestinal cells of the
insect. In the rectum, epimastigotes transforms into metacyclic trypomastigotes that

are eliminated with faeces. These cellular forms are infective to the vertebrate host.

In the bloodstream, trypomastigotes penetrate inside host cells where they
transform into amastigotes, which are replicative, intracellular forms. After several
rounds of cell division, amastigotes transform back into trypomastigotes that are
released into the extracellular space and from there into the bloodstream where they

penetrate other cells, starting a new cycle (Fig.1).

This intracellular phase of the life cycle of T. cruzi is divided into different stages:

a) Adherence to the plasma membrane of the host cell.
b) Internalization of the trypomastigote into a phagosome.
c¢) Disruption and dispersion of the vacuolar (phagosome) membrane, thus releasing

the parasites into the cytoplasm.



d) Multiplication in the host cell cytoplasm, as amastigotes.
e) Amastigotes transform back to trypomastigotes that can infect other host cells or

infect the insect vector through its blood meal.
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Triatoming bug takes a blood meal )
(pagaEs malasyeht typermaitigenes in leses, e Metacyelic trypomastigotes
trypamastigobes enter bile wownd or penetrate various cells at bite
mucosal membranes, such as the conjunctiva) wound site. Inside cells they

; @3 _-J transform into amastigates.

Metacyclic irypomastigotes A @

in hindg?

Multiply in midgut

P N
Amastigotes multiply
Trypomastigotes by binary fission in cells
can infect other cells of infected tissues.

and transform inlo

intracellular amastigotes

in nenw infection sites.

Clinical manifestations can

result from this infective cycla.

Triatomine bug takes
. ’ a blood meal
0 Epimastigoles brypomastgotes ingested),

in midgut

":ﬁ} pﬁlnﬁac&llular ;ﬁkasﬁguleﬂ

transform into trypomastigotes,
thien burst out of the cell
and enfter the blocdstream

,ﬂ= Infactivie Stage

EALTHIER: FEQFLE

hittp:fwwwdpd. cde.gow/dpdx A= Diagnostic Stage

Figure 1: Life Cycle of T. cruzi [31].

Schematic representation of T.cruzi life cycle. In brief, from an infected mammal,
the insect vector feeds with contaminated blood in which trypomastigotes are
present. In the insect midgut, the trypomagtigotes differentiates into epimastigotes, a
replicative form of the parasite. They differentiate into trypomastigotes that are
eliminated through the faeces of the insect vector. In the bloodstream of a new
infected mammal host, trypomastigotes penetrates inside mammal host cells, where
they transform in amastigotes, which are replicative, intracellular forms. After several
cell division cycles, amastigotes transform back into trypomastigotes that are
released to the extracellular space.



3. - Calreticulin (CRT) from Vertebrates

CRT is a pleiotropic lectin-chaperone, involved in key functions in mammal cells
[10, 13, 32]. Some basic considerations in regard to this protein are:

3.1 Structure:

CRT has 3 main domains: the N (amino terminal globular), the P (proline rich)
and C (carboxy-terminal, where calcium ion binds with low affinity and high capacity).
The N and P domains are highly conserved among species (Fig.2). CRT is located
in the storage compartments associated with the ER, in the Golgi apparatus, and

nucleus.

Glucose
binding site

Globular Vs
N-domain ’

Glucose
binding site

Globular (§
N-domain

HuCalnexin HUCRT

TcCRT

Figure 2: Proposed Model for Calnexin, TcCRT and HUCRT (courtesy of Dr.
Gonzalo Cabrera, ICBM, Faculty of Medicine, University of Chile).

The TcCRT model was generated using the complete amino acid sequence of
TcCRT. Two of its domains (Globular N-Domain, and part of the P-Domain) are
represented in the figure. HUCRT and HuCalnexin models are added for comparison
purposes.



3.2 Functions and Location:

CRT binds calcium with high capacity and low affinity through its carboxy-
terminus domain [10, 13], thus regulating calcium storage and signalling [33].
Additionally, as a chaperone, it binds to oligosaccharides segments and prevents
misfolded proteins to be exported from the ER to the Golgi [12]. Moreover, different
mammalian species CRTs have ER retention signals in the carboxy-terminus
domain [10, 34]. Together with calnexin, it stabilizes MHC-I molecules folding,
consisting of a glycosylated H chain, B.-microgobulin and the leader peptide. In this
case, the emerging H chain joins calnexin, and then (3, —microgobulin [11]. At this
point, CRT becomes part of the peptide-loading complex. Evasion of immune
recognition by virus, bacteria and parasites, includes, in many cases, disruption of
this complex [35, 36], usually through retrograde transport mechanisms, which
involve a KDEL receptor [37] such as Pseudomonas endotoxin A [38]. In CRT has
also been described a retrograde transport mechanism, which would be

independent of the conventional one employed for misfolded proteins [39].

CRT is also found in the nucleus, suggesting that it may play a role in the
regulation of transcription. CRT binds to the synthetic peptide KLGFFKR, which is
similar to an amino acid sequence of the DNA binding domain in the nuclear
receptor super family. Its amino terminus interacts with the DNA binding domain of
the glucocorticoid receptor and prevents binding to its specific response element
(GRE). Therefore, it can act as an important modulator of the transcriptional
regulation of genes regulated by nuclear hormone receptors genes [40-42].

Its vital importance is highlighted as CRT -/- KO mice die in utero 14 days
post-fertilization [43]. Recently recognized extracellular functions of mammal CRT

have been reviewed, such as a possible role in wound healing [44].
4.- Antigen Presentation [45, 46]
CRT has a key function in MHC-I protein folding. Related to this important role,

what follows is an overview of the main mechanisms involved in antigen

presentation.



4.1 Major Histocompatibility Complex (MHC) [46].

Located in the short arm of mouse chromosome 17, it contains numerous genes
encoding proteins with a variety of immune functions, including MHC class | and I

molecules.

i) MHC class | molecules: They present cytosolic intracellular peptides to CD8" T
lymphocytes. They consist of two non-covalently linked polypeptide chains: the aq,
44-47 kDa, and B>-microgobulin, a 12 kDa molecule, that is encoded in a different
part of the genome, that post-synthetically binds to the MHC-I a chain. This a chain
has 3 domains, 2 forming the peptide-binding pocket (for peptides 8-11 amino acid
long) and the third that binds to CD8 molecules on the cell. These molecules are

expressed in all nucleated cells.

i) MHC class Il molecules: They present extracellular peptides in phagocytosed
vesicles to CD4* T lymphocytes. Similar to MHC-I molecules, they consist of 2
polypeptide chains: a, 32-34 kDa, and 8, 29-32 kDa, each having two domains. The
a1 and B1 domains form the peptide-binding pocket (for peptides 10-30 amino acid
long). The B2 domain binds CD4 molecules on the cell. Both chains are encoded in
the MHC. A key role during the synthesis and trafficking of new molecules, and
MHC-I1I peptides that bind it, is played by the invariant peptide. These molecules are

preferentially expressed in antigen presenting cells.
4.2 MHC and Antigen Presentation to T cells [45]:
4.2.1 Antigen Presentation to CD4" Lymphocytes:

Most mammalian cells can endocytose and process protein antigens, but only a
few can express MHC-II molecules, for example, dendritic cells, macrophages and
B-lymphocytes.

For CD4* cell activation, an extracellular protein is internalized through

endosomes, where it is degraded by enzymes that work at acidic pH. The newly

synthesized MHC class Il molecules, with the invariant peptide, are transported from



the ER to the endosome, where the invariant peptide is degraded and a small
residuary fraction (CLIP) is removed from the peptide-binding pocket by the DM
molecules (intracellular chaperones that works in lysosomes and endosomes).
Finally, the peptides generated by the extracellular protein binds the MHC-II pocket
region and the complex is exported to the cell surface. CRT has not been described
to participate in the folding process of these molecules.

4.2.2 Antigen Presentation to CD8" Lymphocytes:

Unlike CD4* cells, any cell can present antigens to activate CD8" lymphocytes.
In this case, a cytosolic protein is processed by the proteasome. The generated
peptides are carried to the ER by a transporter (TAP), and then bind to MHC-I
molecule. This complex (peptide — MHC-I) is transported to the Golgi, to finally form

an exocytic vesicle that allows surface expression.

In this mechanism, the functions of chaperones calnexin and CRT are relevant,
since during the process of biosynthesis of MHC-I molecules, they both monitor the
correct folding and correct peptide loading in the pocket [11, 12]. The stages

involved in MHC-1 molecule folding process are presented in Fig. 3:

Partly folded MHC class MHC class | a:B;m Cytosolic proteins and A peptide binds the
1 a chains bind to complex is released defective ribosomal MHC class | molecule
calnexin until from calnexin, binds a products (DRiPs) are and completes its
B2-microglobulin binds complex of chaperone degraded to peptide folding. The MHC class |
proteins (calreticulin, fragments by the molecule is released
Erp57) and binds to proteasome. TAP delivers from the TAP complex
TAP via tapasin peptides to the ER and exported to the cell
membrane
= =y ©
e  logt o e —

—, ) \
)ﬂ e o Bﬁﬁ]’“ﬁ@ Q&g .

=

normal proteins (>70%)

Cyt | G
ytoso -
peptide

’_& I:>DRiPs fragments ®
- (<30%) @
/_\ ribosome 3.'

& proteasome
Nucleus old protein

Figure 5-5 Immunobiology, 7ed. (© Garland Science 2008)




Figure 3: Schematic Representation of MHC-I Molecule Synthesis

MHC-1 o chain assembles in the endoplasmic reticulum (ER) where is bound to
calnexin. When the [2-microgobulin (82m) post-synthetically binds to this complex,
the dimmer o/f.m dissociates from calnexin and then, the partially folded MHC-I
molecule binds to the peptide transporter TAP by interacting with the TAP-
associated protein, tapasin. The chaperones Erp57 and calreticulin also bind to form
the peptide-loading complex. The MHC-I molecule is retained in the ER until
released by binding of a peptide, which completes the MHC-I molecule folding.

5.- T. cruzi Calreticulin (TcCRT)

First described in 1991 [47], it is now recognized as a main virulence factor [17].
The localization of 4 main domains are presented in Fig.4:

1 21 193 307 399
151 281 ‘u

KEDL-COO

¥ Y \J
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Y
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Figure 4: Schematic Representation of TCCRT [48]

A scheme of TcCRT principal domains is shown. They include the globular
amino terminus, the proline-rich and the caboxy-terminus domains. Included in the
diagram is the S domain, relevant in the interaction of TcCRT with complement
components MBL and C1.

TcCRT is translocated from the ER to the flagellum emergence zone [15] (Fig.5)
where, through its central S domain (amino acids 151-281) (Fig.4) interacts with
C1, the first complement component, thus inhibiting the early stages of the
classical pathway [15, 49]. Inactive C1 remains bound to the parasite mediating

its interaction with host cell CRT, thus promoting infectivity [17].
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The lectin complement pathway is also inhibited since TcCRT interacts with the
mannan-binding lectin (MBL) and ficolins (Valck et al, Molec. Immunol. 2014, in
press). Through a different domain, located in the amino terminal sequences,
extracellular TcCRT interacts with endothelial cells, probably through a collagen-
like Scavenger-receptor class A, since this interaction is inhibited by fucoidin, an
homopolymer of sulfated L-fucose [18](Abello et al, 2014, unpublished). TcCRT
interaction with endotheliocytes results in antiangiogenic and antitumor effects.
Additionally, in experimentally infected animals, TcCRT mediates autoimmune
reactions focused on the heart [50]. Apparently, TcCRT performs all these
properties in the extracellular space.

Kaltan parametros necesario§ 0 son incorrectos.

On the other hand, monoallelic TcCRT KO parasites, the wild type, and a
transgenic variant (with an extra TcCRT gene copy), display increasing survival
capacity in the presence of human complement, as well as enhanced in vivo
infectivity (TcCRT homozygous KO parasites are not viable) [51, 52]. TcCRT is
located in different organelles, including the kinetoplast and the ER [53], even
though this protein, as in mammals, has an ER retention signal [20]. This diverse
localization allowed proposing a secretory pathway for TCCRT [53]. More recently, in
vesicles secreted from the parasite to the extracellular milieu, TcCRT is among the

proteins identified as part of the vesicle cargo [54].
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6.- Main Issue Statement

Experimental evidence indicates that TcCRT, even though bearing an ER
retention signal, is detected in several organelles, all consistent with a secretory
pathway [53]. Moreover, in vesicles secreted from free parasites to the extracellular
milieu, TcCRT is part of its protein cargo. Thus, TcCRT is translocated from the ER
to the parasite flagellum emergence zone (Fig. 5), where vesicles can be found [53,
55]. The extracellular protein is involved in the infective process through its
interaction with C1q [15] and modulation of the host complement system (classical
and lectin pathways) among other important functions. All the former was studied in

free parasites and the extracellular milieu.

TcCRT itinerary, when the parasite is inside the host cell, is not known. It is
possible that TcCRT could be released from the trypomastigotes cytosol into the
host cell cytoplasm, and then, the protein may access the ER if it avoids protein
degradation in the proteasome. Once in the ER, and due to its high homology to
mammalian CRT, it may compete for MHC-I molecules, and may interfere with the
antigen presentation of the host cells. If so, a mechanism of immune evasion has

yet to be described.

In synthesis:

a) The retrograde transport pathway, through which proteins destined to the ER
return to the ER after been modified in the Golgi, is also a gateway for many viruses
and toxins to access the ER. They partly accomplish this, by mimicking the ER
retention signal, KDEL, at the carboxy-terminus domain and by escaping from the
proteasome as no ubiquitination occurs, i.e: cholera toxin [35-37, 56].

b) Immunocytochemical localization studies with gold particles demonstrate that
TcCRT is located in several organelles within the parasite, all of them consistent

with a secretory pathway for TcCRT [53].

c) CRT is one of few proteins that retrotranslocates from the ER to the cytoplasm,

12



which would be independent of the mechanism used when misfolded proteins are

destined for degradation [39].

d) The parasite can remain for years within the host, due to its ability to evade the
host immune system. Among the mechanisms employed for that purpose, is the
inhibition of peptide presentation (through MHC-II molecules) in infected
macrophages. The molecule responsible for this inhibition was not identified at that
time [57].

e) Given the importance of MHC-I peptide presentation to CD8" T lymphocytes in
the control of T. cruzi infectivity, it is important to investigate whether this pathway of
antigen presentation is altered with the infection.

f) If formation of the parasitophorous vacuole is inhibited, infectivity decreases [58].

g) Mammalian CRTs is about 50% identical and 80% homologous to TcCRT, been
the amino-terminus domain the most conserved. TcCRT also possesses an ER
retention signal (KEDL) homologous to the one present in mammalian CRT (KDEL)
[48].

h) TcCRT cDNA is augmented during the first 24 h post-infection (PIl) as detected by
conventional PCR coupled to reverse transcriptase [17], which suggest increased
protein synthesis during this period. As at 24 h Pl amastigostes and trypomastigotes
can be found in the host cell, the relative abundance of TcCRT cDNA for both
stages of the parasite was compared, and no differences were observed, so the

increase is not explained by the different stage.

Based on these rational elements, we propose the following hypotheses:
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HYPOTHESES

During T. cruzi infection:

1. Using specific antibodies, it is possible to detect T. cruzi Calreticulin, once the

parasite is inside the mammalian host cell.

2. TcCRT expression in the host cell inversely correlates with the expression of

MHC-I molecules.

1.- General Aim

To contribute to the knowledge of the molecular terms governing the T. cruzi-host

cell interplay, focusing on the role of parasite CRT in particular inside the infected

host cell.

2.- Specific Aims

2.1 To validate the specificity of the antibodies to be used as TcCRT detector

probes (Hypothesis 1).

2.2 To detect TcCRT inside infected murine macrophages (Hypothesis I).

2.3 To evaluate variations in surface MHC-I molecules on infected murine

macrophages (Hypothesis II).
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MATERIALS AND METHODS

1.- Biological Material

1.1 Cell Lines
e Mouse leukaemic monocyte macrophages (RAW 264.7 cells) (Sigma-
Aldrich, USA).

e African green monkey epithelial cells (VERO cells) were obtained from
Institute of Public Health (Chile). They were cultured in RPMI medium supplemented
with 10% v/v fetal bovine serum (FBS), 1% v/v penicillin/streptomycin and 1% v/v L-

Glutamine to semi-confluence for further infection.

1.2 Parasites

e T. cruzi epimastigotes (Dm28c strain) were cultured in 80 ml of Diamond
Medium (Tryptose, Tryptone and yeast extract, at 6.25 g/l each; 0.107 M NacCl,
0.03 M KH2PO4, 0.022 M K2HPO4, pH 7.2) supplemented with neonate bovine

serum (NBS), Penicillin/Streptomycin, and Hemin, at 27°C.

e T. cruzi trypomastigotes (Dm28c strain) were maintained in RPMI medium
supplemented with 10% FBS v/v, 1% v/v penicillin/streptomycin and 1% v/v L-

glutamine at 37°C.

1.3 Recombinant and Endogenous Calreticulin

e [TcCRT: was generated as described [47]. In brief, TcCRT without its
leader and its KEDL ER retention signhals, was amplified by PCR and ligated to a
pET-28b(+) vector. rTcCRT was expressed from E. coli BL21(DE3)pLysS,
transformed with the pET-28b (+)/TcCRT plasmid. rTcCRT was purified by affinity

chromatography.
e eTcCRT: was obtained as described [59]. In brief, eTcCRT was purified

from epimastigote extract by affinity chromatography. Rabbit anti-TcCRT polyclonal

antibodies were bound to cyanogen bromide activated sepharose column.
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e TrHUCRT: was generated similarly as rTcCRT. Cloned by Dr. Alexandre
Gingras (Department of Infections, Immunity and Inflammation, University of
Leicester, UK.) and expressed and purified in LIAM [50]. In brief, a HUCRT gene,
coding for the residues 18-417, was amplified by PCR and ligated into the
EcoRI/Ndel restriction sites of the pET-15b vector. rHUCRT was expressed from E.
coli BL21(DE3)pLysS, transformed with the pET-15b (+)/HUCRT plasmid. rHUCRT
was purified by affinity chromatography.

1.4 Polyclonal Antibodies (PoAb)

e Anti-TcCRT/Anti-TcS: A rabbit polyclonal antiserum was generated against
ITcCRT or its functional S domain (TcS) [59]. Previous to the immunization, a pre-

immune serum was obtained.

1.5 Monoclonal Anti-TcCRT E2G7 Antibody (MoADb)

A mouse monoclonal IgG1 anti-TcCRT antibody (MoAb E2G7) was generated
against native purified TcCRT as described [60], using standard protocols [61].
MoADb purification from mouse ascites was performed by affinity chromatography.

2.- Reagents

e Abcam (UK): Goat anti-mouse IgG conjugated to 18 nm colloidal gold.

e BD Bioscience (USA): MoAb anti-H2D¢ conjugated to FITC.

e BioRad (USA): acrylamide, Bio-Rad Protein Assay, bis-acrylamide,
ammonium persulphate, TEMED.

e Calbiochem (USA): protease inhibitor cocktail.

e Dako (USA): Goat anti-rabbit IgG conjugated to horseradish peroxidase
(HRP), goat anti-rabbit IgG conjugated to alkaline phosphatase (AP), sheep anti-
mouse IgG conjugated to AP.

e eBioscience (USA) : Mouse monoclonal IgGl anti-HUCD45 (leukocyte
common antigen).

e Electron Microscopy Science (USA): 200 MESH copper grids, 300 MESH
nickel grids, kit EPON 812 epoxy resin, kit polybed epoxy resin, glutaraldehyde,
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paraformaldehyde, lead citrate, uranyl acetate, osmium tetroxide, sodium

cacodylate.

e GE-Healthcare (USA): Amersham hybond-ECL nitrocellulose membrane.

e Gibco (USA): L-glutamine, penicillin-streptomycin, trypsine.

e Hyclone (USA): Fetal bovine serum (FBS), RPMI medium,

e MERCK (GER): Hydrochloric acid, Bromophenol blue, sodium bicarbonate,
sodium carbonate, sodium chloride, ethanol, sodium hydroxide, sodium azide,
methanol.

¢ MP Biomedicals (USA): Micro-titration multi-well plate, 96-V shaped wells.

¢ New England Biolabs (USA): Colour-plus pre-stained protein marker, broad
range.

¢ Novus Biologicals (USA): Polyclonal antibody anti-calreticulin.

e Sigma-Aldrich: (USA): BSA, Coomassie blue R250, 2-mercaptoethanol,
NBT-BCIP, paraformaldehyde, SDS, Tris-base, Tween 20, Goat anti-rabbit 1gG
conjugated to 10 nm colloidal gold.

e Thermoscientific (USA): ABTS, 96 well-U shaped polystyrene microtiter
plate.

3.- Methods

3.1 Validation of the Specificity of the Antibodies to be Used as TcCRT Detector
Probes (Hypothesis 1)

3.1.1 RAW 264.7 Whole Cell Extract (WCE) Preparation

RAW 264.7 murine macrophages were cultured in RPMI medium (Hyclone,
USA) supplemented with 10% v/ivn FBS (Hyclone, USA), 1% v/v
penicillin/streptomycin (Gibco, USA) and 1% v/v L-glutamine (Gibco, USA). 1x10’
cells were harvested, washed 3 times and pellet was resuspended in 1 ml of PBS
(Sodium dihydrogen phosphate 0.0025 M, disodium hydrogen phosphate 0.02 M,
sodium chloride 0.15 M, pH 7.2-7.4), 30 ul of Triton X-100 (Sigma, USA) and of
protease inhibitor cocktail (Calbiochem, USA) were added to the cell preparation
and mixture was placed on ice for 15 min Sonication of the mixture was performed

for 20 sec at frequency N°3 in Microson ultrasonic cell disruptor (Misonix, USA). A
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final centrifugation of the extract was performed at 16,170 g for 25 min to remove
any cell debris and supernatant was stored at -20°C. Protein concentration was

measured by Bradford [62].

3.1.2 Dm28c Epimastigotes WCE Preparation

Basically performed as described in 3.1. Epimastigotes were cultured in
Diamond medium as described in 1.2. 5x107 parasites were harvested to generate

the extract.

3.1.3 SDS-PAGE

Three different conditions were performed: a) 10 ng of rTcCRT and 30 pg of
RAW 264.7 WCE; b) 10 ng of rTcCRT, 300 ng of nTcCRT and 30 ug of RAW 264.7
and c) 30 ug of RAW 264.7, 30 ug of RAW 264.7 pre-incubated 15 min with 300 ng
rTcCRT, 30 ug of epimastigote WCE and 30 ug of epimastigote WCE pre-incubated
15 min with 300 ng of rTcCRT. Each condition was separated through 12%
polyacrylamide gel electrophoresis in Mini-Protean-2 chamber (BioRad, USA).
Samples were heated at 100°C in protein loading buffer 1x and then loaded in the
gel. The electrophoresis ran at 100V and once finalized, the gel was transferred to a

nitrocellulose membrane for IWB.

3.1.4 Immuno-Western Blot (IWB)

Previously separated proteins were transferred to nitrocellulose membranes,
using a humid system, at 4°C for 1h at 100V. Then, the membrane was blocked
overnight at 4°C in PBS with 5% w/v nonfat milk. The blocked membrane was
incubated for 1.5h with anti-TcCRT, anti-TcS (different dilutions) or anti-MmCRT
(1/2,000 v/v) PoAbs (see Methods section 1.4 and 2), or with E2G7 MoAb (9.78x10*
ng/ul, see Methods section 1.5) diluted in PBS with 3% w/v nonfat milk at room
temperature. The membrane was washed 4 times with PBS, 0.05% v/v Tween 20
and then incubated with an anti-rabbit or anti-mouse IgG conjugated to AP, 1/1,000
v/v in PBS with 3% w/v nonfat milk for 1.5 h at room temperature. The membrane
was washed and the enzymatic reaction mediated by the antibody union was
detected with NBT-BCIP.
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3.1.5 Indirect Enzyme-linked Immunosorbent Assay (ELISA)

Microtiter plates were sensitized with 100 pl of MoAb E2G7 or anti-HuCD45
(isotype negative control) 5 pg/ml per well in carbonate buffer (sodium carbonate
decahydrate 8.4 g/l, sodium bicarbonate 3.56 g/l) at 4°C. Non-reactive sites were
blocked with 5% w/v BSA in PBS for 2h at 37°C. Plates were washed 4 times
with PBS-0.05% v/v Tween, and then 100 pl of rTcCRT 1.25 pg/ml was added
per plate and incubated for 2h at 37°C. rHUCRT was used as antigen control.
In a second plate, 10 pug/ml of epimastigote or RAW 264.7 WCE was added as
antigen source. The same extracts pre-incubated for 15 min with rTcCRT 1 pg/mi
were also evaluated. After washing, polyclonal anti-TcCRT antibody 1/5,000 v/v
was incubated for 1.5h at 37°C. Pre-immune serum was used as control. A
secondary anti rabbit-IgG conjugated to peroxidase 1/1,000 was incubated for 1.5h
at 37°C, after washing with PBS-0.05% v/v Tween. Finally, after a wash with
PBS-0.05% v/v Tween 20, 100 pl per well of ABTS-30% v/v H202 were added and
plates were read at 405 nm.

3.2 Detection of TcCRT inside Infected Murine Macrophages (Hypothesis )
3.2.1 Transmission Electron Microscopy (TEM)

3.2.1.1 Cell Culture

Murine macrophages (RAW 264.7, 5x10° cells) were infected with 5x10’
trypomastigotes (Dm28c strain). Cell culture was performed in RPMI medium
supplemented with 10% v/v FBS, 1% v/v penicillin/streptomycin and 1% v/v L-
glutamine, at 37°C. Cells were harvested at 2, 4 and 6h PI, and processed for TEM.
As control, 5x10° non-infected macrophages were harvested simultaneously. For
comparison purposes, 1.5x108 trypomastigotes and epimastigotes were obtained and

processed for Immunocytochemistry.
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3.21.2TEM

Infected and non-infected cells were harvested, washed twice with PBS 1x,
fixed in 3% v/v glutaraldehyde, overnight at 4°C, washed and post-fixed with 1% v/v
osmium tetroxide in phosphate buffer (sodium phosphate 0.1 M, pH 7.3). Samples
were rinsed and progressively dehydrated in ethanol from 30% to absolute degrees,
treated with acetone and finally embedded in EPON at 70°C. Ultrathin sections
(700 A%, were placed on copper grids, stained with 5% w/v aqueous uranyl
acetate and 0.04% wi/v lead citrate and then observed at 80 kV in Zeiss EM-109
electron microscope (Carl Zeiss, GER).

3.2.1.3 Immunocytochemistry

Performed as previously described [53] with some modifications. Cells and
parasites were fixed in 4% v/v paraformaldehyde and 0.1% v/v glutaraldehyde in
cacodylate buffer (sodium cacodylate 0.1M, pH 7.2) o.n at 4°C. Free aldehyde
groups were blocked with 50 mM ammonium chloride. Samples were rinsed and
sequentially dehydrated in 30% to absolute ethanol, at room temperature and
embedded in polybed at 60°C. Ultrathin sections of 700 A° were obtained,
collected on nickel grids, and, after immunocytochemical procedures, were stained
with 5% w/v aqueous uranyl acetate, and then observed at 80 kV in Zeiss EM-109
and in Phillips-TECNAI 12 (Phillips, NLD) electron microscopes.

3.2.1.4 Immunocytochemical Procedures for CRT Detection

Nickel grids containing sections of 700 A° were floated, for 30 min at room
temperature, in Bufi (0.02M Tris, pH 7.2, 0.02% w/v sodium azide, 0.15 M sodium
chloride, 0.1% w/v BSA, 0.05% v/v Triton X-100). Then, the sections were
incubated overnight at 4°C with a primary antibody (Polyclonal anti-rTcCRT
1/32,000 v/v, anti-MmCRT 1/100 v/v or monoclonal E2G7 anti-TcCRT 0.00489

ug/ul) diluted in BuFi. After washing in BuFi, sections were incubated for 2h with a
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secondary antibody (goat anti-rabbit IgG conjugated to 10 nm diameter colloidal
gold, or goat anti-mouse IgG conjugated to 18 nm diameter colloidal gold)
diluted 1/20 v/v in BuFi, prior centrifugation for 10 min at 2,000 g. After washing, the
sections were rinsed with deionized water. Controls include sections incubated

with secondary antibody, pre-immune serum, and isotype control (IgG1).
3.2.2 Quantification of Label Density Generated by Polyclonal Antibodies

Gold particles/um? in different compartments of the host cell were quantified
using Image Analysis Routines (SCIAN-Soft) based on Interactive Data Language
IDL 7.1 (ITT, Boulder, CO). For statistical analysis, the compartments of 4 different

cells per condition were analyzed.
3.2.3 Quantification of Gold Particles in Kinetoplast Sections

Since 18 nm gold particles are easily resolved, their numbers in
kinetoplast sections, obtained from different parasite stages, were quantified by
their direct observation on the TEM photographs located under a transparent film.
Each gold particle was counted out by labelling it on the transparent film, using a
marker. Each photo was counted 3 times, and the average value of minimum 5

photos per condition was used for statistical analysis.

3.3 Evaluation of Variations in Surface MHC-I Molecules on Infected Murine

Macrophages (Hypothesis II)

3.3.1 Flow Cytometry Procedure

RAW cells (5x10° were infected for 2, 4 and 6h with 5x10°
trypomastigotes (Dm28c strain), each condition in triplicate. Non-infected RAW
264.7 cells (5x10°) were used as control. Cells were washed twice in PBS 1x (380
g for 5 min each), placed on a V- bottom microtiter plate, incubated with 100 pl of
MoAb anti-H2DY, conjugated to FITC (1/50 v/v), per well, 30 min in darkness.
Samples were washed twice with PBS 1x, fixed with 1% v/v paraformaldehyde, 100

pl per well, 30 min at 4°C and stored at 4°C until data analysis.
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3.3.2 Data Analysis

Data were obtained in FACSCalibur-4 colour flow cytometer (Becton
Dickinson, 2007) and were analyzed with the program FlowJo 8.7, Mackintosh
version, Tree Star Incorporated.

3.4 Statistical Analysis

The number of gold particles (see methods 3.2.2-3.2.3) and MHC-I positive
cells (see methods 3.3.1) were statistically validated using one and/or two-way
ANOVA tests, which were performed with Graphpad Prism 5.0,

Macintosh version, Software Mackiev, Graphpad software Inc.

4.- Services

Electron microscopy sample processing and grids preparation were performed
in the CESAT Unit, Electron Microscopy Laboratory, Faculty of Medicine, University
of Chile.

Electron microscopy photographs were obtained in CESAT Unit, Electron
Microscopy Laboratory, Faculty of Medicine, University of Chile, and in Advanced
Electron Microscopy Unit, Faculty of Biological Sciences, Pontifical Catholic
University of Chile.
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RESULTS

1.- Validation of the Specificity of the Antibodies to be Used as TcCRT
Detector Probes (Hypothesis 1)

For the development of this Thesis, it was first necessary to standardize
sensitive and specific means to detect TcCRT once the parasite is inside infected
murine macrophages. Several antibodies were tested by IWB to select the most
appropriate one to be used as detector probe in Immunocytochemistry, as described

below.

1.1 IWB

Several antibodies anti-TcCRT (or its domains) were available as detector

probes. In this case, we focused on two sets of polyclonal antibodies (PoAbs).

=  Detection with Anti-TcCRT PoAbs

In the Methods Section, generation of a WCE of RAW 264.7 was described
(see Methods Section 3.1). 30 ug of this extract, which is used as a source of
MmCRT, was transferred to a nitrocellulose membrane and incubated with several
different dilutions of the anti-TcCRT PoAb. In RAW 264.7 WCE a 58-kDa
immunoreactive band was detected in several dilutions of the anti-TcCRT polyclonal
serum, up until a dilution of 1/4,000 v/v (Fig. 6). In the three last dilutions tested no
cross-reactivity was observed, which suggest that this antibody could be suitable to
be used as detector probe in Immunocytochemistry, at high dilutions to minimize the

cross-reactivity.
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Figure 6: A Polyclonal Anti-TcCRT Serum Detects a 58 kDa Molecule,
Antigenically Homologous with MMCRT.

A 58 kDa molecule is detected by cross reactivity at low dilutions of the antibody.
A: Pre-immune serum 1/1000 v/v. Samples incubated with anti-TcCRT PoAb diluted
v/v: B: 1/1,000, C: 1/2,000, D: 1/4,000, E: 1/8,000, F: 1/16,000.

A: lane 1: Molecular weight standard, lane 2: rTcCRT.

B-F: lane 1: Molecular weight standard, lane 2: rTcCRT, lane 3: RAW 264.7
WCE.

Arrows: 58 kDa putative MMCRT.
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=  Detection with Anti-TcS PoAbs

Since there was cross-reactivity with the anti-TcCRT polyclonal serum, another
serum, generated against the TcCRT S domain (TcS, amino acids 159-281) was
also tested as an alternative.

In this case, a 46 kDa immunoreactive band was detected in all dilutions
employed in RAW 264.7 WCE, and at low dilutions, a slight band of 58 kDa was
observed (Fig.23). Since this molecular weight does not correspond to conventional
MmCRT, we cannot rule out the presence of a non-described MMCRT isoform, as in
the Mus musculus genome two crt genes were detected [63]. The 58 kDa molecule
is poorly detected, in part, as this antibody was generated with the recombinant S

Domain, and not rTcCRT.

Given the specificity of the recognition of the 46 kDa molecule, we decided to
further study this protein. The results are summarized in ANNEX |, since this subject
somehow escapes from the Hypotheses context and this antibody was not

employed in immunocytochemistry analysis.
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= Detection with Homologous Anti-MmCRT PoAbs

In order to corroborate previous results, RAW 264.7 WCE was tested with the
respective anti-MmCRT polyclonal antibody. A slight band of 58 kDa was observed,
consistent with the band detected by the anti-TcCRT polyclonal serum (Fig.7).

o

MW 4 5 Mw
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80

58
46

30
23

Figure 7: A Polyclonal Anti-MmCRT Serum Detects MMCRT in RAW 264.7

WCE.

Concordant to previous results (Fig.6) an homologous anti-MmCRT PoAb
detects a 58 kDa MMCRT.

A: Anti-MmCRT PoAb diluted 1/1,000 v/v, B: Pre-immune serum diluted
1/1,000 v/v.

A-B: Lane 1: Molecular weight standard, Lane 2: RAW 264.7 WCE. Arrow: 58
kDa MMCRT.
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= Detection with Anti-TcCRT Monoclonal Antibody

As an alternative to the anti-TcCRT polyclonal serum, a mouse IgG1 MoAb
E2G7 anti-TcCRT was tested as possible detector probe. It detected rTcCRT and
eTcCRT in different contexts, either purified (rTcCRT and eTcCRT) or direct from an
epimastigote WCE (Fig.8A). When both extracts were employed as source of
antigen, in RAW 264.7 WCE there was no detectable cross-reactivity. In
epimastigotes extract, there was detection of eTcCRT. When both extracts were
pre-incubated for 15 min with rTcCRT, the detection of the recombinant molecule
was predominant in both cases, with the characteristic banding of rTcCRT. This
molecule is less stable than eTcCRT, which was demonstrated by previous results,
thus is more susceptible to degradation. rTcCRT is partially proteolyzed during the
extract/IWB process when it was pre-incubated with the RAW 264.7 WCE, which
could explain, in part, the differences obtained when the epimastigote WCE was
pre-incubated with the recombinant molecule (Fig.8B). A pre-immune serum was
employed as control, since at the time of the experiment no proper isotype control

was available (Fig. 8C).

1.2 Indirect Enzyme-linked Immunosorbent Assay (ELISA)

In order to validate the E2G7 MoAb with the antigen in a more physiological
way, closer to what it would be in Immunocytochemistry, an indirect ELISA was

performed.

First, the specificity of the antibody was validated as rTcCRT was specifically
captured by the E2G7 MoAb when compared to several controls (Fig.9A). When
RAW 264.7 or epimastigotes WCE were employed as source of antigen, no CRT
(eTcCRT or MMCRT) was captured, probably due to the low concentration present
in the extracts. When both extracts were pre-incubated with rTcCRT, the
recombinant molecule was effectively captured by the E2G7 MoAb (Fig.9B), which
indicates that in this physiological approach, rTcCRT does not interact with other

proteins through the epitope recognized by the E2G7 MoAb.
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Taken together with the previous IWB results, this antibody is also a candidate

to be employed as detector probe in immunocytochemistry.
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Figure 8: A E2G7 Anti-TcCRT MoAb Detects eTcCRT and rTCRT in
Different Conditions.

ITcCRT and eTcCRT were detected either purified or from a direct
epimastigotes WCE (eTcCRT). When RAW 264.7 WCE was employed as antigen
source, no molecule was detected. Only when extract was preincubated with
rTcCRT, the recombinant protein was detected.

A-B: E2G7 MoAb 9.78x10* pg/ul, C: Pre-immune serum 1/500 v/v *.

A,C: Lane 1: Molecular weight standard, lane 2: eTcCRT, Lane 3: rTcCRT, lane
4: Epimastigote WCE.

B: lane 1: Molecular weight standard, lane 2: Epimastigote WCE, lane 3:
Epimastigote WCE + rTcCRT, lane 4: RAW 264.7 WCE, lane 5: RAW 264.7 WCE +
ITcCRT.
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*At the time of this experiment, no appropriate isotype control was available.

>

Absorbance 405 nm

Absorbance 405 nm

antigen

Figure 9: A E2G7 Anti-TcCRT MoAb Specifically Captures rTcCRT.

ITcCRT is specifically captured by the E2G7 MoAb, as compared to several
controls (A). No CRT is captured when RAW 264.7 or epimastigotes WCEs are
used as source of antigen. Only pre-incubation with rTcCRT allows positive signal of
TcCRT capture. rTcCRT was employed as positive control, and rHUCRT as negative
control (B).
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A-B: Indirect ELISA. One-way ANOVA analysis, ****: p< 0.0001, ***: p<0.001,
**: p<0.01. Bars: Standard deviation.

2.- Detection of TcCRT inside Infected Murine Macrophages (Hypothesis I)

2.1 Transmission Electron Microscopy

e Organelle and Parasite Distribution in Infected and Non-Infected Cells

In order to have a proper topographic control, the murine macrophage cell
line RAW 264.7 was infected with trypomastigotes (Dm28c strain), as described
in the Methods Section. Sections of infected and non-infected cells were
processed for TEM. Resolution seems adequate since ribosomes can be observed
in non-infected RAW cells (Fig.10A). At 2 and 4h post-infection (PI) (Figs.10B-10C),
parasites can be observed inside the parasitophorous vacuole and, at 6h PI,
parasites are also found free in the host cell cytoplasm (Fig.10D). Multiple vacuoles
are seen at 4h PI (Fig.10C).

e Calreticulin is Detected by Polyclonal Rabbit Antibodies, in Infected
Cells

Once the appropriate dilution was established, the immunocytochemistry
procedures were performed. In non-infected macrophages, gold particles are
detected when the corresponding anti-MmCRT PoAb was employed, especially in
nucleus (nuclear heterochromatin) and cytoplasm (Fig.11). The 10 nm gold-particles
are properly resolved in this microscope, indicating that the resolution is appropriate.

30



Figure 10: Host Cell and Parasite Organelles are Resolved by Electron

Microscopy in Infected Macrophages

Electron microphotographs of infected and non-infected murine macrophages
are shown A: In a non-infected cell (30,000x), ribosomes are resolved (arrow).
Parasite sections (P) are shown inside macrophages at different hours post-
infection. B: Inside a parasitophorous vacuole, at 2h (20,000x); C: At 4h (7,000x),
in a vacuolated host cell and D: At 6h (12,000x), 3 parasite sections are observed
free in the cytoplasm.
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Figure 11: Host Cell Calreticulin is Detected with Homologous Polyclonal
Antibodies.

Electron microphotograph of a non-infected murine macrophage is shown. Few
gold particles were observed in nucleus (N) and cytoplasm (C) (arrows). Anti-
MmCRT 1/100 v/v. Electron microphotograph was obtained at 30,000x.

Once the resolution of the microscope was shown to be adequate, as observed
with the homologous anti-MmCRT PoADb, the first of the two antibodies validated as

detector probes was employed.

Using the anti-TcCRT PoAb, some gold particles can be observed in the non-
infected murine macrophage, which could correspond to background reactivity with
MmCRT. Some particles were observed in nucleus, cytoplasm, and, as
expected, in the ER (Fig.12A). In free epimastigotes, as expected [53], the label was
observed basically in nucleus (Fig.12B). In agreement with previous results [53] in
free trypomastigotes (Fig.12C), gold particles were observed in the kinetoplast,
and a unidirectional flow towards the flagellum emergence zone can be proposed.
Also, as expected [53], particles are found in vesicles near (or emerging) from the
trypomastigote.
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Figure 12: Calreticulin is Detected in Free Parasites and in Non-Infected
Host Cell Organelles

Electron microphotographs of a non-infected cell and free parasites are shown.
Gold particles are observed in: A. A non-infected cell (30,000x), in the nucleus (N),
cytoplasm (C), and the endoplasmic reticulum (ER). B. A free epimastigote
(16,500x), in the nucleus (N). C. A free trypomastigote (30,000X), in the kinetoplast
and the flagellum emergence zone, as well as in vesicle-like structures (arrows). In
host cell: ER: Endoplasmic reticulum, M: Mitochondria, N: Nucleus, C:
Cytoplasm. In parasites: K: Kinetoplast, FP: Flagellum pocket, V: Vacuole, Mi:
Mitochondrion, PN: Parasite nucleus. Arrows: Positive signals.
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On infected cells, at 2h PI, gold particles were observed in the parasitophorous
vacuole, and in the host cell cytoplasm. In the parasite, nucleus and kinetoplast are
among the organelles where a high-density label can be observed. Interestingly,
there was a label concentration on structures similar to those observed in free
trypomastigotes, inside the parasitophorous vacuole (outside the parasite), in the
borderline of the parasitophorous vacuole, and in the host cell cytoplasm (Fig.13A).

At 4h PI, a parasite was observed outside the host cell, presumably before
being phagocytosed. Gold particles were detected in several organelles in the
parasite, but more condensed in nucleus and kinetoplast. In the host cell, gold
particles are observed in the cytoplasm and nucleus (Fig.13B).

At 6h PI, gold particles were observed in the parasitophorous vacuole, as
expected, nucleus and Kkinetoplast among the organelles with more label
concentration. In the host cell, gold particles were observed at the nucleus and
cytoplasm (Fig.13C). As observed previously (Fig.12C, Fig.13A), there was
concentration of the label on structures similar to vesicles on the edge of the
parasitophorous vacuole. These structures are consistent with those previously
described [54].

No gold particles were observed in 6h Pl samples incubated with just the
secondary gold- labelled antibody (Fig.13D) or with pre-immune sera (Fig.13E),

suggesting specific labelling.
An amplification of a parasite inside a parasitophorous vacuole at 2h PI

(Fig.14) showed the presence of vesicle-like structures, similar to those observed in

free trypomastigotes (Fig.12C).
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Figure 13: Calreticulin is Detected by Rabbit Polyclonal Antibodies in
Infected Macrophages

After infection, gold particles were detected at: A. 2h, in the parasite nucleus
and kinetoplast, in the host cell cytoplasm and in vesicle-like structures (arrows); B.
4h, in a parasite outside the host cell, mainly in the parasite nucleus and kinetoplast;
Also, in the murine macrophage nucleus and cytoplasm; C: 6h, mainly in the
parasite nucleus and kinetoplast, and in vesicle-like structure in the host cell
cytoplasm (arrow); D-E: 6h, control samples. No gold particles were observed.

A-C: Anti-rTcCRT polyclonal serum, 1/32,000 v/v; D: Anti-rabbit 1gG
conjugated to colloidal gold (10 nm), 1/20 v/v; E: Pre-immune serum 1/32,000 v/v.

In host cell: N: Nucleus, C: Cytoplasm, PV: Parasitophorous vacuole. In
parasites: P: Parasite, K: Kinetoplast, FP: Flagellum pocket, V: Vacuole, Mi:
Mitochondrion, PN: Parasite nucleus. Arrows: Positive signals. All samples are
30,000x.
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Figure 14: Vesicle-like Structures with Positive Gold Label were Observed
at 2h Post-Infection.

Electron microphotograph amplification of a host cell 2h PIl. A parasite (P) is
inside a parasitophorous vacuole (PV) with gold particles detected in the parasite
nucleus (PN), Kinetoplast (K) and on vesicle-like structures (arrows), which can also
be observed in the host cell cytoplasm (C).

e Calreticulin Concentration is Higher in Infected Cells

As cross-reactivity was still an issue in the studies performed with the anti-
TcCRT PoAb, the number of gold particles/um?, in different compartments of the
host cell, was quantified as described in the Methods Section. Non-infected cells
showed lower number of gold particles in the analyzed cellular compartments,
compared to 2h Pl (p<0.05 in cytoplasm, p< 0.01 in nucleus, Fig.15A). A similar
situation was observed when compared to 4h PI (p< 0.01 in nucleus and cytoplasm,
Fig.15B). The only variation between the two conditions was the label in the
cytoplasm, which increases at 4h PIl. When non-infected cells were compared to 6h
Pl, the nucleus was the only compartment that presented more gold particles in
the infected cells (Fig.15C). In the parasitophorous vacuole, the number of gold
particles decreases at 6, compared to 2 and 4h PI.
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Figure 15: Number of CRT Molecules Detected with the Polyclonal Anti-
rTcCRT Antibody is Higher in Infected Cells

At 2 and 4h PI, more gold particles are detected in the nucleus and cytoplasm
(A and B) when compared to non-infected cells. At 6h PI (C) a larger number of gold
particles is detected only in the nucleus, as compared to the non-infected
counterpart. The average number of particles found in the parasitophorous vacuole

is included for comparison purpose.

A-C: Two-way ANOVA * = p< 0.05 **= p< 0.01 ***= p< 0.001. Bars: Standard

deviations.
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e TcCRT is Detected with a Monoclonal Antibody in Free Parasites

The second validated detector probe for immunocytochemistry was the
monoclonal anti-TcCRT E2G7, which in two different experiments, showed no cross-
reactivity with RAW 264.7 WCE (see Figs.8 and 9).

With this detector probe, in free trypomastigotes (Fig.16A), gold particles are
observed almost exclusively in the kinetoplast. In non-infected RAW 264.7 murine
macrophages (Fig.16B), some gold particles are detected in the nuclear
heterochromatin, and also in the cytoplasm, most likely as a non-specific
background label. In free epimastigotes (Fig.16C) label is observed basically in

the nucleus. Few molecules are detected in the kinetoplast.

On infected cells, at 2h Pl (Fig.17A), gold particles were observed in the
parasitophorous vacuole, and in the host cell. Again, in the parasite, the particles
were detected almost exclusively in the kinetoplast. In the host cell, some gold

particles were observed in nuclear heterochromatin.

At 4h PI (Fig.17B), gold particles were observed in the parasitophorous
vacuole. As previously detected (Fig.16A, 17A), there is a high-density label in the
kinetoplast. However, at this point some gold particles are detected on the
parasite nucleus and cytoplasm. In the host cell, some particles are observed in

nucleus and a few in the cytoplasm.

At 6h Pl (Fig.17C), two parasites were observed inside parasitophorous
vacuoles. In both cases, a high gold particle concentration is detected in their
kinetoplasts. Much lower gold particle concentration is detected in the parasite
nucleus and cytoplasm. No gold particles were observed in a 6h Pl sample
incubated with an anti-HuCD45 mouse IgG1 (isotype negative control, Fig.17D), or
in a free trypomastigotes sample incubated with just the secondary antibody (Fig.
17E).
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Figure 16: MoAb E2G7 Anti-TcCRT detects TcCRT in Free Parasites

Electron microphotographs of non-infected cells and free parasites are shown.
Gold particles are observed in: A. A free trypomastigote, mainly in an oblique
section of the kinetoplast (K); B. A non-infected murine macrophage, mainly in
nucleus as a background label; C. A free epimastigote, mainly in the nucleus. A
longitudinal section of an almost empty kinetoplast section is also presented.

In host cell: N: Nucleus, C: Cytoplasm. In parasites: PN: Parasite nucleus, K:
Kinetoplast. All samples were incubated with E2G7 anti-TcCRT monoclonal
antibody, 0.00489 ug/ul, followed by the corresponding gold-labeled secondary
antibody, 1/20 v/v. Arrows: Positive signals.
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Figure 17: TcCRT is Mainly Found in the Parasite Kinetoplast in Infected
Cells

Electron microphotographs of infected cells are shown. Gold particles are
observed at A. 2h PI, mainly in the parasite kinetoplast; B. 4h PI, mainly in the
parasite kinetoplast, fewer in the parasite nucleus; C. 6h PI, in two intravacuolar
parasites, mainly in the kinetoplast, but also in the parasite nucleus and cytoplasm.
In negative control samples D. 6h Pl and E. Free trypomastigotes, no gold particles
were observed.

In host cell: N: Nucleus, C: Cytoplasm. In parasites: P: Parasite, PN: Parasite
nucleus, K: Kinetoplast.

Samples were incubated with: A-C: E2G7 anti-TcCRT monoclonal
antibody, 0.00489 pug/ul; D: Anti-HuCD45, mouse IgG1l 0.005 ng/ul, isotype
negative control; E: Anti-mouse IgG conjugated to colloidal gold (18 nm), 1/20 v/v.
Arrows: Positive signals.
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e TcCRT Presence is Higher in the Parasite Kinetoplast of Infected
Cells, as compared to Free Trypomastigotes or Epimastigotes

The improvement in sensitivity, and the use of a larger gold particle size
and the monoclonal antibody, allowed a simple naked-eye visual quantification of
the minimum number of molecules detected in different stadia of the parasite. A
representative set of results corresponding to free and non-free parasites is shown in
Figure 18. A major number of TcCRT molecules are detected in trypomastigote
kinetoplast when the parasite is inside the host cell (Figs.18A, 18D)
compared to free trypomastigotes (Fig.18B) or free epimastigotes (Fig.18C),

which indicates a cumulative presence in this organelle in infective trypomastigotes.

3.- Evaluation of variations in surface MHC-I molecules on infected murine

macrophages (Hypothesis Il).

3.1 Flow Cytometry

e MHC-I Positive Cells Decrease Post Infection

CRT is key on the MHC-I folding process, as it is part of the peptide
loading complex [11]. An increase of CRT molecules was detected with the
polyclonal anti-TcCRT antibodies in infected host cell cytoplasm (Fig.15).
Therefore, we asked whether this CRT expression correlates with that of MHC- |
molecules. By flow cytometry, surface MHC-1 positive cells were identified as
described in the Methods Section, in non-infected and infected RAW 264.7 cells.
Less MHC-I positive cells are detected at 2 and 4h Pl as compared to non-
infected cells, while the 6h Pl sample is similar to the non-infected counterpart
(Figs.19A, 19C), which suggests a high cell mortality at early times post-infection.
The percentage of maximum fluorescence, which is indicative of surface expression
of MHC-I molecules per cell, was similar in all samples studied, which is indicative of
no variation of the expression of MHC-I molecules in the murine macrophage
(Fig.19B).
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Figure 18: The Number of TcCRT Molecules is Higher in the Parasite
Kinetoplast of Infected Cells, as compared to Free Trypomastigotes or
Epimastigotes

Electron microphotographs of infecting and free parasites are shown. Gold
particles are detected in A. A 6h Pl sample, mainly in the trypomastigote kinetoplast
(K), but also detected in the parasite nucleus and host cell cytoplasm. B. A free
trypomastigote, almost exclusively in the kinetoplast (K). C. A free epimastigote, in
nucleus and kinetoplast. D. The number of gold particles detected in kinetoplast
sections, is higher in infecting parasites (n =6 for free trypomastigotes and
epimastigotes, n= 5 for trypomastigotes in the host cell).

A-C: MoAb E2G7 anti-TcCRT 0.00489 ug/ul; D: One-way ANOVA analysis, ****
= p < 0.0001. In host cell: N: Nucleus. In parasites: PV: Parasitophorous vacuole,
PN: Parasite nucleus, V: Vacuoles, K: Kinetoplast.
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Figure 19: MHC-I Positive Cells Decrease at 2 and 4, but not at 6 h PI, as
Detected by Flow Cytometry

Representative cytometry histograms are shown. A: The number of MHC-I
positive cells decreases at 2 and 4h PI, while the 6h Pl sample remained similar to
the non-infected counterpart; B: The percentage of maximum fluorescence was
similar in all samples analyzed, which is indicative of no variation of surface MHC-I
molecules per cell; C: Statistical analysis of MHC-I positive cells. One-way ANOVA
analysis of data, * = p< 0.05, ** = p< 0.01. Bars = Standard deviations.
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DISCUSSION

TcCRT is currently accepted as a virulence factor, due to its relevance in
the infectivity process, inhibition of the classical and lectin pathways of the
complement system and inhibition of angiogenesis and tumor growth [14, 15, 17-20].

Although in its amino acid sequence it possesses an ER-retrieval
signal, KEDL, on its carboxy-terminus domain, its intracellular localization inside
the parasite is diverse. Previous reports showed the presence of TcCRT in the
ER, as expected, but also in the Golgi, cytostome, on vesicles near the flagellum
pocket, on the cytosol, and on the nucleus and kinetoplast, on free
trypomastigotes and epimastigotes. This evidence suggests a possible secretion
pathway for TcCRT [53]. It should be pointed out, however, that in this publication
results using a pre-immune serum, as negative control, are not shown. For this
reason, the magnitude of cross reactivity of the polyclonal antiserum used with other

parasite molecules cannot be correctly assessed.

More recently, this evidence is supported by other studies where two
populations of vesicles, secreted by the free parasite to the extracellular milieu,
were analyzed and their protein cargo characterized. TcCRT is among the 367
proteins identified [54]. The analyses of the vesicle cargo and localization of
TcCRT were performed in both free trypomastigotes and epimastigotes [53, 54].
There is no evidence in the literature, with regard to TcCRT localization when the
parasite is located inside the host cell. We have addressed this important issue in this

Doctoral Thesis.

In order to study the TcCRT localization once the parasite is inside the host
cell, it was first necessary to evaluate and standardize possible antibodies to be

employed as detector probes in several immunocytochemistry procedures.

Different experiments were performed in order to validate the specificity of the three
antibodies as summarized in Figures 6, 7, 8 and 9, and also in Figure 22, this one
shown | ANNEX |

When the anti-TcCRT PoAb was tested, there was a cross-reactive

detection of a 58 kDa band when a RAW 264.7 WCE was employed as antigen
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source (Fig.6). Considering that CRT is highly conserved among species [10] and
that the polyclonal serum employed has a titer of 10° the present results were
expected. As dilution increases, the cross-reactivity minimizes, which makes this
antibody a suitable candidate to be employed as detector probe in
immunocytochemistry. The former result was corroborated as with a homologous
anti-MmCRT PoAb a tenuous band of 58 kDa is detected (Fig.7).

An anti-TcS PoAb detected an immunoreactive band of 46 kDa in at lest
3 cell lines. Attempts to validate this antigenically recognized putative MMCRT, as
conventional murine CRT, implied a variety of experimental approaches that rather
escape from the main goals of this thesis. For this reason this subject is presented
as an ANNEX 1, in this document. Given the results obtained, this anti TcS PoAb is
not a viable option to be employed as a detector probe in the immunocytochemical

procedures described herein.

Since the anti-TcCRT PoAb still had serious limitations to be employed as
detector probe in immunocytochemistry (cross-reactivity, though minimized, was still
a problem), an E2G7 anti-TcCRT MoAb was also validated. Its specificity was
confirmed as it recognized rTcCRT and eTcCRT from different sources (purified and
direct from an epimastigote extract) (Fig.8A). No band was detected in a RAW 264.7
WCE, which suggest this antibody would be appropriate as detector probe of the

parasite molecule in immunocytochemistry.

The purification process of eTcCRT did not involve stringent methods,
which would explain, in part, why it was necessary 300 ng of total protein compared
to the 10 ng of rTcCRT. When both extracts, RAW 264.7 and epimastigote, were
pre-incubated with rTcCRT, there was predominant detection of the recombinant
molecule, as expected (Fig.8B). However, we cannot rule out that in the
epimastigote extract eTcCRT was also detected, but the signal was “masked” by the
detection of rTcCRT.

The former validation process was performed by IWB, not a physiological
condition, as the proteins in the extract are subjected to heat denaturation and
reduction, among other stringent manipulations. Thus, the epitopes recognized in

the murine extract would not include the conformational epitopes that would be
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recognized by the polyclonal serum as the recombinant protein used for the rabbit

immunization was in a physiological state.

As a more physiological approach, through an indirect ELISA, the E2G7
MoAb was also tested. The rTcCRT molecule is specifically captured by solid-phase
bound E2G7 MoAb, when compared to several controls (Fig. 9A). However, when
the parasite and host cell extracts were employed as CRT source, there was no
capture of endogenous CRT. Only when the extracts were pre-incubated with
rTcCRT a positive signal was observed (Fig. 9B). This result can be explained, in
part, as given the chaperone capacity of CRT, in the extract context, the
endogenous molecule binds to several other proteins present in the extract, through
the epitope recognized by the E2G7 MoAb. Thus, no capture is possible.
Alternatively and/or concomitantly, the relative quantity of TcCRT in the
epimastigote extract did not reach the minimum necessary to be captured by the

monoclonal antibody.

In synthesis, the present results allowed to validate two antibodies as
detector probes for immunocytochemistry, a polyclonal serum anti-TcCRT and a

monoclonal antibody E2G?7.

As the different fixation conditions required for immunocytochemistry
do not allow a proper fixation of lipids and preservation of structures, Figure 10
shows a topographic control of each condition, in which organelles are
distinguished. In non-infected RAW 264.7 cells, we observed ribosomes (Fig.10A).
Mammalian ribosomes are about 30 nm diameter, serving as indicators of
resolution. Thus, 10 and 18 nm gold patrticles, being more electron-dense than
ribosomes, should be adequately resolved. Properly resolved organelles were
observed at 2 h PI, with the parasite inside a parasitophorous vacuole (Fig.10B).
Interestingly, at 4h PI (Fig.10C), the host cell is extensively vacuolated. This might
be due to the infection process at this time gate. At 6h PIl, a minimum of three
parasites was observed free in the host cell cytoplasm (Fig.10D). In this case, due to
the time post-infection, they are probably three different parasites that infected this

host-cell.

In order to validate the technique, non-infected RAW 264.7 cells were

46



incubated with the respective anti-MmCRT serum. Gold particles are observed
mainly in nucleus and fewer molecules were observed in cytoplasm (Fig.11).
Interestingly, no gold particles were observed in ER. This could be due to several
factors, such as a low concentration of specific anti-MmCRT antibodies. Using the
recommended dilution for this antibody, detection was marginal in IWB and in
immunocytochemistry. However, this procedure resolved gold particles, an
indication that the technique provides the proper resolution to track TcCRT once the
parasite is inside the host cell.

Using a polyclonal anti-rTcCRT serum, we observed more gold
particles in infected cells (Fig.15). However, as expected with polyclonal antibodies,
some cross-reactive background is also present in non-infected cells (Fig.12A) (In
order to compare the electron density of gold particles and ribosomes, Figs.10A and
12A should be considered together). Considering that CRT is highly conserved
among species, it is likely that a rabbit antiserum, generated against the parasite
molecule, will recognize the host-cell molecule, in those epitopes common to
TcCRT and MmMCRT. Through the titration process, this cross-reactivity was

minimized.

In free epimastigotes (Fig.12B), TcCRT was observed mainly in
the nucleus, as previously described [53]. On the other hand, in free trypomastigotes
(Fig.12C), gold-particles were detected on the flagellum emergence zone and
kinetoplast. This result is interesting, in particular the high label concentration in the

kinetoplast, concordant with previous results [53].

TcCRT is externalized from the ER to the flagellum emergence
zone, where it co-localizes with C1q, so the concentration in this particular
compartment is in agreement with previous results obtained in confocal

fluorescence microscopy [15].

Some particles were observed in vesicle-like structures. As
previously reported, TcCRT is part of the protein cargo in vesicles secreted by the
parasite [54], but it was not detected in situ inside the vesicles, but outside the
trypomastigote. This observation may complement the previous work, supporting a

secretory pathway for TcCRT [53]. It cannot be ruled out the possibility that, since
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these parasites were harvested from the supernatant of infected VERO cells, the
circular vesicle-type structure outside the parasite, where CRT was detected,
may derive from the VERO host cell. However, its attachment to the parasite
plasma membrane supports its parasite origin. At 4h PI, other circular structures,
with positive gold label, were observed in close proximity to the parasitophorous
vacuole outside the host cell (Fig.20A), which can be compared to the
vesicle-like structures in free trypomastigotes (Fig.20B). The vesicle-like
structures seen in Figures 12C and 20A are 35-38 nm in diameter (data not
shown), consistent with those previously described for metacyclic
trypomastigotes [54]. Even though is not possible to determine, on the
infected cell, the origin of the putative microvesicles, its localization could
suggest its parasitic origin, although it cannot be discarded its host cell

origin.

Figure 20: Vesicle-like Structures with Positive Label were Observed in
Free Trypomastigotes and Infected Cells.

Electron microphotographs (30,000x) of: A. 4h PI cell; B. Trypomastigote,
where vesicle-like structures with positive gold label were observed. All samples
were incubated with anti-rTcCRT polyclonal serum 1/32,000 v/v followed by gold-
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labelled secondary antibody 1/20 v/v. Note: Figure 20B was shown previously as
part of Fig.12. This time is only shown to stress the possibility of microvesicles
existence.

A critical condition to determine whether if the structures observed with
positive gold label are microvesicles, is the presence of a membrane, which
in all structures observed, could not be appreciated at this resolution as
fixation conditions for immunocytochemistry do not allow proper fixation of
membranes, and also for the electron-dense gold particles present. Thus, is
still  speculative whether these circular structures are effectively
microvesicles. Further work is necessary in this area but, given the time

constraint, outside the context of this thesis.

On infected cells, (Fig.13) gold particles were observed in different organelles
in the parasite and in the host cell. Interestingly, the DNA containing organelles,
kinetoplast and the parasite nucleus, were those where a high-density label was
observed, concordant with previous reports in the literature [53]. At 2 (Fig.13A,
14) and 6h PI (Fig.13C), when the parasite is observed inside the
parasitophorous vacuole, similar vesicle-like structures are detected with positive
gold label inside the parasite, in the parasitophorous vacuole, and its
surroundings, in the host cell cytoplasm. These structures were observed
previously inside metacyclic trypomastigotes and described as vesicles [53]. All
the results mentioned above supports a secretory pathway for TCCRT.

In the host cell, some patrticles are observed in the cytoplasm and nucleus.
Due to the sensitivity of the technique used, it is not possible to discriminate, at this
point, the origin, parasite or host cell, of the protein that is detected by the anti-
rITcCRT polyclonal serum. In favor of the possibility that the recognized protein is
indeed CRT, from parasite or host cell origin, is the fact that the antiserum was
raised against the pure recombinant parasite protein. Given the evolutionary
distance between trypanosomatids, on the one hand, and mammal (rabbits and

mice), on the other, most of the epitopes that are finally immunogenic in the rabbit
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are probably of trypanosomatid origin. Rabbit antibodies generated against those
few epitopes shared by murine and T. cruzi CRT should be undetectable in properly

diluted sera, a simple strategy tested in our experiments.

At 4h PI (Fig.13B), a parasite is observed outside the host cell, probably before
been phagocytosed. Similar to previous results, in the parasite, high-density label
was observed in nucleus and kinetoplast. In the host cell, gold particles were
observed in nuclear heterochromatin and cytoplasm, consistent with the previous
results. No extensive vacuolization could be observed in the host-cell, a
phenomenon perhaps only present when the parasite is inside the host cell, at this
time gate. None of the controls performed in a 6h Pl sample, in the absence of
primary antibody (Fig.13D) or with pre-immune serum (Fig.13E), showed gold

particles, an indication of specific labelling.

Despite the cross-reactivity of the polyclonal anti-rTcCRT serum, there are
more gold particles/um? in nucleus and cytoplasm from infected cells, as compared
to the non-infected counterpart (Fig.15). Thus, at 2h PI, there are more CRT
molecules in nucleus and cytoplasm (Fig.15A), reaching a maximum at 4h PI (Fig.15B),

in all cellular compartments analyzed.

Possible explanations for these results include: i). TcCRT is secreted by the
parasite, and at 4h Pl is accessing the host cell cytoplasm, and the nucleus.
Perhaps TcCRT accesses the host cell cytoplasm (i.e: via vesicles), with
unsuspected consequences in immune evasion strategies. Controversial evidence
can be found in the literature, where infection with T. cruzi modulates negatively
the over-expression of MHC-I on the membrane of the host cell, when induced
with LPS, an extremely potent and pleiotropic PAMP (Pathogen associated
molecular pattern) [64] and other studies showed no effect on MHC-I at all [65]; ii)
Alternatively or concomitantly, a MMCRT peak was observed at 4h PI, possibly
overexpressed during infection, is detected by anti-rTcCRT antibodies present in the

polyclonal serum, that cross-react with MmCRT.
At 6h PI, there are more CRT molecules compared to the non-infected

counterpart only in the nucleus (Fig.15C). In cytoplasm, no significant differences

were obtained. In the parasitophorous vacuole, at 6h PI, there is a decrease in
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the number of gold particles detected, compared to 2 or 4h PI, which could be an

indication of TcCRT mobilization at this level.

The E2G7 MoAb is the other detector probe which was validated to be used in
this immunocytochemical study, since it does not detect murine proteins in IWB or
indirect ELISA when a RAW 264.7 WCE was employed as antigen source (see
Results section, 1.1 and 1.2).

In free trypomastigotes (Fig.16A), gold particles are detected almost
exclusively in the kinetoplast and very seldom in other organelles. Whether the
epitope recognized by the monoclonal antibody is exposed correctly
mainly in the kinetoplast, remains to be determined. Previous results [53],
and those obtained with our polyclonal anti-rTcCRT antibody, where TcCRT can
be observed mainly in the kinetoplast, are basically concordant to those obtained
with the E2G7 MoAb. In non-infected RAW cells (Fig.16B), some particles are
detected by the E2G7 MoAb in the nucleus and cytoplasm as a natural

background label.

On free epimastigotes (Fig.16C) label is observed mainly in nucleus, and few
particles are detected on kinetoplast, which is consistent with previous results [53].
However, label is not as dense as it is on trypomastigote kinetoplast, which
suggests differences related with the parasite stage. Perhaps, since TcCRT is a key
virulence factor, trypomastigotes synthesize more molecules than epimastigotes do,
since the latter is a non-infective form. In fact, recent results from our laboratory
indicate that TcCRT is present in both epimastigotes and trypomastigotes, but only
the latter are able to translocate the molecule from the ER to the exterior [15].

On infected-cells (Fig.17) the common pattern is a significant label on the
kinetoplast, in all conditions analyzed (2, 4 and 6h PI). Only a few molecules can

be observed in the parasite nucleus and in the host cell cytoplasm and nucleus.

Interestingly, the E2G7 MoAb apparently discriminates TcCRT according to its
functional state. For example, while it does not recognize externalized endogenous
TcCRT in flow cytometry, most likely because the epitope is not accessible to the

antibody (Ferreira et al, unpublished), it does recognize the molecule in different
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compartments of the free and infecting parasites.

Remarkably, the kinetoplast is the organelle where gold particles are
detected in a high concentration using both, the monoclonal anti-TcCRT antibody
and the polyclonal anti-rTcCRT serum in all samples analyzed. According to
previous reports, using polyclonal anti-TcCRT antibodies, the kinetoplast is the

organelle that presents more gold particles/um? in free trypomastigotes [53].

Since different sections of the parasite kinetoplast were analyzed, depending on
the relative direction of the cut (oblique, transverse or longitudinal) and its position in
the organelle, different views can be obtained in TEM. Due to statistical possibilities,
obliqgue and sagittal sections were observed more often. These possible cuts and
the views obtained are summarized in Figure 21 (assuming that the kinetoplast has

an overall cylindrical shape).

Kinetoplast
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Figure 21: TcCRT Detection in Different Kinetoplast Sections with E2G7
MoADb.

TcCRT was detected in different kinetoplast sections. Schematic representation
of the kinetoplast and possible cut sites are shown. Most of the sections observed
were transverse or oblique. Only a few sections were sagittal (kinetoplast dimension
is 1 um in length, 0.1 um in depth, and the sections were 700 A° thick).
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The kinetoplast, as an organelle, is near the flagellum emergence zone
(Fig.12C) [66], where condensation of vesicles has been reported [55]. Perhaps,
one possible explanation of the high-density label in the kinetoplast is to act as a
reservoir of TcCRT before it can access the flagellum pocket zone during the

externalization process.

Other possible role is gene expression/transcription regulation [67].
Mammal CRT binds to nuclear glucocorticoid receptors, regulating its activity [40,
42], which is key in cell signaling transduction that leads to gene
expression/repression. Considering that the kinetoplast, as mammalian
mitochondria, has DNA, this still speculative possibility cannot be completely ruled
out. Kinetoplast DNA (kKDNA), however, is quite unique and different in its
organization and transcription mechanism. It consists of two molecular species,
minicircles and maxicircles, which form a single giant network of DNA localized
adjacent to the basal body. kDNA minicircles are heterogeneous and usually there is
more than one class of minicircle in the same cell. However, they share a strongly
conserved region, which represents approximately 10% of the minicircle length.
kKDNA maxicircles, on the contrary, are more conserved, and actively transcribed.
Little is known about the regulation mechanism of transcription in both, mini and

maxicircles [68, 69].

A third possibility rises since CRT, in general, regulates Ca*? storage and
signaling [33, 67, 70]. A proper Ca*? influx between the ER and mitochondria is key
for mitochondrial function. Moreover, when a truncated form of CRT is expressed in
cells, an altered Ca*? response is obtained in ER and mitochondria [70]. If the
kinetoplast plays a central role in the mitochondrion, it might require a proper Ca*?
influx between this organelle and the ER, thus providing an additional functional

explanation for the unusual large concentration of TcCRT in this organelle.

In synthesis, at this point we can not discriminate whether the kinetoplast is a
simple stopover or storage reservoir for TcCRT, before its externalization, or
alternatively or concomitantly, that the parasite molecule plays a role in gene

transcription regulation and/or Ca*? storage and signaling in this organelle.

The specificity of the anti-TcCRT E2G7 MoAb is warranted since an anti-
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HuCD45 monoclonal antibody (mouse IgGl, isotype control, Fig.17D), and the
secondary antibody only (Fig.17E), did not mediate the detection of gold

particles in relevant antigenic preparations, as detected in TEM.

Conversely, in infecting trypomastigotes, there were a higher number of
TcCRT molecules than in free trypomastigotes or epimastigotes in kinetoplast
sections (Fig.18). This result is concordant with former results obtained by reverse-
transcription PCR. In this assay, TCCRT mRNA increases in the first 24h post-
infection, although from different cells, obtained after larger times post-infection [17].

Since CRT is a key molecule in the MHC-I folding process, as it is part of the
peptide loading complex, infection might influence the surface expression of MHC-I
molecules on infected cells. Less MHC-I positive cells were detected at 2 and 4h PI,
while the 6 h Pl sample remained similar to the non-infected counterpart (Fig.19A,
19C). When the percentage of maximum fluorescence was analyzed, in order to
evaluate MHC-I surface molecules per cell, no differences between experimental
time gates were found, which indicates that MHC-I surface molecules per cell

remained similar in all samples analyzed (Fig.19B).

Possible explanations to the former results include: i). Since the number of
MHC-I positive cells on the gate, decreased substantially in the infected cells, at 2
and 4h PI, the possibility exists that the infective challenge killed a proportion of
these cells. Furthermore, extensive vacuolization is observed at 4h PIl. This,
together with the fact that CRT is externalized in apoptotic cells, as a damage-
associated molecular pattern (DAMP), thus promoting clearance of the apoptotic
cells [71-73]; ii). Alternatively or concomitantly, TcCRT accesses to the host cell
cytoplasm at 2h PI, reaching its peak at 4h PI. Whether TcCRT accesses to host
cell ER and there competes with MmMCRT in promoting the correct MHC-I molecule
folding is unknown. In agreement with this possibility, the peak of CRT detection is
at 4h PI, the same time gate when less MHC-I positive cells are detected.
Moreover, the vesicle-like structures observed with the anti-rTcCRT polyclonal
serum (Figs.12C, 13A, 19A) supports the access of TcCRT into the host cell

cytoplasm.
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Perhaps, the parasite uses its CRT not only to access the host cell [17], but
also to evade antigen presentation through secretion into the host cell cytoplasm.
However, its secretion may induce translocation of the host cell CRT, which can be
recognized as a DAMP by innate immune mechanisms, with subsequent elimination

of the infected cell during the first hours post-infection.

Finally, based on the results presented here, in Fig. 22, possible pathways
that TcCRT could follow from the parasite ER to the parasite exterior are
presented. Is important to stress that this proposal is for a parasite located inside
the host cell. A recognized view is that a peptide signal allows TcCRT to exit the
parasite ER, followed by access to the parasite Golgi where it suffers post-
translational modifications previous to its externalization. Once modified in the
Golgi apparatus, it converges in the parasite kinetoplast (where it might have roles
in transcriptional regulation of the kinetoplast DNA, or Ca*? signaling regulation, or
simply accumulates there for subsequent exteriorization). Outside the parasite,
TcCRT may cross the parasitophorous vacuole and access the host cell
cytoplasm (alternatively and not represented in the Figure, TcCCRT may access the
host cell cytoplasm once the parasite exits the parasitophorous vacuole). The
speculation continues assuming that, there, through mechanisms similar to those
used by virus or bacterial toxins, TcCRT could access the host cell ER. Over there,

competition with the host cell CRT for MHC-I molecules could be established.
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Figure 22: Proposed Model of Possible TcCRT Externalization inside Host
Cells

Possible TcCRT route would includes several organelles like parasite’s ER,
Golgi and kinetoplast, as well as possible effects on the host cell CRT. From the
parasite ER, TcCRT suffers post-translational modifications in the Golgi apparatus
and then it accumulates in the kinetoplast, before it accesses to the flagellum pocket.
Secretion to the parasite exterior follows possibly through micro vesicles. Once in
the host cell cytoplasm, it could have functional implications such as down
regulation of MHC-I molecules, or promoting MMCRT over expression.

If TcCRT binds to host cell MHC-I molecules with higher affinity than cellular
CRT, it could down regulate the MHC-I expression on the host cell surface, a
possibility consistent with our results. An immune evasive mechanism would
thus be established. Several of these questions are addressable in current or

future investigations in our laboratory.
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SUMMARY OF PRINCIPAL RESULTS

e Two antibodies were suitable to be used as TcCRT detector probes in
Immunocytochemistry. Monoclonal and polyclonal anti-TcCRT. The third antibody
tested (anti-TcS) was not used because it showed significant cross-reactivity with a
putative 46 kDa MMCRT.

e Topographic controls performed for each condition were properly resolved

in electron microscopy.

¢ With the polyclonal anti-TcCRT, gold particles were observed in the non-

infected host cell and free parasites.

e In infected cells, the label was observed in the host cell and
parasitophorous vacuole, in parasite organelles that are consistent with previous

results shown in free parasites.

e Vesicle-like structures with positive gold-label were observed in free

trypomastigotes and infected cells.

e When infected, the density of gold particles is higher in different

compartments of the host cell.

¢ With the monoclonal E2G7 anti-TcCRT, gold particles were detected in free

parasites, in organelles consistent with previous results with the polyclonal antibody.

e On infected cells, in all conditions analyzed, the common pattern is a high-
density label on the parasite kinetoplast, which is consistent with previous results

obtained with the polyclonal anti-TcCRT antibody.

e  The number of gold particles in kinetoplast sections is higher in parasites

present in infected cells.
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e The number of MHC-I positive cells decreases at 2 and 4, but not at 6h PI.
As the percentage of fluorescence intensity remained similar between the samples,

no variation in the number of MHC-I molecules per cell is observed.

CONCLUSIONS

e This is the first study where a parasitic chaperone molecule as TcCRT is

detected in situ once the parasite is inside the host cell.

e The results presented here were validated by using two different antibodies,
with common characteristics in its subcellular localization, in parasite organelles

consistent with a secretory pathway.

o A correlation between the number of CRT molecules in cytoplasm and the
number of MHC-I positive cells is detected post-infection, whereas the expression of

MHC-1 molecules per cell remained similar in all samples.

e This allows us to propose a model for TcCRT itinerary once the parasite is
inside the host cell, in which two possible alternatives of functional implications of

TcCRT inside the infected host-cell are presented.

e Hypothesis | was satisfied since TcCRT was detected in parasites inside

the host cell.

¢ Hypothesis Il was not satisfied, since an inverse correlation was detected
between the number of CRT molecules and MHC-I positive cells, not with the

number of MHC-| surface molecules.
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ANNEX I: Detection of Possible Mus musculus Calreticulin (MmCRT) Isoforms
in Different Murine Whole Cell Extracts (WCE)

MATERIALS AND METHODS

1.- Biological Material

1.1 Cell Lines
e RAW 264.7 murine macrophages (see Methods section 1.1).

o WT (K41) and CRT -/- (K42) cell lines, kindly donated by Dr. Marek
Michalak, University of Alberta, Canada [43].

1.2 Recombinant Calreticulin (rTcCRT)

e ITcCRT (see Methods section 1.3).

1.3 Polyclonal Antibodies (PoAb)

e Anti-TcCRT/Anti-TcS (see Methods section 1.4).

2.- Reagents

e BioRad (USA): acrylamide, Bio-Rad Protein Assay, bis-acrylamide,
ammonium persulphate, N,N,N’,N’-tetramethylethylenediamine (TEMED).

e Calbiochem (USA): protease inhibitor cocktail.

e Dako (USA): Goat anti-rabbit IgG conjugated to horseradish peroxidase
(HRP), goat anti-rabbit IgG conjugated to alkaline phosphatase (AP).

¢ GE-Healthcare (USA): Amersham hybond-ECL nitrocellulose membrane.

e Gibco (USA): L-glutamine, penicillin-streptomycin, trypsine.

e Hyclone (USA): Fetal bovine serum (FBS), RPMI medium, Dulbecco
modified Eagle’s medium (DMEM).

e Kodak (USA): BioMax Light Film 13x18 cms.

e MERCK (GER): Chlorhydric acid, Bromophenol blue, sodium bicarbonate,
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sodium carbonate, sodium chloride, ethanol, sodium hydroxide, sodium azide,
methanol.

¢ New England Biolabs (USA): Colour-plus pre-stained protein marker, broad
range.

¢ Novus Biologicals (USA): Polyclonal antibody anti-CRT.

e Pierce (USA): Kit ECL Western Blot Substrate.

e Siemens (GER): Chassis Siemens 18x24 cms.

e Sigma-Aldrich: (USA): BSA, Coomassie blue R250, 2-mercaptoethanol,
NBT-BCIP, paraformaldehyde, SDS, Tris-base, Tween 20.

3.- Methods

3.1 K41-K42 WCE Preparation

K41 and K42 CRT -/- murine fibroblast were cultured in Dulbecco Modified
Eagle’s Medium (DMEM) (Hyclone, USA), supplemented with 10% v/v FBS
(Hyclone, USA), 1% v/v penicillin/streptomycin (Gibco, USA) and 1% v/v L-
Glutamine (Gibco, USA). 1x107 cells were harvested, washed 3 times and pellet was
resuspended in 1 ml of PBS. 30 ul of TRITON X-100 and of protease inhibitor
cocktail (Calbiochem, USA) were added to the cell preparation and mixture was
placed on ice for 15 min Sonication of the mixture was performed for 20 sec at
frequency N°3 in Microson ultrasonic cell disruptor (Misonix, USA). A final
centrifugation of the extract was performed at 16,170 g for 25 min to remove any cell
debris and supernatant was stored at -20°C. Protein concentration was measured
by Bradford [62].

3.2 SDS-PAGE/IWB

3.2.1 SDS/PAGE

10 ng of rTcCRT and/or 30 ug of K41 or K42 WCE were separated through 12%
polyacrylamide gel electrophoresis in Mini-Protean-2 chamber (BioRad, USA).
Samples were heated at 100°C in protein loading buffer 1x and then loaded in the

gel. The electrophoresis ran at 100V and once finalized, the gel was transferred to a

nitrocellulose membrane for IWB.
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3.2.2 IWB

Previously separated proteins were transferred to nitrocellulose membranes,
using a humid system, at 4°C for 1h at 100V. Then, the membrane was blocked
overnight at 4°C in PBS with 5% w/v nonfat milk. The blocked membrane was
incubated for 1.5h with anti-TcCRT, anti-TcS or anti-MmCRT PoAbs (see Methods
section 1.4 and 2), diluted in PBS with nonfat milk 3% w/v. The membrane was
washed 4 times with PBS in 0.05% v/v Tween 20 and then incubated with an anti-
rabbit conjugated to AP, diluted 1/1,000 v/v or with anti-rabbit IgG conjugated to
HRP in PBS 1 with 3% wi/v nonfat milk for 1.5h at room temperature. The membrane
was washed and enzymatic reaction mediated by the antibody union was detected
with NBT-BCIP for AP conjugated antibodies, and in case of HRP conjugated
antibody, positive reaction was identified through chemiluminescence using ECL
Western Blot Substrate kit (Pierce, USA) with luminol and H2O, and subsequent

exposure to photographic plate (Pierce, USA).

3.3 Uni-Dimensional Electrophoresis for Mass Spectrometry

3.3.1 SDS-PAGE

Performed as described in the ANNEX | Section 3.2.1, with some modifications.
30 g of RAW WCE (in quadruplicate) were separated through 12% polyacrylamide
gel electrophoresis in Mini-Protean-2 chamber (BioRad, USA). Samples were
heated at 100°C in charge buffer and then loaded in the gel. The electrophoresis ran
at 100V and once finalized, the gel was stained with Coomassie Blue. In parallel,
other gel containing 30 nug of RAW 264.7 WCE was transferred to a nitrocellulose

membrane for IWB procedures.

3.3.2IWB

Performed as described in the ANNEX | Section 3.2.2. The primary antibody
was the PoAb anti-TcS.

Coincident bands detected between the SDS-PAGE and IWB were cut and sent
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to Mass spectrometry analysis.

3.4 Mass Spectrometry

3.4.1 MALDI-TOF

3.4.1.1 Sample Preparation

In brief, samples were washed three times with nanopure water for 30 min at
room temperature, deinked with 200 mM ammonium bicarbonate prepared in 50%
v/v acetonitrile for 30 min at 37°C. Then were incubated with DTT 10 mM prepared
in 200 mM ammonium bicarbonate for 30 min at 37°C and alkylated with 55 mM
iodoacetamide prepared in 200 mM ammonium bicarbonate for 30 min at 37°C (in
darkness). Samples were dehydrated with acetonitrile and dried at room
temperature for 10 min and then placed on ice. Proteolysis buffer (50 mM
ammonium bicarbonate/10% v/v acetonitrile containing 0.3 ug/ul of trypsin) was
added (Promega Corp., USA) and mixture incubated on ice for 45 min Then
proteolysis buffer was added (without trypsin) and incubated overnight at 37°C. The
supernatant was recovered, two extractions were carried out with 60 % v/v
acetonitrile, 0.1 % v/v formic acid and one extraction with acetonitrile. The
supernatant and extractions were combined and taken to dryness in SpeedVac at
room temperature. Concentrated samples were resuspended in 12 ul of 0.1 % v/v

formic acid with 3% v/v methanol.

3.4.1.2 Spectra Acquisition

Each sample was mixed with matrix acid a -cyano-4-hydroxycinnamic acid
(CHCA) in ratio 1:1 and 2 uL of each mixture was placed in a scout micro sample
holder (Bruker Daltonics Inc., USA). Mass spectra were acquired in the MALDI-TOF
equipment Microflex (Bruker Daltonics Inc., USA) in positive ion mode using
reflection detection. Previous acquisition of the data a calibration of the equipment
was performed with a external standard corresponding to a mixture of peptides
1000-3000 Da mass spectrometer (Bruker Daltonics Inc., USA). The final spectra

correspond to the sum of 15 scans of 30 Ilaser shots applied
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at different points taken randomly from each sample deposited on the holder plate.

3.4.1.3 Spectrum Analysis

To analyze the spectra, flexAnalysis version 2.2 program was used (Bruker
Daltonik GmbH, Germany). For detection of the monoisotopic m/z signal the SNAP
algorithm (sophisticated numerical annotation procedure) was used. Once
generated the monoisotopic m/z signals list, internal calibration was performed using
the product signals of the auto proteolysis of trypsin, which were removed from the
list and the remaining signals exported to Excel. Additionally,
the list of exported masses of each sample was examined through the Peak Erazor
2.0.1 program (Lighthouse Data, Odense, DNK) in search of contamination with

keratin, signals which were also removed from the list.

For identification of the acquired data, online Mascot program was

employed(http://www.matrixscience.com/cgi/search form.pl?FORMVER=2&SEARC

H=PMF) using the following parameters: Proteolytic enzyme, trypsin; Loss cuts, 1;
Stable modification, carbamidomethylation (alkylation with iodoacetamide); Variable
modification, oxidation of methionine; Mass, monoisotopic; Mass tolerance, 0.1-0.3
Da. Analysis were performed without taxonomy restriction or restriction considering

Mus musculus.

3.4.2 HPLC-lon Trap

3.4.2.1 Spectra and Chromatograms Acquisition

After proteolysis of the samples, they were examined by LC-MS system
consisted of Agilent HPLC chromatograph 1100 (Agilent Technologies Inc., USA)
coupled to an electrospray-ion trap mass spectrometer ESI-TRAP ionic Esquire
4000 (Bruker Daltonik GmbH, GER). To control the HPLC chromatograph, the LC
3D Rev.A.10.02 ChemStation program was used (Agilent Technologies Inc., USA)
and for controlling the mass spectrometer the esquireControl 5.2 software was used
(Bruker Daltonik GmbH, GER).
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For HPLC separation a C18 column of 150 x 0.3 mm, 4 um and 90 A was used
(Jupiter - Proteus, Phenomenex Inc., USA), the outlet of which was connected
directly to the mass spectrometer. The separation of 20 ul of each sample was
performed at room temperature. The electrospray-mediated ionization process
(fogging) was performed at 4000V with nitrogen as nebulizer gas at 300°C, 20 psi
pressure and flow rate of 5 L/min Mass spectra were acquired in positive polarity.

3.4.2.2 Chromatogram Analysis and Proteins Identification

For chromatograms and spectra analysis, DataAnalysis program version 3.2
was used (Bruker Daltonik GmbH, GER). Data was generated using the
Compounds—AutoMSn options, which allowed the detection of m/z signals and

corresponding fragmentations.

For identification of the acquired data, Online Mascot Program was used

(http://www.matrixscience.com/search _form_select.html) through the MS/MS lon

Search option. The following restrictions were considered for identification:
Proteolytic enzyme, trypsine; Loss of cuts, 1; Stable modification,
carbamidomethylation (alkylation with iodoacetamide); Variable modification,
oxidation of methionine; Mass, monoisotopic; Mass tolerance, 0.8 Da; Tolerance
fragmentation, 0.8 Da; Peptide charge, 1 +, 2 + and 3 + , and Instrument, ESI -
TRAP. The analysis was performed using unrestricted taxonomy or Mus musculus.

Same studies were performed with the MMCRT sequence.

3.4.3 Sequence Analysis

Sequences corresponding to m/z signals that were concordant to MmCRT,
were analyzed with Online Clustalw program

(http://www.ebi.ac.uk/Tools/msa/clustalw2/).

4 .- Services

64


http://www.matrixscience.com/search_form_select.html

Sample processing, Mass spectra acquisition and Spectra analysis were

performed in Mass Spectrometry Unit, Faculty of Chemical and Pharmaceutical

Sciences, University of Chile.

NoWwW

1. SDS-PAGE/IWB

RESULTS

o Detection with anti-TcS PoAbs in murine macrophages

The third antibody to be tested as a potential detector probe is the anti-TcS
PoAb. When a RAW 264.7 WCE was incubated with this antibody, a 46 kDa

molecule was observed in all dilutions employed (Fig. 23).
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Figure 23: A Polyclonal Anti-TcS Serum Detects a 46 kDa Molecule,
Antigenically Homologous with MMCRT
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In a murine macrophage WCE, a 46 kDa putative MMCRT is detected at
different anti-TcS dilutions (v/v) A: 1/1,000, B: 1/2,000, C: 1/4,000, D: 1/8,000, and
E: 1/16,000.

A-E: Lane 1: Molecular weight standard, lane 2: rTcCRT, lane 3: RAW 264.7
WCE. Arrows: 46 kDa putative MMCRT.

The former result raised interesting questions regarding the existence of a
second MMCRT isoform. This is sustained by the fact that a second MMCRT gene
was described [63]. Also, in a collaboration with Dr. Patricia Cogram, this molecule
was also observed in IWB of murine brain WCE (data not shown).

In order to validate the former results, a murine fibroblast deficient in MmCRT
(K42 cell line) was evaluated with the available antibodies, as compared to the WT

murine fibroblast (K41 cell line).
= Detection with anti-TcCRT PoAbs in murine fibroblasts
Several proteins are detected in K41 and K42 cell lines (Fig.24) when this

polyclonal antibody is employed, one of which consistent with previously analyzed
RAW 264.7 WCE (58 kDa).
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Figure 24: Anti-TcCRT PoAbs Recognize Several Proteins in K41 and K42
WCE.

In murine fibroblasts WCE, several proteins are detected by cross reactivity with
an anti-TcCRT PoAb at dilution (v/v): A: 1/2,000, B: 1/8,000, among which the 58
kDa molecule is observed.

A-B: Lane 1: Molecular weight standard, lane 2: rTcCRT, lane 3: K41 WCE,
lane 4: CRT -/- K42 WCE. Arrow: 58 kDa putative MMCRT.
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=  Detection with anti-TcS PoAbs in murine fibroblasts

When the anti-TcS PoAb was employed, several proteins were recognized in
K41 and K42 WCE (Fig. 25), among which the 46 kDa molecule highlights. These

results are consistent with previous results obtained with the RAW 264.7 WCE.

1 2 3 4

A B 1 2 3 4
g0

80
58

58
46

46

30 30

23 23

Figure 25: Anti-TcS PoAbs Recognize Several Proteins in K41 and K42
WCE, among which the 46 kDa Band highlights.

In murine fibroblast WCE incubated with the anti-TcS PoAb (v/v): A: 1/2,000, B:
1/8,000, several proteins are detected by cross reactivity, among which the 46 kDa
putative MMCRT highlights.

A-B: Lane 1: Molecular weight standard, lane 2: CRT -/- K42 WCE, lane 3: K41
WCE, lane 4: rTcCRT. Arrow: Putative 46 kDa MMCRT.
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= Detection with homologous anti-MmCRT PoAb in murine WCE

With the homologous anti-MmMCRT PoADb, the 58 kDa MmMCRT was detected
only in CRT +/+ extracts (RAW 264.7 and K41 WCE). No band was detected in the
K42 WCE (Fig. 26), consistent with previous results [43].

58 kDa - - —

Figure 26: Anti-MmCRT PoAb Recognize MMCRT only in CRT +/+ WCE
(RAW 264.7 and K41)

When the three murine WCE generated are incubated with the homologous
commercial anti-MmCRT PoAb (1/500 v/v) only in the CRT +/+ WCE the molecule is
detected

Lane 1: Molecular weight standard, lane 2: RAW 264.7 WCE, lane 3: K41 WCE,
lane 4: CRT -/- K42 WCE.
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Taken together, these results suggest that there is cross-recognition of a 46
kDa band with the anti-TcS polyclonal serum, consistent with the possibility of a
CRT-like molecule in three murine WCE.

2.- Uni-dimensional Electrophoresis/Mass Spectrometry

= 46 kDa Band Analysis

From an uni-dimensional SDS/PAGE electrophoresis, the 46 kDa band was cut
from a coomassie-blue stained gel, using as reference an IWB performed in parallel
(Fig. 27).

The sample was processed for MALDI-TOF mass spectrometry analysis, in
which one peptide was concordant with MmCRT, with 100% of identity (Figs. 28-29).
However, since a 7 amino acid peptide is not sufficient to identify the protein, the
sample was also processed for an HPLC-ION TRAP mass spectrometry analysis.

In this case, 2 peptides were obtained, each with a 100% identity when compared to
MmCRT.

&

Figure 27: Anti-TcS PoAbs Recognize a 46 kDa Immunoreactive Band in
RAW 264.7 WCE.

Reference IWB of SDS-PAGE gel stained and cut for mass spectrometry.

Anti-TcS 1/2,000 v/v; lane 1: Molecular weight standard, lanes 2-5: RAW 264.7
WCE. Immunoreactive band of 46 kDa is observed (arrow).
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Figure 28: Three peptides, Concordant with MmCRT, are Detected in the
46 kDa Band, from RAW 264.7 WCE.

A: Mass Spectrum of peptides obtained by MALDI-TOF from the protein of 46
kDa (intensity vs. mass/charge (m/z)). Rhomb: first signal corresponding to peptide
consistent with MMCRT. B-C: Mass Spectra obtained by HPLC-ion-trap. In each
figure are presented in the following order: HPLC chromatogram (intensity vs. time)
spectrum obtained without peptide fragmentation (intensity versus mass/charge
(m/z)), and fragmented peptides spectrum (intensity versus m/z). Rhombuses
indicate signals corresponding to peptides 2 and 3 concordant with MmCRT.
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Figure 29: Peptides Obtained by Mass Spectrometry from the RAW 264.7
WCE 46 kDa band, are Identical with the Amino Acid Sequence Described for
MmCRT.

A: Peptide 1, obtained by MALDI-TOF, N domain (aa 74-80), B: Peptide 2
obtained by HPLC-ion trap, P domain (aa 225-248), C: Peptide 3, obtained by
HPLC-ion trap, carboxy-terminus (aa 386-401) All alignments were performed using
the CLUSTAL-W program, each peptide with 100% identity with MMCRT.
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DISCUSSION

In three different murine WCE (including a CRT -/- murine fibroblast), a 46 kDa
molecule, possibly a MmMCRT isoform, is detected by the anti-TcS PoAb (Fig 24-25
and 27). When the homologous anti-MmCRT is employed, the 58 kDa MMCRT was
detected only in the extracts generated with CRT +/+ cell lines (Fig.26).

In the 46 kDa band, 3 peptides 100% identical to MmMCRT aminoacidic
sequence were detected. Since these three peptides contain 47 amino acids
representing only 11% of the MmMCRT sequence, they constitute only a modest

indication of the presence of MMCRT in the analysed sample (Fig.28-29).

In this regard, it must be considered that the samples employed for this analysis
were direct murine WCE, not a molecule purified by any method, which made

difficult a full identification.

In a series of additional experiments, not shown in this document, but available
for the Thesis Committee examination, a Bi-dimensional electrophoresis/Mass
spectrometry analysis of murine WCE (RAW 264.7, K42) was used. Nine additional
peptides, different from those previously found, were detected, spanning a total of
96 amino acids, equivalent to 24 % of the molecule in the K42 sample, and 105
amino acids, equivalent to a 26% of the molecule in the RAW 264.7 sample. Again,
these results are a suggestion that a second MmMCRT molecule exists in RAW 264.7
and K42 cells. Unfortunately, the FDR index (a measure of the reliability of the

positive signals obtained) was too high in these experiments.

If a second MMCRT form does exist, several important implications could be
proposed: i). The putative 46 kDa molecule should be the product of a second gene,
rather than the spliced form of a single structural gene, which is consistent with the
reports that showed a second MMCRT gene [63]. ii). In the CRT deficient murine
fibroblast cell line (K42), the presence of the putative isoform is compatible with the
reported inactivation of the gene coding for the 58 kDa CRT molecule. iii). Related
with ii), and given the functional polymorphism of CRT in cell vitality, the presence of

the 46 kDa isoform in the deficient cell line, could explain its survival in vitro, in spite
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of the extensive morphological alterations detected in TEM.

CONCLUSIONS

e The 46 kDa molecule, antigenically homologous with MmCRT, was
detected in at least 3 different murine WCE, including a CRT -/- deficient murine
fibroblast with the Anti-TcS PoADb.

e In the 46 kDa molecule, three peptides 100% identical with MMCRT
aminoacidic sequence, were detected by Mass Spectrometry.

e Additional experiments performed (but not shown in this section) through
bi-dimensional electrophoresis to achieve full identification of the molecule were
positive, obtaining a 24% of MMCRT amino acid sequence. However the FDR index
(an indicator that evaluates the trustworthiness of the positive signals obtained) was

high, so the reliability of these results is low.

e There is a modest indication of the presence of a second MMCRT molecule

that weights 46 kDa. No full identification was possible with the available techniques.
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