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Abstract

LYT1 is a molecule with lytic activity under acidic conditions that, as genetically demonstrated, participates in the infection
and stage transition of T. cruzi. The differing functions of this protein result from alternative trans-splicing, resulting in pro-
teins that contain either a secretion and nuclear sequence (LYT1s) or the nuclear sequence alone (LYT1n). To determine the
localization of different LYT1 products, transgenic parasites expressing LYT1s or LYT1n fused to the enhanced green fluo-
rescence sequence were analyzed. LYT1s-EGFP localized to the flagellum, vacuoles, membrane and regions of the nucleus
and kinetoplast; LYT1n-EGFP localized to the nucleus and kinetoplast, and occasionally in vacuoles. These results show that
even though different LYT1 products localize to the same sites, they are also found in different intracellular organelles and
microenvironments, which could influence their multifunctional behavior.
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Resumen

LYT1 es una molécula con actividad litica en condiciones acidas, que segin se demostré genéticamente, participa en el
proceso de infeccion y transicion de estadio de T. cruzi. Su diferente funcionalidad es resultado de la produccion de dos
proteinas, obtenidas por trans-empalme alternativo, que contienen una secuencia de secrecion y una nuclear (LYT1s) o
Unicamente la secuencia nuclear (LYT1n). Para evaluar la localizacién de los diferentes productos de LYT1, se analizaron
parasitos transgénicos que expresan la secuencia de LYT1s o LYT1n fusionada con la secuencia de la verde fluorescente.
LYT1s-EGFP se localiza en flagelo, vacuolas, membrana y regiéon del nucleo y cinetoplasto; mientras que, LYT1n-EGFP se
localiza en la regién del nlcleo y cinetoplasto, y ocasionalmente en vesiculas. Estos resultados muestran que ain cuando
los distintos productos de LYT1 comparten algunos sitios de localizacion, también se encuentran en distintos organelos y
microambientes intracelulares que podrian influir en su comportamiento multifuncional.
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ALTERNATIVO.
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Introduction

merican trypanosomiasis is a parasitic disease

caused by the flagellate protozoan Trypanosoma

cruzi, which affects several species of mammals
and is considered an important zoonosis. This parasite
has a biphasic life cycle in the following four different
developmental stages: two stages in hemipteran insects
of the family Reduviidae (epimastigote and metacyclic
trypomastigote) and two stages in mammalian hosts
(blood trypomastigote and amastigote) where the
intracellular cycle of the parasite takes place.!

The intracellular cycle is a complex process involv-
ing several consecutive steps, beginning with the rec-
ognition of and adherence to target cells by specific
molecules present on the membrane of the parasite.
After internalization by a parasitophorous vacuole,
the parasite is released into the host cell’s cytoplasm,
where differentiates into an amastigote, replicates and
then differentiates into a blood trypomastigote, which
then lyses the infected cell and spreads infection.?

T cruzi, like many intracellular organisms, requires
Iytic proteins to complete its life cycle because it de-
pends on them to escape from the parasitophorous
vacuole or from the interior of host cells; however, very
few of these proteins have been recently characterized.?

Thus far, the participation of two molecules in the
infection process of 7. cruzi has been genetically dem-
onstrated.** One of these proteins is LYT1, a molecule
that has lytic activity under acidic conditions and is
involved in the infection and stage transition process
of the parasite. The LYTI gene was cloned from an
expression library made from the 7. ¢ruziY strain using
the cross-reaction presented by the antibody against
the C9 complement component. This molecular char-
acterization indicated that LYT1 is a single-copy gene
with an open reading frame of 1.653 bp and is pres-
ent in two alleles that encode a 552 aa protein, which
showed no sequence homology to proteins with known
function.® Therefore, to elucidate its function, LYT1
deficient parasites were obtained and characterized.
It was found that expression of LYT] is not essential
for epimastigotes, and that these null parasites showed
the following main phenotypes: decreased infection
capacity, accelerated stage development in vitro and
decreased hemolytic activity.®

The different roles of this molecule were explained
bya LYTI5' extension, and RT-PCR experiments dem-
onstrated the presence of three transcripts that were
obtained by alternative trans-splicing. The presence
of the full protein containing the signal sequence for
secretion and a nuclear sequence was related to the in-
fectivity process. The truncated protein (-28 aa), which
lacked the signal sequence for secretion but contained
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Introduccion

a tripanosomiasis americana es una enfermedad

parasitaria ocasionada por el protozoario

flagelado Trypanosoma cruzi que afecta a varias
especies de mamiferos y es considerada una zoonosis
importante. El pardsito presenta un ciclo de vida
bifasico en el que se alternan cuatro estadios de
desarrollo diferentes, dos en insectos hemipteros de
la familia Reduviidae (epimastigote y tripomastigote
metaciclico) y dos en el hospedero mamifero
(amastigote y tripomastigote sanguineo) en donde se
lleva a cabo el ciclo intracelular del parasito.'

El ciclo intracelular es un proceso complejo que in-
volucra diversos pasos consecutivos, que inicia con el
reconocimiento y adhesion a la célula blanco por parte
de moléculas especificas de la membrana del parasito.
Después de su internalizacién mediante una vacuola
parasitofora, el parasito es liberado al citoplasma de la
célula hospedera en donde se diferencia a amastigote,
replica y diferencia nuevamente a tripomastigote san-
guineo, el cual lisa a la célula infectada y propaga la
infeccion.?

T. cruzi, al igual que muchos microorganismos in-
tracelulares, requiere de proteinas liticas para com-
pletar su ciclo de vida, ya que depende de éstas para
poder escapar de la vacuola fagocitica o del interior de
la célula hospedera. Sin embargo, muy pocas han sido
caracterizadas a la fecha.?

Hasta el momento se ha demostrado genéticamen-
te la participaciéon de dos moléculas en el proceso de
infeccion de 7. cruzi** Una de estas es LYTI, que es
una molécula que presenta actividad litica en condi-
ciones acidas y que participa en el proceso de infec-
cién y de transicion de estadio del parasito. El gen
LYT1 se cloné a partir de una biblioteca de expresiéon
de T cruzi de la cepa Y, aprovechando la reaccién cru-
zada que present6 con el anticuerpo contra el compo-
nente C9 del complemento. La caracterizacién mole-
cular indicé que LY71 es un gen de copia Unica, con
un marco de lectura abierto de 1,653 pb presente en
dos alelos que codifica para una proteina de 552 aa,
cuya secuencia no mostré homologia con proteinas
con funcién conocida.? Por lo tanto, para dilucidar su
funcién se obtuvieron y caracterizaron parasitos nulos,
encontrando que la expresiéon de LYT1 no es esencial
en epimastigotes y que estos parasitos nulos mostraban
3 fenotipos sobresalientes: una capacidad infectiva dis-
minuida, un desarrollo acelerado in vitro y una activi-
dad hemolitica disminuida.’

La diferente funcién de esta molécula se explica
mediante experimentos de extensiéon 5’ y RT-PCR que
demostraron la presencia de tres transcritos obtenidos
por trans-empalme alternativo. Dos codifican para la



the nuclear sequence, was related to the stage differen-
tiation process.’It was also shown that alternative trans-
splicing of LYT1 is regulated differentially in the devel-
opmental stages of the parasite where the transcripts
encoding the full protein are preferentially expressed
in trypomastigote and amastigote, and the transcript
encoding the truncated protein is preferentially ex-
pressed in epimastigotes.” Parasites with a dominant
negative mutant of LYTI had a phenotype similar to
that observed in null mutants, suggesting that LYTT is
possibly part of a protein complex.® This possibility was
evaluated by co-immunoprecipitation and GST pull-
down experiments, which showed that LYT1 interacts
with diverse proteins whose functions can affect the
phenotype of infection, stage transition and motility of
the parasite (unpublished results).

These findings suggested that the presence of dif-
ferent location sequences in LYT1 and its possible
interaction with other proteins could be the result of
differential localization that expose the protein to dif-
ferent microenvironments and impact its multi-func-
tionality. Therefore, further characterization of this
protein and evaluation of the localization of different
LYTI products was conducted in this study.

Material and methods
Parasites

Wild type (WT) and transgenic 7. cruzi CL-Brener
strains were cultured in liver infusion tryptose LIT
medium’ supplemented with 10% fetal bovine serum
(FBS), 0.5% penicillin (10,000 IU) / streptomycin
(10.000 pg) and 1% of hemin (5 mg/ml) at 28°C.

Construction of pTREXn-EGFP,
PTREXn-LYT1s-EGFP and pTREXn-
LYT1n-EGFP plasmids

The full (LYTIs) and truncated (LYTIn) LYT1 se-
quences obtained by PCR were cloned into the pEG-
FP-N1 vector®* using the Hindlll y Kpnl restriction
sites. LYT1s contained the full sequence of the LYTI
allele b (GenBank AF320626) from the first ATG (+1)
and had a mutation in the second ATG (+85); this se-
quence was obtained by performing two consecutive
PCR reactions using the following oligos: LYT13 S
and LYT17 AS (Table 1) and PBS4.3 Kb-LYT1 allele b
(GenBank AF320626) DNA as a template, followed by
a second PCR reaction using the oligos LYT'14 S and
LYT17 AS and the previous PCR product as the tem-
plate. As the pTREXn-LYT1s-EGFP plasmid contains
two 3’ trans-splicing acceptor sites, one from the HX7
vector sequence® and the other from position +10 of

proteina completa que contiene una secuencia senal
de secrecion y una secuencia nuclear, relacionada con
el proceso de infectividad. Y el tercero, que codifica
para la proteina truncada (-28 aa) sin la secuencia se-
nal de secreciéon y con la secuencia nuclear, relacio-
nada con el proceso de diferenciacion.” También se
demostré que el trans-empalme alternativo de LYTI
es regulado diferencialmente en los distintos estadio
de desarrollo del parasito, en donde los transcritos
que codifican para la proteina completa se expresan
preferencialmente en tripomastigotes y amastigotes,
mientras que el transcrito que codifica para la protei-
na truncada se expresa preferencialmente en epimasti-
gotes.” El analisis de una mutante dominante negativa
de LYT1, mostré que presenta los tres fenotipos obte-
nidos en los mutantes nulos, sugiriendo que posible-
mente LYT1 es parte de un complejo proteinico.®Esta
posibilidad se evalué por ensayos de co-inmunopre-
cipitacion y co-precipitacion por afinidad a GST por
centrifugacién. El resultado fue que LYT1 interaccio-
na con diversas proteinas cuyas funciones estan rela-
cionadas con el fenotipo de infeccion, de transicion
de estadio y de motilidad del parasito (resultados no
publicados).

Estos antecedentes sugieren que la presencia de
las diferentes secuencias de localizaciéon en LYTI, asi
como su posible interaccién con distintas proteinas,
pudiera ser resultado de una localizaciéon diferencial
que expondria a la proteina a un microambiente di-
ferente, lo que impactaria en su multi-funcionalidad.
Por lo tanto, en el presente trabajo se continu6 con su
caracterizacion, evaluando la localizacion de los distin-
tos productos de LYT1.

Material y métodos
Parasitos

Los parasitos de 7. cruzi cepa CL-Brener tipo silvestre
(WT-Wild Type) y transgénicos se cultivaron en medio
infusién de higado y triptosa LIT,” complementado
con 10% de suero fetal bovino (SFB), 0.5% de penici-
lina (10,000 UI) / estreptomicina (10,000 pg) y 1% de
hemina (5 mg/ml), a una temperatura de 28°C.

Construccion de pTREXn-EGFP,
PTREXn-LYT1s-EGFP y pTREXn-
LYT1n-EGFP

Las secuencias de LYT1 completa (LYTIs) y truncada
(LYT1In), obtenidas por PCR fueron clonadas en el
vector pEGFP-N1* en los sitios de restriccion HindlIl

*Clontech, EUA.
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the LYT1 coding sequence, it was necessary to incor-
porate a conservative point mutation at position +87
(C to G) to remove the LYTI translation start site at
position +85, and to only produce the full LYT1s-EGFP
protein. LYTIn contained the truncated LYTI se-
quence that started at the second ATG at position +85,
which was obtained using the following oligos: LYT12
S and LYT17 AS (Table 1) and PBS4.3 Kb-LYT1 allele
b (GenBank AF320626) DNA as the template. The ob-
tained plasmids were digested with HindIIl y Noid en-
zymes to obtain the LYT'1s-EGFP and LYTIn-EGIP frag-
ments, and were then sub-cloned into the pTREXn
vector® that was also digested with the same restric-
tion enzymes to obtain the pTREXn-LYT1s-EGFP and
pTREXn-LYT1n-EGFP plasmids (Figure 1). As a con-
trol, the sequence that encodes enhanced green fluo-
rescent protein was sub-cloned from the pEGFP-N1
plasmid into pTREXn plasmid using the HindIIl and
Noll restriction sites to obtain pTREXn-EGFP (Figure
1). All obtained plasmids were sequenced to verify cor-
rect construction.

Obtaining of the transgenic LYT1s-EGFP
and LYT1n-EGFP parasites

WT epimastigotes (3 x 10%) were washed with cold LIT
medium that was not supplemented and were centri-
fuged at 800 g for 10 min. Parasites were resuspended
in 350 pl LIT medium that was not supplemented and
were placed in electroporation cuvettes (BTX 2 mm)
at 4°C. Approximately 100 pg DNA in 40 pl water were
added to the samples, which were then electroporated
at 300 V and 12 ms using BTX ECM 830 equipment.
After 5 min at room temperature, epimastigotes were
resuspended in 10 ml supplemented LIT medium’
and were incubated at 28°C for 24 h. Subsequently,
parasites were selected with G418 at a concentration
of 500 pg/ml. Once the resistant parasites were ob-
tained, they were cultured in the absence of selective
chemicals for one week. Under these conditions, para-
sites eliminated the extrachromosomal transfected se-
quence and died when they were subjected to a second
round of selection. The stably transfected parasites
were cloned by limiting dilution without the presence
of selective chemical. During the cloning and subse-
quent sub-cultures, cells remained fluorescent, which
proved that stable transfection of the parasites had oc-
curred.

The pTREXn-EGFP, pTREXn-LYTI1s-EGFP and
PTREXn-LYT1n-EGFP plasmids were used to ob-
tain the transfected parasites EGFP, LYT1s-EGFP and
LYT1n-EGFP, respectively.
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y Kpnl. 1) LYT1s: contiene la secuencia completa de
LYTI alelo b (Genebank AF320626) a partir del primer
ATG (+1) y una mutacién en el segundo ATG (+85),
obtenida en dos reacciones de PCR consecutivas em-
pleando los oligos: LYT13 Sy LYT17 AS (Cuadro 1) y
como templado, ADN de PBS4.3 Kb-LYT1 alelo b (Ge-
nebank AF320626) y posteriormente los oligos LYT14 S
y LYT17 AS'y el producto de PCR anterior como tem-
plado. Como el plasmido pTREXn-LYT1s-EGFP con-
tiene dos sitios 3’ aceptores del trans-empalme, uno
en la secuencia HXI del vector® y otro en la posicion
+10 de la secuencia codificante de LYT'I, fue necesa-
rio incorporar una mutacién puntual conservativa
en la posicién +87 (C por G) de LYTI para eliminar
el sitio de inicio de traduccion de la posicion +85, y
que se produzca unicamente la proteina completa de
LYT1s-EGFP. 2) LYT1n: contiene la secuencia de LYT1
truncada que inicia a partir del segundo ATG de la
posicion +85 obtenida utilizando los oligos: LYT12 Sy
LYT17 AS (Cuadro 1) y ADN de PBS4.3 Kb-LYT1 alelo
b (GeneBank AF320626) como templado. Los plasmi-
dos obtenidos fueron digeridos con las enzimas Hin-
dlIl y Notl para obtener los fragmentos LYTIs-EGFPy
LYTIn-EGFPy sub-clonarlos en el vector pTREXn® di-
gerido con las mismas enzimas de restriccion, para ob-
tener los plasmidos pTREXn-LYT1s-EGFP y pTREXn-
LYTIn-EGFP (Figura 1). Como testigo se sub-cloné
la secuencia codificante para la proteina verde fluo-
rescente aumentada (EGFP), obtenida de pEGFP-N1
en pTREXn en los sitios Hindlll y Nod para obtener
pTREXn-EGFP (Figura 1). Los plasmidos fueron se-
cuenciados para verificar su correcta construccion.

Obtencioén de los parasitos transgénicos
de LYT1s-EGFP y LYT1n-EGFP

Los epimastigotes WT (3 x 10®) se lavaron con medio
LIT frio no complementado, centrifugando a 800 g
por 10 min. Los parasitos se re-suspendieron en 350 pl
de medio LIT sin complementar y se colocaron en
cubetas de electroporacién (BTX 2 mm) a 4°C. A la
muestra se le adicion6 100 pg del ADN/40 pl de agua
y se electroporé a 300 Vy 12 ms con un equipo BTX
ECM 830. Después de 5 min a temperatura ambiente,
los epimastigotes se resuspendieron en 10 ml de me-
dio LIT” complementado y se incubaron a 28°C duran-
te 24 h. Posteriormente los parasitos se seleccionaron
con G418 a una concentraciéon de 500 pg/ml. Una vez
obtenidos los parasitos resistentes, estos se cultivaron
nuevamente en ausencia del selector durante una se-
mana. En estas condiciones los pardsitos que contie-
nen la secuencia transfectada de manera extracromo-
somal la eliminaron y murieron cuando se sometie-
ron a una segunda ronda de seleccién. Los parasitos



Obtaining total protein extracts (TPE)
of T. cruzi

WT epimastigotes of the CL-Brener strain and stably
transfected parasites (1 x 10%) were harvested and
washed 3 times with 1 ml PBS (pH 7.2) at 3.200 g and
4°C for 5 min. The obtained pellets were resuspended
in 500 pl lysis buffer A [50 mM Tris-HCI pH 7.8, 1%
Nonidet 40 (NP40), 5 mM EDTA, 1% SDS], 100 pl pro-
tease inhibitor mix* and 15 pl 100 mM ZnCl,. Samples
were incubated at 4°C for 20 min and were sonicated
3 times for 1 min with intervals of 10 sec at an am-
plitude of 40% (8 watts).** Samples were centrifuged
at 14,000 g for 10 minutes, and the supernatant was
recovered. Protein concentrations were measured us-
ing the Lowry method, and their integrity was verified
on 12% SDS- PAGE acrylamide gels that stained with
Coomassie blue.

Analysis of EGFP and chimeric
proteins LYT1s-EGFP and LYT1n-EGFP
expression in transfected parasites

by immunoblotting

TPE (10 pg) were resuspended in 1x Laemmli’s buf-
fer (62.5 mM Tris, pH 6.8, 10% glycerol, 3% SDS, 5%
B-mercaptoethanol),” boiled for 5 min and loaded

fueron clonados por dilucién limitante sin presencia
del selector. Durante la clonacion y en los sub-cultivos
posteriores, las células permanecieron fluorescentes lo
que demostré la obtencién de parasitos transfectados
de manera estable.

Los plasmidos pTREXn-EGFP, pTREXn-LYTls-
EGFP y pTREXn-LYT1n-EGFP fueron utilizados para
la obtenciéon de los parasitos transgénicos EGFP,
LYT1s-EGFP y LYTIn-EGFP, respectivamente.

Obtencioén de extractos proteinicos
totales (EPT) de T. cruzi

Los epimastigotes de la cepa CL-Brener tipo silvestre
(WTwilde type) y los parasitos transfectados estable-
mente (1 x 10%) se cosecharon y fueron lavados 3 veces
con 1 ml de PBS a pH 7.2.2 3,200 g a 4°C por 5 min. La
pastilla obtenida fue resuspendida en 500 pl de amor-
tiguador de lisis A (Tris-HC1 50 mM pH 7.8, Nonidet 40
1% (Np40), EDTA 5 mM, SDS 1%), 100 pl de la mez-
cla de inhibidores de proteasas* y 15 pul de ZnCl, 100
mM. La muestra fue incubada a 4°C durante 20 min y
sonicada 3 veces por 1 min con intervalos de 10 seg a
una amplitud de 40% (8 watts) en un sonicador.** La
muestra se centrifugé a 14,000 g por 10 minutos; al

*Complete® (Roche), Suiza.
**Sonics and Materials, Inc., EUA.

CUADRO 1

Secuencias de oligonucleétidos de ADN que fueron usados en las construcciones

DNA oligonucleotide sequences that were used in constructs

Name Sequence

Characteristics

Sense oligonucleotide of 37b. Nucleotides 6 to 11

GGG CAAAGC TTT CTA GAA TGG GAC GTG  contain a HindlIl site. Nucleotide 18 to 37 contains

the site +1 to +20 from the coding sequence of LYT1
allele b (GenBank AF320626).

GTA GCA CCC ACA GCA GAC ACA CGG CCG  Sense oligonucleotide of 73b. Nucleotide 63 contains

a point mutation in which G is replaced by C in the
second ATG of the nucleotide +85 from the coding
sequence of LYT1 allele b (GenBank AF320626).

GGG CAA AGC TTT CTA GAA TGC GGA AGA  Sense oligonucleotide of 61b. Nucleotides 6 to 11

contain a Hindlll site. Nucleotides 18 to 61 contain
the +1 to +44 sequence of the coding sequence of
LYTT1 allele b (GenBank AF320626).

Antisense oligonucleotide of 31b. Nucleotides 3 to 6

LYT-12 S
CCG GCC CcCC G
LYT-13 S ACG TGC CGC GGG GCT GCC ATT GCG AAT
AACTTT ATC GGA CGA CGT G
LYT-14 S AAG CCG CAG CAT TAG TAG CAC CCA CAG
CAG ACA C
LYT-17 AS

TTT C

GGG GTA CCC CAT CAG CTG CCA GCATGT  contain a Kpnl site. Nucleotides 7 to 31 contain the

+1857 to +1841 sequence of the coding sequence of
LYT1 allele b (GenBank AF320626).
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FIGURA 1. A) Esquema que representa la secuencia genémica de LYTI (conteniendo un sitio aceptor de trans-empalme (SAE) en la posicion
+10) y parte de la region flanqueante 5’ (conteniendo dos sitios aceptores del trans-empalme en la posicion -46 y -14). Se marcan las secuencias
que codifican para la secuencia senal de secrecion (s) y la secuencia de localizacion nuclear (n) (panel izquierdo). Después de la transcripcion
y procesamiento 5’ por trans-empalme y 3’ por poliadenilacion (1), se obtienen tres transcritos trans-alternativos de LY71, dos que codifican
para la misma proteina conteniendo la secuencia senal de secrecion y la secuencia de localizacion nuclear y que sélo difieren en su UTR5’,
y un tercero que codifica para la proteina truncada conteniendo tiinicamente la secuencia de localizaciéon nuclear (panel central). Después
de la traduccion (2) se obtienen dos productos de LYT1, uno completo sintetizado a partir del ATG de la posicion +1 y otro truncado a
partir del ATG de la posicion +85 (panel derecho). B) La secuencia completa (LYT1s)y truncada (LYTIn) de LYTI fueron clonadas en el
vector pEGFP-N1 en los sitios HindlIl y Kpnl, obteniendo los plasmidos pEGFP-LYT1s y pEGFP-LYT1n respectivamente (panel superior). Las
secuencias de fusion (LYTIs-EGFPy LYTIn-EGFP), asi como la de EGFP fueron liberadas y subclonadas en el vector de expresion pITREXn
en los sitios HindlIl y Noil, obteniendo las construcciones pTREXn-LYT1s-EGFP, pTREXn-LYT1n-EGFP y pTREXn-EGFP respectivamente
(panel inferior). *Mutacién puntual conservativa en la posicién +87 (C por G) de la secuencia de LYT1 para eliminar el sitio de inicio de
traduccion de la posicion +85 para asegurar la traducciéon inicamente del producto completo. C) Parasitos transfectados de manera estable
con los vectores pTREXn-LYT1s-EGFP, pTREXn-LYT1n-EGFP y pTREXn-EGFP, expresaron las proteinas de fusion LYT1s-EGFP, LYT1n-
EGFP y la proteina EGFP respectivamente.

FIGURE 1. A) Scheme represents the genomic sequence of LYT] (containing a trans-splicing acceptor site (SAS) at position +10) and part of
the 5 ' flanking region (containing two trans-splicing acceptor sites at positions -46 and -14). Coding sequences for secretion signal (s) and
nuclear localization (n) are marked (left panel). After transcription, 5' trans-splicing and 3' polyadenylation processing (1), three alternative
transcripts of LY7] are obtained, two that encode the same protein containing the secretion signal sequence and nuclear localization sequen-
ce that only differ in the 5 "UTR, and a third transcript encoding the truncated protein containing only the nuclear localization sequence
(middle panel). After translation (2), two LYTI products are obtained, one full form synthesized from the ATG of position +1 and a truncated
form from the ATG of position +85 (right panel). B) Full (LY7Is) and truncated (LYTIn) sequences of LYTI were cloned into the pEGFP-N1
vector into the HindIll and Kpnl sites, obtaining the pEGFP-LYT1s y pEGFP-LYT1n plasmids, respectively (top panel). The fused sequences
(LYTIs-EGIP y LYTIn-EGFP), as well as the EGFPsequence, were digested and subcloned into the pTREXn expression vector into the Hindlll
and Noll sites, obtaining the pTREXn-LYT1s-EGFP, pTREXn-LYT1In-EGFP and pTREXn-EGFP contructs, respectively (lower panel). *Con-
servative mutation at position +87 (C to G) in the LYT1 coding sequence to eliminate the translation start site at position +85 and to obtain
only the full LYTT product. C) The parasites stably transfected with pTREXn-LYT1s-EGFP, pTREXn-LYT1n-EGFP and pTREXn-EGFP ex-
pressed the LYT1s-EGFP, LYT1n-EGFP and EGFP fusion proteins, respectively.
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onto 4% SDS-PAGE gels. Samples were electro-trans-
ferred onto nitrocellulose membranes at 100 V for one
hour. After verifying the effectiveness of transfer using
Ponceau red stain, membranes were washed with 1x
PBS (0.14 M NaCl, 2.7 mM KCI, 10 mM Na,HPO,, 1.8
mM KH,PO,) and blocked with 6% milk-PBS (1x)* for
1 h. Membranes were incubated with primary o-GFP
IgG2a antibody that was produced in mouse** at a
1:1000 dilution in 6% milk-PBS (1x)* for 1 h. After
washing membranes with 1x PBS for 10 min, 0.05%
Tween-20-PBS (1x) for 10 min and 1x PBS for 10 min,
samples were incubated for 1 h with secondary goat™**
o-mouse IgG (H + L) antibody that was conjugated to
peroxidase at a 1:5000 dilution in 6% milk-PBS (1x).*
Membranes were washed again using the same con-
ditions as those used for primary antibody and were
measured by the chemiluminescence assay using ECL
reagent (Amersham cat: RPN2106) as peroxidase sub-
strate, according to the manufacturer’s protocol.

Determination of chimeric proteins local-
ization by epifluorescence

Parasites (4 x 10°) were washed with PBS, centrifuged
at 800 g for 6 min and were resuspended in 500 pl of
4% paraformaldehyde. Approximately 10 pl sample
was dropped over poly-L-lysine-treated slides inside
circles delimited with a liquid-repellent slide marker
pen.t Samples were allowed to dry in wet conditions at
room temperature for 30 min, were washed with PBS
and then permeabilized with absolute methanol for 10
min. After washing with PBS, 15 pul DAPI (4 ',6-diamid-
ino-2-phenylindole dihydrochloride)f were added
at a dilution of 1:1000 for 5 min. Then samples were
washed again and after drying at room temperature,
were mounted in Airvol (16.8% arvitol in a solution
of 100 mM NaCl, 5 mM KH,PO,, 10 mM Na,HPO,).
Parasites were observed using the epifluorescence mi-
croscope*® equipped with a 60X/1.25objective,** and
images were captured with a camera*** adapted to the
microscope and analyzed using the Image-Pro Plus 6.0
software. For analysis by confocal fluorescence micros-
copy, a Leica microscopet with excitation filters of 400
nm multiphoton for DAPI and argon 488 nm for EGFP
and a 63X objective 1.4 with immersion oil was used.
Images were captured with LAS AF software (Leica Ap-
plication Sui Advanced Fluorescence Lite) 1.7.0 build
1240.%

Analysis of epimastigote
movement patterns

Images and videos of different parasite lines were cap-
tured using the hanging drop technique with a Leica
confocal fluorescence microscope, a 488-nm excita-

final se recuper6 el sobrenadante. La concentracion
de proteinas fue cuantificada por el método de Lowry
y su integridad se verific6 en geles de acrilamida SDS-
PAGE al 12%, tenidos con azul de Coomasie.

Analisis de la expresion de EGFP y de
las proteinas quiméricas LYT1s-EGFP
y LYT1n-EGFP en los parasitos

transgénicos por inmunotransferencia

Los EPT (10 pg) se re-suspendieron en amortiguante
Laemli 1x (62.5 mM Tris, pH 6.8, 10% glicerol, 3%
SDS, 5% B-mercaptoetanol),’ fueron hervidos 5 min
y cargados en geles SDS-PAGE al 4%. Las muestras se
electrotransfirieron a membranas de nitrocelulosa a
100 V por una hora. Después de verificar la eficacia
de transferencia con rojo Ponceau, las membranas se
destinieron con PBS 1x (NaCl 0.14 M, KCL 2.7 mM,
Na,HPO, 10 mM, KH,PO, 1.8 mM) y se bloquearon
con PBSlx-leche* al 6% durante 1 h. Se incubé la
membrana con el anticuerpo primario o-GFP IgG,,
producido en raton** a una dilucién 1:1000 en PBS1x-
leche* al 6% durante 1 h. Después de lavar la mem-
brana con PBS 1x durante 10 min, PBS 1x-Tween-20
0.05% 10 min y PBS 1x por 10 min, se incub6 1 h con
el anticuerpo secundario a-mouse IgG (H+L) conju-
gado con peroxidasa producido en cabra*** a una di-
lucién 1:5000 en PBS1x-leche* al 6%. La membrana se
lavé nuevamente usando las mismas condiciones que
para el anticuerpo primario y se revel6 el ensayo por
quimioluminiscencia utilizando el reactivo ECL (Amer-
sham cat: RPN2106) como sustrato de la peroxidasa de
acuerdo con las especificaciones del proveedor.

Determinacion de la localizacion
de las proteinas quiméricas
por epifluorescencia

Los pardasitos (4 x 10°) se lavaron con PBS centrifu-
gando a 800 g durante 6 min y se resuspendieron en
500 pl de paraformaldehido al 4%. Se tomaron 10 pl
de muestra y se gote6 en areas delimitadas con ldpiz
graso en la superficie de laminillas siliconizadas.} La
muestra se dejo secar en condiciones humedas a tem-
peratura ambiente durante 30 min, se lavé con PBS
pre-enfriado en agitacién y se permeabilizé con me-
tanol absoluto durante 10 min. Después de lavar con
PBS, se adicionaron 15 pl de DAPI (47,6-diamidino-
2-phenylindole dihydrochloride)] a una dilucion de
1:1000 durante 5 min, se lavé nuevamente y después

*Svelty (Nestlé S.A.), Suiza.

**Santa Cruz Biotechnology # cat. GFP B-2 sc-9996, EUA.
##%Zymed Laboratories # cat. 81-6520, EUA.

1Silane-pep™ slides sigma Diagnostics, EUA.

tMolecular Probes™ Invitrogen detection technologies, EUA.
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tion filter for EGFP and the LAS AF software. Trajec-
tories of the parasites were analyzed from videos ob-
tained using the Image Pro Plus 6.0 software.

Results

Cloning and obtaining of parasites
stably transfected with pTREXn-EGFP,
PTREXn-LYT1s-EGFP and pTREXn-
LYT1n-EGFP

In order to express the different variants of LYT1 (full
and truncated) in parasites, the coding sequences of
these proteins were cloned into an expression vector
for T. cruzi, as described in the Material and methods.
In kinetoplasts, it is not possible to use heterologous
promoters, so the pTREXn expression vector contain-
ing a homologous ribosomal promoter and the HXTse-
quence was used in order to provide the trans-splicing
acceptor site to the gene for higher expression levels.
These constructs were used to stably transfect WT epi-
mastigotes, and the expression of LYT1s-EGFP, LYT'In-
EGFP and EGFP (control) were characterized by im-
munoblotting using an a-GFP antibody.

Figure 2 shows antibody recognition of the bands
with the expected molecular weights of 26 kDa for
EGFP parasites (lane 1), approximately 82 kDa for
LYT1ps-EGFP (lane 2) and 86 kDa for LYT1pn-EGFP
(lane 3). It was not possible to detect the separation
of the 82 kDa and 86 kDa bands due to the limits of
the system’s resolution. As expected, there was no rec-
ognition by the antibody in WT parasites (data not
shown). These results indicate that the LYT1s-EGFP,
EGFP-LYT1n and EGFP parasites express exogenous
proteins and demonstrate the successful generation of
stable lines.

The full and truncated LYT1 proteins
have different localization patterns

To determine the localization of the different exog-
enous products of LYT1 in transfected epimastigotes,
the localization of EGFP was assessed by confocal mi-
croscopy as an indirect measure of the presence of
LYT1s and LYT1n fused to EGFP.

As shown in Figure 3, microscopy analysis of EGFP-
fluorescent epimastigotes showed that exogenous
green fluorescent protein is distributed throughout
the parasite. As expected, when EGFP fluorescence
and DAPI staining of the nucleus and kinetoplast was
analyzed, no co-localization was observed. Alterna-
tively, while LYT1s-EGFP parasites had green fluores-
cence in the nucleus, kinetoplast, flagellum, vesicles
and membrane, LYT1n-EGFP parasites showed green
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de secar a temperatura ambiente, se monto6 la prepa-
racion en Airvol (16.8% de arvitol en una solucién de
NaCl 100 mM, KH,PO, 5 mM, Na,HPO, 10 mM). Los
parasitos se observaron al microscopio de epifluores-
cencia* equipado con un objetivo 60X/1.25%* y las
imagenes se capturaron con una camara*** adaptada
al microscopio y se analizaron con el programa Image-
Pro Plus 6.0. Para el analisis por fluorescencia confocal
se utiliz6 un microscopio Leica,t filtros de excitacion:
multifoténico 400 nm para DAPI 'y argén 488 nm para
EGFP, y un objetivo 63X 1.4 con aceite de inmersion.
Las imagenes fueron capturadas con el programa LAS
AF (Leica Application Sui Advanced Fluorescence Lite)
1.7.0 build 1240.7

Analisis del patron de movimiento
de los epimastigotes

Se capturaron imagenes y videos de las diferentes li-
neas de parasitos, utilizando la técnica de gota suspen-
dida, con un microscopio de fluorescencia confocal
Leica,t un filtro de excitacion de 488 nm para EGFPy
el programa LLAS AF. Las trayectorias de los parasitos se
analizaron a partir de los videos obtenidos utilizando
el programa Image Pro Plus 6.0.

Resultados

Clonacién y obtencion

de parasitos transfectados
establemente con pTREXn-EGFP,
PTREXn-LYT1s-EGFP

y pPTREXn-LYT1n-EGFP

A fin de expresar las diferentes variantes de LYT1
(completa y truncada) en los pardsitos transgénicos,
se clonaron sus secuencias codificantes en un vector
de expresion para 7. cruzi, como se describe en mate-
rial y métodos. En cinetoplastidos no es posible utilizar
promotores heterélogos, por lo que se utilizé el vector
de expresion pTREXn que contiene un promotor ri-
bosomal homoélogo y la secuencia HXI que le confiere
el sitio aceptador del trans-empalme al gen a expre-
sar; de este modo se obtuvieron altos niveles de expre-
sion. Las construcciones se usaron para transfectar de
manera estable epimastigotes WT, y se caracterizé la
expresion de LYT1s-EGFP, LYTIn-EGFP y EGFP (tes-

*Olympus BX41, Japon.

## (4l Iris Ph3 UPlan FL N, EUA.

##% Foolution VF Fast Cooled Color Media Cibernetics, EUA.
TMicrosystems TSC SP5, DM 1600, Mo, Alemania.
{Leica Microsystems, Alemania.
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FIGURA 2. Anilisis de la expresion de EGFP y de las proteinas qui-
méricas LYT1s-EGFP y LYT1n-EGFP por inmunotransferencia. Ex-
tractos totales de proteinas de parasitos transgénicos, EGFP (carril
1), LYT1s-EGFP (carril 2) y LYTIn EGFP (carril 3), se corrieron
en geles de agarosa en condiciones desnaturalizantes, se transfi-
rieron y se revelaron las proteinas exégenas usando un anticuerpo

O-EGFP.

FIGURE 2. Analysis of EGFP expression and LYTIn-EGFP, LYT1s-
EGFP and EGFP chimeric proteins by immunoblotting. Protein
extracts of EGFP (lane 1), LYT1s-EGFP (lane 2) and LYT1n EGFP
(lane 3) from transgenic parasites were run on polyacrylamide gels
under denaturing conditions, transferred and the exogenous pro-

teins were revealed using an EGFP antibody (0.-EGFP).

fluorescence mainly in the nucleus, kinetoplast and
sometimes in vesicles. These results showed that both
products share the same localization in the nucleus,
kinetoplast and vesicles, which is not surprising, since
they share the same nuclear localization sequence and
are expected to be transported to that destination
by means of vesicles. However, only the full form of
LYT1s-EGFP was localized to the membrane, because
this is the only form of the protein that contains a se-
cretion signal sequence. These results showed that the
different products of LYT1 present a differential local-
ization pattern.

Exogenous expression of LYT1s-EGFP
produces a defect in epimastigote
motility

During the culture of the LYT1s-EGFP and LYTIn-
EGFP parasites, changes in their movement compared
to control EGFP and WT parasites were observed.
Therefore, the pattern of movement and the trajectory
of parasites by confocal fluorescence video-microscopy
were analyzed, using the hanging drop technique, as
described in the Methods section.

The EGFP parasites did not show any difference in
growth and motility when compared to WT parasites,
indicating that the expression of fluorescent protein

DAPI EMPALME

EGFFP

LYT = - EGFP

LYT n - EGFP

FIGURA 3. Anailisis de la localizacion de EGFP, LYT1s-EGFP y
LYTIn-EGFP en los epimastigotes transgénicos por microscopia
confocal. Analisis de fluorescencia de las lineas estables de epimas-
tigotes expresando EGFP y las proteinas quiméricas LYT1s-EGFP y
LYTIn-EGFP. Los parasitos fueron tenidos con DAPI para visuali-
zar el nicleo (N) y el cinetoplasto (C). Se muestra el empalme de
las imagenes de EGFP y DAPI (EMPALME), la localizaciéon deter-
minada con el programa LAS AF (COL) y el empalme, de EGFP,
DAPI con el contraste de fase (EDCF). Se muestra una ampliacion
del empalme de EGFP y DAPI (donde se observa la combinacion de
los colores verde y azul observados como un color blanco azuloso,
que indica que hay colocalizacion) y del analisis con LAS AF (ob-
servada en color blanco, que indica que las moléculas detectadas
se encuentran con una cercania de aproximadamente 100 nm, lo
que comprueba una colocalizacion positiva) en los parasitos EGFP
(A), LYT1s-EGFP (By C) y LYT1In-EGFP (D y E).

FIGURE 3. Analysis of the localization of EGFP, LYT1s-EGFP and
LYTIn-EGFP in transgenic epimastigotes by confocal microscopy.
Fluorescence analysis of stable lines of epimastigotes expressing
EGFP, LYT1s-EGFP and LYT1n-EGFP chimeric proteins. Parasites
were stained with DAPI to visualize the nucleus (N) and kineto-
plast (C). Merge of EGFP and DAPI images (MERGE). The locali-
zation was determined with LAS AF (COL) software and the merge
of EGFP, DAPI and phase contrast (EDCF). An amplification of
EGFP and DAPI merge is shown (where the combination of green
and blue colors appears bluish white, which indicates positive colo-
calization) and analysis with LAS AF (seen in white, indicating that
molecules are detected with a proximity of about 100 nm, which
confirms a positive colocalization) in parasites expressing EGFP
(A), LYT1s-EGFP (B and C) and LYT1n-EGFP (D and E).

tigo), por inmunotransferencia, usando el anticuerpo
o-GFP.

En la Figura 2 se muestra el reconocimiento del
anticuerpo en bandas con los pesos moleculares espe-
rados de 26 kDa para los parasitos EGFP (carril 1) y
aproximadamente 82 kDa para LYT1ps-EGFP (carril
2) y 86 kDa para LYT1pn-EGFP (carril 3). No fue posi-
ble detectar la separacion de las bandas de 82 kDay 86
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had no deleterious effects on the parasite and allowed
the use of EGFP parasites as control in the following
experiments. As shown in Figure 4, EGFP parasites
showed vigorous movement and directionally, trav-
eled short and long distances (panel A). By contrast,
parasites expressing exogenous LYT1s-EGFP protein
showed a dramatic deficiency in motility, only travel-
ing short distances (panel B). The observation and
analysis of these videos showed that this deficiency was
characterized by slow and uncoordinated movement
of the parasites that resulted in a shaky appearance
of epimastigotes. The transfected parasites were also
incapable of coordinating their flagellar movement,
spinning out of control at the same site; this resulted
in a noticeable difficulty in directional motility, al-
though they had not lost their ability to move. In the
case of LYT1n-EGFP parasites, a mixture of behaviors
(panel C) was observed, where some parasites moved
vigorously and traveled long distances in a manner
comparable to that observed in control EGFP epimas-
tigotes, while others showed the same phenotype as
LYT1s-EGFP parasites.

Since exogenous expression of EGFP did not pro-
duce any deleterious effects, these results suggested
that the exogenous expression, at least of the full form
of LYT1 in the LYT1s-EGFP parasite, is responsible for
the observed failure in motility. Future studies, as well
as quantitative, vectorial and statistical analysis, will be
necessary to determine whether the observed motil-
ity defect in LYT1n-EGFP parasites is significantly dif-
ferent with respect to control parasites, and to deter-
mine the alterations in speed and rotational angle that
could be occurring in LYT1s-EGFP and LYT1n-EGFP
parasites.

Discussion

The trypanosomatids, such as 7. ¢ruzi, have the unique
ability to produce polycistronic transcripts that require
5' trans-splicing and 3' polyadenylation processing to
obtain mature transcripts. Therefore, the main level of
gene regulation occurs at the post-transcriptional level
and makes it possible to obtain alternative products
from a single copy gene with different functionality.'’
This behavior has been reported for LYT1, the mol-
ecule studied in this paper, which is a protein with lytic
activity under acidic conditions that participates in the
infection and stage transition processes of 1. cruzi.* This
different functionality is the result of the production
of three different transcripts obtained by alternative
trans-splicing, two of which encode a full protein that
contains both an amino-terminal signal sequence and
a nuclear sequence that differ only in the 5" untrans-
lated sequence, as well as another that encodes a trun-
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kDa debido a que no lo permite la resolucién del siste-
ma. Como era de esperarse, no hubo reconocimiento
del anticuerpo en parasitos WT (dato no mostrado).
Estos resultados indican que los parasitos LYT1s-EGFP,
LYTIn-EGFP y EGFP expresan las proteinas exégenas
y demuestran la generacion exitosa de las lineas esta-
bles.

Las proteinas de LYT1, completa
y truncada, presentan un patron
de localizacion diferente

Para determinar la localizacién de los diferentes pro-
ductos de LYT1 en los epimastigotes transfectados, se
evalué la localizaciéon de EGFP como una medicién in-
directa de la presencia de LYT1s y LYT1n fusionados a
EGFP, por microscopia confocal.

Como se observa en la Figura 3, el analisis de mi-
croscopia de fluorescencia de los epimastigotes EGFP
mostré que la proteina verde fluorescente exégena
se encuentra distribuida en todo el parasito. Como se
esperaba, cuando se analiz6 el empalme de la fluores-
cencia de EGFP y de la tincién del nicleo y cinetoplas-
to con DAPI, no se observé colocalizacién. Por otro
lado, mientras que los parasitos LYT1s-EGFP presen-
taron la fluorescencia en nicleo, cinetoplasto, flagelo,
vesiculas y membrana, los parasitos LYT1n-EGFP mos-
traron la fluorescencia preferentemente en nucleo y
cinetoplasto, aunque en algunas ocasiones también se
observo en vesiculas. Estos resultados mostraron que
ambos productos comparten la misma localizacién en
nucleo, cinetoplasto y vesiculas, lo que no es sorpren-
dente, ya que comparten la secuencia de localizacion
nuclear y se espera que sean transportados a su destino
por medio de vesiculas. Sin embargo, tinicamente la
forma completa de LYT1s-EGFP se localizé en mem-
brana, ya que ésta es la iinica forma de la proteina que
contiene una secuencia senal de secrecién. Estos resul-
tados mostraron que los diferentes productos de LYT1
presentan un patréon de localizacion diferencial.

La expresion exogena de LYT1s
produce un defecto en la motilidad
de los epimastigotes

Durante el cultivo de los parasitos LYT1s-EGFP vy
LYT1n-EGFP, se observaron cambios en su movimien-
to comparado con los parasitos testigo EGFP y WT. Por
lo tanto, se analiz6 el patréon de movimiento y la trayec-
toria de los parasitos por video-microscopia de fluores-
cencia confocal, utilizando la técnica de gota suspendi-
da, como se describe en la seccion de métodos.

Los parasitos EGFP no mostraron ninguna dife-
rencia en crecimiento y motilidad con respecto a los



FIGURA 4. Analisis cuantitativo del movimiento de epimastigotes transgénicos por video microscopia confocal. Trayectoria
de motilidad de parasitos expresando EGFP (A), LYT1s-EGFP (B) y LYT1n-EGFP (C). Las Flechas indican el inicio del

registro de la trayectoria del parasito.

FIGURE 4. Quantitative analysis of the transgenic epimastigote motility by video confocal microscopy. The motile tra-
jectory of parasites expressing EGFP (A), LYT1s-EGFP (B) and LYT1In-EGFP (C). Arrows indicate the start of the track

recording of the parasite.

cated protein containing only the nuclear sequence.’
These transcripts are regulated throughout the differ-
ent developmental stages of 7. cruzi; the full protein
is mainly expressed in trypomastigote and amastigote
stages, and the truncated protein expressed in epimas-
tigotes. This suggests that the differential expression
of the protein may have implications in the biology of
each of the developmental stages of the parasite.®
Since the different LYTI transcripts encode pro-
teins with different localization sequences, the pos-
sible different localization of the full and truncated
LYTI proteins was evaluated in this study. To do this,
transgenic parasites that exogenously express different
LYTI products fused to the enhanced green fluores-
cent protein (EGFP) were obtained and their expres-
sion (Figure 2) and localization (Figure 3) in trans-
fected epimastigotes of 7. cruzi was evaluated indirect-
ly. Fluorescence microscopy analysis of epimastigotes
expressing exogenous full protein (LYT1s-EGFP)
demonstrated its presence in the nucleus, kinetoplast,
vesicles and membrane, while those parasites express-
ing truncated protein (LYTIn-EGFP) showed fluores-
cence preferably in the nucleus and kinetoplast, and
occasionally in vesicles. These results indicate that
different products of LYT1 have different localization
patterns. Another research group found similar results
when they expressed an exogenous copy of sequences
that encode the full or truncated LYT1 protein in null
parasites, also demonstrating the differential reconsti-
tution of each phenotype.! The full protein was local-
ized in the membrane, was secreted and sometimes
was found in the kineto-flagellar region, and reconsti-
tuted the lytic and infectivity phenotypes of the para-
site. Alternatively, the truncated protein was localized
in the kineto-flagellar adjacent region and reconsti-
tuted the stage differentiation phenotype, demonstrat-
ing that each product of LYT1 is involved in different

parasitos WT, lo que indic6 que la expresion de la
proteina fluorescente no tiene un efecto deletéreo
y permitio utilizar a los parasitos EGFP como testigo
en los subsiguientes experimentos. Como se muestra
en la Figura 4, los parasitos EGFP mostraron un mo-
vimiento vigoroso y se desplazaron tanto distancias
cortas como largas de manera direccional (panel A).
Por el contrario, los parasitos que expresan a la protei-
na exogena LYT1s-EGFP presentaron una deficiencia
dramatica en su motilidad, desplazandose inicamente
a distancias cortas (panel B). La observacién y analisis
de los videos mostr6 que esta deficiencia se caracterizé
por un movimiento lento y descoordinado, dando una
apariencia temblorosa a los epimastigotes. Ademas,
presentaron incapacidad para coordinar su movimien-
to flagelar, girando de manera descontrolada sobre el
mismo sitio, lo que resulté en una notoria dificultad
en la motilidad direccional del parasito, aunque no
perdieron su capacidad de moverse. En el caso de los
parasitos LYTIn-EGFP, se observo una mezcla de com-
portamientos (panel C), ya que algunos parasitos se
movian vigorosamente y recorrieron distancias gran-
des de manera comparable a lo observado en los epi-
mastigotes testigo EGFP, mientras que otros mostraron
un fenotipo similar a los parasitos LYT1s-EGFP.

Ya que la expresion exoégena de EGFP no produjo
ningun efecto deletéreo, estos resultados sugieren que
la expresion exogena, al menos de la forma completa
de LYT1 en los parasitos LYT1s-EGFP, es responsable
de la falla observada en la motilidad. Sera necesario
realizar estudios futuros, tanto cuantitativos como de
analisis vectorial y estadistico, para determinar si el
defecto observado en los parasitos LYTIn-EGFP es sig-
nificativamente diferente con respecto a los parasitos
testigo, y determinar las alteraciones en la velocidad y
angulo de rotacion que pudieran estarse dando en los
parasitos LYT1s-EGFP y LYT1n-EGFP.
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functions."! The results of this study agree with previ-
ous findings, but in addition to the membrane and
kinetoplast localization of LYT1s and the kinetoplast
localization of LYT1n, two forms of the protein in the
nucleus and vesicles were observed. This result is not
surprising, since both the full and truncated protein
contain a nuclear localization sequence and could be
carried to their final destinations via vesicle transport.

One possible explanation for these differences is
that the close proximity of the nucleus and kinetoplast
in the epimastigote cannot clearly distinguish the lo-
calization of these proteins in both organelles. The
possibility that the fusion of LYT1with EGFP could
de-localized LYTT1 is another possibility. However, this
effect is unlikely, since it has been reported that this re-
porter gene does not typically change the localization
of the protein with which it is fused.'*!® Furthermore,
the observed localization corresponds to that which
was reported for the endogenous proteins, making it
unlikely to obtain additional aberrant localization in
addition to the localization of endogenous LYT1, al-
though further experiments are needed to test these
possibilities.

An interesting and unexpected phenotype was that
the exogenous expression of LYT1-EGFP affected the
movement of parasites. The epimastigote motility de-
pends essentially on the flagellum that is formed main-
ly from microtubules.'*'”Even though there are known
molecules that are involved in the movement of flagel-
lum in eukaryotic cells, very little is known about the
mechanism that regulates or coordinates this flagellar
movement.'® Microtubules play an important role in
maintaining the structure of 7. cruzi and are involved
in the separation of basal bodies, in the growth of new
flagellum, in mitosis, in cytokinesis and, in parasite
motility.!*!*!9 These proteins also constitute the flagel-
lar pocket, the site of endocytosis and exocytosis of the
proteins, an important organelle in the regulation of
vesicular traffic that carries molecules necessary for
growth and function of the flagellum.?#

The LYT1 null parasites® and the dominant-nega-
tive mutant of LYT1° did not present defects in para-
site motility. Therefore, these results suggest that the
LYTTI protein potentially indirectly participates in fla-
gellar movement of the epimastigotes, likely through
its interaction with other proteins that are involved in
the motility of the parasite.

This hypothesis is supported by the results of this
study, which show that LYT1-EGFP transfected para-
sites behave as dominant-negative mutants of some of
the protein(s) that are involved in motility of the para-
site and attach to LYT1. This proposal is supported by
analysis of molecules that could potentially interact
with LYT1, such as tubulin, kinesins and dynein, which
are molecules that are involved in vesicular traffic of
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Discusion

Los tripanosomatidos, como 7. cruzi, tienen la caracte-
ristica particular de producir transcritos policistroni-
cos que requieren de un procesamiento de trans-em-
palme 5’ y poliadenilacién 3’ para su procesamiento y
obtencion de transcritos maduros. Esto resulta en que
el principal nivel de regulaciéon de su expresion sea
pos-transcripcional y que sea posible la obtencion de
productos alternativos con diferente funcionalidad a
partir de un mismo gen.'

Este comportamiento hasido reportado para LYT],
que es la molécula en estudio en este trabajo de inves-
tigacion, la cual es una proteina con actividad litica
en condiciones acidas, que participa en el proceso de
infeccion y transicion de estadio de 7. cruzi® Esta dife-
rente funcionalidad es resultado de la produccion de
tres transcritos distintos obtenidos por trans-empalme
alternativo. Dos de los cuales codifican para una pro-
teina completa que contiene tanto una secuencia se-
nal amino-terminal como una secuencia nuclear y que
difieren tnicamente en su secuencia no traducida 5’.
Y otro que codifica para una proteina truncada con
unicamente la secuencia nuclear.’ Estos transcritos
son regulados en los distintos estadios de desarrollo
de T. cruzi, expresandose mayoritariamente los que
codifican para la proteina completa en tripomastigote
y amastigote y para la proteina truncada en epimasti-
gotes, lo que sugiere que posiblemente su expresion
diferencial pudiera tener implicaciones en la biologia
de cada uno de los estadios de desarrollo del parasito.®

Ya que los diferentes transcritos de LYT1, codifican
para proteinas con distintas secuencias de localizacion,
en este trabajo se evalu6 la posible localizacion dife-
rencial de la proteina completa y truncada de LYTI.
Para ello se obtuvieron y caracterizaron parcialmente
parasitos transgénicos que expresan de manera exo-
gena los diferentes productos de LYT1 fusionados a
la proteina verde fluorescente mejorada (EGFP) vy, de
manera indirecta, su expresion (Figura 2) y localiza-
cion (Figura 3) en epimastigotes de 7. cruzi. El analisis
de microscopia de fluorescencia de los epimastigotes
que expresan a la proteina completa (LYT1s-EGFP)
demostro su presencia en nucleo, cinetoplasto, vesicu-
las y membrana, mientras que los que expresan a la
proteina truncada (LYT1n-EGFP) mostraron la fluo-
rescencia preferentemente en nucleo y cinetoplasto y
ocasionalmente en vesiculas. Estos resultados indican
que los diferentes productos de LYT1 tienen patrones
de localizacién distintos. Otro grupo de investigacion
obtuvo resultados similares, expresados de manera
exogena en la proteina completa o truncada de los
parasitos nulos de LYT1 y demostrados en la reconsti-
tucién diferencial de los distintos fenotipos.'' La pro-



parasite.® Since this mechanism is essential for the
transport of molecules responsible for the growth and
function of the flagellum, its disruption could alter cel-
lular motility. Therefore, if expression of exogenous
LYT1-EGFP and its interaction with tubulin, dynein
and kinesins, are affecting the efficiency of intra-fla-
gellar transport and therefore the proper functioning
of any of the molecules necessary for movement of the
flagellum, it would be possible to obtain a deleterious
phenotype such as the one observed in transfected
parasites.?*%

The alternative expression and differential switch
in localization and function of different LYT1 products
could reflect the optimization of biological systems to
perform diverse functions from a single gene, as has
been reported for other molecules in different biologi-
cal systems, such as trypanosomatids,'**?7 plants!!-%%
and higher eukaryotes.*

This study widens knowledge of the molecular
mechanisms involved in the regulation of expression
and infection processes of T. ¢ruzi and also provides
information that helps understand parasite biologi-
cal processes necessary for establishment of Chagas
disease.
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cuando se analizaron las moléculas que interactian
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y dineina, que son moléculas involucradas en el trafi-
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la expresion exoégena de LYT1-EGFP y su interaccion
con tubulina, dineina y cinesina, estan afectando la
eficiencia del transporte intra-flagelar y por lo tanto
el funcionamiento correcto de cualquiera de las molé-
culas necesarias para el movimiento del flagelo, seria
posible obtener un fenotipo deletéreo como el obser-
vado en los pardsitos transfectados.?**

La expresion alternativa, cambio de localizacion y
funcion diferencial de los productos de LYT1, podrian
reflejar la optimizacion de los sistemas biologicos para
cumplir con diversas funciones a partir de un tnico
gen, como se ha reportado para otras moléculas en
diferentes sistemas biolégicos como tripanosomati-
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Este estudio permite entender de los mecanismos
moleculares involucrados en la regulacion de la expre-
sién e infeccién de 7. cruziy proporciona informaciéon
que ayuda a entender los procesos biologicos del para-
sito, necesarios para el establecimiento de la enferme-
dad de Chagas.
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