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I.- Resumen

Blastocystis es un microorganismo intestinal que parasita a seres humanos y a diversos
animales, es el eucarionte intestinal mas comun a nivel mundial y en los ultimos afios, se ha
convertido en el parasito mas identificado en heces de humanos en diferentes paises. Se
calcula que podrian existir mas de mil millones de portadores humanos de Blastocystis en
todo el mundo. No obstante, su alta frecuencia, su papel en la patogenia humana intestinal
sigue siendo ambigua, ya que algunos estudios lo asocian a sintomatologia intestinal,
mientras que otros estudios lo exoneran. Blastocystis presenta una gran variabilidad
morfoldgica con 4 estadios principales: vacuolar (o cuerpo central), granular, ameboide y
quiste. Blastocystis es un parasito con gran diversidad genética. Basandose en el analisis de
la secuencia del gen de la subunidad pequefia ribosomal (SSUrDNA por sus siglas en inglé€s),
se han identificado varios subtipos (STs). Los STs 1-3 son los mas frecuentes en la poblacion
humana, sin embargo, también se han encontrado otros STs en humanos y animales (ST4-
10, ST12, ST14 y ST16). Entre los STs 1-4 colectivamente representan el 90% que tienen
como hospedero al humano, mientras que el 10% restante lo constituyen ST5-ST17, que se
han observado en otros mamiferos y aves.

En paises en vias de desarrollo en zonas tropicales, se presentan altas frecuencias de
Blastocystis, asociado a habitos higiénicos deficientes, carencia de agua potable o ambos,
mientras que en paises desarrollados se encuentra un comportamiento estacional y una
prevalencia baja. Con respecto a México, se han publicado varios estudios que muestran una
frecuencia variable del 7 al 80%, dependiendo de la poblacion estudiada, su condicion de
rural o urbana y la técnica de identificacion. Estudios sobre epidemiologia molecular en
nuestro pais en poblaciones urbanas y rurales, tanto en adultos como en ninos de Guerreo,
Michoacan. Morelos y Sonora han mostrado que los principales STs que circulan son el ST1,

ST2 y ST3, identificindose ademds en muy baja frecuencia (<5%) el ST7.

Los microorganismos intestinales pueden expresar/secretar diferentes moléculas que
interactuan con la mucosa intestinal del huésped, entre ellas a-L-fucosidasa (ALFuc), una
glucodsido hidrolasa (GH). Segun la Carbohydrate-Active EnZYmes Database" n.d. (CAZy),
ALFuc es una enzima que cataliza la eliminacion hidrolitica de residuos de L-fucosa que se
unen al extremo no reductor de las cadenas de glicanos, como las mucinas. Segun su
secuencia de aminoacidos, las a-L-fucosidasas se clasifican en dos familias: GH29 y GH95.

Las enzimas GH29 son una amplia familia de fucosidasas de retencion con actividad en



enlaces a(1,2)-, a(1,3)-, a(1,4)- y a(1,6)-L-fucosilo. la GH29 se ha dividido en subfamilias
Ay B, con GH29A activa en una amplia gama de ligandos, mientras que GH29B es especifica
para a(1,3)- y a(1,4)-L-fucosilo ligandos. Mientras que las enzimas GH95 son una pequefia
familia de fucosidasas invertidasas con actividad sobre o(1,2)-fucosil galactosa.

Se ha demostrado una importante vinculo entre la a-L-fucosidasa humana (denominada
FUCAZ2) y la adhesion, crecimiento y patogenicidad de Helycobacter pylori. Ademas, se ha
documentado que el crecimiento y la invasion de las cepas Campylobacter jejuni fuc+,
129,108 y NCTC 11168 aumenta en presencia de L-fucosidasas activas liberadas por
Bacteriodes fragilis, lo que demuestra que C. jejuni depende de las fucosidasas externas para
su posterior crecimiento e invasion. También se ha demostrado que la capacidad de las
bifidobacterias para metabolizar compuestos L-fucosilados (presentes en la leche materna)
por medio de fucosidasas es un mecanismo indispensable para dar forma al microbioma
intestinal en los primeros meses de vida en humanos.

Existe mucha informacion sobre ALFuc en bacterias; sin embargo, ALFuc no ha sido
identificada experimentalmente en Blastocystis. Por lo tanto, el objetivo de la presente tesis
fue identificar ALFuc en sobrenadantes de cultivos axénicos comerciales de Blastocystis
ST1. Ademas de secuenciar el gen completo de alfuc a partir de Blastocystis STs 1-3 y
comparar la secuencia de aminoacidos de ALFuc en STs 1-3.

En esta tesis se realizaron cultivos de Blastocystis ATCC ST1 50610 y 50177 para obtener
El extracto de proteinas de Blastocystis (EpB) y proteinas de excrecion/secrecion (Pe/s),
posteriormente se sometieron a SDS-PAGE y Western blot. Ademaés, se analizaron 18
muestras fecales de portadores humanos de Blastocystis mediante PCR-secuenciacion para
subtipificacion. Asi mismo se realizo la secuenciacion completa del gen alfuc, de estas 18
muestras, posteriormente se tuvo la traduccidn a proteina. Estas secuencias se analizaron para
identificar dominios conservados, ademas de realizar modelado de proteinas en 3D y
finalmente se realiz6 analisis filogenético del gen alfuc, comparandolo con la filogenia del
gen SSUrDNA.

los resultados mostraron la identificacion de ALFuc de Blastocystis (~51 kDa),
principalmente en las proteinas de excrecion/secrecion. Ademas, el analisis de las secuencias
de aminoécidos de ALFc STs 1-3 mostro6 la conservacion del dominio a-L-fucosidasa y los
sitios cataliticos de la familia de la glicosido hidrolasas GH29 en los 3 subtipos;

curiosamente, el dominio de unidn a la galactosa se reconoci6 solo en ST1 y ST2.



Los resultados del andlisis filogenético del gen alfuc, confirmaron una topologia idéntica
conservada con la topologia del gen SSUrDNA.

Nuestros resultados muestran, por primera vez , que ALFuc es un producto de secrecion de
Blastocystis. En todas las secuencias de ALFuc se identific6 el dominio IPR000933 de la
familia GH29, de clan CL0058 de las a-L-fucosidasas. y un dominio tipo C 5/8 (IPR000421)
de unién a carbohidratos conservado en ST1y ST2. Ademads, las ALFuc de Blastocystis STs
1-3 tienen conservado el sitio catalitico para la familia de las glucésido hidrolasas-29
(GH29), con el residuo nucleofilo asp (D) y el residuo general acido/base Glu (E). Ademas,
el gen alfuc es un candidato prometedor de un marcador filogenético adicional al gen

SSUrDNA, que es el clasicamente usado para analizar la filogenia de Blastocystis.



Abstract

Blastocystis is an intestinal microorganism that parasitizes humans and various animals, it is
the most common intestinal eukaryote worldwide, in recent years, it has become the most
identified parasite in human feces in different countries. It is estimated that there could be
more than one billion human carriers of Blastocystis worldwide. Despite its high frequency,
its role in human intestinal pathogenesis remains ambiguous, since some studies associate it
with intestinal symptoms, while other studies exonerate it. Blastocystis presents a great
morphological variability with 4 main stages: vacuolar (or central body), granular, amoeboid
and cyst. Blastocystis is a parasite with great genetic diversity. Based on sequence analysis
of the small ribosomal subunit (SSUrDNA) gene, several subtypes (STs) have been identified.
STs 1-3 are the most prevalent in the human population, however, other STs have also been
found in humans and animals (ST4-10, ST12, ST14 and ST16). Among the STs 1-4
collectively they represent 90% that have the human as host, while the remaining 10% are
ST5-ST17, which have been observed in other mammals and birds.

In underdeveloped countries, in tropical areas, there are high frequencies of Blastocystis,
associated with poor hygienic habits, lack of drinking water or both, while in developed
countries there is a seasonal behavior and a low prevalence. With respect to Mexico, several
studies have been published that show a variable frequency of 7 to 80%, depending on the
population studied, its rural or urban condition and the identification technique. Studies on
molecular epidemiology in our country in urban and rural populations, both in adults and
children of Guerreo, Michoacan. Morelos and Sonora have shown that the main STs that
circulate are ST1, ST2 and ST3, also identifying in very low frequency (<5%) the ST7.
Intestinal microorganisms can express/secrete different molecules that interact with the host's
intestinal mucosa, including o-L-fucosidase (ALFuc), a glycoside hydrolase (GH).
According to the Carbohydrate-Active EnZYmes Database"n.d. (CAZy), ALFuc is an
enzyme that catalyzes the hydrolytic removal of L-fucose residues that bind to the non-
reducing end of glycan chains, such as mucins. According to their amino acid sequence, o-
L-fucosidases are classified into two families: GH29 and GH95. GH29 enzymes are a broad
family of retention fucosidases with activity in a(1,2)-, a(1,3)-, a((1,4)- and a(1,6)-L-fucosyl
bonds. GH29 has been divided into subfamilies A and B, with GH29A active in a wide range
of ligands, while GH29B is specific for a(1,3)- and a(1,4)-L-fucosyl ligands. While GH95

enzymes are a small family of inverted fucosidases with activity on a(1,2)-fucosyl galactose.



An important connection between the human a-L-fucosidase (called FUCA2) and the
adhesion, growth and pathogenicity of Helicobacter pylori has been demonstrated. In
addition, the growth and invasion of Campylobacter jejuni fuc+, 129,108 and NCTC 11168
strains has been documented to increase in the presence of active L-fucosidases released by
Bacteriodes fragilis, demonstrating that C. jejuni depends on external fucosidases for
subsequent growth and invasion. The ability of bifidobacteria to metabolize L-fucosylated
compounds (present in breast milk) by fucosidases has also been shown to be an
indispensable mechanism for shaping the gut microbiome in the first months of life in
humans.

There is a lot of information about ALFuc in bacteria; however, ALFuc has not been
experimentally identified in Blastocystis. Therefore, the objective of this thesis was to
identify ALFuc in supernatants of commercial axenic cultures of Blastocystis ST1. In
addition to sequencing the entire alfuc gene from Blastocystis STs 1-3 and comparing the
amino acid sequence of ALFuc in STs 1-3.

In this thesis, Blastocystis ATCC ST1 50610 and 50177 cultures were processed to obtain
Blastocystis protein extract (EpB) and excretion/secretion proteins (Pe/s), then subjected to
SDS-PAGE and Western blot. In addition, 18 fecal samples from human Blastocystis carriers
were analyzed by PCR-sequencing for subtyping. Likewise, the complete sequencing of the
alfuc gene was carried out, of these 18 samples, later the translation to protein was had. These
sequences were analyzed to identify conserved domains, in addition to performing 3D protein
modeling and finally phylogenetic analysis of the alfuc gene was performed, comparing it
with the phylogeny of the SSUrDNA gene.

The results showed the identification of AlFuc of Blastocystis (~51 kDa), mainly in the
excretion/secretion proteins. In addition, the analysis of the amino acid sequences of ALFc
STs 1-3 showed the conservation of the a-L-fucosidase domain and the catalytic sites of the
glycoside hydrolase family GH29 in the 3 subtypes; interestingly, the galactose-binding
domain was recognized only in ST1 and ST2.

Phylogenetic analysis of the alfuc gene confirmed an identical topology conserved with the
topology of the SSUrDNA gene. Our results show, experimentally for the first time, that
ALFuc is a product of Blastocystis secretion. In all ALFuc sequences, the IPR0O00933 domain
of the GH29 family, clan CL0058 of the a-L-fucosidases, was identified. A carbohydrate-
binding C-5/8 (IPR000421) type-C domain was identified as conserved in ST1 and ST2. In
addition, the ALFuc of Blastocystis STs 1-3 have preserved the catalytic site for the family



of glycoside hydrolases-29 (GH29), with the nucleophilic residue asp (D) and the general
acid/base residue Glu (E). In addition, the alfuc gene is a promising candidate for an
additional phylogenetic marker to the SSUrDNA gene, which is the one classically used to
analyze the phylogeny of Blastocystis.



I1.- Introduccion

1.- Antecedentes historicos de Blastocystis y taxonomia

Blastocystis es un protista Stramenopile intestinal que parasita a seres humanos y a diversos
animales, presentado una amplia distribucién mundial. Recientemente se ha incrementado su
frecuencia en portadores que son diagnosticados por medio de estudios
coproparasitoscopicos, y métodos de biologia molecular, llegindose a encontrar una
frecuencia de mas del 60% en paises en vias de desarrollo (1-3). A pesar de que Blastocystis
fue descrito a principios del siglo XX, solo se habia estudiado su morfologia y ha sido en la
ultima década en la que se han obtenido avances significativos en el conocimiento de la
biologia de este microorganismo.

Las primeras descripciones detalladas que se hicieron de Blastocystis, fueron realizadas por
Alexieff en 1911, en aquel entonces nombrod al microorganismo como Blastocystis
enterocola, considerandolo una levadura. Alexieff aplic6 el mismo nombre a las células que
observo en las heces de las ratas, cobayos, pollos, reptiles y sanguijuelas (4). En 1912 Brumpt
acufio el nombre Blastocystis hominis, cambiando el género especifico de enterocola a
hominis, debido a que Brump trabajaba con heces humanas (5). En aquel momento, sus
observaciones tuvieron mucha relevancia e influencia tempranas y el nombre de B. hominis
fue ampliamente aceptado y reconocido en todo el mundo. Brumpt realiz6 una descripcion
detallada de B. hominis, ubicandolo dentro de los géneros de levadura, Schizosaccharomyces
y Saccharomyces y asi permanecié hasta mediados del siglo XX. como una “inofensiva
levadura intestinal” (6). Eventualmente, comenzaron a aparecer los informes de B. hominis
como un “agente de los intestinos”, presente en heces de individuos con o sin enfermedad.
No obstante, sin tener evidencia clara de su patogenicidad, B. hominis fue incluido en los
estudios de parasitos intestinales, junto con amebas y flagelados, y a menudo sin referencia
a su clasificacién como levadura (4,7)

Estudios posteriores de fisiologia y microscopia electronica indicaron una probabilidad
mayor de que Blastocystis perteneciera a los protozoos. Sin embargo, mas adelante estudios
filogenéticos moleculares basados en el analisis de la secuencia DNA de la subunidad
pequenia del ARN ribosomal (SSUrDNA) (8), demostraron que B. hominis (una cepa
denominada Nand) y un aislado de Blastocystis de cobayo estaban claramente ubicados
dentro de un complejo grupo heterogéneo, denominado "Stramenopiles", que incluyen

protistas unicelulares y multicelulares cuyos flagelos llevan pelos tubulares tripartitos, Tanto


https://sciwheel.com/work/citation?ids=11188855,10261502,11188863&pre=&pre=&pre=&suf=&suf=&suf=&sa=0,0,0
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los heterdtrofos como los autédtrofos (fotosintéticos) pertenecen a este grupo, incluyendo
algas marrones, algas marrones doradas y diatomeas (8).

Con el advenimiento de las tecnologias de secuenciacion, fue posible secuenciar y analizar
por completo, diferentes genes, como el de la proteina de choque térmico de tipo citosélico
de 70 kDa, el factor de elongacion de la traduccién 2, y la subunidad P no catalitica de la
ATPasa vacuolar de Blastocystis. Todos estos analisis de filogenia molecular confirmaron la
ubicaron de Blastocystis dentro de los Stramenopiles, cuyos parientes mas cercanos son los

alveolata (9-12). (figura 1)
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Fig. 1 Tomado de Arisue et al (9). Arbol eucarionte sin raices de la proteina de choque térmico de tipo citosélico de 70 kDa
(HSP70c) utilizando el método de maxima probabilidad (ML). Donde se observa a Blastocystis agrupado dentro de los
Stramenopilos, cuyos organismos mas cercanos son los Alveolatas.
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Estudios posteriores de varios investigadores donde se analizaban secuencias del
SSUrDNA de Blastocystis de humanos, identificaron una elevada variabilidad genética y
ademas observaron que podian ocurrir coinfecciones con distintos subtipos de este
microorganismo, pero que, a su vez, la mayoria de estos subtipos también se encontraban en
otros mamiferos o aves. Esto indicaba que los nombres de las especies del binomio
Blastocystis-hospedero; como B. hominis o B. ratti, eran insostenibles, ya que el mismo
organismo estaba siendo llamado por multiples nombres. Por ejemplo, un grupo de B.
hominis demostro ser genéticamente indistinguible de B. ratti; ambos ahora conocidos como
Blastocistis subtipo 4 (ST4). Para tratar de homologar la terminologia, se hizo una propuesta
que consistia en nombrar a Blastocystis acompafiado del subtipo (ST) numerado. Esta
clasificacion ha simplificado la comunicacion entre los investigadores que trabajan con
Blastocystis de humanos (13). Actualmente se considera a Blastocystis como un género
agrupado en por lo menos diecisiete subtipos (ST), basados en la secuencia del gen de la
subunidad pequena ribosomal, nueve de los cuales (ST1-ST9) se han encontrado en mayor
medida en humanos y los restantes, en aves principalmente (14). Los Blastocystis de reptiles,
anfibios e invertebrados atn conservan los nombres binomiales de Linneo. Esto se debe en
gran medida a que, hasta la fecha, no se ha profundizado en investigaciones acerca de la
variabilidad y el rango de hospederos que estos Blastocystis pudieran tener y no ha existido
el mismo impulso que en los pardsitos de humanos y aves, como para modificar la
nomenclatura (14).

Originalmente identificado como una levadura, Blastocystis fue clasificado en el
subphylum Sporozoa y posteriormente reclasificado en el subphylum Sarcodina con base en
caracteristicas morfologicas y fisiologicas. Sin embargo, la clasificacion taxondmica actual,
reafirmada por comparaciones filogendmicas, lo ubica como miembro del Reino SAR
(Stramenopiles, Alveolata y Rhizaria), Phylum Stramenopiles, que es un grupo complejo y
heterogéneo que integra a diversos organismos (unicelulares o multicelulares, heterotroficos
o fotosintéticos) como oomicetes, mohos mucilaginosos, diatomeas y algas marrones. Algo
que resulta importante resaltar, es que Blastocystis es el tnico Stramenopiles conocido que
puede causar infecciones en humanos (Arisue et al., 2002; Silberman et al., 1996). de esta

manera la clasificacion actual de Blastocystis queda de la siguiente manera:
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Reino: Sar
Phylium: Stramenopiles
Clase: Bigyra
Orden: Opalinata
Familia: Blastocystisdae
Género: Blastocystis

Especies: No aplicable

2.- Morfologia

Blastocystis presenta una gran variabilidad morfoldgica, aunque se aceptan principalmente 4
estadios o formas principales: la vacuolar (o cuerpo central), la granular, la ameboide y la
quistica. La forma vacuolar, también referida como la forma de cuerpo o vacuola central es
la forma predominante encontrada en las muestras de heces humanas, varia enormemente en
su tamafio de 2 a 200 pm de didmetro, presenta una gran vacuola que ocupa hasta 90% del
volumen celular, teniendo aparentemente una funcion de “almacén”, en el citoplasma
periférico se encuentran de uno a dos nucleos, organelos asociados a mitocondrias, aparato
de Golgi y reticulo endoplasmico (figura 2). (17,18). La forma granular comparte muchas
similitudes con la vacuolar excepto que esta presenta numerosos granulos en el citoplasma
periférico e inclusive dentro de la vacuola central (Figura 2). La forma ameboide rara vez se
encuentra en muestras fecales y en cultivo, aunque su descripcion morfoldgica es motivo de
conflicto y confusion en los reportes (19) y se ha sugerido que es una forma intermediaria
entre la vacuolar y la quistica, que ingiere bacterias para obtener los requerimientos
suficientes para su enquistamiento, aunque esta hipotesis se encuentra ain en debate.
También se ha propuesto que esta forma juega un papel importante en la patogenia de
Blastocystis (20). La forma quistica fue descrita y confirmada entre 1988 y 1999 y puede ser
facilmente confundida con detritus fecales; los quistes son esféricos u ovales y estan
protegidos por dos capas fibrosas, contienen de 1 a 4 nticleos, vacuolas y depositos de lipidos
y glucégeno (7,21,22). Estos quistes miden 15 pm de didmetro, pero presentan enormes
diferencias en el tamafio cuando provienen de diferentes especies de hospederos animales.
Se ha observado que pueden sobrevivir en agua durante 19 dias a temperatura ambiente, pero

son labiles al calor y al frio extremo, contrariamente, las formas vacuolares y granular son
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sensibles a los cambios de temperatura y exposicion al aire, por lo que es muy probable que

el estadio quistico sea la forma de transmision de este parasito (23—25).

Figura 2. imagenes en microscopia de luz de Blastocystis en observadas con el objetivo a 60x. En A y B se observan en
estadio vacuolar, con la vacuola que ocupa la mayor parte del citoplasma y algunos organelos en la periferia del citoplasma,
también se ve la variabilidad de tamafio. En C y D Los Blastocystis estan en estadio granular, observados con Lugol.

3.- Ciclo de vida

La infeccion por Blastocystis, al igual que en otras parasitosis se transmite de manera fecal
oral. Estudios llevados a cabo con ratones BALB/c jovenes (de menos de 8 semanas)
inmunocompetentes y ratas demostraron que podian infectarse con Blastocystis inoculados
con quistes por via oral. Después de la infeccion con quistes, en los ratones se encontraron
formas vacuolares y granulares en el ciego, pero sélo se observaron formas quisticas en el
colon. Estos estudios confirmaron que el quiste fecal era la forma responsable de la
transmision externa y que el modo de transmision era por la via fecal-oral (26,27) . Una vez
que se lleva a cabo la ingestion de los quistes, el paréasito se desenquista en el intestino
delgado y desarrolla la forma vacuolar, posteriormente se divide por fision binaria y puede
desarrollar las formas vacuolares/granular, aunque en cultivo se han observado otras formas:
por ejemplo, formas ameboides, cuya funcion biologica y su eventual destino en el desarrollo
del parasito requieren mas investigacion. El enquistamiento ocurre a través del paso del

parasito por el intestino grueso y los quistes son excretados con las heces (figura 3). El ciclo
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se completa cuando estos quistes son consumidos por humanos o animales a través de
alimentos contaminados (28).

En cuanto a la localizacion de la infeccion por Blastocystis, diferentes estudios han
mostrado que, en ratones y ratas infectados experimentalmente con quistes, los segmentos
del tracto gastrointestinal afectados con mayor frecuencia son ciego y colon. Las formas
morfolégicas predominantes observadas son vacuolares y granulares. En el ciego las formas
quisticas son las mas observadas (26,27). Algunos estudios con roedores también han
identificado formas ameboides de Blastocystis en el ileon, yeyuno y estdmago (29). En otro
estudio con cerdos inmunodeprimidos infectados experimentalmente se encontrdo a
Blastocystis predominantemente en el intestino grueso, pero también se detectd en el intestino
delgado, siendo las formas vacuolares/granulares las mas observadas. Ademas se ha descrito
que la localizacion de este protista en el tejido intestinal se halla principalmente en la luz o
en el borde de la mucosa intestinal, junto con depositos de mucina tanto en roedores

infectados experimentalmente (29,30), como en cerdos infectados naturalmente (31,32).
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Figura 3. Ciclo de vida para Blastocystis (tomado y modificado) del DCD, haciendo énfasis en el hospedero humano. El
quiste es la forma infectante liberada en las heces. Una vez que se ingieren los quistes, los parasitos se desenquistan en el
intestino, desarrollando la forma vacuolar/granular la cual se reproduce por fisién binaria. se desconoce si la forma vacuolar
puede dar lugar a formas ameboides o granulares en el intestino. Algunas formas vacuolares se enquistan y estos quistes
son expulsados a través de la materia fecal en donde pierden una capa fibrilar que rodea a los quistes. Una vez en el ambiente,
los quistes son transmitidos a humanos y a animales, completando de esta manera el ciclo vital del parésito. Las formas
granular y ameboide (con asterisco) han sido observadas ocasionalmente en heces y cultivo de Blastocystis, pero su

significado biolégico no esta entendido completamente.
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4.- Epidemiologia

Con respecto a su prevalencia en poblaciones humanas, Blastocystis se ha investigado en
gran medida en el contexto de la enfermedad y algunos estudios lo han implicado en una
serie de diferentes enfermedades intestinales y extraintestinales, incluyendo la enfermedad
inflamatoria intestinal, el sindrome del intestino irritable (SII) y la urticaria (33—36).
Blastocystis también se menciona como el agente causal de una enfermedad denominada
blastocistosis, que se caracteriza por una serie de sintomas inespecificos (entre otros, dolor
abdominal, diarrea y distensiéon abdominal) que de hecho podrian atribuirse y estar asociados
con cualquier otro tipo de microorganismos infecciosos (34). Los estudios transversales que
prueban la hipdtesis de que Blastocystis esta vinculado al SII suponen en su mayoria que, si
el organismo estd asociado a la enfermedad, deberia ser mas comun en pacientes con
sintomas de SII. Los resultados de estos estudios han sido variados, ya que algunos han
encontrado una mayor prevalencia de Blastocystis en los pacientes con SII y otros no
encuentran ninguna diferencia o incluso una prevalencia menor. Hasta la fecha, las tasas de
prevalencia notificadas son generalmente mas altas en los paises en vias de desarrollo y se
han asociado con los niveles de saneamiento, la fuente de agua y el contacto con los animales
(34,37,38). La prevalencia mas alta reportada para Blastocystis es del 100% y proviene de
un estudio reciente de 93 nifos en la cuenca del rio Senegal (39). En contraste con esto, las
estimaciones actuales de la prevalencia de este microorganismo en los paises desarrollados
oscilan entre 0,5% y 30% dependiendo de los métodos utilizados y la poblacion muestreada
(40,41). En América la prevalencia de Blastocystis en algunos estudios es hasta del 44% y
58.9 %, siendo los ST1, ST2 y ST3 los subtipos mas cominmente encontrados (42,43). Por
otro lado en estudios llevados a cabo en una cohorte aleatoria de 1106 muestras de heces del
Flemish Gut Flora Project (FGFP) encontraron una prevalencia de portadores de Blastocystis
del 30%, la presencia de Blastocystis no tuvo asociacion con SII o malestares intestinales,
ademas encontraron una prevalencia mayor del ST4 y los autores sugieren que la ambigiiedad
de Blastocystis con respecto a su papel en la salud humana, podria estar relacionada con el
subtipo o incluso con la diversidad intra subtipo de Blastocystis (44).

Con respecto a México, se han publicado reportes que muestran una frecuencia variable
dependiendo de la poblacion estudiada, su condicion de rural o urbana y la técnica de
identificacion utilizada. Un estudio realizado en una zona periurbana de la Ciudad de México,
mediante estudios coproparasitoscopicos (CPS) mostrd una frecuencia del 7% (45). Otro

estudio en comerciantes de alimentos de un mercado establecido en la delegacion
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Xochimilco, también en la Ciudad de México y realizando estudios CPS reportd una
frecuencia del 48% (46). De manera interesante, una revision de mas de 200,000 CPS
realizados en entre 1990 y 2010 en el Hospital Infantil de México Federico Gomez mostrd
(HIMFGQG), mostré que la prevalencia de Blastocystis entre la década de 1990 y 1999 fue
cercana al 2.5%, mientras que en la década de 2000 a 2010 este valor se incremento a casi el
19%, los autores discutieron que esta diferencia muestra lo complejo que puede ser la
identificacion microscopica debida al alto polimorfismo de Blastocystis y que requiere de
una constante capacitacion técnica para la adecuada identificacion de este microorganismo
por estudios CPS (47). Publicaciones sobre la prevalencia de Blastocystis en poblaciones
rurales han mostrado una frecuencia mayor del 60% (48,49). Estudios sobre epidemiologia
molecular en nuestro pais en poblaciones urbanas y rurales, tanto en adultos como en nifios
mostraron que los principales STs que circulan son el ST1, ST2 y ST3, identificindose
ademads en muy baja frecuencia (<5%) el ST7 (50,51).

Independientemente de que Blastocystis esté relacionado con la salud o la enfermedad
gastrointestinal, es evidente que Blastocystis es mucho mas comin de lo que se habia
informado anteriormente. Debido al alto porcentaje de individuos positivos para este
microorganismo y a su estabilidad temporal (cuando estd presente), algunos investigadores
han sugerido que Blastocystis podria ser parte de la microbiota intestinal del humano sano;
ademas, los distintos subtipos y genotipos de Blastocystis presentes en los individuos, hace
logico suponer que diferentes ST pueden colonizar simultaneamente el intestino del
hospedero sin causar sintomatologia clinica (14,16,41); no obstante, hasta la fecha su papel

patdgeno continua siendo un tema de debate cientifico.

5.- Patologia

Aunque se ha especulado la posible contribuciéon de este microorganismo en enfermedades
funcionales del intestino humano, también es claro que la infeccion asintomatica puede ser
comun. En otros parésitos patogenos como Gardia lamblia y Entamoeba histolytica se han
observado muchas infecciones asintomaticas (52) y en el caso de Entamoeba histolytica se
ha documentado que las infecciones sintomaticas son aproximadamente el 10% de los casos
(53). Las caracteristicas clinicas no especificas que se han asociado a Blastocystis son:
nauseas, anorexia, dolor y distension abdominal, flatulencia y diarrea cronica o aguda, siendo

el dolor abdominal y la diarrea las més frecuentes, aunque en muchos casos estos sintomas
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eventualmente se autolimitan. Sin embargo, la manifestacion clinica mas importante asociada

a la presencia de este microorganismo es el Sindrome de Intestino Irritable (SII), (54—56)

Los hallazgos principales en mecanismos probables de patogenicidad en Blastocystis,
se han llevado a cabo en estudios que involucran el co-cultivo de células epiteliales
intestinales de rata o humano y con Blastocystis procedentes de estos mismos hospederos.
Las células epiteliales intestinales han sido tratadas con parasitos completos, lisados
parasitarios o productos de excrecion/secrecion del cultivo de parasitos (57). No obstante,
una de las limitaciones para el estudio de Blastocystis es la falta de aislados axénicos de los
diferentes subtipos, especialmente del ST3 que es uno de los més comunes en humanos.
También es importante tener en cuenta que los cultivos axénicos utilizados en estos estudios
son predominantemente de la forma vacuolar del parasito y pueden no necesariamente
reflejar las formas morfologicas asociadas con el mecanismo de adhesion (31,32) y la
patogénesis in vivo (58,59). Sin embargo, estos estudios han proporcionado informacion
valiosa sobre los posibles mecanismos patdgenos en la blastocystosis (figura 4).

En aislados de Blastocystis procedentes de roedores, se han identificado factores de
virulencia como cistein-proteasas, las cuales pueden estimular la sobreexpresion del gen de
la interleucina 8 (IL-8) por medio de la activacion del factor nuclear NF-kB (21). Ademas,
en cultivo de lineas celulares epiteliales IEC-6, se ha observado que Blastocystis puede
inducir apoptosis de manera independiente al contacto con las células, generar rearreglos en
la distribucion de F-actina, produciendo disminuciéon de la resistencia transepitelial e
incrementando la permeabilidad celular (22). Ademas, es probable que, como ocurre en otras
infecciones por protozoos intestinales, la apoptosis en células del hospedero y la alteracion
en la funcion de la barrera epitelial, jueguen un papel relevante en la patogénesis de
Blastocystis.

Puthia y colaboradores (21), han propuesto que este microorganismo puede inducir la
produccion de IL-8 por las células epiteliales del intestino, generando una gran afluencia de
células inflamatorias en la mucosa intestinal, lo que a su vez conlleva a un dafo en el tejido
y a alteraciones gastrointestinales. Asimismo, se ha documentado que la invasion del epitelio
intestinal por patdgenos no es necesariamente por la induccion de un proceso inflamatorio,
dado que Blastocystis no es un parasito invasivo, los productos secretados por el parasito
(como las cistein proteasas ) (60), podrian iniciar el proceso inflamatorio por la activacion

de receptores en la superficie celular, asi como ejercer una variedad de efectos dafinos en la
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células del hospedero, resultando en efectos citopaticos, ruptura y alteracion de la barrera
epitelial enterocitica, asi como la produccion de citocinas proinflamatorias (60). Ademas de
los efectos directos sobre el epitelio intestinal del huésped, Blastocystis también tiene
propiedades inmunomoduladoras. Las cistein proteasas presentes en lisados del parasito, asi
como otros componentes de excrecidn/secrecion en el medio de cultivo del parasito, son
capades de degradar la IgA de manera dependiente del pH y del tiempo, mostrando que la
actividad de proteasa puede variar entre los subtipos, teniendo niveles de actividad mas altos

en ST7, respecto al ST4 (61,62).
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Figura 4. Esquema que sintetiza los hallazgos de estudios in vitro con Blastocystis y células del epitelio intestinal: El parasito
puede liberar proteasas de cisteina y serina, que pueden activar al factor nuclear NF-kB y estimular la sobreexpresion del
gen de la interleucina IL-8. También se ha observado que Blastocystis puede inducir apoptosis de manera independiente al
contacto con las células, generar rearreglos en la distribucion de F-actina, ocasionando disminucion de la resistencia
transepitelial e incrementando la permeabilidad celular (57)

Adicionalmente, se le ha atribuido a este parasito capacidad para inducir sintomas
alérgicos y cutaneos, principalmente urticaria (36,63,64).

Cuando se examinaron secciones de tejido de intestinos de cerdo, infectados
experimentalmente con Blastocystis. Fayer et al. (31) encontraron Blastocystis
principalmente en el lumen, cominmente asociado a restos de alimentos digeridos, y aunque
a veces se encontraban cerca del epitelio o parecian adherirse ¢él, no habia células que

penetraran al epitelio o a la lamina propia. Estas observaciones fueron confirmadas por Wang
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et al (32), que no observaron ninguna patologia evidente en secciones histologicas de
biopsias de la mucosa intestinal de cerdos infectados con Blastocystis. En este tltimo estudio,
los parasitos se observaron como formas vacuolares/granulares encontradas dentro del
material luminal o en la proximidad de las células epiteliales sin evidencia de adhesion o
invasion.

Ademas, se ha argumentado que la capacidad de Blastocystis para inhibir la respuesta
inmune del huésped puede favorecer su persistencia, adhesion y supervivencia dentro del
tejido intestinal, facilitado por la liberacién de moléculas en la interfaz huésped-paréasito. Las
cistein proteasa asparaginil de 31-kDa llamada legumaina que se encuentra en la superficie
celular del parasito, y la catepsina B, representan otros factores de virulencia. Se ha
observado que el legumaina tiene un papel pro-supervivencia del parésito, ya que induce
apoptosis de las células parasitarias cuando reaccionan con anticuerpos especificos (65).
Estas dos proteasas fueron identificadas en sobrenadantes de cultivo de Blastocystis y pueden
estar implicadas en el aumento de la permeabilidad intestinal, la degradacion de la IgA, la
induccion de la produccion de IL-8, la degradacion del moco, el dafio tisular y la alteracion
de funciones gastrointestinales (66).

Por otro lado, en el 2011 fue publicado el genoma completo de Blastocystis ST7,
aislado de un paciente de Singapur. Este genoma fue a su vez comparado con el genoma de
2 organismos filogenéticamente relacionados con Blastocystis; Phytophthora sojae (un
pardsito de plantas) y Thalassiosira pseudonana (un alga diatomea de vida libre).
Posteriormente se realizd un andlisis de prediccion de proteinas que pudieran ser
potencialmente secretadas por Blastocystis, dando un total de 307 proteinas, de las cuales 75
pudieran estar relacionadas con la patogenicidad, entre estas proteinas se encontraron
diferentes moléculas de digestion: como proteasas y glicosidasas. Dentro de las glicosidasas
se encontrd que Blastocystis producia a-L-fucosidasa, una proteina de nuestro interés debido
a que posee actividad mucolitica, capaz de liberar restos de fucosa del extremo no reductor
de mucinas y otras glicoproteinas presentes en el moco intestinal (67). Se ha propuesto en
otros microorganismos (principalmente en bacterias) que el moco intestinal sirve como
fuente de nutrientes, lo que permite a las bacterias multiplicarse y colonizar la capa del moco
intestinal creando un microambiente favorecedor (68,69). A pesar de los avances que se han
realizado en la comprension de las interacciones de Blastocystis con el epitelio intestinal y la

inmunidad asociada a la mucosa intestinal, todavia hay muchas preguntas por responder.
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6.- Alfa-L-fucosidasa
El epitelio intestinal de los humanos esta cubierto por una densa capa de moco constituido
por varias mucinas con estructuras complejas de carbohidratos en sus fracciones glicano,
principalmente compuestas por estructuras tipo O-glicano, que desempeiian un papel crucial
para el establecimiento y mantenimiento de la microbiota intestinal (70). Para sobrevivir, los
microorganismos buscan fuentes de carbono durante la digestion secuencial de los
carbohidratos ramificados, mediante la escision de los residuos terminales de fucosilo de los
O-glicanos (70). Algunos parasitos intestinales pueden expresar diferentes moléculas que
interactuan con el epitelio intestinal del huésped, como las lectinas, enzimas glucosido
hidrolasas y proteinas similares a la mucina, que pueden favorecer la union y la invasion de
las células huésped, asi como la evasion de la respuesta inmune. Ademas, las enzimas
parasitarias también pueden facilitar la infeccion degradando el moco del huésped o
generando sitios de union a las células huésped (71).

Dentro de las enzimas glucosido hidrolasas se encuentra la a-L-fucosidasa (ALFuc).
Segun Carbohydrate-Active EnZYmes Database" n.d. (CAZy), esta enzima cataliza la
eliminacion hidrolitica de los residuos de L-fucosa que se unen al extremo no reductor de las
cadenas de glicanos, como las mucinas. De acuerdo con su secuencia de aminoacidos, las
ALFucs se clasifican en dos familias de glucosido hidrolasas (GH), la GH29 y GH95. Las
enzimas GH29 son una amplia familia de fucosidasas de retencion con actividad sobre
enlaces a(1,2)-, a(1,3)-, a(1,4)- y a(1,6)-L-fucosilo. La GH29 se ha dividido a su vez en
subfamilias A y B, siendo la GH29A activa en una amplia gama de enlaces, mientras que la
GH29B es especifica para los enlaces a(1,3)- y a(1,4)-L-fucosilo. Mientras que las enzimas
GHO5 son una pequena familia de a-fucosidasas invertidas con actividad sobre la a(1,2)-
fucosil galactosa (72). La ALFuc se ha asociado con varios eventos celulares, como la
respuesta inmune (73,74), transduccion de sefiales (75), embriogénesis del desarrollo
(76,77) y a procesos patologicos como cancer (78,79) y fucosidosis (80,81). En la literatura
hay bastante informacion acerca de varias ALFuc de bacterias intestinales, consideradas
probidticos como: Bifidobacterium (82,83), Bacteroides (84,85) y Lactobacillus (86,87),
por mencionar algunas. En estos trabajos también se ha descrito la relacion entre las L-
fucosidasas y la degradacion de residuos fucosilados (88,89). Asi mismo, en estos estudios
se menciona que la capacidad de producir L-fucosidasas con especificidad de sustratos
diferentes, tiene una funcién importante en la forma en que estos microorganismos pueden

aprovechar los residuos de carbohidrato derivados de la accion de estas L-fucosidasas
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Cuando se completd y analizdo el genoma de Blastocystis ST7, la ALFuc fue
identificada como una de las 307 proteinas predichas para ser potencialmente secretada por
Blastocystis. En un estudio posterior se encontré que aproximadamente el 25% de los genes
de Blastocystis se habian adquirido recientemente por transferencia lateral de genes (TLG)
de donantes procariotas y eucariotas. Dentro de estos genes se identificaron 17 genes que
participaban en el metabolismo de carbohidratos, incluyendo cinco genes implicados en la
importaciéon y el metabolismo de la L-fucosidasa, tales como L-fucosidasa, L-fucosa
permeasa fucP y L-fuculose fosfato aldolasa, que son enzimas homologas en Bacteroides
thetaiotaomicron, y L-fucosa deshidrogenasa y L-fuconolactase, y son similares a las que se
encuentran en una via metabolica en Campylobacter jejuni. Estos transportadores pueden ser
relevantes para la colonizacion del intestino por el parasito, ya que estan involucrados en la

concentracion y regulacion de la fucosa (90).

I11.- Planteamiento del problema.
Blastocystis es un parasito stramenopilo ubicuo, que puede parasitar mamiferos, reptiles y
aves. Se considera que existen mas de un billon de portadores en todo el mundo. La
clasificacion de STs de Blastocystis se realiza de acuerdo a la secuencia del gen de la
subunidad pequena ribosomal, hasta el momento se han descrito, por lo menos 25 STs. Los
seres humanos pueden albergar a los STs 1-9 y ST12; mas del 90% de los aislados humanos
de Blastocystis corresponden a los STs 1-4 (16,91). No obstante, las caracteristicas clinicas
no especificas que se han asociado a la infeccién por Blastocystis, como: nauseas, anorexia,
dolor, distension abdominal, flatulencia, diarrea cronica o aguda y el SII, su participacioén
como patdgeno, sigue siendo controvertido (92). La importancia de Blastocystis en la salud
publica sigue siendo desconocida, aunque en ultimos estudios este microorganismo se ha
encontrado méas comunmente en el tracto gastrointestinal de individuos sanos. Se ha
observado que la diversidad y riqueza bacteriana intestinal son en su mayoria mas altas en
individuos positivos para Blastocystis. También se ha demostrado que Blatocystis ST7
disminuye los niveles de bacterias intestinales beneficiosas como Bifidobacterium y
Lactobacillus (93,94).

Varios estudios en la literatura mencionan que la capacidad de Bifidobacterium y
Lactobacillus para producir a-L-fucosidasas con especificidad de sustratos diferentes, tiene
una funcién importante en la forma en que estos microorganismos pueden aprovechar los

residuos de carbohidrato derivados de la accion de estds L-fucosidasas en los intestinos de
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los humanos (82, 83, 86, 87). Aunado a esto, en Blastocystis se han descrito varios genes
implicados en el metabolismo de los carbohidratos, como el gen de la ALFuc, L-fucosa
permeasa fucP y L-fuculosa fosfato aldolasa. Todas estas enzimas pueden ser relevantes para
la colonizacidn del intestino por el parasito, ya que estan involucrados en la concentracion y
regulacion de la fucosa (90). Existe mucha informacion en la literatura relacionada con
ALFuc en bacterias; sin embargo, hasta el momento, no se ha identificado ALFuc en medio
de cultivo de parésitos, como producto de secrecion de Blastocystis. Por estas razones es de
nuestro interés, identificar la ALFuc en medio de cultivo de cepas axénicas de Blastocystis
ST1 ATCC 50177 y ATCC 50610. Ademas de amplificar el gen completo de alfuc y traducir

a proteinas para comparar las secuencias de ALFuc de los ST1, ST2 y ST3 de Blastocystis.

IV.- Hipotesis

Se han descrito varios genes implicados en el metabolismo de los carbohidratos de
Blastocystis spp, entre ellos el gen alfuc. Asimismo, se ha predicho a la ALFuc, como una
proteina producto de las secreciones del parasito. Por ello, se propone que sea factible
identificar a la ALFuc en el medio de cultivo del parasito y al gen alfuc en aislados de

Blastocystis ST1-3

V.- Objetivos

Objetivo general

Reconocer la ALFuc en medio de cultivo de cepas axénicas de Blastocystis ST1 ATCC 50177
y ATCC 50610 e Identificar el gen alfuc en aislados de Blastocystis ST1-3

Objetivos particulares
e [Establecer el cultivo de Blastocystis de muestras fecales de diferentes portadores
humanos

e Identificar la ALFuc en sobrenadantes de los cultivos de Blastocystis

e Secuenciar el gen completo alfuc y obtener la secuencia de proteinas

e Comparar las secuencias de proteinas de ALFuc e identificar dominios conservados
e Realizar modelado de prediccion de estructura terciara de las ALFuc

e Realizar analisis filogenético con el gen alfuc de los distintos aislados obtenidos en

el presente estudio
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VI.- Metodologia

1.- Cultivo de Blastocystis in vitro

Para realizar el cultivo de Blastocystis, se utilizaron las cepas axénicas de Blastocystis ST1
obtenidas de la American Type Culture Collection (ATCC), ATCC 50177 y ATCC 50610.
Para establecer con ¢éxito los cultivos in vitro de Blastocystis, se siguieron las
recomendaciones del ATCC. Cuando las cepas axénicas estabilizaron su crecimiento en
cultivo, se inocularon en 10 ml de Gibco Iscove's Modified Dulbecco's Medium (IMDM),
suplementadas con 10% de suero de caballo inactivado (PAA, Pasching, Austria) y 1% de
penicilina/estreptomicina (Gibco) en tubos conicos de 15 ml. Los cultivos se cultivaron en
un recipiente anaerdbico (Anaerocult Jar, MERCK, que contenia un sobre para anaerobiosis
BD GasPak) y se incubaron a 37 ° C. El mantenimiento del cultivo se realiz6 por subcultivo
cada 48-72 horas en 10 ml de IMDM fresco, suplementado con suero de caballo y

penicilina/estreptomicina, como se menciond anteriormente (95).

2.- Recoleccion de muestras de portadores sintomaticos de Blastocystis spp

El presente estudio se realizo de acuerdo con las recomendaciones de los Comités de Etica
en Investigacion e Investigacion del Hospital General "Dr. Manuel Gea Gonzalez" quienes
aprobaron el protocolo (aprobacion No. 12-77-2018). Se obtuvo el consentimiento informado
por escrito de cada participante. Se recolectaron 18 muestras fecales frescas de portadores de
Blastocystis que acudieron a consulta médica por trastornos gastrointestinales en el Hospital
General "Dr. Manuel Gea Gonzalez" estas muestras fueron examinadas mediante
microscopia y se realizaron procedimientos de aislamiento del pardsito. Se inocularon
muestras de heces del tamafio de un guisante o muestras liquidas de 250 pl en un medio de
Jones de 8 ml complementado con suero de caballo inactivado al 5% (PAA, Pasching,
Austria), seis tubos de cultivo por muestra. Los tubos de cultivo se incubaron a 37°C durante

48 horas, y el éxito del aislamiento se confirmd mediante microscopia.

3.- Preparacion de extractos de proteina Blastocystis y sobrenadantes de cultivo

El extracto de proteinas de Blastocystis (EpB) y las proteinas de excrecion/secrecion (Pe/s)
de los sobrenadantes de cultivo, se obtuvieron a partir de los cultivos en IMDM (88) con las
cepas axénicas ATCC de Blastocystis ST1 50177 y 50610 arriba mencionadas. Una vez que
se obtuvo el mayor crecimiento de los parasitos (48-72 hrs), los cultivos se centrifugaron a

6000 xg durante 10 minutos para recuperar el sobrenadante de cultivo. Los parasitos se
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lavaron tres veces con PBS 1X pH 7.2 y se centrifugaron a 6000 xg durante 10 minutos.
Después, los parasitos fueron lisados por diez ciclos de congelacion-descongelacion a -70 °
Cy 37 ° C, respectivamente, y sonicados (SONIC Ruptor 4000, OMNI International, USA)
en hielo, utilizando diez pulsos durante un minuto, separados por un minuto de descanso
(96). El EpB se clarificé por centrifugacion a 16.000 xg a 4°C durante 10 minutos y se paso
a través de un filtro de 0,20 pum (Corning) (26). La concentracion de proteinas se determind
mediante el ensayo de Bradford (Bio-rad), posteriormente los viales se almacenaron a -70 °C
hasta que fue necesario. Los sobrenadantes de cultivo recolectados de la primera
centrifugacion de los pardsitos (aproximadamente 15 ml) que contenian las Pe/s se
centrifugaron a 1000 xg durante 10 min y se filtraron a través de membranas de 0,20 pm
(Corning) y, a continuacion, se aplicaron en membranas Amicon Ultra-15 100.000 NMWL
(Millipore) a 4000 xg durante 40 min a 4 °C para eliminar proteinas con un peso molecular
superior a 100 kDa (59). Posteriormente, estas Pe/s se concentraron membranas Amicon
Ultra-4 10.000 NMWL a 4.000 xg durante 40 min a 4 °C, y las proteinas se resuspendieron

en 2 mL de amortiguador Tris-HCI 50 mM pH 7,5 y se almacenaron a -70 °C, hasta su uso.

4.- Identificacion de a-L-fucosidasa (ALFuc) de Blastocystis

Inicialmente, para identificar La ALFuc de Blastocystis en electroforesis, se utilizé la a-L-
fucosidasa de 477 aminoacidos, anotada para Blastocystis ST7 disponible en la base de datos
UniProt con el identificador DEM3D3. Con la secuencia de esta proteina, usando el software
ExPASY-Compute pI/Mw, se predijo su masa molecular tedrica de ~54kDa. Después, se
realizo electroforesis de proteinas SDS-PAGE en geles prefabricados de gradiente de
poliacrilamida del 4-20%. Para correr la electroforesis se utilizaron, 60ug de EpB y Pe/s y se
diluyeron en amortiguador de carga 2x para proteinas que contenia Tris-HCl 150 mM, SDS
al 3%, glicerol al 30%, azul de bromofenol al 0.1%. Después las muestras se colocaron en
agua hirviendo durante 5 minutos y luego se corrieron en geles prefabricados de gradiente de
poliacrilamida al 4-20% (geles Mini-PROTEAN TGX Bio-rad) a una temperatura constante
de 100 voltios durante 1 hora. Posteriormente para visualizar las bandas de proteina, se utilizo
la tincidon azul brillante de Coomassie. Para identificar la banda de proteina de ~54kDa,
correspondiente ALFuc de Blastocystis y calcular su movilidad relativa (Rf), se usaron pesos
moleculares estandares de proteina (Kaleidoscope Bio-rad). Se midié la Rf de cada uno de

los pesos moleculares, y de la proteina que migraba aproximadamente a la misma altura que
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el peso molecular de 50kDa. Se utilizaron tres corridas electroforéticas para realizar el

calculo de Rf (97).

5.- Western blot para ALFuc

Para realizar la electroforesis, se utilizaron 20 pg de EpB y Pe/s, las proteinas se separaron
en un gel prefabricado de gradiente de poliacrilamida al 4-20% (Mini-Protean TGX, Bio-
Rad), usando las condiciones descritas anteriormente. Posteriormente, las proteinas de
Blastocystis se transfirieron a membranas de PVDF (Immobilon-P, Millipore) a una
constante de 100 voltios/h. Las bandas de proteinas fueron verificadas por tincion rojo de
Ponceau.

Para encontrar las condiciones adecuadas en el Western blot se realizaron varios ensayos
utilizando diferentes concentraciones de anticuerpos y diferentes soluciones de agente
bloqueador de sitios inespecificos. Finalmente las condiciones fueron las siguientes: los sitios
de unioén no especificos en la membrana se bloquearon incubando con Blocking Buffer
Reagent (Roche, Alemania) en amortiguador Tris-Base 50 mM, pH 7.5, NaCl 0.15 M,
Tween-20 0.03% (TBS-T) durante 1 hora a temperatura ambiente, seguido de tres lavados
con TBS-T e incubacién durante toda la noche a 4°C con anti-a-L-fucosidasa (FUCA2)
(Santa Cruz Biotechnology Cat# sc-167929, RRID:AB_10840662), a una dilucion de 1:2000
en TBS-T. Luego, la membrana se lavo tres veces con TBS-T y se incubd con anti-IgG de
raton biotinilada (Santa Cruz Biotechnology, CA) a una dilucion de 1:4000 en TBS-T durante
2 horas a temperatura ambiente. Después de tres lavados, la membrana se incubd con
estreptavidina-peroxidasa (Jackson Immunoreseach, Baltimore, PA) a una dilucion de
1:10000 en TBS-T durante 1 hora a temperatura ambiente, seguida de tres lavados con TBS-
T. Finalmente, la membrana se revel6 con diaminobencidina (DAB) (Sigma-Aldrich, St.

Louis, WI, USA).

6.- Extraccion de DNA y amplificacion de genes alfuc

Para la extraccion de DNA se utilizé el crecimiento de un tubo de cultivo de 8 ml por cepa
(CEPAS ATCC vy cultivo xénico). Siete ml de sobrenadante de cultivo se retiraron
cuidadosamente para cada tubo, y el mililitro restante se centrifugd a 10.000 xg durante 5
minutos, se utilizd QIAmp Fast DNA Stool Mini Kit (Qiagen, Venlo, Paises Bajos),
siguiendo las instrucciones del fabricante para extraer el DNA de Blastocystis. Las muestras

de DNA se eluyeron en 50 ul de amortiguador de elucion y se almacenaron a -70°C. En este
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estudio se disefiaron cuatro nuevos pares de iniciadores (tabla 1) para amplificar una regién
de alrededor de 2.600 (pb), que incluia todo el gen alfuc para ST1-ST3, asi como regiones
parciales del gen de la subunidad 4 del factor de iniciacion de la traduccion elF-3 (eif3S4) y
del gen de la beta-estradiol-deshidrogenasa (hsd17B), también contenia, dos regiones
intergénicas de flanqueo (figura 5). Para la PCR en volimenes 25 pL, se usé amortiguador
1X para la PCR: MgCl> 2.4 mM, dNTP 0.5 mM, BSA 0,01 mg, Taq 1 U, 2-5 pL DNA
polimerasa (Invitrogen) y agua libre de nucleasas. Para llevar a cabo la reaccion de PCR se
realizaron estandarizaciones con gradientes de temperaturas de alineamiento de los
iniciadores, hasta encontrar la adecuada. Finalmente, las condiciones fueron: temperatura
inicial de desnaturalizacion de 5 minutos, seguidos de 35 ciclos (desnaturalizacion a 95°C
durante 30 segundos, alineamiento a 69°C durante 1 minuto, elongamiento a 72°C) y
temperatura de extension final de 72°C durante 7 minutos. Los productos de PCR se
confirmaron mediante electroforesis en gel de agarosa al 1%. Para cada region del gen alfuc,
se purificaron los productos de PCR utilizando el kit de limpieza de PCR AxyPrep (Axigen
Biosciences, CA), siguiendo las instrucciones del fabricante. Posteriormente, las muestras se
secuenciaron utilizando el método Sanger en el Laboratorio Nacional de Biodiversidad del

Instituto de Biologia de la Universidad Nacional Autonoma de México (NBL-BI-UNAM).

26



Blastocystis sp. ATCC 50177/Nand Il strain Nandll Av274scaffold_40,
whole genome shotgun sequence.

ACCESSION LXWw01000289

Longitud: 105246 bp
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Figura 5. Esquema anotado en la pagina web del NCBI para el gen alfuc de Blastocystis STl ATCC 50177/Nand II cepa
NandIl AV274 scaffold 40, secuencia de escopeta del genoma completo, nimero de acceso: LXWW01000289.1, region:
82284-84859. En la imagen se muestra la region amplificada del gen alfitc completo para ST1-ST3 de 2580pb, que contiene
regiones parciales de la subunidad 4 del factor de iniciacion de la traduccion elF-3 (eif3S4) y la beta-17 estradiol
deshidrogenasa (hsd17B), asi como dos regiones intergénicas flanqueantes. Se observan: region 1 amplificada con el par de
iniciadores ALFuc/S1y ALFuc/Asl, que abarca desde el eif3S4 hasta el extremo 5' del gen alfiic, region 2, amplificada con
ALFuc/S2 y ALFuc/As2, que abarca la primera mitad del gen alfuc, region 3, amplificada con ALFUc/S3 y ALFUc/As3,
abarca la segunda mitad del gen alfuc y la region 4, amplificada con ALFuc/S4 y ALFuc/As4, abarca desde el extremo 3'
del gen alfuc hasta el extremo 5' del gen hsd!7B del gen hsd17B.

Tabla 1. Iniciadores degenerados disefiados para amplificar el gen alfuc de Blastocystis e iniciadores
para amplificar SSUrRNA

Nombre Secuencia de DNA (5'-3") Longitud del fragmento
ALFuc/S1 F ACWCCCTCGTTTCCWCCMKYAG

AlFuc/Asl R TTCAGYTTCACRGGGTTGAAGAT ~872 pb
AlFuc/S2 F GAGGAGCARGYYCARTGGCT ~860 pb

AlFuc/As2 R GTGGTAGAACCAGCCSGGKC

AlFuc/S3 F TggAgACCggAgTACAACEA ~850 pb

AlFuc/As3 R TCTTSACRCCRATggTggTKCCC

AlFuc/S4 F TCAACgTgRTSATgATgCAggA ~675 pb

ALFuc/As4 R TCCRTCVSTKgCWCCYgTSACC

Blast 505-532 GGAGGTAGTGACAATAAATC ~492pb

Blast 998-1017 | TGCTTTCGCACTTGTTCATC
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7.- Subtipificacion de Blastocystis

Para identificar el subtipo de Blastocystis de los diferentes aislados se purific6 DNA de los
parasitos en cultivo con el kit QIAmp Fast DNA Stool Mini Kit (Qiagen, Venlo, Paises
Bajos), siguiendo las instrucciones del fabricante. Después se utilizaron 200 ng de DNA de
purificado para la reacciéon de PCR usando los iniciadores descritos por Santin et al (tabla 1)
(98) y cuyo producto esperado de amplificacion es de ~500pb. Este producto de
amplificacion se purifico con el kit para productos de PCR AxyPrep (Axigen Biosciences,
CA), siguiendo las instrucciones del fabricante. Los productos de PCR se confirmaron
mediante electroforesis en gel de agarosa al 1%. Posteriormente estos fragmentos purificados
se enviaron a secuenciar utilizando el método Sanger en el Laboratorio Nacional de
Biodiversidad del Instituto de Biologia de la Universidad Nacional Autonoma de México

(NBL-BI-UNAM).

8.- Estudios bioinformaticos

Las secuencias de aminoacidos predichas a partir de la traduccion de los genes de alfuc se
analizaron para predecir el péptido sefial con SignalP-5
(http://www.cbs.dtu.dk/services/SignalP/versions.php) y determinar los dominios
conservados de proteinas en la base de datos Pfam. También se calcularon las masas
moleculares para las secuencias de ALFuc con el software ExXPASY-Compute pl/Mw

(ExPASy Bioinformatics Resource) (99).

9.- Prediccion de estructura terciara de ALFuc

Para modelar la estructura 3D de Blastocystis ALFuc correspondiente a ST1, ST2 y ST3
obtenida por traduccion del gen alfuc completo, se utilizé el servidor I-TASSER(100). Este
servidor estd en desarrollo activo con el objetivo de proporcionar las predicciones mas
precisas de la estructura y la funcion de las proteinas utilizando algoritmos de ultima
generacion. Tras el andlisis, se seleccionaron los modelos con la mayor puntuacién de
confianza (C-score). Las estructuras tridimensionales se analizaron y visualizaron con

PyMOL22(101).

10.- Analisis filogenético del gen alfuc
La calidad de los cromatogramas de las regiones de DNA secuenciadas se evalué con

phred/phrap/consed (Laboratory of Phil Green of University of Washington) (102—104). El
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ensamblaje de las secuencias del gen alfuc se realiz6, tomando como referencia las regiones
genomicas que contienen el supuesto eif3S4-alfuc-hsd17B para ST1-ST3. Ademads, para
genes de SSUrRNA validados, utilizamos dos conjuntos de datos de secuencia de Blastocystis
ST1-ST3 y ST4-ST9 y para proteinas alfa-L-fucosidasa predichas (Archivo adicional 2:
Tabla S1) (http://entamoeba.lshtm.ac.uk/blastorefseqs.htm). Para realizar el andlisis se
utilizd a Proteromonas lacertae como grupo externo [numero de acceso SSUrRNA:
U37108.1 y nimero de acceso alfuc previsto: NGBS01001212 region: ¢18708.. 20188]. Se
calcularon alineaciones de secuencias multiples en ClustalW version 2.0 (105) y se
recortaron con trimAl v1.2 (106) como se implementd en Phylemon 2.0 (107). Se utilizd
ModelTest- NG v0.2.0 para seleccionar el modelo de sustituciéon més adecuado para las
alineaciones de nucledtidos (SSUrDNA: HKY + G y gen alfuc: K2 + G) (108,109). Los
arboles de méxima probabilidad se construyeron en la version 10.1.8 con el software MEGA
X (110) con 1000 réplicas de bootstrap. Los arboles bayesianos se calcularon con el Software
Mr. Bayes version 3.2.6 (111) durante cuatro millones de generaciones, la distribucion de
probabilidad posterior y la frecuencia de diagnostico se muestrearon cada 1000 y 105
generaciones respectivamente, se implemento el modelo de sustitucion durante el anélisis por
salto reversible, los arboles se resumieron con una muestra de post-burning del 50%. Los
arboles filogenéticos fueron editados con el software Figtree. Las secuencias de los genes
alfuc se anotaron en comparacion con las regiones gendmicas (Tabla 3) que codifican las
secuencias de ALFuc de Blastocystis disponibles para STI [nimero de acceso:
OAO14080.1], ST4 [nimero de acceso: XP 014526040.1] y ST7 [nimero de acceso:
CBK22406.2].

VIIL.- RESULTADOS

1.- Identificacion de ALFuc de Blastocystis en cultivos axénicos

Se analiz6 la secuencia de proteinas a-L-fucosidasa para Blastocystis ST7 disponible en la
base de datos UniProt con el identificador DSM3D3, usando el software ExXPASY-Compute
pl/Mw, para predecir su masa molecular tedrica, y se obtuvo como resultado una masa
molecular de ~54.7 kDa (tabla 2). Este valor tedrico se utilizd para identificar ALFuc de
Blastocystis en EpB y Pe/s en las cepas axénicas (ATCC 50177 y 50610). La tincién del gel
con azul brillante de Coomassie evidenci6 una fuerte banda de proteinas que migro alrededor
de 50kDa tanto en EpB como en Pe/s (Figura 6). La masa molecular también se confirmo

graficando el Rf de los pesos moleculares vs el log de la masa molecular de los pesos de
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referencia (tabla 2). El valor obtenido de Rf = 0.52 para la banda de proteina que migraba

aprox a 50kDa (ALFuc de Blastocystis), se interpold en la recta, obteniéndose un valor de

1.70 y un resultado final del inverso del log de ~51.7 kDa (Figura 7). Posteriormente cuando

se tuvo la secuencia completa traducida a proteina del gen completo de las dos cepas

axénicas, se analizé por ExXPASY-Compute pl/Mw, dando un resultado tedrico de ~52.7 kDa

(tabla 2). Este resultado es parecido al obtenido experimentalmente en electroforesis.
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Figura 6. En la imagen se observa el gel SDS-PAGE, tefiido
con azul brillante de coomassie, de los EpB y Pe/s
correspondientes a las cepas de referencia ATCC 50177 y
50610. La flecha indica la masa molecular esperada de
51kDa para la ALFuc de Blastocystis, calculada por el
software ExPASY-Compute pI/Mw (ExPASy
Bioinformatics Resource Portal)



Movilidad relativa Rf = Distancia recorrida por el frente de electroforesis
Distancia recorrida por la proteina

Tabla 2. Valores de Rf Grafica de movilidad relativa (Rf)
RF PM log
0.2 2.39
028 2.17 3 y=-1.8179x+ 2.6593
034 ) g 25 . R?=0.9868
0.41 187 % o RS
3 15 L
0.52 169 e,
0.58 156 |
0.66 139 |
0.77 1.3 ’ 0 02 04 052 g5 0.8 1
0.84 1.17 Rf
0.93 1

Figura 7. Gréafica de Movilidad relativa (Rf) vs log masa molecular aparente La linea punteada en azul indica la interpolacion
del valor obtenido de Rf para la ALFuc esperada de Blastocystis que fue de 0.52 y su correspondiente valor en Y= 1.71y
su inverso de log = 51.7 kDa, valor esperado para la ALFuc de Blastocystis.

2.- Western blot para ALFuc

Para identificar la proteina ALFuc en las fracciones EpB y Pe/s de cepas axénicas, utilizamos
un anticuerpo monoclonal comercial de raton, anti-FUCA?2, que reconoce una region interna
altamente conservada entre las a-L-fucosidasas secretadas. El anticuerpo mostr6é un claro
reconocimiento de las bandas de proteinas que migraron a ~51.7 kDa en Pe/s de las dos cepas
comerciales (ATCC-50177 y ATCC-50610); sin embargo, no reconocié las bandas de
proteinas en Bpe (Figura 8). La deteccion de a-L-fucosidasa en el medio de cultivo sugiere
que la proteina puede ser un producto de secrecion de Blastocystis. El reconocimiento del
anticuerpo por la ALFuc en EpB fue mucho menor, casi imperceptible, esto puede ser debido
a que el anticuerpo se encuentra dirigido contra la a-L-fucosidasa secretada y en EpB es
probable que la ALFuc se encuentre en granulos y su conformacion cambie y el anticuerpo

tenga menos accesibilidad al epitope.
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Figura 8. Western blot que muestra el reconocimiento de la ALFuc de Blastocystis por el anticuerpo comercial anti-a-L-
fucosidasa secretora (FUCA2), en las proteinas de excresion/secresion (Pe/s) en las cepas de referencia ATCC 50177 y

50610 (flecha 51kDa). Se observa un muy ligero reconocimiento en el extracto de proteinas de Blastocystis en las 2 cepas.

3.- Estudios bioinformaticos

3.1- Comparacion de secuencias del gene alfuc de Blastocystis ST1, ST2 y ST3.
Mediante la secuenciacion de cuatro regiones superpuestas de aproximadamente 850 pb
(regiones 1 a 3) y 650 pb (regién 4) (figura 5), se obtuvo una region gendmica de
aproximadamente 2,500 pb para cada uno de los 18 aislados xénicos y las dos cepas axénicas
de Blastocystis (Tabla 1, figura 9 y 10). Las secuencias obtenidas se compararon con regiones
gendmicas homologas de ST1-ST4 y ST6-ST9, identificadas en los proyectos WGS (contigs
de escopeta de genoma completo) para Blastocystis en la base de datos NCBI. Ademas, se
utilizaron tres fucosidasas de Blastocystis (disponibles en la base de datos del NCBI) con
diferentes longitudes. ST1, 450 aa [OAO14080.1]; ST4, 459 aa [KNB42597.1 y
XP_014526040.1]; y ST7, 477 aa [CBK22406.2 y XP_012896454.1], para definir las
regiones exonicas e intronicas putativas del gen alfuc. La anotacion del genoma de
Blastocystis ST1 se utilizo para definir las regiones intergénicas y los genes parciales eif3S4
y hsd17B. Estas comparaciones reconocieron la existencia de dos ORFs putativos (marcos
de lectura abiertos): un ORF1 basado en anotacion del ST4, localizado en todos los ST (ST1-
4 y ST6-ST9); y un ORF2 basado en la anotacion del ST1, ubicado tnicamente en ST1 y
ST8. La variacion principal entre los dos ORF fue que ORF2 comienza en el intrén uno y se

puede traducir en una proteina mas corta que carece de un péptido de sefial (tabla 3).
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Tabla 3. Secuencias predichas del gen alfuc a partir de los proyectos Blastocystis Whole Genome Shotgun (WGS)

Marcos de | Blastocystis Numero de Posiciones basadas en la secuencia predicha del gen alfuc $
lectura ST acceso * Exon 1 Intron 1 exon 2 intrén 2 exon 3 introén 3 exon 4 intron 4 exon 5 intron 5 exon 6
abiertos
(ORF) #
ORF 1 9 >JZR0O0100016 1..36 37...68 69...173 174...20 204...27 271...300 301...37 374...40 - - -
8.1:6738-8241 3 0 3 2
8 >JZRN0100072 1..33 34..67 68...172 173...20 206...27 275..307 308...378 379...40 408...68 688...71 718...1
3.1:c8640-10178 5 4 7 7 7 625
7 >CABX0100006 1..35 37..71 72...173 174...20 206...27 275..308 309...37 380...40 - - 409...1
3.1:238291-239 5 4 9 8 564
800
6 >JZRM0100014 1..36 37...68 69...173 174...20 204...27 271...300 301...37 374...40 - - 403...15
6.1:¢29656-3115 3 0 3 2 70
9
4 >JPUL02000258 1..36 37...67 68...169 170...20 202...27 271..301 302...372 373...40 402...67 679...7 709...15
.1:4599-6131 1 0 1 8 33
2 >JZRJ01000159 1..34 35..70 71..174 175...20 209...27 276...306 307...379 380...41 411...69 691...7 722..15
.1:¢8839-103 8 5 0 0 1 43
1 >LXWWO010002 1..36 37...68 69...173 174..20 208...27 275...305 306...378 379...40 409...68 686...71 716...15
89.1:82890-844 7 4 8 5 5 40
29
3 >JZRK0100045 1..36 37...64 65...169 170...20 201...26 268...298 299..371 372...40 401...68 681...70 710...15
5.1:2042-3575 0 7 0 0 9 82
ORF 2 8 >JZRN0100072 - - 63...172 173...20 206...27 275..307 308...378 379...40 408...68 688...71 718...1
3.1:c8640-10178 5 4 7 7 7 625
1 >LXWWO010002 - - 62...173 174..20 208...27 275...305 306...378 379...40 409...68 686...71 716...15
89.1:82890-844 7 4 8 5 5 40
29

#.-Marcos de lectura abiertos basados en comparaciones de ALFuc de ST1, ST4 y ST7.

* -Numero de acceso del contig. Los dos puntos separan el rango en el que se ha comparado el alfuc predicho. La "c" antes del rango indica la orientacion en el contig.

$.-Posicion de las regiones exonicas e intronicas en el gen alfic predicho, basado en el nimero de acceso proporcionado en la columna tres.
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Segtin el andlisis funcional de Pfam, todas las secuencias de proteinas predichas
pertenecen a la familia GH29 de glucésido hidrolasas, (IPR000933), y poseen dos dominios
conservados: el dominio en el N-terminal caracteristico de la familia a-L-fucosidasas del clan
CL0058 y un dominio en el C-terminal de union a galactosa (IPR008979), identificado como
el dominio del factor de coagulacion 5/8 (IPR000421) en algunas secuencias (Figura 11).
Ademéds, las proteinas comparten un motivo de secuencia débil con una protuberancia
conservada en la l[dmina beta C-terminal. La funciéon mas probable de esta protuberancia es
flexionar la lamina beta que contiene la protuberancia, permitiendo que la curvatura de la
hoja que forme el sitio de union al carbohidrato (112,113). Las proteinas ALFuc de
Blastocystis predichas a partir de secuencias ORF1 pero no de orf2, presentaron el péptido
sefial en el N-terminal. El analisis del servidor web SignalP-5.0, identificd en secuencias
ORF1 para Blastocystis ST1, una escision peptidica (péptido sefial) entre los aminoacidos 16
y 17 (VLA-RP) con una probabilidad de 0,6139. En ST2, una escision en la posicion de
aminoacido 14-15 (ALA-KP), con una probabilidad de 0,79 y en ST3, la escision en la
posicion de aminoacido 15-16 (VLS-KR), con la probabilidad de 0,79 (tabla 3). El analisis
de secuencia no mostro prediccion de regiones transmembranales.

Para comparar la identidad de las ALFuc de Blastocystis, se realizo alineamiento,
usando ClustalW. Se incluyeron 10 secuencias obtenidas a partir de la amplificacion y
secuencias del gen ALFuc completo, ademas de las secuencias obtenidas de la misma manera
de las cepas ST1 ATCC 50177 y 50610. También, se incluyeron una secuencia de ARNm
ST1, una secuencia de Flemming ST2 y una secuencia ST3, estas ultimas 3 secuencias
tomadas de la base de datos NCBI. En el alineamiento pueden observarse los residuos
conservados y similares, marcados con asteriscos y puntos, respectivamente. Asi mismo se
observan conservados los dominios: region del péptido sefial, el dominio de a-L-fucosidasas
de la familia GH29 y el dominio de unién a carbohidratos tipo C F5/8. Ademas, se muestra
conservado el sitio catalitico caracteristico de o-L-fucosidasas de la familia GH29, con el
residuo nucleofilo asp (D) en rojo y el residuo general acido/base Glu (E) en azul. Aunque
las secuencias ST2 Joel40, ST3 Joel42 y ST3 joel 43 fueron secuenciadas en un 78%, 67%
y 67%, respectivamente, se observa que contienen el dominio de las a-L-fucosidasas de la
familia GH29 (figura 12). Para observar la conservacion del sitio catalitico de o-L-
fucosidasas de la familia GH29 se realiz6 alineamiento comparando las ALFuc de
Blastocystis con a-L-fucosidasas procariotas conocidas de la familia GH29 tomadas de la

base de datos del UnitPro: Bacteroides thetaiotaomicron [Q8AO085], Bifidobacterium bifidum
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[C5NS94] y Streptomyces sp [Q9Z419]. El alineamiento mostr6 la conservacion del sitio
catalitico caracteristico de la familia GH29 con el residuo nucleéfilo catalitico Asp (D) y el

residuo acido/base Glu (E) (Figura 13).
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Figura 9. Gel de tefiido con bromuro de etidio. En A se muestra el fragmento de la region 1, del gen de alfi«c, obtenido con
los iniciadores ALFuc/S1 y ALFuc/Asl disefiados en este estudio (imagen 6, tabla 1). La flecha indica el tamafio del
amplicon esperado. En B se muestra el fragmento de la region 2, de alfuc, obtenido con los iniciadores ALFuc/S2 y
ALFuc/As2 disefiados en este estudio (imagen 6, tabla 1). La flecha indica el tamaiio del amplicon esperado
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Figura 10. Gel de tefiido con bromuro de etidio (imagen inversa, para visualizar mejor las bandas). En A se muestra el
fragmento de la region 3, del gen de alfic, obtenido con los iniciadores ALFuc/S3 y ALFuc/As3 disefiados en este estudio
(imagen 6, tabla 1). La flecha indica el tamafio del amplicon esperado. En B se muestra el fragmento de la region 4, de alfuc,
obtenido con los iniciadores ALFuc/S4 y ALFuc/As4 diseflados en este estudio (imagen 6, tabla 1). La flecha indica el
tamafio del amplicon esperado.
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figura 11. Esquema que muestra la estructura de la ALFuc de Blastocystis, indicando el péptido sefial, el dominio de
conservado de a-L-fucosidasa y el dominio conservado tipo C F5/8. Los niimeros superiores indican el nimero de
aminoacido. Los ST 1 y 2 conservan los dos dominios, mientras en el ST3 el resultado del segundo dominio fue negativo.

Tabla 4. Proteinas ALFuc de Blastocystis y del péptido sefial.

ALFuc Blastocystis ST Sitio de escision del | Probabilidad de | Tamaiio aa Masa
péptido (posicién aa) | escision del péptido molecular
teérica kDa
ATCC 50177 1 16 and 17: VLA-RP 0.6139 460 52.7
ATCC 50610 1 16 and 17: VLA-RP. 0.6139 460 52.7
JOEL36 1 16 and 17: VLA-RP. 0.6139 460 52.7
CMX11 2 15 and 16: ALA-KP. 0.7958 460 52.7
Joel5B 2 15 and 16: ALA-KP. 0.7958 460 52.7
Joel19B 2 15 and 16: ALA-KP 0.7958 460 52.7
Joel29B 2 15 and 16: ALA-KP 0.6593 460 52.7
Flemming NCBI 2 15 and 16: ALA-KP 0.7782 459 52.6
CMX5 3 16 and 17: VLS-KR. 0.7936 461 52.7
ST3_NCBI 3 16 and 17: VLS-KR 0.7940 461 52.8
Joell7A 3 16 and 17: VLS-KR 0.7936 461 52.8
D8M3D3 7 ND ND 477 54.7
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FNPVKLNTTQWIEAFRSIGAEEVILVAKHHDGFMLFPSAYSNHTVAYSTWRDGKGDVVRE
FNPVKLNTTQWIEAFRSIGAEEVILVAKHHDGFMLFPSAYSNHTVAYSTWRDGKGDVVRE
FNPVKLNTTQWIEAFRSIGAEEVILVAKHHDGFMLFPSAYSNHTVAYSTWRDGKGDVVRE
FNPVKLNTTQWIEAFRSIGAEEVILVAKHHDGFMLFPSAYSNHTVAYSTWRDGKGDVVRE
FNPVKLNTTQWIEAFRSIGAEEVILVAKHHDGFMLFPSAYSNHTVAYSTWRDGKGDVVRE

Kk Kk K hkKhkK AR e khK ek Kke ke hkhk e khARAKARARE KhkKk oKk K Kk KKK KA KKK .

FVDSCRLLGALPSFYLSPWDRFEFYNMTWRPEYNDYYKKTLEVLTTRYGPIYELWWDGANA
FVDSCRLLGALPSFYLSPWDRFFYNMTWRPEYNDYYKKTLEVLTTRYGPIYELWWDGANA
FVDSCRLLGALPSFYLSPWDRFFYNMTWRPEYNDYYKKTLEVLTTRYGPIYELWWDGANA
FVDSCRLLGALPSFYLSPWDRFFYNMTWRPEYNDYYKKTLEVLTTRYGPIYELWWDGANA
FVDSCHQLGALPSFYLSPWDRYFYNMTWRPEYNDYYKKTLDVLTSRYGPIYELWWDGANA
FVDSCHQLGALPSFYLSPWDRYFYNMTWRPEYNDYYKKTLDVLTSRYGPIYELWWDGANA
FVDSCHQLGALPSFYLSPWDRYFYNMTWRPEYNDYYKKTLDVLTSRYGPIYELWWDGANA
FVDSCHQLGALPSFYLSPWDRYFYNMTWRPEYNDYYKKTLDVLTSRYGPIYELWWDGANA
FVDSCHQLGALPSFYLSPWDRYFYNMTWRPEYNDYYKKTLDVLTSRYGPIYELWWDGANA
FVDSCHQLGALPSFYLSPWDRYFYNMTWRPEYNDYYKKTLDVLTSRYGPIYELWWDGANA
FVQSCRALGTKASLYLSPWDRFFYNMTWRPEYNEYYSHTLEELTTRYGPIYELWWDGANA
FVQSCRALGTKASLYLSPWDRFFYNMTWRPEYNEYYSHTLEELTTRYGPIYELWWDGANT
FVQSCRALGTKASLYLSPWDRFFYNMTWRPEYNEYYSHTLEELTTRYGPIYELWWDGANA
FVQSCRALGTKASLYLSPWDRFFYNMTWRPEYNEYYSHTLEELTTRYGPIYELWWDGANA
FVQSCRALGTKASLYLSPWDRFFYNMTWRPEYNEYYSHTLEELTTRYGPIYELWWDGANA

Kok ekk e Kk K ek hKKKRKK e KAKKKKKRKAKRAK e kK shkke Ko hhkARARARARAKA K+

QPHMTHVYDWKGWYAILKKNQPQCLGGGCGGDN-DSFDCGPDTAWGKTESGLGREENWNE
QPHMTHVYDWKGWYAILKKNQPQCLGGGCGGDN-DSFDCGPDTAWGKTESGLGREENWNE
QPHMTHVYDWKGWYAILKKNQPQCLGGGCGGDN-DSFDCGPDTAWGKTESGLGREENWNE
QPHMTHVYDWKGWYAILKKNQPQCLGGGCGGDN-DSFDCGPDTAWGKTESGLGREENWNE
KEHMTHVYDWKGWYEILKKNQPQCLGGGCGGDN-DSFDCGPDTAWGKTE SGLGKEENWNE
KEHMTHVYDWKGWYEILKKNQPQCLGGGCGGDN-DSFDCGPDTAWGKTE SGLGKEENWNE
KEHMTHVYDWKGWYAILKKNQPQCLGGGCGGDN-DSFDCGPDTAWGKTE SGLGKEENWNE
KEHMTHVYDWKGWYEILKKNQPQCLGGGCGGDN-DSFDCGPDTAWGKTE SGLGKEENWNE
KEHMTHVYDWKGWYEILKKNQPQCLGGGCGGDN-DSFDCGPDTAWGKTE SGLGKEENWNE
KEHMTHVYDWKGWYAILKKNQPQCLGGGCGGDN-DSFDCGPDTAWGKTE SGLGKEENWNE
QOHMTHVYDWQGWYKIIKRNQPQCLGGGCGGDEAGIFDCGPDTAWGQTE SGLGKEENWNFEF
QOHMTHVYDWQGWYKIIKRNQPQCLGGGCGGDEAGIFDCGPDTAWGQTE SGLGKEENWNEF
QOHMTHVYDWQGWYKIIKRNQPQCLGGGCGGDEAGIFDCGPDTAWGQTE SGLGKEENWNEF
QOHMTHVYDWQGWYKIIKRNQPQCLGGGCGGDEAGIFDCGPDTAWGQTE SGLGKEENWNF
QOHMTHVYDWQGWYKIIKRNQPQCLGGGCGGDEAGIFDCGPDTAWGQTE SGLGKEENWNEF

kkkkkkhkk e kkk Kekekkkkkkkkkkkkk -« Kk kkhkhhkhhkk o khkhkk s hkkhkkxk

HAPSVEFPGEELVFDPLFLDVSIRPGWFYHPNENPKSLEDLVHIYFRSVGLNYQLQLNVP
HAPSVEFPGEELVFDPLFLDVSIRPGWEYHPNENPKSLEDLVHIYFRSVGLNYQLQLNVP
HAPSVEFPGEELVFDPLFLDVSIRPGWEYHPNENPKSLEDLVHIYFRSVGLNYQLQLNVP
HAPSVEFPGEELVFDPLFLDVSIRPGWEYHPNEEPKSLEDLVHIYFRSVGLNYQLQLNVP
HAPSVEFPGEDLVFDPLFLDVSIRPGWEYHANEEPKSLKELVHIYFRSVGLNYQLQLNVP
HAPSVEFPGEDLVFDPLFLDVSIRPGWEYHANEEPKSLKELVHIYFRSVGLNYQLQLNVP
HAPSVEFPGEDLVFDPLFLDVSIRPGWEFYHPNEEPKSLKDLVHIYFRSVGLNYQLQLNVP
HAPSVEFPGEDLVFDPLFLDVSIRPGWEFYHANEEPKSLKELVHIYFRSVGLNYQLQLNVP
HAPSVEFPGEDLVFDPLFLDVSIRPGWEFYHANEEPKSLKELVHIYFRSVGLNYQLQLNVP
HAPSVEFPGEDLVFDPLFLDVSIRPGWEFYHPNEEPKSLKELVHIYFRSVGLNYQLQLNVP
HTPSVEFPGKELVFSPLFLDVSIRPGWEYHANESPKTLKELVHIYFRSVGLNYQLQLNVP
HTPSVEFPGKELVFSPLFLDVSIRPGWEYHANESPKTLKELVHIYFRSVGLNYQLQLNVP
HTPSVEFPGKELVFSPLFLDVSIRPGWEYHANESPKTLKELVHIYFRSVGLNYQLQLNVP
HTPSVEFPGKELVFSPLFLDVSIRPGWEFYHANESPKTLKELVHIYFRSVGLNYQLQLNVP
HTPSVEFPGKELVFSPLFLDVSIRPGWEYHANESPKTLKELVHIYFRSVGLNYQLQLNVP
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ST1_mRNA_ALFuc PNPDGLFDEKDVARLREFGEYIRKTFAQDEARKATAAEASSFAEGYPAINVLTNDKEVYW 359

ST1_50177 PNPDGLFDEKDVARLREFGEYIRKTFAQDEARKATAAEASSFAEGYPAINVLTNDKEVYW 359

ST1_50610 PNPDGLFDEKDVARLREFGEYIRKTFAQDEARKATAAEASSFAEGYPAINVLTNDKEVYW 359

ST1_JOEL36 PNPDGLFDEKDVARLREFGEY IRKTFAQDEARKATAAEASSFAEGYPAINVLTNDKEVYW 359

ST2_Joel40 PNTDGLFDEKDVARLREFGEY IRETFKHDEARKAASVTASSYEQGYPPVNVIVNDKYVYW 358

ST2_Flemming NCBI PNTDGLFDEKDVARLREFGEYIRETFKHDEARKASSVTASSYEQGYPPVNVIVNDKYVYW 358

ST2_Joel29B PNTDGLFDEKDVARLREFGEY IRETFKHDEARKASSVTASSYEQGYPPVNVIVNDKYVYW 358

ST2_CMX11 PNTDGLFDEKDVARLREFGEY IRETFKHDEARKAASVTASSYEQGYPPVNVIVNDKYVYW 358

ST2_Joell9B PNTDGLFDEKDVARLREFGEY IRETFKHDEARKAASVTASSYEQGYPPVNVIVNDKYVYW 358

ST2_Joel5B PNTDGLFDEKDVARLREFGEY IRETFKHDEARKASSVTASSYEQGYPPVNVIVNDKYVYW 358

ST3_Joeld2 PTPEGLED=======—— == === ——— o 308

ST3_NCBI PTPEGLFDPRDVAVMKEFGAY IEEVFAHDEARKAVDAVASSFTPGYPAINVVGDDKFIYW 360

ST3_CMX5 PTPEGLFDPRDVAVMKEFGAY IEEVFAHDEARKAVDAVASSFTPGYPAINVVGDDKFIYW 360

ST3_Joell’A PTPEGLFDPRDVAVMKEFGAY IEEVFAHDEARKAVDAVASSFTPGYPAINVVGDDKFIYW 360

ST3_Joel43 PTPEGLFDPRDVAVMKEFGAY IEEVFAHDEARKAVDAVASSFTPGYPAINVVGDDKFIYW 360
* kKKK

ST1_mRNA_ALFuc KPEGTESSGYVDLLFDEPVSENVVMMQEFIRHGQKVSHYSISILEGEDWVEVAKGTTIGV 419

ST1_50177 KPEGTESSGYVDLLFDEPVSENVVMMQOEFIRHGOQKVSHYSISILEGEDWVEVAKGTTIGV 419

ST1_50610 KPEGTESSGYVDLLEFDEPVSENVVMMQEFIRHGQKVSHYSISILEGEDWVEVAKGTTIGV 419

ST1_JOEL36 KPEGTESSGYVDLLFDEPVSENVVMMQEFIRHGQKVSHYSISILEGEDWVEVAKGTTIGV 419

ST2_Joeld0 —ommm oo

ST2_Flemming NCBI KPAGDMASGYVDLLEFDEPVSENVIMMQEFIRHGQKVSHYTISILEGEDWIEVSKGTTIGV 418

ST2_Joel29B KPAGDMASGYVDLLFDEPVSENVIMMQOEY IRHGOKVSHYTISILEGEDWIEVSKGTTIGV 418

ST2_CMX11 KPAGDMASGYVDLLFDEPVSENVIMMOEFIRHGOKVSHYTISILEGEDWIEVSKGTTIGV 418

ST2_Joell9B KPAGDMASGYVDLLFDEPVSENVIMMOEFIRHGOKVSHYTISILEGEDWIEVSKGTTIGV 418

ST2_Joel5B KPAGDMASGYVDLLFDEPVSENVIMMOEFIRHGOKVSHYTISILEGEDWIEVSKGTTIGV 418

ST3_Joeld2  mmmmm oo

ST3_NCBI TPAQGEASGYIELVFEEPVHFNVVMMOEFIRHGQRVSHYSTAVKEGDQWVEVAKGTTIGV 420

ST3_CMX5 TPAQGEASGSIELVFEEPVHFNVVMMOEFIRHGQRVSHYSTAVKEGDQWVEVAKGTTIGV 420

ST3_Joell’A TPAQGEASGYIELVFEEPVHFNVVMMOEFIRHGQRVSHYSTIAVKEGDQWVEVAKGTTIGV 420

ST3_Joeld3 TPAQGEASGYIELVFEEPVHFNVVMMOEFIRHGQRVSHYSTAVKEGDQWVEVAKGTTIGV 420

ST1_mRNA_ALFuc KKMNVLEKPVSTKGVRLTIIDTWNDYVPEISRIGLFTSEYY 460

ST1_50177 KKMNVLEKPVSTKGVRLTIIDTWNDYVPEISRIGLFTSEYY 460

ST1_50610 KKMNVLEKPVSTKGVRLTIIDTWNDYVPEISRIGLFTSEYY 460

ST1_JOEL36 KKMNVLEKPVSTKGVRLTIIDTWNDYVPEISRIGLFTSEYY 460

ST2_Joeld( == mmm oo

ST2_Flemming NCBI KKINVLDSKVSTKGVRLTIVDTWNDYVPEISRIGLFTSEYY 459

ST2_Joel29B KKMNVLDSKVSTKGVRLTIVDTWNDYVPEISRIGLFTSEYY 459

ST2 CMX11 KKINVLDSKVSTKGVRLTIVDTWNDYVPEISRIGLFTSEYY 459

ST2_ Joell9B KKINVLDSKVSTKGVRLTIVDTWNDYVPEISRIGLFTSEYY 459

ST2_Joel5B KKINVLDSKVSTKGVRLTIVDTWNDYVPEISRIGLFTSEYY 459

ST3_Joeld2 =  ——-mmmm oo

ST3_NCBI KKMNVLDGTFYTDRVRVTIEDTWEDYPPEITRIGLFNSELY 461

ST3_CMX5 KKMNVLDGTFYTDRVRVTIEDTWEDYPPEITRIGLFNSELY 461

ST3-Joell7A KKMNVLDGTFYTDRVRVTIEDTWEDYPPEITRIGLFNSELY 461

ST3_Joel43 KSMNVVDGTFYTDRVRVTIEDTWEDYPPEITRIGLFNSELY 461

Figura 12. Alineamiento de secuencias ALFuc de Blastocystis, usando ClustalW. Se incluyeron 10 secuencias obtenidas a
partir de la amplificacion y secuencias del gen ALFuc completo, ademas de las secuencias obtenidas de la misma manera
de las cepas ST1 ATCC 50177 y 50610. También, se incluyeron una secuencia d¢ ARNm ST1, una secuencia de Flemming
ST2 y una secuencia ST3, estas tltimas 3 secuencias tomadas de la base de datos NCBI. Los residuos conservados y
similares estan marcados con asteriscos y puntos, respectivamente. La region del péptido sefial esta marcada con una barra
negra, el dominio a-L-fucosidasa de la familia GH29 estd marcado con una linea negra, el dominio de unién a carbohidratos
tipo C F5/8 esta indicado con una barra gris. El sitio catalitico con el residuo nucleéfilo asp (D) en rojo y el residuo general
acido/base Glu (E) en azul. Aunque las secuencias ST2_Joel40, ST3_Joel42 y ST3_joel 43 fueron secuenciadas en un 78%,
67% y 67%, respectivamente, se observa que contienen el dominio de las a-L-fucosidasas de la familia GH29
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ST1_mRNA_ALFuc

ST1 50177

ST1 50610

ST1 JOEL36

ST2_Joel40
ST2_Flemming NCBI
ST2_Joel29B

ST2_CMX11

ST2_Joell9B

ST2_Joel5B

ST3_Joeld2

ST3 NCBI

ST3_CMX5

ST3_Joell’A

ST3_Joel43
TR|Q8A085|Q8A085_BACTN
TR|C5NS94 |C5NS94_BIFBI
TR|1Q92419]1Q924I9_ STRSQ

———————— RPEYNDYYKKTLEVLTTRYGPIYELWWDGANAQP--HMTHVYDWKGWYAILK 198

———————— RPEYNDYYKKTLEVLTTRYGPIYELWWDGANAQP--HMTHVYDWKGWYAILK 198
———————— RPEYNDYYKKTLEVLTTRYGPIYELWWDGANAQP--HMTHVYDWKGWYAILK 198
———————— RPEYNDYYKKTLEVLTTRYGPIYELWWDGANAQP--HMTHVYDWKGWYAILK 198
———————— RPEYNDYYKKTLDVLTSRYGPIYELWWDGANAKE--HMTHVYDWKGWYEILK 197
———————— RPEYNDYYKKTLDVLTSRYGPIYELWWDGANAKE--HMTHVYDWKGWYEILK 197
———————— RPEYNDYYKKTLDVLTSRYGPIYELWWDGANAKE--HMTHVYDWKGWYAILK 197
———————— RPEYNDYYKKTLDVLTSRYGPIYELWWDGANAKE--HMTHVYDWKGWYEILK 197
———————— RPEYNDYYKKTLDVLTSRYGPIYELWWDGANAKE--HMTHVYDWKGWYEILK 197
———————— RPEYNDYYKKTLDVLTSRYGPIYELWWDGANAKE--HMTHVYDWKGWYAILK 197
———————— RPEYNEYYSHTLEELTTRYGPIYELWWDGANAQQ--HMTHVYDWQGWYKIIK 198
———————— RPEYNEYYSHTLEELTTRYGPIYELWWDGANTQQ--HMTHVYDWQGWYKITK 198
———————— RPEYNEYYSHTLEELTTRYGPIYELWWDGANAQQ--HMTHVYDWQGWYKITK 198
———————— RPEYNEYYSHTLEELTTRYGPIYELWWDGANAQQ--HMTHVYDWQGWYKITK 198
———————— RPEYNEYYSHTLEELTTRYGPIYELWWDGANAQQ--HMTHVYDWQGWYKITK 198
———————— SPRYNKFFIRQLTELLTNYGEVHEVWFDGANGEGPNGKKQVYDWDTVYETIH 228
KLPTFKYKATDYGAYMLNQLYELLTEYGDISEVWFDGAQGNT--AGTEHYDYGVFYEMIR 725

KLPTFTVMADDYDAYYLNQLYEIFTQYGPIEELWLDGANPWSGSGITQKYNVKQWEDMVK 327
* . * . . . ..

s kk . kek kkk e *

ST1_mRNA_ALFuc KNQPQCLGGGCGGDN-DSFDCGPDTAWGKTESGLGREENWNFHAPSVE--————-————-—— 245
ST1_50177 KNQPQCLGGGCGGDN-DSFDCGPDTAWGKTESGLGREENWNFHAPSVE--————-————-—— 245
ST1_50610 KNQPQCLGGGCGGDN-DSFDCGPDTAWGKTESGLGREENWNFHAPSVE--————-————-—— 245
ST1_JOEL36 KNQPQCLGGGCGGDN-DSFDCGPDTAWGKTESGLGREENWNFHAPSVE-—————————-—— 245
ST2_Joel40 KNQPQCLGGGCGGDN-DSFDCGPDTAWGKTESGLGKEENWNFHAPSVE-—-———-———-—— 244
ST2_Flemming NCBI KNQPQCLGGGCGGDN-DSFDCGPDTAWGKTE SGLGKEENWNFHAPSVE-——————————— 244
ST2_Joel29B KNQPQCLGGGCGGDN-DSFDCGPDTAWGKTE SGLGKEENWNFHAPSVE-——————————— 244
ST2_CMX11 KNQPQCLGGGCGGDN-DSFDCGPDTAWGKTE SGLGKEENWNFHAPSVE--—————————— 244
ST2_Joell9B KNQPQCLGGGCGGDN-DSFDCGPDTAWGKTE SGLGKEENWNFHAPSVE-——————————— 244
ST2_JoelSB KNQPQCLGGGCGGDN-DSFDCGPDTAWGKTESGLGKEENWNFHAPSVE-——-————————— 244
ST3_Joeld2 RNQPQCLGGGCGGDEAGIFDCGPDTAWGQTESGLGKEENWNFHTPSVE-—-—-—-—-——— 246
ST3_NCBI RNQPQCLGGGCGGDEAGIFDCGPDTAWGQTESGLGKEENWNFHTPSVE-—--—-—-—-——— 246
ST3_CMX5 RNQPQCLGGGCGGDEAGIFDCGPDTAWGQTESGLGKEENWNFHTPSVE-—-—-—-—-——— 246
ST3_Joell7A RNQPQCLGGGCGGDEAGIFDCGPDTAWGQTESGLGKEENWNFHTPSVE-——-—-——————-— 246
ST3_Joeld3 RNQPQCLGGGCGGDEAGIFDCGPDTAWGQTESGLGKEENWNFHTPSVE-—--—-—-—-——— 246
TR|Q8A085|Q8A085 BACTN RLQPKAVMAI---------- MGDDIRWVGNESGLGRETEWSTTVLTPEIYARADKNNKKL 278
TR|C5NS94 |C5NS94_BIFBI RLQPQAIQAN---------- AAYDARWVGNEDGWARQTEWSPQAAYNDGV---DKVSLKP 772
TRIQ9Z419]Q9Z2419_ STRSQ ALSPNTVV----------— FQGPQGVRWVGNEGGTARETEWSVTPHATDPWTGLGS----L 373
*eo. * *ok L ee ek .

Figura 13. Alineamiento usando ClustalW. Sélo se muestra la region del sitio catalitico. Se observa la conseervacion de los
sitios cataliticos de la familia GH29 de las a-L-fucosidasas. Nuestras secuencias se alinearon con tres a-L-fucosidasas de la
familia GH29. Estas tres secuencias se tomaron de la base de datos UnitPro: Bacteroides thetaiotaomicron Q8A085,
Bifidobacterium bifidum C5SNS94 y Streptomyces sp Q9Z4I19. El sitio catalitico se muestra con el residuo nucledéfilo asp (D)
en rojo y el residuo general acido/base Glu (E) en azul

4.- Prediccion de Estructura terciara de ALFuc

Las estructuras disefiadas fueron analizadas por el servidor I-TASSER. Este servidor genera
algunas conformaciones estructurales y, a continuacion, utiliza el programa SPICKER para
agrupar todas las estructuras en funcion de la similitud de la estructura emparejada.
Finalmente, para Blastocystis ALFuc ST1, ST2 y ST3 el servidor reportd cinco modelos
principales, para cada uno de ellos, correspondientes a los cinco grupos mas grandes. La
seguridad de cada modelo se calculdo mediante el C-score. Los valores del C-score muestran
la precision del modelo predicho que suele estar en el rango de -5 a 2. Ademas, cuanto mayor
sea el valor del C-score, mayor serd la calidad de la prediccion. Las puntuaciones C de los
modelos Blastocystis ALFuc ST1, ST2 y ST3 fueron de 1,22, 0,93 y 0,83, respectivamente.
Por lo tanto, el ALFuc Blastocystis ST1 con la puntuacion C de 1,22 mostré una mayor
precision entre los modelos predichos. La estructura de ALFuc ST1 esta constituida por 7

arreglos a-hélice, de los cuales 5 forman parte del dominio GH29 a-L-fucosidasa y 6
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estructuras B-plegada, 5 forman parte del dominio similar de union a galactosa. La ALFuc
ST2 esta conformada de la misma manera que ST1 y ST3 posee 8 estructuras B-plegada, sin
dominio similar de union a galactosa. Ademas, los anélisis de prediccion de ligando arrojados
por COFACTOR y COACH dieron como resultado los ligandos ZXD y DFU para las ALFuc
ST1, ST2 y ST3, respectivamente, con un s-score de 0.89, 0.87 y 0.82 § (tabla 5).

En la figura 14 se observan las estructuras terciarias del ALFuc de Blastocystis ST1, ST2 y
ST3. En la imagen se puede ver el dominio de la a-L-fucosidasa, formado por cinco
estructuras de a-hélice (color magenta); el dominio similar de unién a la galactosa, formado
por cinco estructuras de B-cadena (color naranja). En ST3 el resultado de Pfam para este
dominio fue negativo. Asimismo, se observa el sitio catalitico de la familia GH29, formado

por el residuo nucleodfilo D (esferas rojas) y el residuo acido/base E (esferas azules)

Tabla 5. Caracteristicas de estructuras terciarias de ALFuc de Blastocystis STs 1-3

ALFuc Estructuras a-hélice Estructuras p-plegada Ligando
Blastocystis C-score Total Dominio GH-29 | total Dominio Similar de C-score
(-5a2) a-L-fucosidasa. unién a galactosa 0-1)
ST1 1.22 7 5 6 5 ZXD
C-score= 0.89
ST2 0.93 7 5 6 5 ZXD
C-score= 0.87
ST3 0.83 7 5 8 - DFU
C-score= 0.82

ZXD: (2S,3R,4S,5R)-2-(1-Metiletil) piperidina-3,4,5-Triol
DFU: (2S,3R,4S,5R)-2-Metlpiperidina-3,4,5-Triol
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5.- Analisis filogenético

Figura 14. En A. Estructuras 3D del ALFuc de Blastocystis STs 1-
3. La imagen muestra el dominio ALFuc, formado por cinco
estructuras de a-hélice (color magenta), el dominio de tipo C F5/8
o el dominio similar de unién a galactosa, formado por cinco
estructuras de B-hélice (color naranja), en ST1 y ST2. También se
observa el sitio catalitico de la familia GH29, formado por el
residuo nucledfilo D (esferas rojas) y el residuo acido/base E
(esferas azules). En el caso de ST3, el resultado de Pfam para el
dominio similar de unién a galactosa fue negativo.

B. Estructura de superficie de ALFuc ST1 con ligando ZXD (en
rojo) mostrando el nicho donde interacciona con la molécula de
ALFuc.

Los ST identificados por PCR-secuenciacion en los 18 aislamientos de Blastocystis fueron
ST1 (3/18), ST2 (7/18) y ST3 (8/18) (figura 15). Estos ST fueron confirmados mediante la
comparacion de sus secuencias parciales de SSUrDNA con un conjunto de datos de secuencia
de subtipos validados (Figura 16). Ademads, se exploraron las relaciones filogenéticas de
Blastocystis para determinar si la ALFuc podia inferir la topologia caracteristica de
SSUrDNA o la descrita con los genes nad de los genomas de organulos similares a las
mitocondrias (MLO) de Blastocystis(114). Por lo tanto, se realizd andlisis filogenético
utilizando el gene alfuc completo de Blastocystis ST1-ST3 y ST4-ST9. Nuestros resultados
confirmaron una identidad conservada en la topologia del arbol entre alfuc y SSUrDNA en el

analisis filogenético. La topologia del arbol genético se asemeja a las descritas para
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Blastocystis por los genes SSUrDNA (115) o MLO nad (114) y la proteina Miro (116). La
topologia consistia en ST1 y ST2 agrupados; ST3 agrupado o asociado a ST4 y STS; y ST7

agrupados o asociados con ST6, y ST9 (Figura 17).

<« 500 pb

Figura 15. Gel de tefiido con bromuro de etidio que muestra el fragmento especifico de la SSUrDNA de Blastocystis. La
flecha indica el tamaifio del amplicon esperado, segun los iniciadores reportados por Santin et al.
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P lacertae (NGBS01001440)

Blastocystis sp. (MZ359217)
Blastocystis sp. (MZ353662)
Blastocystis sp. (MZ359222)
Blastocystis sp. (MZ359221)
Blastocystis sp. (AB107965)
99/0.76| _ Brastocystis sp. (MZ353657) ST3
Blastocystis sp. (MZ353665)
Blastocystis sp. (KX618192)
Blastocystis sp. (MZ359218)
Blastocystis sp. (MZ353666)
Blastocystis sp. (AB091234)
L Blastocystis sp. (1X132219)

99/1.00 [ Blastocystis sp. (AB107971)
Blastocystis sp. (AB107970) ST8
Blastocysiis sp. (AB071000)
Blastocystis sp. (U26177)
Blastoeystis sp. (U51152)
Blasitocystis sp. (AY244620)
Blastocystis sp. (AB107968)
Blastoeystis sp. (MZ353659)
Blastocystis sp. (AB107962)
Blastocystis sp. (AY618266) ST1
Blastocystis sp. (U51151)
Blastocystis sp. (MZ359219)
Blastocystis sp. (AB070989)
Blastocystis sp. (MZ359223)
Blastocystis sp. (MZ353660)
Blasrocystis sp. (GU992412)
Blastacystis sp. (MZ353661)
Blastocystis sp. (MZ353658)
931000 || Brastocystis sp. (EU445491)
Blastocystis sp. (MK801368)
Blastocystis sp. (AB070987)
Blastocystis sp. (AB070997)
83/0.91|| Brastocystis sp. (MZ359216)
Blastocystis sp. (M7359220)
Blastocystis sp. (MZ353664)
Blastocystis sp. (MZ2353663)

87/0.99

ST4

96/1.00

99/0.83

79/0.71

99/1.00

97/1.00

ST2

91/0.68

61/0.76

Blastocystis sp. (KX234596)
Blastocystis sp. (KC138681)
Blasrocystis sp. (KT438703) ST9

Blastocystis sp. (AF408426)
Blastocystis sp. (AF408425)
Blastocystis sp. (AB070995)
Blastocystis sp. (AB107972)
Blastocystis sp. (AB091242)
Blastocystis sp. (AB091236) STG
Blastocystis sp. (JZRMO01000102)
Blastocystis sp. (AY135411)
Blastocystis sp. (AY135409)
Blastocystis sp. (AY135410)
Blastocystis sp. (AB107973)
Blasrocystis sp. (EU082109)
Blastocystis sp. (DQ366343) ST?’
Blastocystis sp. (EF079872)
Blastocystis sp. (F1809939)
98/1.00 Blastocystis sp. (AB070991)

Blastocystis sp. (AB091244)
01 78/0.98 | Blastocystis sp. (AY135412)

89/0.80

96/1.00

97/1.00

Figura 16. Inferencia filogenética de la secuencia parcial del gen SSUrDNA de Blastocystis STs 1-4 y STs 6-9. La region
ortologa de Proteromonas lacertae se utiliz6 como grupo externo. Los valores de los nodos indican las proporciones
bootstrap y las probabilidades posteriores bayesianas en el siguiente orden: maxima verosimilitud/analisis bayesiano. Las
secuencias obtenidas en la presente tesis se indican en negrita
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Figura 17. Inferencia filogenética del gene alfuc completo de Blastocystis STs 1-4 y STs 6-9. La region ortdloga de
Proteromonas lacertae se utilizdo como grupo externo. Los valores de los nodos indican las proporciones bootstrap y las
probabilidades posteriores bayesianas en el siguiente orden: maxima verosimilitud/analisis bayesiano. Las secuencias

obtenidas en la presente tesis se indican en negritas.
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VIII.- Discusion

En la presente tesis, identificamos por primera vez la ALFuc de Blastocystis en medio de
cultivo de parasitos, calculando su Rf y su masa molecular aproximada de 51.7 kDa en
electroforesis. Este resultado concuerda con el andlisis de prediccion para la secuencia de
ALFuc reportada para Blastocystis ST7 disponible en la base de datos UniProt con el
identificador D8M3D3. Asi mismo, esta misma proteina fue reconocida en Western blot por
el anticuerpo comercial anti-FUCA?2 dirigido contra la region interna conservada de la a-L-
fucosidasa en su forma secretora; ademas, se muestran que la a-L-fucosidasa forma parte de
los productos de secrecion de Blastocystis en cultivo. Nuestros resultados son consistentes
con informes en publicaciones anteriores que predicen la ALFuc como una proteina secretada
(67, 90) y relacionada con el metabolismo de los carbohidratos (90).

El tracto gastrointestinal representa un nicho microecoldgico en el que la microbiota
comensal y patdgena interactian de manera cooperativa-competitiva, delimitada por los
nutrientes disponibles (117). Los glicanos de mucina derivados del huésped proporcionan
una fuente de nutrientes para la microbiota comensal cerca de la capa de moco y regulan la
infeccion por microbiota patogena (118). Algunas especies bacterianas comensales, como
Bacteroides thetaiotaomicron, un glicéfilo conocido, que secreta a-L-fucosidasas, pueden
usar una amplia gama de glicanos dietéticos; por el contrario, las bacterias comensales o
patdégenas que carecen de enzimas con actividad glucosido hidrolasa, pueden verse
favorecidas por el microambiente provocado por B. thetaiotaomicron para eliminar los
subproductos de los glicanos dietéticos para establecer la colonizacion o invasion (119). Por
ejemplo, la colonizacion de E. coli enterohemorragica en el intestino es impulsada por moco
rico en fucosa inducido por B. thetaiotaomicron. (120). Aunque ALFuc de Blastocystis y la
de B. thetaiotaomicron comparten una estrecha homologia, el metabolismo de la fucosa en
Blastocystis es similar al patogeno Campylobacter jejuni (90). Investigaciones recientes
basadas en estudios in vivo e in vitro apoyan ambas funciones biologicas; es decir, se ha
informado que la colonizacién a largo plazo de Blastocystis ST3 induce una recuperacion
mas rapida de la colitis en modelos animales mediante la estabilizacion del ecosistema
intestinal (121). Por lo tanto, Blastocystis ST3 puede desempefiar un papel comensal en la
microbiota intestinal. Por el contrario, Blastocystis ST7 induce la interrupcion de la barrera
epitelial por una actividad de proteasa de cisteina, lo que apoya la nocion de que este ST

actia como un patoégeno. La investigacion futura sobre la funcion bioldgica de ALFuc podria

45


https://sciwheel.com/work/citation?ids=149386&pre=&suf=&sa=0
https://sciwheel.com/work/citation?ids=3465758&pre=&suf=&sa=0
https://sciwheel.com/work/citation?ids=6418900&pre=&suf=&sa=0
https://sciwheel.com/work/citation?ids=9708932,10247769&pre=&pre=&suf=&suf=&sa=0,0
https://sciwheel.com/work/citation?ids=10247769&pre=&suf=&sa=0
https://sciwheel.com/work/citation?ids=1241330&pre=&suf=&sa=0
https://sciwheel.com/work/citation?ids=3465758&pre=&suf=&sa=0
https://sciwheel.com/work/citation?ids=11042470&pre=&suf=&sa=0

abordar si Blastocystis puede inducir una capa de moco rica en fucosa de manera comensal,
similar a B. thetaiotaomicron, o requerir glicanos fucosilados para la adherencia e invasion
como C. jejuni (84)

En esta tesis amplificamos el gen alfuc de Blastocystis e identificamos por primera
vez tres ALFuc correspondientes a Blastocystis ST1, ST2 y ST3 que son los tres subtipos
mas frecuentes en humanos (14). El analisis de la secuencia de las tres ALFuc, realizado por
SignalP-5 identifico el péptido sefial en el extremo N-terminal con una probabilidad de
escision 0.6-0.8 %, lo que concuerda con el rango reportado para a-L-fucosidasas de otros
protozoarios (122). En Blastocystis se habia reportado el gen la a-L-fucosidasa, como uno
de los genes transferidos de manera lateral y a su proteina como una prediccion de secrecion
del parasito (90).

El mecanismo catalitico de la a-L-fucosidasa requiere la accion de dos residuos de
aminoacidos, uno de los cuales desempena el papel de acido/base general y el otro actia
como nucledfilo (123). Para analizar la conservacion del sitio catalitico de las a-L-
fucosidasas de la familia GH29, realizamos alineamiento de nuestras secuencias de ALFuc
de Blastocystis ST1, ST2 y ST3, con tres alfa-L-fucosidasas de la familia GH29 de la base
de datos UniProtKB: Bacteroides thetaiotaomicron Q8AO08S5, Bifidobacterium bifidum
C5NS94, Streptomyces sp Q9Z419. Nuestros resultados mostraron que el sitio catalitico de
las ALFuc de Blastocystis se conserva con el residuo nucleofilico Asp-176, Asp-175y Asp-
176, para ST1, ST2 y ST3 respectivamente; que corresponde a Asp-204 Bacteroides
thetaiotaomicron, Asp-703 Bifidobacterium bifidum y Asp-303 Streptomyces sp. Asimismo,
observamos la conservacion del residuo dcido/base Glu-228, Glu-227 y Glu-229 para ST1,
ST2 y ST3 respectivamente, y corresponde a Glu-249 Bacteroides thetaiotaomicron, Glu-
746 Bifidobacterium bifidum y Glu-348 Streptomyces sp.

Ademas del dominio GH29 de ALFuc de Blastocystis, en ST1y ST2 se identifico un dominio
tipo C F5/8 del clan CL0202 (CAZy) o también llamado de discoidina. Esta gran superfamilia
contiene dominios beta de unidn a galactosa. Muchas de estas familias estdn involucradas en
el reconocimiento de carbohidratos. Se ha informado que la mutante recombinante en el
dominio tipo C F5/8, de Bacillus circulans, produce una B-galactosidasa con un dominio
tipo C F5/8 con una menor actividad hidrolitica en comparacion con la B-galactosidasa
nativa, lo que sugiere que este motivo ayuda a las moléculas de galactosilactosa a orientarse
adecuadamente dentro del sitio activo para que puedan hidrolizarse eficientemente para

producir galactosa/glucosa inhibiendo la acumulacién de galactooligosacaridos (GOS)
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(124,125). Curiosamente, en nuestro estudio, el dominio F5/8 en AlFuc ST3 mostrd una
baja identidad para este dominio, posiblemente asociado a una menor actividad hidrolitica en
comparacion con ALFuc ST1 y ST2, aunque esto tendrd que ser evaluado en estudios
posteriores con proteinas recombinantes. Como se ha mencionado, las ALFuc bacterianas
son los homodlogos mas cercanos a las ALFuc de Blastocystis. En el microorganismo
intestinal Akkermansia muciniphila, las proteinas con el dominio similar a la unién a la
galactosa involucradas en la degradacion de la mucina, desempenan un papel importante en
la salud intestinal del huésped, ya que regulan la actividad hidrolitica en regiones con tejidos
heridos, mejorando la regeneracion tisular y la cicatrizacion de heridas (127). En
Ruminococcus gnavus, otro simbionte intestinal humano comuinmente asociado con
enfermedades inflamatorias intestinales, la capacidad de crecer en mucina como tnica fuente
de carbono depende de la cepa y esté relacionada con grupos de genes, incluidas las proteinas
ALFuc con la unioén a la galactosa (128).

Blastocystis tiene una amplia diversidad genética, y hasta 17 variantes han sido
descritos como distintas especies o incluso géneros (91). Ademas, algunos ST pueden
colonizar multiples huéspedes (126). Hasta el momento, se ha demostrado que todos los ST
pueden infectar practicamente a un amplio rango de huéspedes, desde insectos hasta
humanos. Por lo tanto, no es sorprendente que Blastocystis se considere el microeucariota
intestinal mas extendido, con una falta casi completa de especificidad del huésped. Debido a
su peso potencial en la salud humana, se han realizado esfuerzos significativos para asociar
la diversidad genética de Blastocystis con manifestaciones clinicas gastrointestinales o firmas
para la transmision zoonotica.

Para la mayoria de los parasitos, se han desarrollado métodos de diagnostico directos
e indirectos. Los métodos directos incluyen aquellos basados en la morfologia (microscopia)
y la deteccion de DNA (tipicamente PCR) o antigenos (IFA, antigeno ELISA, etc.), mientras
que los métodos indirectos se basan principalmente en la deteccion de anticuerpos (129). A
pesar de ser la principal herramienta de diagndstico a nivel mundial, el uso de la microscopia
para detectar Blastocystis tiene una utilidad limitada en los laboratorios de microbiologia
clinicay en la generacion de datos con fines clinicos y epidemioldgicos. Por estas razones y
debido a la extensa diversidad genética criptica de Blastocystis (130), se han desarrollado
una serie de estrategias para establecer los subtipos de Blastocystis. Actualmente, algunos
autores sugieren un nivel de divergencia del 5% en la secuencia del gen que se esté analizando

para definir un nuevo subtipo debido a que la variacion dentro de los subtipos también puede
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ser sustancial, hasta al menos el 3% (131). Por lo tanto, una sola secuencia "atipica" que
parece ser distinta y potencialmente un nuevo subtipo podria eventualmente fusionarse en un
subtipo adyacente a medida que haya mas secuencias disponibles. Solo a medida que se
acumulen mas datos de subtipificacion se probara la validez de este umbral arbitrario. La
divergencia entre algunos subtipos existentes (por ejemplo, ST6 y ST9) es en realidad inferior
al 5%. Sin embargo, cuando un muestreo es suficiente, existe la confianza de que se trate de
linajes distintos en lugar de variantes del mismo subtipo. Se ha elegido una divergencia del
5% como un criterio bastante estricto y mas datos pueden conducir a la revision de nuevas
definiciones de subtipos en el futuro. En humanos se han encontrado nueve subtipos distintos
(ST1-ST9). Sin embargo, el 95% de las infecciones humanas muestreadas pertenecen a los
ST1-ST4 (125) y solo el ST9 (hasta ahora), ha sido el inico encontrado en humanos. Los
cuatro ST mas comunes en humanos también se han detectado en otros huéspedes. Con
mayor frecuencia, estos huéspedes son otros primates, pero también se han encontrado en
varios mamiferos con pezufias, roedores e incluso aves (133). Por el contrario, los subtipos
mas raros en humanos (ST 5-8) se encuentran mas comunmente en otros huéspedes: ST5 en
animales con pezufias, ST 6 y 7 en aves y ST8 en primates no humanos. Se ha sugerido que
estos subtipos mas raros en humanos son de origen zoondtico y hay alguna evidencia que lo
respalda. E1 ST8 se ha encontrado con frecuencia en cuidadores de zooldgicos que trabajan
con primates no humanos, y ST5 es frecuente en trabajadores de cerdos en Australia (134).
Sin embargo, no hay razén para sospechar que las infecciones humanas que involucran a los
ST comunes (STs 1-4) se originan en fuentes no humanas, excepto en casos raros (135). La
exposicion a animales infectados por Blastocystis por si sola no es suficiente para provocar
una infeccion. Por ejemplo, ST10 es muy comun en el ganado, pero atn no se ha informado
en humanos (136). Esto sugiere que otras variables ademas de la temperatura corporal estdn
determinando la capacidad de Blastocystis para colonizar el intestino humano; la flora
intestinal puede tener un impacto, por ejemplo. El grado de diversidad genética dentro de
los subtipos es bastante variable. ST3 es probablemente el més diverso de los subtipos bien
estudiados, que varia en aproximadamente un 3% en las secuencias SSUrDNA, mientras que
ST4 muestra la menor variacion, especialmente en humanos (136).

Para intentar mapear la epidemiologia molecular de Blastocystis se han desarrollado
varias herramientas. A principios de la década de 1990, un ensayo de PCR fue desarrollado
y refinado para detectar subtipos utilizando iniciadores de sitio especifico por secuencia

(SES) (137). Esta estrategia de identificacion implica el uso de siete reacciones de PCR, una
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para cada uno de los subtipos 1-7, evitando la necesidad de secuenciacion. Otra metodologia
descrita por Santin y col, consiste en un protocolo de PCR y secuenciacion de un fragmento
del gen SSUrDNA de ~500 pb amplificado por los iniciadores Blast 505-532 y Blast 998-
1017. Esta estrategia de PCR-secuenciacion es mas sensible que SES y la region amplificada
y secuenciada de SSUrDNA es conservada y suficientemente variable para permitir el anélisis

filogenético de Blastocystis (136).

Un método de codigo de barras de DNA (conocido en inglés como barcoding), desarrollado
en 2006 por Scicluna et al. utiliza los iniciadores RD5 y BhRDr, que amplifican una regioén
~600 pb en el extremo 5 ' del gen SSUrRNA, que posteriormente debe ser secuenciada para
analizarse (130). El barcoding permite la deteccion de subtipos raros, mas alla de los ST 1-7
y un mayor escrutinio de la diversidad genética y ha sido validado como un marcador de la
diversidad genética general de Blastocystis (137). La comparacion de los arboles
filogenéticos obtenidos mediante barcoding con los obtenidos utilizando secuencias
concatenadas obtenidas por MLST (loci que reflejan en el genoma del organulo similar a la
mitocondria), han mostrado la conveniencia de utilizar la regién barcoding como un
marcador sustituto para la diversidad general del genoma en este organismo en particular.
Los inconvenientes del cddigo de barras en comparacion con el método SES son que se
requiere secuenciacion y que las infecciones de subtipos mixtos pueden no ser siempre
evidentes en los cromatogramas de secuencia y, aunque lo sean, pueden resultar dificiles de

descifrar (139).

Los datos de barcoding de Blastocystis estan disponibles una base de datos publica

(http://pubmlst.org/blastocystis/), que incluye un repositorio de secuencias de barcoding, asi
como secuencias obtenidas por MLST. También tiene una instalacion BLAST, donde se
pueden cargar y analizar archivos fasta individuales o masivos para una rapida identificacion
del subtipo y el numero de alelos, eliminando asi la necesidad de analisis filogenéticos. Hasta
la fecha, se han identificado 35 alelos de SSUrDNA de dentro de ST3, mientras que el nimero
de alelos de SSUrDNA para ST4 y algunos otros subtipos sigue siendo mucho mas limitado.
Sin embargo, parte de la variacion alélica incluida es el resultado de la secuenciacion del
ADN clonado; se ha reportado polimorfismo intragenomico SSUrDNA (130), y dicho
polimorfismo probablemente pasara desapercibido cuando se estudien secuencias obtenidas

directamente de productos de PCR.
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Otro hallazgo destacable en esta tesis fue que la topologia del arbol filogenético del
gen alfuc, conserva la misma topologia descrita por las subunidades del gen nad para los
mismos STs (114), y la agrupacion para los STs 1-4 y STs 6-9, con la topologia clasica
obtenida con los genes SSUrDNA (115). A diferencia de los genes arriba mencionados, el
gen alfuc es uno de los 167 genes adquiridos por transferencia lateral (GATL) en el linaje
Blastocystis desde su divergencia de otros stramenopiles y alveolata, estos genes
desempefiaron un papel importante durante la adaptacion intestinal, agregando nuevas
funciones para competir y sobrevivir a condiciones adversas (90). El uso de alfuc como
marcador para analizar aislados de Blastocystis puede revelar informacion sobre como este
microorganismo tiene éxito o fracaso en la colonizacion de nichos tan diferentes como el
tracto intestinal de grupos taxonomicos distantes (insectos vs. mamiferos) con diferentes
requerimientos nutricionales (herbivoros vs. carnivoros) o incluso diferentes estados
intestinales (sanos vs. enfermedad).

En este estudio, una region gendmica que contiene el gen alfuc se amplificé utilizando cuatro
pares de cebadores degenerados disefiados para obtener todo el gen para el analisis funcional
comparativo en lugar de identificar un marcador filogenético. Por esta razon, se deben sefialar
las principales limitaciones y ventajas para evitar posibles sesgos o para ser abordadas por
estudios futuros.

Los iniciadores fueron disefiados para amplificar las regiones de interés solo para ST1-ST3
debido a que la mayoria de las muestras analizadas en estudios mundiales son de origen
humano, y maés del 90% de las cepas humanas pertenecen a STs 1-4; por lo tanto, estos
cebadores pueden ser ventajosos si el estudio involucra ST1-ST3 o ST filogenéticamente
cercanos. Sin embargo, pueden surgir problemas cuando se analizan los ST mas divergentes,
especialmente los que colonizan anfibios, reptiles o insectos. A diferencia de estudios
anteriores que utilizaron DNA extraido de muestras de heces para evaluar nuevos marcadores
filogenéticos, en el presente estudio utilizamos DNA extraido de cultivos xénicos. El primer
enfoque representa la limitacion mas desafiante para los estudios de campo que utilizan
marcadores de copia Unica, ya que son mas susceptibles al sesgo asociado con la baja carga
de parasitos en la muestra. Por ejemplo, un informe reciente que analiz6 los DNA de muestras
de heces humanas descart6 8 de los 12 nuevos marcadores evaluados para Blastocystis porque
no fue posible obtener productos adecuados de amplificacion por PCR (140). Aunque el
aislamiento axénico aumenta el nimero de parésitos y, en consecuencia, el numero de

muestras positivas, este procedimiento favorece la seleccion de subtipos especificos (141);
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un problema particular para los estudios que desean describir la variabilidad genética en una
poblacion particular. Para resolver este problema, nuevos estudios podrian implementarse
con base en técnicas de secuenciacion de proxima generacion, utilizados para estudiar la
diversidad genética de los subtipos de Blastocystis en humanos (44) y animales (142) y
dirigirse a genes GATL como el alfuc; o implementar nuevas tecnologias disponibles para
obtener secuencias de genes completas como ya se ha implementado para los genes
SSUrDNA (143).

No hay duda de que los métodos basados en el ADN ahora nos permiten llevar a cabo
estudios de investigacion grandes y bien disefiados que dependen de la deteccion precisa y la
caracterizacion molecular de Blastocystis. Dichos estudios son necesarios para producir datos
que puedan arrojar luz sobre el papel de este organismo en la salud y la enfermedad humanas
con miras a desarrollar potencialmente diagndsticos, biomarcadores y terapias, incluidos

agentes antimicrobianos o probioticos, segun corresponda.
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IX.- Conclusiones

La a-L-fucosidasa es un producto de secrecion de Blastocystis y tiene una masa
molecular en electroforesis de ~51.7 kDa

Las ALFuc de Blastocysis ST1, ST2 y ST3 con ORF1, tienen conservado el péptido
sefial, con una probabilidad de escision del péptido de 0.6-0.8 %. Tienen conservado
el dominio IPR000933 de la familia GH29, de clan CL0058 de las a-L-fucosidasas.
El dominio tipo C 5/8 (IPR000421) de unién a carbohidratos se encuentra conservado
en ST1 y ST2. Ninguna de las proteinas tuvo predicciéon de segmentos
transmembranales.

Las ALfuc de Blastocystis ST1 y ST8 tienen variantes con ORF 2, una proteina de
menor tamafo, sin péptido sefial, pero conservan los dos dominios arriba
mencionados.

Las ALFuc de Blastocystis ST1-ST3 tienen conservado el sitio catalitico para la
familia GH29, con el residuo nucledfilo asp (D) y el residuo general 4cido/base Glu
(E)

El gen alfuc es un candidato prometedor como marcador filogenético, ya que muestra
una topologia idéntica al arbol filogenético del gen SSUrDNA.

Finalmente, los genes adquiridos por GATL deben analizarse como marcadores
filogenéticos potenciales porque han desempefiado un papel esencial en los eventos
de adaptacion en el intestino y pueden revelar brechas bioldgicas relacionadas con

eventos de especiacion del huésped o expansion del huésped.
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X. Perspectivas

e Debido a que la cantidad de Blastocystis y su axenizacidon es una limitante para
estudiar proteinas, se propone la clonacion del gen de alfuc en un vector de expresion

y producir las proteinas recombinantes de cada ST

e Determinar la actividad de a-L-fucosidasa de las proteinas recombinantes, usando
substratos conocidos fucosilados, para analizar si existen diferencias en actividad

inter o intra subtipos de Blastocystis

e Identificar el tipo de a- enlace sobre cual actuan cada una de ellas

e Realizar andlisis de estructura para identificar sitios cataliticos.

e Extender el andlisis filogenético del gen alfuc con otros subtipos de Blastocystis, para
verificar si se mantiene la topologia con el gen SSUrDNA y otro genes usados en
variabilidad, para robustecer la propuesta de usar alfuc como marcador de

variabilidad en Blastocystis
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ABSTRACT

Intestinal mucins are the first line of defense against microorganisms. Although knowledge
about the mechanisms involved in the establishment of intestinal protozoa is limited, there is
evidence that these parasites produce lectin-like molecules and glycosidases, that exert both,
constitutive and secretory functions, promoting the establishment of these microorganisms.
In the present review, we analyse the main interactions between mucins of the host intestine
and the four main protozoan parasites in humans and their implications in intestinal
colonization. There are lectin-like molecules that contain complex oligosaccharide structures
and N-acetylglucosamine (GlcNAc), mannose and sialic acid as main components, which are
excreted/secreted by Giardia intestinalis, and recognized by the host using mannose-binding
lectins (MBL). Entamoeba histolytica and Cryptosporidium spp. express the lectin galactose/
N-acetyl-D-galactosamine, which facilitates their adhesion to cells. In Cryptosporidium, the
glycoproteins gp30, gp40/15 and gp900 and the glycoprotein lectin CpClec are involved in
protozoan adhesion to intestinal cells, forming an adhesion-attack complex. G. intestinalis
and E. histolytica can also produce glycosidases such as [-N-acetyl-D-glucosaminidase,
o-d-glucosidase, B-d-galactosidase, B-1-fucosidase, a-N-acetyl-d-galactosaminidase and
B-mannosidase. In Blastocystis, o-D-mannose, o-D-glucose, GlcNAc, o-D-fucose, chitin
and sialic acid that have been identified on their surface. Fucosidases, hexosaminidases and
polygalacturonases, which may be involved in the mucin degradation process, have also been
described in the Blastocystis secretoma. Similarly, symbiotic coexistence with the intestinal
microbiota promotes the survival of parasites facilitating cell invasion and nutrients obtention.
Furthermore, it is necessary to identify and characterize more glycosidases, which have been
only partially described by in silico analyses of the parasite genome.

KEYWORDS: Mucins. Lectins. Glycosidases. Protozoa. Intestinal parasites.

INTRODUCTION

The normal human gastrointestinal tract is inhabited by a vast and diverse
community of microorganisms, such as bacteria, yeasts and parasites, and it is
thought that a well-balanced microbiota is important for normal digestion and
maintenance of the intestinal ecosystem. The mucosal epithelial tissue, after
exposure to the external environment, has developed multiple functions and
defense mechanisms in response to their susceptibility to microorganisms. Among
the functions of mucosal epithelium are the absorption of nutrients and the role of
cofactors in the intestine; gas exchange in the respiratory system; transparency of
the cornea and lubrication; and detection of chemical elements. On the other hand,
mucous membranes also have close relationships with the innate and the adaptive
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immune systems, allowing a rapid response to threats to the
mucous surface’. Therefore, mucosal epithelia throughout
the body can be considered dynamic and vital entities
forboth, the normal function of the body and its interaction
with internal and external environments. Considering that
the gastrointestinal tract is one of most exposed epithelia
to environmental aggressors, it is important to study its
interactions with different microorganisms. Thus, some
intestinal parasites that cause diseases in humans can
express different molecules that interact with the intestinal
epithelium of the host, such as lectins, glycosidases and
mucin-like proteins, which can favour the binding with
and the invasion of host cells as well as the evasion of
the immune response. In addition, parasitic enzymes can
also facilitate infection by degrading the host mucus or by
generating binding sites to host cells.

The present review focuses on the interaction between
some molecules, such as lectin, lectin-like, mucin-like and
glycosidase molecules which are related to the attachment
and colonization by Giardia intestinalis, Entamoeba
histolytica, Cryptosporidium spp. and Blastocystis spp.
as the main parasitic protozoa that affect the intestinal
mucosa of the human host, highlighting the possible role
that these molecules play in the pathogenicity of these
microorganisms.

Mucins: the first line of defense of the intestinal
epithelium

The gastrointestinal mucosa is formed by a layer of
columnar epithelial cells covered by a mucus coating.
The mucus forms two layers, a sterile inner thin layer and
a thicker non-sterile easy-to-remove layer. The viscous
properties of mucus are generated by the secreted mucins,
composed of large and complex glycoproteins bound to
O-carbohydrates, representing approximately 70% of their
composition and assembled as homo-oligomers®. In the
gastrointestinal region, there are five secreted mucins that
oligomerize (gel-forming) (MUC2, MUC5AC, MUCS5B,
MUC6 and MUC19) and a secreted mucin that does not
oligomerize (non-gel-forming) (MUC?7) (Table 1)3*. Homo-
oligomers are formed through intermolecular disulfide
bonds between the cysteine-rich domains found at the amino
and carboxyl ends of mucins. In the endoplasmic reticulum,
N-terminal glycosylation and C-terminal dimerization
occur, and then, in the Golgi apparatus, O-glycosylation
and N-terminal multimerization of the dimers continue,
followed by the packing of the mucins into granules for
subsequent secretion. The glycosyltransferases within
the Golgi of the goblet cells determine the identity of the
oligosaccharides that are secreted. The expression of these
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mucins can be modulated by the innate and the adaptive
immunity and differs between sites in the gastrointestinal
tract. In the stomach, the mucus is composed of MUC5AC
and MUC6 and is produced by calyx cells. In the small
intestine, the mucus layer is thinner (mainly composed of
MUC?2) and consists of an inner layer of ~15-30 um and
an outer layer of ~100-400 pm, being thicker in the ileum.
Mucus in the small intestine is produced by calyx cells
and Paneth cells. In the large intestine, mucus (mainly
MUC?2) is predominantly produced by cells in the calyx
and consists of an inner layer of ~100 pm and a thick outer
layer of ~100 pm®.

Table 1 - Distribution of mucins in the gastrointestinal tract.

Mucins References

MUC1, MUC5AC,
MUC6

MUC1, MUC2,
MUC3, MUCA4,
MUC6, MUC12,
MUC13, MUC17

MUC1, MUC2,
MUCS3, MUC4,
MUC12, MUC13,
MUC17

Gastrointestinal Tract

Stomach 1,3-6

Small intestine 1,3-6

Large intestine 1,3-6

A mucin protein (apomucin) is composed of a tandem
repeat arrangement with elevated proportions of proline,
threonine and serine (PTS domain). Carbohydrates are
bound to the PTS domains, constituting approximately
50% of the molecular weight and with sizes and numbers
that vary according to the type of mucin. PTS domains are
encoded by regions known as variable number of tandem
repeats (VNTR), which are polymorphic and variable
in different individuals and between distinct species®.
Furthermore, the genes encoding glysosyl transferases are
genetically variable, increasing intra- and inter-species
diversity. This diversity is an important contributor to the
specificity of commensal and pathogenic microorganisms,
since the external composition of the mucins can have
multiple ligands with which microorganisms can bind and
can be used as energy sources®.

Lectins, mucin-like molecules and glycosidases in
intestinal parasites

The definition of lectin is that it is a protein that
has at least one non-catalytic domain that binds with a
carbohydrate in a specific and reversible way’. In parasitic
protozoa, lectins play important roles in different host-
parasite interactions, as they facilitate the attachment to
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various glycoproteins, glycolipids and proteoglycans found
on the surface of the host’s gastrointestinal tract, which is
the site of contact for invasion and colonization (Table 2)8.

Mucin-like glycoproteins have also been identified in
several parasites, and these molecules are composed of
amino acids and carbohydrates, which resemble mammalian
mucins, in that they are highly glycosylated and rich in
Thr, Ser and Pro. Proteophosphoglycans (PPGs) are the
structural equivalents of mammalian mucins and have
been detected in Entamoeba histolytica®, as well as in
Cryptosporidium parvum'®"",

In addition, parasites that live in the mucosal epithelium
require mechanisms to penetrate into the host’s mucins,
which can damage the mucous lining of the intestinal tract,
as observed in Giardia, Entamoeba, and Trichomonas
infections; these mechanisms may include the production
of enzymes that degrade the protective epithelial mucus, the
generation of ligands for the binding with and the invasion
of the host’s tissues and the release of nutrients that the
parasite can consume?'2,

Giardia intestinalis

Giardia intestinalis colonizes the duodenum, jejunum,
and ileum and is the etiological agent of human giardiasis,
one of the most common gastrointestinal diseases
worldwide. The clinical manifestations of giardiasis vary
from no symptoms to acute or chronic diarrhoea with
abdominal pain, flatulence, weight loss, intestinal lesions
and malabsorption syndrome, which can last for several
months. Giardia intestinalis exhibits two stages, the cyst

(resistant form) and the trophozoite (the parasitic form).
Giardia cysts have a hard wall and are impervious to small
molecules, which protect them from the environment, but
they can break through quickly when the parasite excysts
and colonizes the duodenum'®. The Giardia cyst wall
contains -1,3-linked N-acetylgalactosamine (GalNAc),
a homopolymer carbohydrate and at least three cyst wall
proteins (CWPs) composed of Leu-rich repeats and a
C-terminal conserved Cys-rich region. The Leu-rich repeat
domain of CWP1 is a lectin that binds with the curled fibrils
of the GalNAc¢ homopolymer'“.

There is evidence of two main mechanisms that allow
Giardia trophozoites to adhere to intestinal cells: a) a
cytoskeletal mechanism involving ventral flagella or ventral
discs, and b) a lectin-mediated mechanism'®. Additionally,
Giardia may produce o-N-acetyl-D-glucosaminidase,
B-N-acetyl-D-glucosaminidase, o-D-galactosidase,
B-1-fucosidase, a-mannosidase and B-xylosidase, enzymes
that can degrade the intestinal mucins of the host, facilitating
the invasion by the parasite'®.

Alternatively, it has been described that MBL and
ficolins (innate pattern recognition receptors [PRRs]) of the
host are capable of recognizing GlcNAc on the surface of
the parasite, activating the lectin-complement pathway, as
demonstrated by the inhibition of this route with different
concentrations of mannose in vitro'’.

Furthermore, in the excretion/secretion products
of G. intestinalis, two 58 and 63 kDa glycoproteins
were identified by the periodic acid-Schiff staining.
However, when these products were treated with sodium
metaperiodate or N-glycosidase F, a deglycosylation

Table 2 - Lectin or glycan-like structures and glycosidases secreted by the main protozoan parasites.

Parasite Lectin/glycan-like structures Glycosidases References
Polymer b-1,3-linked GalNAc L
sgecific in cyst, Secretion B-N-acetyl-d-glucosaminidase,
Giardia lamblia N-glycan structures, including oc-d-gllufc OSId.‘Zse’ B-d-’g\;lalactolslgase, 12,14,16-18
GIcNAC, mannose and sialic B-l-fucosidase, o-N-acetyl-d-
acid aé main components galactosaminidas, -mannosidase
B-N-acetyl-d-glucosaminidase,
o-d-glucosidase, B-d-galactosidase,
Entamoeba histolytica Gal/GalNAc-specific surface B-Ifucosidase, 12,16,19-24
o-N-acetyl-d-galactosaminidas,
B-mannosidase,
o, 1,6-glucosidase
Gal/GalNAc-specific surface
Cryptosporidium parvum (p30), gp15, gp40, gp900, INA 37-46
CpClec
a-D-mannose, a-D-glucose, L-Fucosidase, Hexosaminidase
Blastocystis spp GlcNAc, o-L-fucose, chitin, Pol al,acturonase ’ 53-58
and sialic acid specific surface Yo ’
INA = information not available
Rev Inst Med Trop Sao Paulo. 2020;62:e64 Page 3 of 10
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enzyme, serum from the mice immunized with excretion/
secretion products detected three proteins of 36, 58 and
63 kDa, indicating the possibility of a glycosidic epitope
recognition by antibodies'®.

Entamoeba histolytica

Entamoeba histolytica is a mitochondria-devoided
protist and the parasite responsible for human amebiasis;
in the colon it may cause dysentery, but it can also spread
through the blood circulation to other organs, mainly the
liver, causing abscesses. The parasite has two life cycle
forms: motile trophozoites and cyst forms. Trophozoites
are the proliferative form crucial for the development of
the disease. The cysts are the infective form, produced in
the intestine and eliminated in the feces and subsequently
ingested through contaminated food or water.

E. histolytica mainly expresses a Gal/GalNAc-specific
surface lectin on its surface, which is associated with its
virulence, thus facilitating adherence to the host’s mucins
and colonic cells. Certain virulent clones of E. histolytica
can internalize and degrade the mucins of the host’s colon
and secrete them, facilitating the passage in to the mucosal
epithelium through the protective mucus. Avirulent clones
have a much lower rate of internalization and mucosal
discharge'2'%2°, Adhesion of trophozoites to colonic mucin
is almost completely inhibited by the addition of Gal or
GalNAc in vitro, although some attachment may still occur
at high concentrations of these molecules, indicating the
participation of other components in this interaction®®2",
To lyse host epithelial cells, the parasite-host interaction
through this lectin is necessary, as indicated by the addition
of Gal or GalNAc inhibiting the general virulence of the
parasite in vitro.

The Gal/GalNAc lectin is composed of a 260 kDa
heterodimer of heavy (hgl) (170 kDa) and light (Igl)
(35/31 kDa) subunits linked by disulfide bonds
noncovalently associated with an intermediate subunit
(igl) of 150 kDa. The Igl and igl/ subunits are anchored
to the membrane by acyl-glycosyl-phosphatidylinositol
(GPI). The hgl subunit has a carbohydrate recognition
domain (CRD), within a cysteine-rich region (amino acids
356 to 1143), and has a short cytoplasmic tail, which is
implicated in intracellular signalling and is homologous
to the B2 and B7 integrins.

In E. histolytica, the hgl subunit gene family consists
of five genes with 89-95% of identity at the amino acid
level. The [gl subunit is composed of a gene family of 6-7
members encoding isoforms, sharing 79-85% identity,
with different post-translational modifications. The igl
subunit has two genes encoding proteins with 84% amino
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acid identity, but do not share similarity with the 260-kDa
protein®®-22,

The Igl subunit does not appear to be involved in
carbohydrate recognition, as mAb and polyclonal antibodies
directed against the light subunit isoforms have no significant
effect on adherence or cytotoxicity. When the /gl protein is
purified, it is always bound with the Agl protein, however,
when the /gl protein lacks the GPI anchor, it does not
bind with hgl, or with carbohydrates (Gal), indicating that
lgl, when not part of the heterodimeric lectin, lacks this
capacity?®. Additionally, when amebas were transfected
with a truncated Ig/ gene, which encodes a protein
produced in excess, there was a significant decrease in their
ability to adhere and kill mammalian cells, to form rosettes
with human red blood cells (which is mediated by the
Gal/GalNAc E. histolytica lectin incubated with red cells)
and to phagocyte erythrocytes, and they were unable
to cap anti-Gal lectin complexes on their surface (the
process known as capping is the rapid redistribution of
surface antigen-anti-body complexes in trophozoites),
which indicates that the light subunit has the role of
grouping these complexes, an activity that is essential
for virulence®*.

On the other hand, ig/ lacks a carbohydrate recognition
motif; however, it has galactose-binding activity and
contains several CXXC and CXC domains, which indicates
protein-protein interactions; monoclonal antibodies against
igl significantly inhibit ameba adherence, phagocytosis and
toxicity?®. In addition, 96% of hamsters immunized with
the C-terminal fragment of ig/ were protected against liver
abscess formation, and the antibodies generated inhibited
up to 80% the adhesion of trophozoites to mammalian cells
in vitro, supporting the use of this fragment as a vaccine to
prevent amebiasis®®.

Furthermore, the CRD of the Gal/GalNAc lectin has
been shown to function as a pathogen-associated-molecular-
pattern-like molecule (PAMP), as it binds with Toll-like
receptors TLR-2 and with TLR-4 on human colon cells,
and it can induce the expression of elements of the innate
immune response, subsequently leading to the production
of pro-inflammatory cytokines. This is exacerbated when
there is previous exposure to pathogenic enterobacteria,
leading to the development of an invasive disease?”. Another
interesting activity described for Gal/GalNAc lectin is that
the E. histolytica Igll subunit has both, hemolytic and
cytotoxic activities and they depend directly on the level
of expression of the Lgll gene®.

The 220-kDa lectin (I.220) has specificity for GlcNAc,
but hemagglutination may be inhibited by hyaluronic
acid, chitotriose, chitin, GalNAc and Gal. L220 was
immunolocalized on the surface of the trophozoites,
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indicating their participation in adhesion to the target cells®°.

The 112-kDa protein is also involved in adhesion and is
located within the plasma membrane and into trophozoite
vacuoles. The final protein is encoded by two nearby genes
that give rise to a 49 and a 75 kDa polypeptide. The 49-kDa
polypeptide is a cysteine protease (EnCP112), which can
digest azocasein, gelatine, type I collagen, fibronectin and
haemoglobin, while the 75-kDa polypeptide is an adhesin
(EhADH); both polypeptides are located on the surface of
trophozoite as they are membrane proteins. The activity
of the cysteine protease allows mucin degradation and
parasite access to the epithelium of the host colon, which
causes increased mucin secretion to prevent invasion of
the parasite. EhnCP112 also has a cathepsin (Cys-His-Asn)
catalytic domain and an RGD (Arg-Gly-Asp) domain,
suggesting that this molecule can bind with integrins2%27-2°,

Several glycosidases secreted by or found in the
lysates of E. histolytica trophozoites have been described,
including 3-N-acetyl-D-glucosaminidase, a-D-glucosidase,
B-D-galactosidase, xylosidase, glucuronidase,
N-acetylneuraminate lyase, neuraminidase, hyaluronidase,
B-L-fucosidase, a-N-acetyl-galactosaminidase,
sialidase, f-amylase and o--mannosidase'®®%-%2, Of these,
sialidase, o-glucosidase, B-amylase and -N-acetyl-D-
glucosaminidase seem to be involved in ameba pathogenesis,
being the most active B-N-acetyl-D-glucosaminidase,
which seems to have a central role in the degradation of
mucin®'. Glycosidases act through the degradation of mucin
carbohydrates, thus exposing the protein skeleton to parasite
proteases®'-3%, Cysteine proteases secreted by E. histolytica
are mainly involved in the final disruption of colonic mucin,
allowing ameba adherence and invasion®*.

Cryptosporidium spp.

Cryptosporidium is an obligate intracellular protozoan
parasite, a member of the Apicomplexa phylum, which
was initially recognized as an opportunistic pathogen in
immunocompromised patients, but can also be found in
immunocompetent hosts, usually causing asymptomatic
or self-limited infections®. The species that mainly infect
humans are C. hominis and C. parvum®®. Cryptosporidium
life cycle is complex, starting with the ingestion of food
or water contaminated with oocysts, followed by an
excystation process in the small intestine, going through
various stages of asexual and sexual reproduction in the
intestinal epithelial cells, to finally produce oocysst that
are going to be released into the intestine and excreted into
the environment®’.

The genomes of Cryptosporidium spp. indicate that
two kinds of proteins are involved in adhesion: mucin-
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like glycoproteins and thrombospondin-related adhesive
proteins (TRAPs)®.

Glycoprotein 900 (GP900) was the first cloned and
characterized mucin-like protein of C. parvum, and it
is located at the micronemes of the sporozoites, where
it is released to mediate invasion. This protein shares
homology with human MUC2 and MUCS5 mucins and
has several domains: two mucin-like, polythreonine,
trinucleotide repeat domains; two cysteine-rich domains;
one large degenerate 8-mer amino acid repeat domain;
one transmembrane domain; and a signal peptide'. The
glycoprotein gp900 is involved in parasite attachment and
invasion of host cells.

The surface gp60 protein from sporozoites and
merozoites is also called gp15/40/60, is a mucin-
like molecule and is processed into mature gp40 and
gpl5 glycopeptides, both having a core of O-linked
o-GalNAc, and gp15 having also a CPI anchor. This protein
presents great variability and has been used to classify
Cryptosporidium isolates into subtypes®®.

P23 is a 23-kDa sporozoite and merozoite surface
glycoprotein belonging to a family of proteins of 23-27
kDa, each of which has a core of O-linked o-GalNAc. P23
is antigenically conserved in isolates from different parts
of the world and is deposited on trails during the initial
stages of infection. This protein is involved in attachment
and invasion®’.

P12 is a glycoprotein detected by phage display and has
an N-terminal signal peptide, a transmembrane region, an
N-glycosylation site, a casein kinase II phosphorylation site
and two N-myristoylation sites; it is located in the apical
region of sporozoites and on the surface of oocysts®.

A Cryptosporidium parvum protein that contains the
C-type lectin domain (CTLD) was described and named
CpClec®. Itis a type 1 transmembrane protein that contains,
in addition to a CTLD, a mucin-like domain predicted to
be O-glycosylated and a Tyr-based sorting motif in the
cytoplasmic tail. The expression of the CpClec protein
is regulated during development, being located in the
apical region and in the dense granules of sporozoites
and merozoites and in the feeder organelle in intracellular
stages, suggesting possible roles in the union, invasion
and/or intracellular development in the host cell. In addition,
CpClec mediates the infection of C. parvum through
Ca’*-dependent binding with sulfated proteoglycans on
host intestinal epithelial cells*'.

P30 is a lectin in C. parvum and C. hominis that
specifically binds with the Gal/GalNAc molecules of the
host cell. This protein is found in the apical region of
sporozoites, is involved in cell binding and invasion and is
associated with gp900 and gp40 for this purpose*.
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The Cpal35 protein is expressed and secreted by oocysts
and sporozoites and, after the invasion of the sporozoites
into the host cell, it overlays the parasitophore vacuole.
It is a modular protein that has a signal peptide at the
N-terminus, a domain similar to ricin B between residues
170 and 290, an LCCL domain between residues 738 and
828, and a region rich in cysteines at the C-terminus*.

The circumsporozoite-like glycoprotein (CSL) is a
conserved molecule with a molecular weight of 1,300 kDa
that is found in the apical complex of both sporozoites
and merozoites and is an important surface ligand that
mediates the binding with and facilitates the invasion of
intestinal epithelial cells. CSL contains a sporozoite and
merozoite ligand that is involved in parasite attachment
to intestinal epithelial cells during the infection process in
a dose-dependent, saturable, auto-shift manner and, once
bound, significantly diminishes the permissiveness of the
cell to infection by C. parvum sporozoites. The host receptor
recognized by CSL was characterized and detected on the
microvillar surface of the Caco-2 human intestinal epithelial
cell line. It was identified as an 85-kDa surface protein
that is capable of significantly inhibiting the binding and
invasion of sporozoites that are incubated with it, prior to
being inoculated into Caco-2 cells. Monoclonal antibodies
directed to CSL were shown to completely neutralize
sporozoite infectivity in vitro and limit an infection in an
in vivo mouse model*,

The thrombospondin-related adhesive proteins (TRAPs)
contain thrombospondin type 1 (TSP1), the genes of which
have been conserved among apicomplexans and contain
one or more TSP-1 domains, which are implicated in zoite
gliding motility and invasion of host cells*>. TRAP-C1
(Cryptosporidium 1 thrombospondin-related adhesive
protein) is a 76-kDa protein located in the apical pole of
sporozoites that is structurally related to the micronemal
proteins MIC2, TRAP and Etp100, sharing structural
homology with members of the thrombospondin adhesive
protein family in other apicomplexans*®. TRAPs and
other structurally related proteins constitute a family of
functionally homologous proteins involved in parasite
motility and cell penetration by binding with sulfated
glycosaminoglycans (GAGs) on the host cell surface®’. It
is believed that gliding motility and cell invasion, which
depend on the microfilaments of the parasite, result from
a capping activity of the parasite surface ligands directly
associated with TRAP-C1 molecules*.

Blastocystis spp.

Blastocystis is the most common unicellular parasite
that infects the intestinal tract of humans, as well as many
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animals; it is prevalent worldwide and is estimated to
affect between 1 and 2 billion people, although its clinical
importance remains controversial®.

Multiple morphological forms of Blastocystis can
be found in different individuals, such as vacuolar,
multivacuolar, avacuolar, granular, ameboid and cystic
forms. However, only four stages have been formally
accepted: vacuolar, granular, trophozoite and cyst, and
Blastocystis also have great genetic diversity®°.

At first, Blastocystis was named Blastocystis hominis
because it was detected mainly in humans; however, it
was later determined that there were other hosts for this
parasite, and the name was changed to Blastocystis spp.
Subsequently, with the use of small-subunit ribosomal
RNA gene (SSU-rDNA) analysis, 17 subtypes (STs)
were identified, and their presence worldwide has been
widely documented. Of the 17 STs, nine (STs 1-9) can
infect humans, with STs 1, 2, 3 and 4 being those found
in more than 90% of human isolates®'. Regarding clinical
presentations, Blastocystis carriers infected with ST1 or
ST3 had referred intestinal disorders, while ST2 has been
associated with asymptomatic infections®2,

In late 20" century, during a survey focused on
determining the surface composition of Blastocystis using
lectins, alpha-D-mannose, alpha-D-glucose, N-acetyl-
alpha-D-glucosamine, alpha-L-fucose, chitin and sialic
acid were detected®®.

It has been argued that the ability of Blastocystis to
inhibit the host immune response may favor its persistence,
adhesion and survival within the intestinal tissue, which
can be facilitated by the release of molecules in the host-
parasite interface. Cysteine proteases play central roles in the
virulence of Blastocystis; for example, the 31-kDa asparaginil
cysteine protease called legumain is found on the parasite’s
cell surface, and cathepsin B, which is 31 kDa, represents
another virulence factor. It has been observed that legumain
plays a pro-survival role, as it induces apoptosis of parasite
cells when they react with specific antibodies®*. These two
proteases were identified in parasite culture supernatants
and may be involved in increasing intestinal permeability,
degradation of human secretory immunoglobulin A,
induction of IL-8 production, mucus degradation, tissue
damage and gastrointestinal disturbances®®.

Little is known about the Blastocystis enzymes
involved in the degradation of the host’s intestinal barriers;
however, the parasite genome has been sequenced, and 75
probable proteins have been detected, including proteases,
glycosidases, lectins, glycosyl transferases and protease
inhibitors, which may facilitate Blastocystis binding to the
host. Based on these sequencing data, it was proposed that
eight glycosyltransferases and one carbohydrate-binding
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Figure 1 - Schematic representation of the interactions between the main protozoa intestinal pathogens and the human intestinal
mucosa. In Giardia, lectin-like structures have been identified on the surface of the parasite, including GIcNAc, mannose and sialic
acid as main components that can also be excreted/secreted by the parasite. E. histolytica and Cryptosporidium spp. express specific
Gal/GalNAc (named gp30 in cryptosporidium) lectins that facilitate cell adhesion. In addition, Cryptosporidium gp40/15, gp900
and a CpClec lectin-like glycoprotein have been | described and are involved in adhesion to intestinal cells, forming an adhesion-
attack complex. G. lamblia and Entamoeba hystolytica can also produce glycosidases such as: 3-N-acetyl-D-glucosaminidase,
o-d-glucosidase, 3-d-galactosidase, B-I-fucosidase, a-N-acetyl-d-galactosaminidase and f-mannosidase. In Blastocystis, o-D-
mannose, a-D-glucose, GIcNAc, a-D-Fucose, chitin and sialic acid have been identified on the surface of the parasite. Fucosidases,
hexosaminidases and polygalacturonases, which may be involved in the mucin degradation process, have also been described

in the predicted Blastocystis secretoma.

protein were secreted. The sequence of several hydrolases
has also been determined, and these hydrolases can be
used by the parasite for the degradation of host tissues.
Among these hydrolases, fucosidase, hexosaminidase and
polygalacturonase can degrade host glycoproteins, while
proteases can act in several of the processes involved in
the invasion and virulence of the parasite®®.

The function of glycoconjugates found on the surfaces
of parasitic protozoa, involves more than serving as a
simple additional barrier to the cell membrane; they play
important roles in the adhesion and invasion of the parasite
and its evasion of the host immune response. The variation
in the composition of the surface glycoconjugates of
different Blastocyst STs has been determined by electron
microscopy, and the modifications observed in the images
may be associated with differences in ST pathogenicity®’.

Rev Inst Med Trop Sao Paulo. 2020;62:e64

When phylogeny-based methods and strict validation
criteria are used, it was found that approximately 25% of
Blastocystis genes were recently acquired by lateral gene
transfer (LGT) from prokaryotic and eukaryotic donors
and that this process is ongoing. They reported 167 genes
belonging to 74 gene families that corresponded to recent
LGT events. The acquired genes come mainly from the
bacteria that inhabit the intestine and are central to the
adaptation of the colonization in the intestinal tract.
Seventeen genes participating in carbohydrate metabolism
were identified, including five genes involved in the import
and metabolism of L-fucose, such as alpha L-fucosidase
(FUCA), L-fucose permease fucP and L-fuculose phosphate
aldolase, which are homologous enzymes in Bacteroides
thetaiotaomicron, and L-fucose dehydrogenase and
L-fuconolactase, and are similar to those found in a metabolic
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pathway in Campylobacter jejuni. On the other hand, at least
seven genes with the ability to participate in the evasion of
the host’s immune response inducing pathogenicity have
been described. In particular, a gene encoding a beta-1,3-
galactosyltransferase (B1,3GalT) appears to have been
acquired from animals and subsequently duplicated several
times in the Blastocystis genome. The authors hypothesize
that these genes code for proteins that are potentially
involved in “molecular mimicry” and serve as camouflage
on the cell surface, thereby avoiding recognition by the
host®®. After LGT, extensive duplication of genes is very
common and occurs in Blastocystis and in other organisms.
Fucose transporters represent one of the families that have
undergone a large increase, with seven to nine copies in all
STs. These transporters may be relevant for the colonization
of the intestine by the parasite, as they are involved in
the concentration and regulation of fucose. Despite the
advances that have been made in the understanding of the
interactions of Blastocystis with the intestinal epithelium
and the immunity associated with the intestinal mucosa,
there are still many questions to be answered.

CONCLUSION

The present review focuses on the interactions of
the host mucous membrane with lectins expressed on
the surface and excreted/secreted and the glycosidases
secreted by parasites and their roles during adhesion and
colonization of human intestinal mucin cells. However,
information on these molecules, particularly glycosidases
in parasites, is scarce. In contrast, a number of references
about bacterial glycosidases have been published. The
studies described herein indicate that the host/parasite
interface is dynamic and there is a constant exchange of
molecules that can prevent or facilitate host colonization.
In addition, the symbiotic coexistence with the intestinal
microbiota promotes an adequate microenvironment for
the survival of parasites, either by the direct action of the
parasites excreted/secreted lectins and glycosidases into the
intestinal microenvironment or by the use of hydrolysed
carbohydrates as energy sources for their own metabolic
pathways. Furthermore, it is necessary to characterize
and evaluate more glycosidases, which thus far have only
cursorily described the genome in several parasites.
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[ T I T T T !
¢ 20 40 60
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SignalP-5.0 prediction (Eukarya): Joel19B_ST2
1 SP(Sec/SPI)
OTHER
0.8 I i
i
I
1
i i
Wt
i
1
E
= [
E 04— i
=
=
g
(=9

MFSFYLFFLIAIALAKPKLPLPTEEQAQWLERGISGFIHFGYVNTFTGKEWGLGDEDPNIFNPVKLNTTOQW

S55555555S5SS5SSCXXNXXXAXXAXXXXKAXXXXXAXXXXXXXXXXXXAXXXX XXX X XXXXXXXX XX XX XX

! I ¥ T
40 60

[
Protein sequence
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0.8

Probability
=
da
1

SS55555S555SSS5SSCXAXANXMUXNXXAXNXXXKX XXX XXX XAX X XXX XXX XA AKX XX XXX XXX XXX XXX XX XXXX

SignalP-5.0 prediction (Eukarya): Joel29B_ST2

L T B
€s
OTHER

MLSFYLFFLIVIALAKPKLPLPTEEQAQWLERGISGFIHFGYNTFTGKEWGLGDEDPNIFNPVKLNTTQW

T I T T
20 40 60

Protein sequence

SignalP-5.0 prediction (Eukarya): Sequence

SP(Sec/SPI)
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Probability
=
o
|

OTHER

e

MFSFYLFFLIAIALAKPKLPLPTEEQAQWLERGISGFIHFGYVNTFTGKEWGLGDEDPNIFNPVKLNTTOQW

S55555555S5SS5SSCXXNXXXAXXAXXXXKAXXXXXAXXXXXXXXXXXXAXXXX XXX X XXXXXXXX XX XX XX

L I ¥ T
20 40 60

Protein sequence
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SignalP-5.0 prediction (Eukarya): Flemming_ST2_NCBI
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o 20 40 60
Protein sequence
SignalP-5.0 prediction (Eukarya): CMX5_ST3
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E 04—
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MKNLLFILLFYVAIVLSKRDLPYPTEEQAQWLERGVAGFIHFGVNTYTGNEWGDGTEDPKIFNPYKLNTTAQ
§5556565555586SSSCXNNXXNXXNNKXAXXXXNXAX XXX XX XXX XXX XXX E XXX X XXX XXX X XXX XXXXX
T !

[ ! I ¥ T
20 40
Protein sequence
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SignalP-5.0 prediction (Eukarya): ST3_NCBEI

OTHER

0.8

Probability
=
da
1

MKNLLFILLFVAIVLSKRDLPYPTEEQAQWLERGVYAGFIHFGYVNTYTGKEWGDPGTEDPKIFNPVKLNTTAQ

SS5S58888S55S8888SCHNXUNYXXAXNXXAXKXXXXXXHLXXAXX XXX XXX XN ANXXAXXXXAXXAXKXXXXXXHXXXXX

I T T
40
Protein sequence

SignalP-5.0 prediction (Eukarya): Joel17A_ST3

["sp(secssp1) =
OTHER

0.8

Probability
=
oa
1

MKNLLFILLFVAIVLSKRDLPYPTEEQAQWLERGVYAGFIHFGYVNTYTGNEWGDPGTEDPKIFNPVKLNTTAQ

SS5S58888S55S8888SCHNXUNYXXAXNXXAXKXXXXXXHLXXAXX XXX XXX XN ANXXAXXXXAXXAXKXXXXXXHXXXXX

20 40

Protein sequence
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SignalP-5.0 prediction (Eukarya); Joel42_ST3

- SP(Sec/SPI) —
cs
OTHER ~
0.8
-l
E 0.4
=z
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[
[
0
MKNLLFILLFVAIVLSKRDLPYPTEEQAQWLERGYAGFIHFGVNTYTGKEWGDGTEDPKIFNPVKLNTTAQ
1 5558585855585 88S5CXXKAXNXNXXKANAXXNXX XXX NAXX XA XA NXX XXX XANXXN XXX XN ALXXNXXX XXX XXX
T T T T T !
o 20 40 60
Protein sequence
SignalP-5.0 prediction (Eukarya): Joel43_ST3
1 SP(Sec/SPI) —
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OTHER
0.8
&
E 04—
5
=
g
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MKNLLFILLFVAIVLSKRDLPYPTEEQAQWLERGIAGFIHFGVNTYTGKEWGDPGTEDPKIFNPVKLNTTAQ

SS5S5S8585S85S585S5S8S888SCUNXXNAXXXANXXXKXXXXXXHXXXXXXXXAXXXAXXXXXXAXXXXXXXAXXAX XX XX

[ L I ¥ T T L
20 40 60
Protein sequence
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Anexo 3. Prediccion de dominios conservados en ALFuc de Blastocystis
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Show the search options and sequence that you submitted.

Return to the search form to look for Pfam domains on a new sequence.

Significant Pfam-A Matches
Show or hide all alignments.

Alpha L fucos Alpha-L-fucosidase Domain CL0058 27 324 59 322 87 346 96.8 1.8e-27 Hide
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Sequence search results
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We found 2 Pfam-A matches to your search sequence (all significant)

Show the search options and sequence that you submitted.

Return to the search form to look for Pfam domains on a new sequence.

Significant Pfam-A Matches
Show or hide all alignments.

Alpha L fucos Alpha-L-fucosidase Domain CL0058 27 324 59 322 87 346 96.7 1.8e-27 Hide
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F5 F8 type C F5/8 type C domain Domain L0202 334 452 336 445 2 118 127 30.6 3.1e-07 ('Show |

Pfam is part of the ELIXIR infrastructure

Pfam is an Elixir service Read more

Comments or questions on the site? Send a mail to pfam-help@ebi.ac.uk.
European Molecular Biology Laboratory
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Sequence search results
Show the detailed description of this results page.

We found 2 Pfam-A matches to your search sequence (all significant)

Show the search options and sequence that you submitted.

Return to the search form to look for Pfam domains on a new sequence.

Significant Pfam-A Matches
Show or hide all alignments.

Alpha L fucos Alpha-L-fucosidase Domain CL0058 27 324 59 322 87 346 96.8 1.8e-27
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#SEQ [EASSF - AEGYPAINYLTNDKEUYHKPEGTESSGYVDLLFDEPVSFAVVHMQEFLRH- GOKVSHYSISL- LEGEDHVEVAK tNDY
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Sequence search results
Show the detailed description of this results page.

We found 2 Pfam-A matches to your search sequence (1 significant and 1 insignificant)

Alpha.L

Show the search options and sequence that you submitted.

Return to the search form to look for Pfam domains on a new sequence.

Significant Pfam-A Matches
Show or hide all alignments.
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Show or hide all alignments.
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Sequence search results
Show the detailed description of this results page.

We found 2 Pfam-A matches to your search sequence (all significant)

Show the search options and sequence that you submitted.

Return to the search form to look for Pfam domains on a new sequence.

Significant Pfam-A Matches
Show or hide all alignments.

Alpha L fucos Alpha-L-fucosidase Domain CL0058 32 321 86 346 97.5 1.0e-27
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Sequence search results
Show the detailed description of this results page.

We found 2 Pfam-A matches to your search sequence (all significant)

Show the search options and sequence that you submitted.

Return to the search form to look for Pfam domains on a new sequence.

Significant Pfam-A Matches
Show or hide all alignments.

Alpha L fucos Alpha-L-fucosidase Domain CL0058 27 324 59 322 87 346 96.6 2.0e-27
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#SEQ N skuR Q- -------- ===~ C1GGGCGGDNDSRERRIF dcgpdtangktesglereeny R EEEEE, EEPKSLEDLVHIYERSVGLAYQLOLVPPNPDGLFDEKDVARLREFGEVIR

F5 F8 type C F5/8 type C domain Domain L0202 334 452 336 445 2 118 127 306 3.1e-07 (Hide |
#HMM i 1 1qvdLgkpkki vtqgrqdggnay i T pvtntfdppvkaryvrltpts.wngg
#MATCH +43SS  ++H4Pa ++1 HK HW bHEEERE B+ o+ 4D+ Y 4g HVHYHLHE Hrget v gHt + HE N HHPVHHE VPLEE + Wit
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#SEQ [EASSF - AEGYPAINYLTNDKEUYHKPEGTESSGYVDLLFDEPVSFAVVHMQEFLRH- GOKVSHYSISL- LEGEDHVEVAK tNDY
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Sequence search results
Show the detailed description of this results page.

We found 1 Pfam-A match to your search sequence (all significant)

Show the search options and sequence that you submitted.

Return to the search form to look for Pfam domains on a new sequence.

Significant Pfam-A Matches
Show or hide all alignments.

Alpha L fucos Alpha-L-fucosidase Domain CL0058 32 321 86 346 98.4 5.4e-28 Hide
#HMM klfkaaGakYvvlt: alwdskvsd d...agPkrDivkel: keglkfglyyslad kt tlnglkelvtkYkp.dilwfDgewekkeeyynedwkseeelaklykelspg. .devlvndrlgkkeae...... dyqtperglpkelkak................ pWetcttigksWgYkrneeeyksakeliklLvdivskgGnllLnigptadGsipeeeeerLkeiGkWlk
#MATCH + Ft+ K + ++whf++aGa  ++1++KHHAEF l++s+tst +it + K DbVietttttit 8 +y S d + 4bbt Ayttttit 1+ 1 +4Y4p 1w Dg K e+t + b+ +brkbbipE + d+ + +e gl ket+ + p+ + +i W Y+ n ee ks kel+++ + v+ + 1 Ln++p+ dG ++e+ ++rl+e Gttt
#PP 46 56 444443...2. .. 0ot.e. .. .2589999999999% K ¥ * ¥ £990* *+*88888., . 4556 32333333333....13344665555555555554444566666

- - g mumuwwugFmapthmeExGLGKEEuwahapsv _

.. Pfam is part of the ELIXIR infrastructure

i Pfam is an Elixir service Read more

#SEQ PN skwR YFYNMTW

Comments or questions on the site? Send a mail to pfam-help@ebi.ac.uk.
European Molecular Biology Laboratory
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http://pfam.xfam.org/help
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https://www.ebi.ac.uk/
http://pfam.xfam.org/

EMBL-EBI

HOME | SEARCH | BROWSE | FTP | HELP | ABOUT " ‘om

e o] ()

Sequence search results
Show the detailed description of this results page.

We found 1 Pfam-A match to your search sequence (all significant)

Show the search options and sequence that you submitted.

Return to the search form to look for Pfam domains on a new sequence.

Significant Pfam-A Matches
Show or hide all alignments.

. Entry Envelope | mignment |  HMM | Pred| ted Show/hide
Family Descri
HIGE start | _End | _stat | _End | From [ To | score active At

Alpha L fucos Alpha-L-fucosidase Domain CL0058 22 308 58 307 86 330 91.3 8.3e-26 Hide
#HMM k1fkaaGakyvvlt alwdskvsd. . . ivkelakavrkeglkfglyyslad Kt kekt1nglkelvtkYkp. dilwfD; kseeelaklykelspgdeVivndrigkkeae. .. ........c..ovvenns.n. dyqtperglpke.1kakpNefrﬂ'1‘ Kr 1ik1LvdivskgenlLLnigptadGsi
#MATCH K Pt K + +hwbrtfrt Ga  v+ltakHHAGE Li+sttst 44 + + Kk Diviestiirrs g k 1y 5 d + +hiet 4y+ett + liel tY+p 1w Dg  + +++ + +++  +kitkerpt 4+l +g +ea 4+tp + p++ 1 +p+ + 41 W Y+ n e+ ki kelt++ + Vi + 1 Lne+pteeG +
#PP 47 HFFRRRREARIA KRR KRR ARIAAR KRR KRR AH 655555554, 5! 6663................25999 . .455666777774.8899999998 . 44333 . 3333333344456775555556666666666666666666663A4 .9 6
#SEQ [ZFNPVKLNTTQHIEAFRS IGAEEVILVAKHHDGFML FPSAYSNITXENAIT - MEKGDVVREFVQSCRALGTKASLYL SPHORERYNIIII- - - - -~~~ -- -] [EEVNEYSHT LEELTTRYGPAYELHNDGANAQ - TXTITTVOHORT VKLTKRNQPG GHCGGDEAGI fdcgp. anggtesglekeenwNFHTPSVEFPGKeLVFS -ESPKTLKELVHIYFRSVGLNYQLQLNVPPTPEGI

.. Pfam is part of the ELIXIR infrastructure

i Pfam is an Elixir service Read more

Comments or questions on the site? Send a mail to pfam-help@ebi.ac.uk.
European Molecular Biology Laboratory
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https://www.elixir-europe.org/about-us/why-needed
mailto:pfam-help@ebi.ac.uk
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http://pfam.xfam.org/browse
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EMBL_EBI HOME | SEARCH | BROWSE | FTP | HELP | ABOUT P‘om

e o] ()

Sequence search results
Show the detailed description of this results page.

We found 2 Pfam-A matches to your search sequence (1 significant and 1 insignificant)

Alpha.L

Show the search options and sequence that you submitted.

Return to the search form to look for Pfam domains on a new sequence.

Significant Pfam-A Matches
Show or hide all alignments.

Alpha L fucos Alpha-L-fucosidase Domain CL0058 22 325 58 323 86 346 101.3 7.5e-29
#HMM klfkaaGakYvvlt alwdskvsd. . . ivkel. rkeglkfglyysladi Kt kektlnqlkelvtkYkp.dilwfD, K laklykelspgdevlvndrlgkkeae............covuuennnnns dyqtperglpke.lkakpwerrfﬁ kr 1ikllvdivskgGnllLLnigptadGsipeeeeerLkeiGkWlk
#MATCH K Pt K + +hwbtfrt Ga  v+ltakHHAGE Li+sttst 44 + + Kk Diveesttirrs g k 1y 5 d + +hiet +y+e++ + ltel t+Y+p 1w Dg  + +++ + +++  +kerkeripr +1 +g +ea ++tp 4 pr+ 1 4pt + 41 W Y+ n e+ ki kel+++ + Vi + L LN++ptatG ++it ++irke Gttt
#PP L e KR 655 5 D 5 5 54| 6663....000eiann... 25999 999 455666777774 8899999998. .44333. 333333334445677555555666666666666665666666344 .9 986
#5EQ NPV N T TQHTEAF RS TGAEEV I LVAKHHDGEHL FPSAYSNTEVENEIII: - MEKGDVVREFVOSCRALGTKAS LY SPWDRERYAIIIE - - --- ---- ---- -~ PE - CETNOHGGT - VKIIKRNGPG GRCGGDEAGI fdcgp L awggtesglgkeenwNFHTPSVEFPGKeLVFS -ESPKTLKELVHIYFRSVGLNYQLQLNVPPTPEGLFDPRDVAVMKEF GAYIS

Insignificant Pfam-A Matches

Show or hide all alignments.
— Entry | Envelope |  Alignment |  HMm | predictes .
a .

FS _F8 type C F5/8 type C domain Domain CL0202 336 453 339 4st 23.0 6.8e-05
#HMM 1dGnknt 1qvdLgkpkkidgvvtqgrqdggnayvksykiq Wtt pvtntfdppvkaryvrltpts.w
#MATCH aSS  ++Hpa +++ Ak HWERRREEEE RREE HHED bV H FHRVEHYRL Vi Rl HvE b g + n+d o+ vrHterr w
#PP 6777 .8889888888865555%*¥9999999* ¥+ *kkkkkkk Ak kA %% k%9888, 9""********55 569**%**994443

34667777788889999998844
IN

GTTI

#SEQ [3SSE-| DDKFI -

_ . Pfam is part of the ELIXIR infrastructure
ejﬁg} Pfam is an Elixir service Read more

Comments or questions on the site? Send a mail to pfam-help@ebi.ac.uk.
European Molecular Biology Laboratory
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EMBL_EBI HOME | SEARCH | BROWSE | FTP | HELP | ABOUT P‘om
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Sequence search results
Show the detailed description of this results page.

We found 2 Pfam-A matches to your search sequence (all significant)

Show the search options and sequence that you submitted.

Return to the search form to look for Pfam domains on a new sequence.

Significant Pfam-A Matches
Show or hide all alignments.

Alpha L fucos Alpha-L-fucosidase Domain CL0058 32 321 86 346 97.5 1.0e-27
#HMM klfkaaGakYvvlt: alwdskvsd d...agPkrDivkel: keglkfglyyslad kt tlnglkelvtkYkp.dilwfDgewekkeeyynedwkseeelaklykelspg. .devlvndrlgkkeae...... dyqtperglpkelkak................ pWetcttigksWgYkrneeeyksakeliklLvdivskgGnllLnigptadGsipeeeeerLkeiGkWlk
#MATCH + Frt K + +Hibr+fitaGa  ++1++kHHAGF L+s+ist 4+t + K Diveertitrrs g +y s d + ++bt  + 4yttbres 1+ 1o++Y4p 1w Dg ko edd + ik ++++k+++p+ + d+ + +e gl ket+ + p+ + +i WY+ n ee ks kel+++ + v+ + 1 Ln++pt dG ++e+ ++rlie G+
#PP 46 56 VAN, Do o000 2589999999999*******999****88888..4SSb 32333333333 .13344665555555555554444566666
sseg [ ik AT - - EITHOHKG? - VELKNOPORIEESEEAIS BT e A BB eAIERGP LFLOVS TRPGHFYHAN- EEPKSLKE LVHIYFRSVGLAYQLOLNVPPNTOGLDEKDVARLREFGEVIT

F5 F8 type C F5/8 type C domain Domain L0202 334 451 334 444 1 118 127 30.6 3.0e-07 (Hide |
#HMM i 1 1qvdLgkpkki tqgrqdggnayvksyki t pvtntfdppvkaryvrltpts.wngg
#MATCH 4TSS HHHDE b HHK HN HERE b bR b 4D+ + 4 H VhhyHL brgetl vt g+t + ++4n +d+ vhHE velte + wnbd
#PP 589%4%*9999999999977777* ¥ ¥99GIYY*HH* ¥k KAk KA KA K £9BBY . 3333.466 955544,
#SEQ GQKVSHYTISI - LEGEDWIEVSK -

. Pfam is part of the ELIXIR infrastructure
eliXir  Pfam s an Elixir service Read more

Comments or questions on the site? Send a mail to pfam-help@ebi.ac.uk.
European Molecular Biology Laboratory
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https://www.elixir-europe.org/about-us/why-needed
mailto:pfam-help@ebi.ac.uk
http://www.embl.org/
http://pfam.xfam.org/
http://pfam.xfam.org/search
http://pfam.xfam.org/browse
http://ftp.ebi.ac.uk/pub/databases/Pfam
http://pfam.xfam.org/help
http://pfam.xfam.org/about
https://www.ebi.ac.uk/
http://pfam.xfam.org/

EMBL_EBI HOME | SEARCH | BROWSE | FTP | HELP | ABOUT P‘om
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Sequence search results
Show the detailed description of this results page.

We found 2 Pfam-A matches to your search sequence (all significant)

Show the search options and sequence that you submitted.

Return to the search form to look for Pfam domains on a new sequence.

Significant Pfam-A Matches
Show or hide all alignments.

Alpha L fucos Alpha-L-fucosidase Domain CL0058 27 324 59 322 87 346 96.8 1.8e-27
#HMM keFkaekFdpeewaklfkaaGakYvvltakHHdgfalwdskvsdwnsvd. . .agPkrDivkelakavrkeglkfglyyslad t 1nglkelvtkYkp.dilwfDgewekkeeyynedwkseeelaklykelspg. .devlivndrlgkkeae..........ovuvinunnns dyqtperglpkelkak ............... pUetctti kr 1iklLvdivskgGnlLLnigptadG: LkeiGkWlk
#MATCH + Ft K + +4wttfi4aGa  ++1++kHHAGF L++s++s+ ++++  + K Dbvittttttr g 4y 5 d + ++b+ 4ytbbbes 16 1 teY4p 1w Dg 4+ ++ o+ bbb bbbbkbbpt + d+ pt + +1 W Y++n e+ ks ++li++ + Vi + 1 Lnt+p++dG ++et +rlte Gttt
#PP 5 5556 9 6663.....00inn.....2589999999999%* ¥ *¥**999****¥999984. . 55666777775 .6788998999432333333333. .. .13344664444444444444444 ceresesteens 91‘155555555666666""“**"‘**"““”“*“”“"‘*’k
#SEQ N skuR Q- -------- ===~ C1GGGCGGDNDSRERRIF dcgpdtangktesglereeny R EEEEE, ENPKSLEDLVHIYERSVGLAYQLOLVPPNPDGLFDEKDVARLREFGEVIR

F5 F8 type C F5/8 type C domain Domain L0202 334 452 336 445 2 118 127 306 3.1e-07 (Hide |
#HMM i 1 1qvdLgkpkki vtqgrqdggnay i T pvtntfdppvkaryvrltpts.wngg
#MATCH +43SS  ++H4Pa ++1 HK HW bHEEERE B+ o+ 4D+ Y 4g HVHYHLHE Hrget v gHt + HE N HHPVHHE VPLEE + Wit
#PP 678888 55544
#SEQ [EASSF - AEGYPAINYLTNDKEUYHKPEGTESSGYVDLLFDEPVSFAVVHMQEFLRH- GOKVSHYSISL- LEGEDHVEVAK tNDY

. Pfam is part of the ELIXIR infrastructure
eliXir  Pfam s an Elixir service Read more

Comments or questions on the site? Send a mail to pfam-help@ebi.ac.uk.
European Molecular Biology Laboratory
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http://pfam.xfam.org/about
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EMBL_EBI HOME | SEARCH | BROWSE | FTP | HELP | ABOUT P‘om
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Sequence search results
Show the detailed description of this results page.

We found 2 Pfam-A matches to your search sequence (1 significant and 1 insignificant)

Alpha.L

Show the search options and sequence that you submitted.

Return to the search form to look for Pfam domains on a new sequence.

Significant Pfam-A Matches
Show or hide all alignments.

Alpha L fucos Alpha-L-fucosidase Domain CL0058 22 325 58 323 86 346 101.6 6.0e-29
#HMM klfkaaGakYvvlt alwdskvsd. . . ivkel. rkeglkfglyysladi Kt kektlnqlkelvtkYkp.dilwfD, K laklykelspgdevlvndrlgkkeae............covuuennnnns dyqtperglpke.lkakpwerrfﬁ kr 1ikllvdivskgGnllLLnigptadGsipeeeeerLkeiGkWlk
#MATCH K Pt K + +hwbtfrt Ga  v+ltakHHAGE Li+sttst 44 + + Kk Diveesttirrs g k 1y 5 d + +hiet +y+e++ + ltel t+Y+p 1w Dg  + +++ + +++  +kerkeripr +1 +g +ea ++tp 4 pr+ 1 4pt + 41 W Y+ n e+ ki kel+++ + Vi + L LN++ptatG ++it ++irke Gttt
#PP L e KR 655 5 D 5 5 54| 6663....000eiann... 25999 999 455666777774 8899999998. .44333. 333333334445677555555666666666666665666666344 .9 986
#5EQ NPV N T TQHTEAF RS TGAEEV I LVAKHHDGEHL FPSAYSNTEVENEIII: - MEKGDVVREFVOSCRALGTKAS LY SPWDRERYAIIIE - - --- ---- ---- -~ PE - CETVOHGGT - VKIIKRNGPG GRCGGDEAG fdcgp L awggtesglgkeenwNFHTPSVEFPGKe L VFS -ESPKTLKELVHIYFRSVGLNYQLQLNVPPTPEGLFDPRDVAVMKEF GAYIS

Insignificant Pfam-A Matches

Show or hide all alignments.
— Entry | Envelope |  Alignment |  HMm | predictes .
a .

E5 F8 type C F5/8 type C domain Domain CL0202 336 453 339 443 24.9 1.8e-05
#HMM 1dGnknt 1qvdLgkpkkidgvvtqgrqdggnayvksykiq Wtt pvtntfdppvkaryvrltpts.w
#MATCH aSS  ++Hpa +++ Ak HWERRREEEE RREE HHED bV H VYL Vi Rl bV grt + 4+ n +d o+ vrHtEeE W
#PP 6777 . 8889888888865555*¥¥999999Q* ¥ Kk k ¥4k KKk KK ¥ ¥ K9G QK k¥ KK ¥¥HX55 5EO¥¥*¥*¥99 . 3333.4667999999999****¥¥¥99944
#5EQ [ISSF-TPGYPATNVVGILTTHIYWTPAQGEASGY TELVF EEPVHFNVVMUQEFTRH - GQRVSHYSTAVIT: - EQHVEVAK - - - -GiE]

_ . Pfam is part of the ELIXIR infrastructure
ejﬁg} Pfam is an Elixir service Read more

Comments or questions on the site? Send a mail to pfam-help@ebi.ac.uk.
European Molecular Biology Laboratory
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https://www.elixir-europe.org/about-us/why-needed
https://www.elixir-europe.org/about-us/why-needed
mailto:pfam-help@ebi.ac.uk
http://www.embl.org/
http://pfam.xfam.org/
http://pfam.xfam.org/search
http://pfam.xfam.org/browse
http://ftp.ebi.ac.uk/pub/databases/Pfam
http://pfam.xfam.org/help
http://pfam.xfam.org/about
https://www.ebi.ac.uk/
http://pfam.xfam.org/

EMBL-EBI

Sequence search results
Show the detailed description of this results page.

We found 2 Pfam-A matches to your search sequence (all significant)

Show the search options and sequence that you submitted.

Return to the search form to look for Pfam domains on a new sequence.

Significant Pfam-A Matches
Show or hide all alignments.

“
type

| eove | ugomem |
B T

HOME | SEARCH | BROWSE | FTP | HELP | ABOUT

Pfam

e o] ()

Pred ted Show/hide
score active alignment

Alpha L fucos Alpha-L-fucosidase Domain 321 86 346 98.0 7.6e-28
#HMM klfkaaGakYvvlt: alwdskvsd d...agPkrDivkel: keglkfglyyslad tlnglkelvtkYkp.dilwfDgewekkeeyynedwkseeelaklykelspg. .devlvndrlgkkeae...... dyqtperglpkelkak................ pWetcttigksWgYkrneeeyksakeliklLvdivskgGnllLnigptadGsipeeeeerLkeiGkWlk
#MATCH + Frt K + +HibrfiraGa  ++1++kHHAGF L+s+ist 4+t + K Diviertitrss g +y s d + ++bt 4ytbrres 1 1 o4+Y4p 1w Dg K et +  +bb  bbbrkeript + d+ + +e gl ket+ + p+ + +i W Y++n ee ks kel+++ + v+ + 1 Ln++pt dG ++et ++rlie G+
#PP 46 56 444443 . .2 . 2589999999999****‘**999****88888..56b 8 zs i 32333333333 .13344665555555555554444566666
#SEQ PN skuR YEYNHTI - EETITANNOHGT - FATKKNOPQ TSRS - T e T e e IRaP LFLOVS TRPGHEHPN- EEPKSLKELVALYFRSVGLNYQLQLNVPPHTOGLFDEKDVARLREFGEVEE

F5 F8 type C F5/8 type C domain Domain 334 451 334 444 1 118 127 30.6 3.0e-07 (Hide |
#HMM i 1 1qvdLgkpkki tqgrqdggnayvksyki t pvtntfdppvkaryvrltpts.wngg
#MATCH LSS D b HHK N bERE b bR b HD HE + H H VhhyHL brgetl vt g+t + ++4n +d+ vhHE velte + wnbd
#PP 589%4%*9999999999977777* ¥ ¥99GIYY*HH* ¥k KAk KA KA K £9BBY . 3333.466 955544,
#SEQ GQKVSHYTISI - LEGEDWIEVSK -

. Pfam is part of the ELIXIR infrastructure
eliXir  Pfam s an Elixir service Read more

Comments or questions on the site? Send a mail to pfam-help@ebi.ac.uk.
European Molecular Biology Laboratory
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EMBL_EBI HOME | SEARCH | BROWSE | FTP | HELP | ABOUT P‘om
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Sequence search results
Show the detailed description of this results page.

We found 2 Pfam-A matches to your search sequence (1 significant and 1 insignificant)

Alpha.L

Show the search options and sequence that you submitted.

Return to the search form to look for Pfam domains on a new sequence.

Significant Pfam-A Matches
Show or hide all alignments.

Alpha L fucos Alpha-L-fucosidase Domain CL0058 22 325 59 323 87 346 101.1 8.3e-29
#HMM keFkaekFdpeewaklfkaaGakYvvltakHHdgfalwdskvsd. . ..wnsvdagPkrDivkel; keglkfglyyslad kt tlnglkelvtkYkp.dilwfDgewekkeeyynedwkseeelaklykelspgdevlvndrigkkeae. ..........ouovviunennns dyqtperglpke.lkakpWetcttigksWgYkrneeeyksakelikllLvdivskgGnllLnigptadGsipeeeeerLkeiGkWlk
#MATCH K Fi+ Kk + ++wtt+fi+ Ga  viltakHHAgF l++s++s+  +++ + + K Divier++irt g K ly s d + +++++ +y+e++ + l+el t+Y+p 1w Dg  + +++ + +++  +kerkiripr +l +g +ea +4+Ep 4 pr+ 1 4p+ + +1 W Y+ n e+ ki kelt++ + Vi + 1 LN+pte+G ++++ ++itke Gttt
#PP 6 R R R s 6555555 545 5| 9 6663. Cesessenieenes 9 455666777774 8899999998. .44333.33333333444567755555566666666666666666666634445
#5EQ [P NP VK LN TTQN T EARRS TGAEEVTLVAKHHDGFHLFPSAYSN AV - HEKGDVVREFVOSCRALGTKASLYLSPHDRERYNIII - - - -- - --- ------- EEVNEYYSHTLEELTTRYGP SYELIDGANAQ - FETITTTNDHOS] - KIIKRNGPG - CGGDEAGi fdcgp.iangatesglgkeenuNFHTPSVEFPGKeLVFS ESPTLKELVHIYF RSVGLNYLOLNVPPTPEGLFDPROVAVNKEFGAYEE

Insignificant Pfam-A Matches

Show or hide all alignments.
— Entry | Envelope |  Alignment |  HMm | predictes .
a .

E5 F8 type C F5/8 type C domain Domain CL0202 336 453 339 443 24.9 1.8e-05
#HMM 1dGnknt 1qvdLgkpkkidgvvtqgrqdggnayvksykiq Wtt pvtntfdppvkaryvrltpts.w
#MATCH aSS  ++Hpa +++ Ak HWERRREEEE RREE HHED bV H VYL Vi Rl bV grt + 4+ n +d o+ vrHtEeE W
#PP 6777 . 8889888888865555*¥¥999999Q* ¥ Kk k ¥4k KKk KK ¥ ¥ K9G QK k¥ KK ¥¥HX55 5EO¥¥*¥*¥99 . 3333.4667999999999****¥¥¥99944
#5EQ [ISSF-TPGYPATNVVGITITHIYWTPAQGEASGY TE LVF EEPVHENVVMMQEFTRH- GQRVSHYSTAVIT: - TQWVEVAK - - - - il
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EMBL_EBI HOME | SEARCH | BROWSE | FTP | HELP | ABOUT P‘om

e o] ()

Sequence search results
Show the detailed description of this results page.

We found 2 Pfam-A matches to your search sequence (all significant)

Show the search options and sequence that you submitted.

Return to the search form to look for Pfam domains on a new sequence.

Significant Pfam-A Matches
Show or hide all alignments.

Alpha L fucos Alpha-L-fucosidase Domain CL0058 32 321 86 346 97.5 1.0e-27
#HMM klfkaaGakYvvlt: alwdskvsd d...agPkrDivkel: keglkfglyyslad kt tlnglkelvtkYkp.dilwfDgewekkeeyynedwkseeelaklykelspg. .devlvndrlgkkeae...... dyqtperglpkelkak................ pWetcttigksWgYkrneeeyksakeliklLvdivskgGnllLnigptadGsipeeeeerLkeiGkWlk
#MATCH + Frt K + +Hibr+fitaGa  ++1++kHHAGF L+s+ist 4+t + K Diveertitrrs g +y s d + ++bt  + 4yttbres 1+ 1o++Y4p 1w Dg ko edd + ik ++++k+++p+ + d+ + +e gl ket+ + p+ + +i WY+ n ee ks kel+++ + v+ + 1 Ln++pt dG ++e+ ++rlie G+
#PP 46 56 VAN, Do o000 2589999999999*******999****88888..4SSb 32333333333 .13344665555555555554444566666
sseg [ ik AT - - EITHOHKG? - VELKNOPORIEESEEAIS BT e A BB eAIERGP LFLOVS TRPGHFYHAN- EEPKSLKE LVHIYFRSVGLAYQLOLNVPPNTOGLDEKDVARLREFGEVIT

F5 F8 type C F5/8 type C domain Domain L0202 334 451 334 444 1 118 127 30.6 3.0e-07 (Hide |
#HMM i 1 1qvdLgkpkki tqgrqdggnayvksyki t pvtntfdppvkaryvrltpts.wngg
#MATCH 4TSS HHHDE b HHK HN HERE b bR b 4D+ + 4 H VhhyHL brgetl vt g+t + ++4n +d+ vhHE velte + wnbd
#PP 589%4%*9999999999977777* ¥ ¥99GIYY*HH* ¥k KAk KA KA K £9BBY . 3333.466 955544,
#SEQ GQKVSHYTISI - LEGEDWIEVSK -
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EMBL_EBI HOME | SEARCH | BROWSE | FTP | HELP | ABOUT P‘om

e o] ()

Sequence search results
Show the detailed description of this results page.

We found 2 Pfam-A matches to your search sequence (all significant)

Show the search options and sequence that you submitted.

Return to the search form to look for Pfam domains on a new sequence.

Significant Pfam-A Matches
Show or hide all alignments.

Alpha L fucos Alpha-L-fucosidase Domain CL0058 32 321 86 346 97.4 1.1e-27
#HMM klfkaaGakYvvlt: alwdskvsd d...agPkrDivkel: keglkfglyyslad kt tlnglkelvtkYkp.dilwfDgewekkeeyynedwkseeelaklykelspg. .devlvndrlgkkeae...... dyqtperglpkelkak................ pWetcttigksWgYkrneeeyksakeliklLvdivskgGnllLnigptadGsipeeeeerLkeiGkWlk
#MATCH + Frt K + +Hibr+fitaGa  ++1++kHHAGF L+s+ist 4+t + K Diveertitrrs g +y s d + ++bt  + 4ytbrres 1 1 o4+Y4p 1w Dg K et +  +bb  bbbrkeript + d+ + +e gl ket+ + p+ + +i W Y++n ee ks kilet+ + vi + 1 Ln++pt dG ++et ++rlie G+
#PP 46 56 VAN, Do o000 2589999999999****‘**999****88888..56b 8 zs i 32333333333 .13344665555555555554444566666
#SEQ PN skuR YEYNHTI - ETTANNOHKGT - FATCKKNOPQS TSRS - T e T e geIiaP LFLOVSTRPGHEHPN- EEPKSLKDLVALYFRSVGLNYQLQLNVPPHTOGLFDEKDVARLREFGEVEE

F5 F8 type C F5/8 type C domain Domain L0202 334 451 334 444 1 118 127 31.3 1.8e-07 (Hide |
#HMM i 1 1qvdLgkpkki tqgrqdggnayvksyki t pvtntfdppvkaryvrltpts.wngg
#MATCH 4TSS HHHDE b HHK HN HERE b bR b 4D+ + 4 H VhhyHL brgetl vt g+t + ++ n +d+ vi+E vrlte + wnbd
#PP 589%4%%9999999999977777* ¥ ¥99GIYY*HH* KAk KA KA K AR KK £9BE . 3333.466 955544,
#SEQ GQKVSHYTISI - LEGEDWIEVSK -
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Home | Contact

Compute pl/Mw

Compute pl/Mw

Theoretical pl/Mw (average) for the user-entered sequence:

19 20 30 40 59 69
MISFAIFLLF AVLVLARPKL PIPTEEQVQW LERGISGFIH FGVNTFTGRE WGLGNEDPNI

70 80 %0 100 110 120
FNPVKLNTTQ WVEAFQSAGA NEIILVTKHH DGFMLFPSEY SNHSVISSKW RDGKGDVVRD

130 140 150 160 170 180
FVDSCRLLGA LPSFYLSPWD RFFYNMTWRP EYNDYYKKTL EVLTTRYGPI YELWWDGANA

190 200 210 220 230 240
QPHMTHVYDW KGWYAILKKN QPQCLGGGCG GDNDSFDCGP DTAWGKTESG LGREENWNFH

250 260 270 280 290 300
APSVEFPGEE LVFDPLFLDV SIRPGWFYHP NENPKSLEDL VHIYFRSVGL NYQLQLNVPP

310 320 330 349 350 360
NPDGLFDEKD VARLREFGEY IRKTFAQDEA RKATAAEASS FAEGYPAINV LTNDKFVYWK

370 380 399 400 410 420
PEGTESSGYV DLLFDEPVSF NVVMMQEFIR HGQKVSHYSI SILEGEDWVE VAKGTTIGVK

430 440 450 460
KMNVLEKPVS TKGVRLTIID TWNDYVPEIS RIGLFTSEYY

Theoretical pl/Mw: 5.02 / 52717.42
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Compute pl/Mw

Theoretical pl/Mw (average) for the user-entered sequence:

19 20 30 40 59 69
MISFAIFLLF AVLVLARPKL PIPTEEQVQW LERGISGFIH FGVNTFTGRE WGLGNEDPNI

70 80 %0 100 110 120
FNPVKLNTTQ WVEAFQSAGA NEIILVTKHH DGFMLFPSEY SNHSVISSKW RDGKGDVVRD

130 140 150 160 170 180
FVDSCRLLGA LPSFYLSPWD RFFYNMTWRP EYNDYYKKTL EVLTTRYGPI YELWWDGANA

190 200 210 220 230 240
QPHMTHVYDW KGWYAILKKN QPQCLGGGCG GDNDSFDCGP DTAWGKTESG LGREENWNFH

250 260 270 280 290 300
APSVEFPGEE LVFDPLFLDV SIRPGWFYHP NENPKSLEDL VHIYFRSVGL NYQLQLNVPP

310 320 330 349 350 360
NPDGLFDEKD VARLREFGEY IRKTFAQDEA RKATAAEASS FAEGYPAINV LTNDKFVYWK

370 380 399 400 410 420
PEGTESSGYV DLLFDEPVSF NVVMMQEFIR HGQKVSHYSI SILEGEDWVE VAKGTTIGVK

430 440 450 460
KMNVLEKPVS TKGVRLTIID TWNDYVPEIS RIGLFTSEYY

Theoretical pl/Mw: 5.02 / 52717.42
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Compute pl/Mw

ExPASYy: get pl/Mw

Compute pl/Mw

Theoretical pl/Mw (average) for the user-entered sequence:

10 20 30
MKNLLFILLF VAIVLSKRDL PYPTEEQAQW

70 80 %0
FNPVKLNTTQ WIEAFRSIGA EEVILVAKHH

130 140 150
FVQSCRALGT KASLYLSPWD RFFYNMTWRP

190 200 210
QQHMTHVYDW QGWYKIIKRN QPQCLGGGCG

250 260 270
HTPSVEFPGK ELVFSPLFLD VSIRPGWFYH

310 320 330
PTPEGLFDPR DVAVMKEFGA YIEEVFAHDE

370 380 390
TPAQGEASGY IELVFEEPVH FNVVMMQEFI

439 440 450
KKMNVLDGTF YTDRVRVTIE DTWEDYPPEI

Theoretical pl/Mw: 5.07 / 52888.55

40
LERGVAGFIH

100
DGFMLFPSAY

160
EYNEYYSHTL

220
GDEAGIFDCG

280
ANESPKTLKE

349
ARKAVDAVAS

400
RHGQRVSHYS

460

59 69
FGVNTYTGKE WGDGTEDPKI

110 120
SNHTVAYSTW RDGKGDVVRE

170 180
EELTTRYGPI YELWWDGANT

230 240
PDTAWGQTES GLGKEENWNF

290 300
LVHIYFRSVG LNYQLQLNVP

350 360
SFTPGYPAIN VVGDDKFIYW

410 420
IAVKEGDQWV EVAKGTTIGV
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Compute pl/Mw

Compute pl/Mw

Theoretical pl/Mw (average) for the user-entered sequence:

19 20 30 40 59 69
MISFAIFLLF AVLVLARPKL PIPTEEQVQW LERGISGFIH FGVNTFTGRE WGLGNEDPNI

70 80 %0 100 110 120
FNPVKLNTTQ WVEAFQSAGA NEIILVTKHH DGFMLFPSEY SNHSVISSKW RDGKGDVVRD

130 140 150 160 170 180
FVDSCRLLGA LPSFYLSPWD RFFYNMTWRP EYNDYYKKTL EVLTTRYGPI YELWWDGANA

190 200 210 220 230 240
QPHMTHVYDW KGWYAILKKN QPQCLGGGCG GDNDSFDCGP DTAWGKTESG LGREENWNFH

250 260 270 280 290 300
APSVEFPGEE LVFDPLFLDV SIRPGWFYHP NENPKSLEDL VHIYFRSVGL NYQLQLNVPP

310 320 330 349 350 360
NPDGLFDEKD VARLREFGEY IRKTFAQDEA RKATAAEASS FAEGYPAINV LTNDKFVYWK

370 380 399 400 410 420
PEGTESSGYV DLLFDEPVSF NVVMMQEFIR HGQKVSHYSI SILEGEDWVE VAKGTTIGVK

430 440 450 460
KMNVLEKPVS TKGVRLTIID TWNDYVPEIS RIGLFTSEYY

Theoretical pl/Mw: 5.02 / 52717.42

C 3,
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Compute pl/Mw

ExPASYy: get pl/Mw

Compute pl/Mw

Theoretical pl/Mw (average) for the user-entered sequence:

10 20 30
MKNLLFILLF VAIVLSKRDL PYPTEEQAQW

70 80 %0
FNPVKLNTTQ WIEAFRSIGA EEVILVAKHH

130 140 150
FVQSCRALGT KASLYLSPWD RFFYNMTWRP

190 200 210
QQHMTHVYDW QGWYKIIKRN QPQCLGGGCG

250 260 270
HTPSVEFPGK ELVFSPLFLD VSIRPGWFYH

310 320 330
PTPEGLFDPR DVAVMKEFGA YIEEVFAHDE

370 380 390
TPAQGEASGS IELVFEEPVH FNVVMMQEFI

439 440 450
KKMNVLDGTF YTDRVRVTIE DTWEDYPPEI

Theoretical pl/Mw: 5.02 / 52768.36

40
LERGVAGFIH

100
DGFMLFPSAY

160
EYNEYYSHTL

220
GDEAGIFDCG

280
ANESPKTLKE

349
ARKAVDAVAS

400
RHGQRVSHYS

460

59 69
FGVNTYTGNE WGDGTEDPKI

110 120
SNHTVAYSTW RDGKGDVVRE

170 180
EELTTRYGPI YELWWDGANA

230 240
PDTAWGQTES GLGKEENWNF

290 300
LVHIYFRSVG LNYQLQLNVP

350 360
SFTPGYPAIN VVGDDKFIYW

410 420
IAVKEGDQWV EVAKGTTIGV

TRIGLFNSEL Y
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27/4/2021 ExPASYy: get pl/Mw

Home | Contact

Compute pl/Mw

Compute pl/Mw

Theoretical pl/Mw (average) for the user-entered sequence:

19 20 30 40 59 69
MFSFVLFFLI AIALAKPKLP LPTEEQAQWL ERGISGFIHF GVNTFTGKEW GLGDEDPNIF

70 80 %0 100 110 120
NPVKLNTTQW VEAFQSAGAN EIILVTKHHD GFMLFPSEYS NHSVISSKWR DGKGDVVREF

130 140 150 160 170 180
VDSCHQLGAL PSFYLSPWDR YFYNMTWRPE YNDYYKKTLD VLTSRYGPIY ELWWDGANAK

190 200 210 220 230 240
EHMTHVYDWK GWYEILKKNQ PQCLGGGCGG DNDSFDCGPD TAWGKTESGL GKEENWNFHA

250 260 270 280 290 300
PSVEFPGEDL VFDPLFLDVS IRPGWFYHAN EEPKSLKELV HIYFRSVGLN YQLQLNVPPN

310 320 330 349 350 360
TDGLFDEKDV ARLREFGEYI RETFKHDEAR KAASVTASSY EQGYPPVNVI VNDKYVYWKP

370 380 399 400 410 420
AGDMASGYVD LLFDEPVSFN VIMMQEFIRH GQKVSHYTIS ILEGEDWIEV SKGTTIGVKK

439 440 450
INVLDSKVST KGVRLTIVDT WNDYVPEISR IGLFTSEYY

Theoretical pl/Mw: 5.06 / 52717.33
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Bioinformatics | Terms of Use
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27/4/2021 ExPASYy: get pl/Mw

Home | Contact

Compute pl/Mw

Compute pl/Mw

Theoretical pl/Mw (average) for the user-entered sequence:

19 20 30 40 59 69
MLSFVLFFLI AIALAKPKLP LPTEEQAQWL ERGISGFIHF GVNTFTGKEW GLGDEDPNIF

70 80 %0 100 110 120
NPVKLNTTQW VEAFQSAGAN EIILVTKHHD GFMLFPSEYS NHSVISSKWR DGKGDVVREF

130 140 150 160 170 180
VDSCHQLGAL PSFYLSPWDR YFYNMTWRPE YNDYYKKTLD VLTSRYGPIY ELWWDGANAK

190 200 210 220 230 240
EHMTHVYDWK GWYEILKKNQ PQCLGGGCGG DNDSFDCGPD TAWGKTESGL GKEENWNFHA

250 260 270 280 290 300
PSVEFPGEDL VFDPLFLDVS IRPGWFYHAN EEPKSLKELV HIYFRSVGLN YQLQLNVPPN

310 320 330 349 350 360
TDGLFDEKDV ARLREFGEYI RETFKHDEAR KASSVTASSY EQGYPPVNVI VNDKYVYWKP

370 380 399 400 410 420
AGDMASGYVD LLFDEPVSFN VIMMQEFIRH GQKVSHYTIS ILEGEDWIEV SKGTTIGVKK

439 440 450
INVLDSKVST KGVRLTIVDT WNDYVPEISR IGLFTSEYY

Theoretical pl/Mw: 5.06 / 52699.31
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27/4/2021 ExPASYy: get pl/Mw

Home | Contact

Compute pl/Mw

Compute pl/Mw

Theoretical pl/Mw (average) for the user-entered sequence:

19 20 30 40 50 69
MFSFVLFFLI AIALAKPKLP LPTEEQAQWL ERGISGFIHF GVNTFTGKEW GLGDEDPNIF

70 80 %0 100 110 120
NPVKLNTTQW VEAFQSAGAN EIILVTKHHD GFMLFPSEYS NHSVISSKWR DGKGDVVREF

130 140 150 160 170 180
VDSCHQLGAL PSFYLSPWDR YFYNMTWRPE YNDYYKKTLD VLTSRYGPIY ELWWDGANAK

190 200 210 220 230 240
EHMTHVYDWK GWYAILKKNQ PQCLGGGCGG DNDSFDCGPD TAWGKTESGL GKEENWNFHA

250 260 270 280 290 300
PSVEFPGEDL VFDPLFLDVS IRPGWFYHPN EEPKSLKELV HIYFRSVGLN YQLQLNVPPN

310 320 330 349 350 360
TDGLFDEKDV ARLREFGEYI RETFKHDEAR KASSVTASSY EQGYPPVNVI VNDKYVYWKP

370 380 399 400 410 420
AGDMASGYVD LLFDEPVSFN VIMMQEFIRH GQKVSHYTIS ILEGEDWIEV SKGTTIGVKK

439 440 450
INVLDSKVST KGVRLTIVDT WNDYVPEISR IGLFTSEYY

Theoretical pl/Mw: 5.10 / 52701.33

C 3,
Expasy is operated by the SIB Swiss Institute of
Bioinformatics | Terms of Use
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Compute pl/Mw

ExPASYy: get pl/Mw

Compute pl/Mw

Theoretical pl/Mw (average) for the user-entered sequence:

10 20 30
MKNLLFILLF VAIVLSKRDL PYPTEEQAQW

70 80 %0
FNPVKLNTTQ WIEAFRSIGA EEVILVAKHH

130 140 150
FVQSCRALGT KASLYLSPWD RFFYNMTWRP

190 200 210
QQHMTHVYDW QGWYKIIKRN QPQCLGGGCG

250 260 270
HTPSVEFPGK ELVFSPLFLD VSIRPGWFYH

310 320 330
PTPEGLFDPR DVAVMKEFGA YIEEVFAHDE

370 380 390
TPAQGEASGY IELVFEEPVH FNVVMMQEFI

439 440 450
KKMNVLDGTF YTDRVRVTIE DTWEDYPPEI

Theoretical pl/Mw: 5.02 / 52844.46

40
LERGVAGFIH

100
DGFMLFPSAY

160
EYNEYYSHTL

220
GDEAGIFDCG

280
ANESPKTLKE

349
ARKAVDAVAS

400
RHGQRVSHYS

460

59 69
FGVNTYTGNE WGDGTEDPKI

110 120
SNHTVAYSTW RDGKGDVVRE

170 180
EELTTRYGPI YELWWDGANA

230 240
PDTAWGQTES GLGKEENWNF

290 300
LVHIYFRSVG LNYQLQLNVP

350 360
SFTPGYPAIN VVGDDKFIYW

410 420
IAVKEGDQWV EVAKGTTIGV

TRIGLFNSEL Y
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27/4/2021 ExPASYy: get pl/Mw

Home | Contact

Compute pl/Mw

Compute pl/Mw

Theoretical pl/Mw (average) for the user-entered sequence:

19 20 30 40 59 69
MFSFVLFFLI AIALAKPKLP LPTEEQAQWL ERGISGFIHF GVNTFTGKEW GLGDEDPNIF

70 80 %0 100 110 120
NPVKLNTTQW VEAFQSAGAN EIILVTKHHD GFMLFPSEYS NHSVISSKWR DGKGDVVREF

130 140 150 160 170 180
VDSCHQLGAL PSFYLSPWDR YFYNMTWRPE YNDYYKKTLD VLTSRYGPIY ELWWDGANAK

190 200 210 220 230 240
EHMTHVYDWK GWYEILKKNQ PQCLGGGCGG DNDSFDCGPD TAWGKTESGL GKEENWNFHA

250 260 270 280 290 300
PSVEFPGEDL VFDPLFLDVS IRPGWFYHAN EEPKSLKELV HIYFRSVGLN YQLQLNVPPN

310 320 330 349 350 360
TDGLFDEKDV ARLREFGEYI RETFKHDEAR KAASVTASSY EQGYPPVNVI VNDKYVYWKP

370 380 399 400 410 420
AGDMASGYVD LLFDEPVSFN VIMMQEFIRH GQKVSHYTIS ILEGEDWIEV SKGTTIGVKK

439 440 450
INVLDSKVST KGVRLTIVDT WNDYVPEISR IGLFTSEYY

Theoretical pl/Mw: 5.06 / 52717.33
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Abstract

Blastocystis spp is a common intestinal parasite of humans and animals that has been as-
sociated to the etiology of irritable bowel syndrome (IBS); however, some studies have not
found this association. Furthermore, many biological features of Blastocystis are little
known. The objective of present study was to assess the generation times of Blastocystis
cultures, from IBS patients and from asymptomatic carriers. A total of 100 isolates were ob-
tained from 50 IBS patients and from 50 asymptomatic carriers. Up to 50 mg of feces from
each participant were cultured in Barret's and in Pavlova’s media during 48 h. Initial and
final parasitological load were measured by microscopy and by quantitative PCR. Ampli-
cons were purified, sequenced and submitted to GenBank; sequences were analysed for
genetic diversity and a Bayesian inference allowed identifying genetic subtypes (ST). Gen-
eration times for Blastocystis isolates in both media, based on microscopic measures and
molecular assays, were calculated. The clinical symptoms of IBS patients and distribution
of Blastocystis ST 1, 2 and 3 in both groups was comparable to previous reports. Interest-
ingly, the group of cases showed scarce mean nucleotide diversity (11) as compared to the
control group (0.011+0.016 and 0.118+0.177, respectively), whilst high gene flow and small
genetic differentiation indexes between different ST were found. Besides, Tajima’s D test
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showed negative values for ST1-ST3. No statistical differences regarding parasitological
load between cases and controls in both media, as searched by microscopy and by qPCR,
were detected except that parasites grew faster in Barret’s than in Pavlova’s medium. Inter-
estingly, slow growth of isolates recovered from cases in comparison to those of controls
was observed (p<0.05). We propose that generation times of Blastocystis might be easily
affected by intestinal environmental changes due to IBS probably because virulent strains
with slow growth may be selected, reducing their genetic variability.

Introduction

Irritable bowel syndrome (IBS) is defined as a functional bowel disorder in which abdominal
pain or discomfort is associated with disordered defecation or with a change in bowel habits in
the absence of an organic cause [1-2]. The pathophysiology of IBS remains elusive and no
mechanism is unique to, or characteristic of, IBS. There are probably several interconnected
factors which occur to varying degrees in patients that account for the clinical symptoms of
IBS, these include altered gut reactivity (colonic and/or small bowel motility) in response to lu-
minal or psychological stimuli, hypersensitive viscera or gut, enhanced visceral perception and
pain [3-4].

Blastocystis spp., an intestinal parasite, is one of the most common parasites worldwide in
humans and although its ability to cause disease has been questioned, some reports have dem-
onstrated that this microorganism is associated to the development of IBS [5-9]. Up to 17 sub-
types (ST) have been described in this parasite, based on its small subunit rDNA analysis
(SSUrDNA), humans are colonized mainly by ST1-ST4; their prevalence seems to vary from
country to country and among communities within the same country. Some analyses have
shown a lack of association between ST and IBS [10-12]. In addition, a relevant phenotypic
variation in size, growth and clumping was documented among ST3 isolates from patients with
gastrointestinal alterations and in asymptomatic carriers [13]. Many culture media, as well as
physical and chemical parameters have been tested for Blastocystis growth; some of them gen-
erated improvement of its diagnosis [14-18], but no links between in vitro generation times in-
different Blastocystis ST, and their genetic variation, have been reported. Therefore, the
objective of present study was to assess generation times and genetic polymorphism of Blasto-
cystis cultures from IBS patients and from asymptomatic carriers.

Materials and Methods
Samples

Fecal samples of 50 IBS patients (cases) and 50 unrelated healthy volunteers (controls) with
Blastocystis as a unique infection, diagnosed by flotation-concentration Ferreira’s technique
were studied. For the control' group, all participants were recruited when attending the Blood
Bank of the Hospital General “Dr. Manuel Gea Gonzalez” for a voluntary and altruistic blood
donation; after a clinical check-up they were invited to participate in the present study by pro-
viding fecal samples for a coprological diagnosis. Cases were recruited during their medical
consultations. Informed consent was obtained from each participant before their recruitment.
IBS patients were diagnosed according to the Rome I1I criteria [2], which refer recurrent ab-
dominal pain or uncomfortable sensation at least 3 days per month in the last 3 months associ-
ated with 2 or more of the following: i) improvement with defecation, ii) onset associated with
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a change in frequency of stool release, iii) onset associated with a change in form or appearance
of stools; in order to discard the presence of Rotavirus and pathogenic enterobacteria, all sam-
ples were tested with a commercial Rota Test (CerTest, Spain) and VITEK-2 system (BioMér-
ieux, France), respectively.

Culture

Using templates of the Kato-Katz technique [19], 50 mg of feces of each participant were cul-
tured in 2mL of Barret’s medium [20-21] and of Pavlova’s medium [16, 22]; both comple-
mented with 10% horse serum, as well as Penicillin G (1,000IU/mL) and Streptomycin (100pg/
mL). Sterile 2.5mL screw cap tubes were used for incubation at 37°C; all assays were performed
in duplicate. Two aliquots of ~30 and 500uL were recovered at the beginning and at 48h. The
first aliquot was used to measure the concentration of Blastocystis cells by Neubauer chamber,
whilst the second was used to obtain DNA. At the end of the experiment, to facilitate counting
parasites, cultures were fixed in 10% formalin.

DNA extraction and quantitative PCR (QPCR) assays

Total DNA from each stool sample cultured was obtained using a conventional extraction pro-
tocol with proteinase K, phenol/chloroform solution and precipitated with isopropanol [23];
DNA extracts were stored at -20°C until molecular analysis. Absolute quantification was per-
formed by qPCR in a Light Cycler480-II system (Roche, Germany), using as positive control a
sample with a known number of parasites (8,920 Blastocystis organisms/mg feces) and a DNA
concentration of 160ng/pL, determined by UV-spectrophotometry. A set of primers that am-
plify a region of the Blastocystis small subunit of ribosomal DNA (SSUrDNA) gene, previously
reported by Poirier et al. [24] were used and the amplification was performed with SYBR green
kit (Fermentas, CA), 3.5 mM MgCl,, 0.2uM of each primer and 200ng of DNA extracted. The
amplification conditions were: an initial denaturation cycle of 95°C for 10min, 45 amplification
cycles 95°C 20s, 65°C 20s and 72°C 20s. To establish the coefficient of correlation of the qPCR
assays, 10 fold dilutions of DNA control were used in duplicated experiments. For data analy-
sis, the melting curves at 95°C 5s and of 65°C to 97°C for 1min was performed; afterwards a
concentration curve was obtained and all DNA samples were amplified and compared with
this control.

Blastocystis subtype (ST) determination and genetic variation analysis

High Resolution Melting (HRM) analysis was conducted in order to support the ST identifica-
tion, in some DNA samples that were amplified in 96-well plates, and HRM curves acquisition
was performed, similarly to qPCR, under the same amplification conditions and system, but
using a Light Cycler HRM master kit (Roche, Germany) to assign a melting temperature. DNA
samples with ST identified by sequencing (ST1, ST2, ST3 and ST7) were included as references
for wild-type curves. According to Wittwer et al. [25] and Gonzalez-Bosquet et al. [26], nor-
malization and background subtraction were first performed by fitting an exponential to the
background surrounding the HRM transitions of interest; the normalized HRM curves were
temperature-overlaid, to eliminate slight temperature errors between wells or runs; after, differ-
ent plots of these normalized and temperature-overlaid curves were obtained by deducting the
fluorescence difference of each curve from the average wild-type curve at all temperature
points. Thus, HRM profile with a plot interpreted by the software to be different from the aver-
aged wild-type curve, were considered to be suspicious of harboring a nucleotide change, muta-
tion or variant that, in our particular case, corresponded to each ST. Direct sequencing was
performed to identify the ST in DNA samples. Direct qPCR product sequencing was
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performed according to Poirier et al [24], after purification with a QIAquick PCR Purification
Kit (Qiagen, Germany). Sequencing was performed by a commercial supplier using the same
primers as those used for qPCR (BL18SPPF1 and BL18SR2PP) that amplify a DNA fragment
of 320 to 342bp, depending on the subtype.

All sequences were subjected to a BLAST search in the GenBank database; multiple align-
ments were performed using the CLUSTAL W [27] and Muscle [28] programmes with manual
adjustment in MEGA 5.05 software [29]. Hasegawa Kishino Yano model with gamma distribu-
tion and invariable sites was the best fit model of nucleotide substitution for SSUrDNA, deter-
mined using the Akaike Information Criterion in Modeltest version 3.7 software [30]. The
phylogenetic reconstruction using Bayesian inference was performed with the Mr. Bayes 3.1.2
program [31-33]. The analysis was done for 10 million generations with sampling trees every
100 generations. Trees with scores lower than those at the stationary phase (burn-in) were dis-
carded, and the trees that reached the stationary phase were collected and used to build majori-
ty consensus trees. Other sequences were obtained from GenBank and used as subtype
references. A genetic diversity analysis within and between populations was performed using
DnaSPv4 [34] and included nucleotide diversity (), haplotype polymorphism (8), gene flow
(Nm), genetic differentiation index (Fst) and Tajima’s D test. These indexes refer to the follow-
ing: m, the average proportion of nucleotide differences between all possible pairs of sequences
in the sample; 0, the proportion of nucleotide sites that are expected to be polymorphic in any
suitable sample from this region of the genome. Both indexes are used to assess polymorphisms
at the DNA level and to monitor diversity within or between ecological populations and exam-
ine the genetic variation in related species or their evolutionary relationships. Fgr is a typical
genetic statistic used to measure differentiation between or among populations. The common
used values for genetic differentiation are as follows: 0 to 0.05, small; 0.05 to 0.15, moderate;
0.15 to 0.25, great; values above 0.25 indicate huge genetic differentiation. The gene flow or mi-
gration index (Nm) refers to the movement of organisms among subpopulations; those strong-
ly differentiated have an Nm< <1, whereas an Nm>>4 behaves as a single panmictic unit [35].

Generation time

The generation times of Blastocystis isolates in the two media, based on microscopic measures
and molecular assays, were calculated according to Zhang et al. [17], with the following equa-
tion: Ty = (T>-T})/(log,(n»/n;)), where T, denotes the generation time, 7; represents the num-
ber of cultured parasitic organisms at the initial time (T};), and n, represents the number of
parasitic cells at subsequent time (7). Thus, (T,-T;) = 48 hours of in vitro culture.

Due to absolute quantification by qPCR, it was necessary to consider i) the size of the Blasto-
cystis genome ~18.8Mbp [36]; ii) 1pg of DNA ~978Mbp [37] and iii) the concentration of
DNA control was 160ng/pL; thus, by cross multiplications, the number of copies of the genetic
marker amplified were estimated.

Statistical analysis

Descriptive statistics are expressed as mean and standard deviation (SD). Analysis by Student's
t test for unrelated and related samples and Mantel-Haenszel test were applied; odds ratio
(OR) and 95% confidence intervals (95% CI) were also obtained. Data analysis was performed
with SSPS software Version 15.0 (SPSS Institute, Chicago, IL).

Ethics statement

All procedures are in accordance with the provisions of the Regulations of the General Health
Law in the Field of Health Research in Mexico: Title II, Chapter II, from research communities;
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the Ethics and Research Committees of the General Hospital “Dr. Manuel Gea Gonzalez” ap-
proved the protocol with the reference number 12-87-2012, and written informed consent was
obtained from each participant before recruitment.

Results

Table 1 summarizes clinical symptoms and Blastocystis ST for cases and controls. All IBS pa-
tients presented abdominal pain and bloating, while flatulence and alternating diarrhea or con-
stipation were the least frequent. All amplified DNA fragments were purified and sequenced;
some DNA from the different ST (ST1, 2, 3 and 7) were amplified and melting analysis exhib-
ited distinct temperature peaks, depending on ST; however, some of them were too close to dis-
tinguish among ST, therefore the sequence analysis leaded to identify the ST; 49 sequences
were obtained for cases and 48 for controls (GenBank accession numbers
KP055659-KP055754; however, sequence of the sample "control 45" was <200bp and its acces-
sion number was not assigned). ST1 was the most frequent in the cases' group (41%) followed
by ST3 (33%); in contrast, for controls' group, the order of ST was inverted, because ST3 was
the most frequent (54%) followed by ST1 (21%); distribution of ST2 and ST7 was similar be-
tween both groups. Interestingly, the group of cases showed a scarce mean nucleotide diversity
and haplotype polymorphism as compared to control group (p<0.001), being ST2 the most di-
verse (Table 2). In contrast, ST1 was more variable in the cases' group. Regarding Fsr and Nm
indexes, a small genetic differentiation and a high gene flow between different ST was found.
Result of Tajima’s D test showed negative values for ST1-ST3. The phylogenetic tree (Fig 1)
supported the grouping of our sequences in the ST1, 2, 3 and 7 clades.

During the counting of parasites in the cultured samples, the predominant stage was the
vacuolar form in both media; after 48h of culture in both groups, few amoeboid and granular
forms were observed, with a light increase of the granular form in Pavlova’s medium. No differ-
ences were found regarding the parasitological load between cases and controls in both media
by microscopy and by qPCR, perhaps due to a high variance within data (Fig 2); however,
some statistical differences between media and among groups were found, such as parasites
showed faster growth in Barret’s medium than in Pavlova’s medium (p<0.001, t-test related

Table 1. Characteristics of the carriers and of Blastocystis ST identified in IBS patients and in the con-
trol group.

IBS group Control group
Age, years 46x11.5 38+11.3
Male/female, n 11/39 10/40
Clinical symptoms % (n) % (n)
Abdominal pain 100 (50) 0 (50)
Bloating 100 (50) 0 (50)
Flatulence 45 (24) 0 (50)
Diarrhea-Constipation 40 (20) 0 (50)
Blastocystis ST % (n = 49) % (n = 48)
1 41 (20) 21 (10)
2 24 (12) 23 (11)
3 33 (16) 54 (26)%
7 2(1) 2(1)
%p = 0.043,
OR(95%IC) = 0.43(0.17—-1.06).
doi:10.1371/journal.pone.0124006.t001
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Table 2. Population genetic indexes between different Blastocystis ST sequences.

Blastocystis ST ™ (€] Fst Nm Tajima’s D (p value)
IBS Control IBS Control

1 0.031 0.019 0.905 0.891 0.011 7.18 -2.256 (p<0.01)

2 0.002 0.324 0.682 0.972 0.039 6.48 -2.144 (p<0.05)

3 0.001 0.013 0.342 0.628 0.021 11.22 -2.562 (p<0.01)

MeanzSD 0.011+0.016 0.118+0.177 0.643+0.283 0.830+0.179

(p; 95%CI?) p<0.001; 95%CI = -0.16-0.06 p<0.001; 95%Cl = -0.28-0.09

#95%Cl, 95% Confidence interval.

doi:10.1371/journal.pone.0124006.t002

samples). Interestingly, slow growth for isolates recovered from cases in comparison with con-
trols was observed (p<0.05 by microscopy and p = 0.001 by qPCR; Fig 3).

Discussion

Clinical symptoms in IBS patients infected with Blastocystis were concordant to those reported
in Mexican populations [8, 38-40] and in other countries [6-7, 41-43]. Also, distribution of
Blastocystis ST 1, 2 and 3 was comparable to other reports [8, 10, 38-40], showing no associa-
tion with symptoms or the development of IBS, in contrast with those findings reported by
Ramirez et al. [44], who found that all patients infected with Blastocystis ST2 presented diar-
rhea, while than asymptomatic carriers exhibited only ST1.

Recently, a study focused to assess the genetic variation and differentiation of Blastocystis
subtypes recovered from symptomatic children from Michoacan, Mexico showed that by ana-
lysing partial sequences of the SSUrDNA the mean nucleotide diversity was n=0.0179+0.0112
[40]; interestingly in the present work, a similar mean 1 = 0.011+0.016 for cases was calculated;
in contrast, our control group showed a mean 1 almost ten times higher than the cases' group
(m=0.118+0.177), indicating that parasites from IBS patients exhibited less genetic variable
than controls. Besides, Fsr and Nm indexes showed a small genetic differentiation and a high
gene flow between cases and control groups for ST 1, 2 and 3, suggesting a large flow of para-
sites among carriers, regardless their ST. Besides, the negative values of Tajima’s D test advise a
recent expansion process or an effect of purifying selection [35] that it might occur, particularly
in those isolates from symptomatic Blastocystis carriers.

No statistical differences were observed in the parasitological load between cases and con-
trols; besides, the HRM analyses did not allowed distinguishing unambiguously among ST,
probably due to the relationship between the sensitivity of the technique and the high genetic
polymorphism among ST [25]. The most significant findings in the present study were the dis-
similarities in the T, values from IBS patients and control groups, since a slow growth for iso-
lates recovered from cases in comparison with controls was observed in the two media used;
although Barret’s medium allowed a faster growth, measured by two different techniques, inde-
pendently of their ST. Differences between T, values obtained by microscopy and by qPCR,
can be explained because both techniques measure dissimilar features and by the high sensitivi-
ty of the molecular assay, since with qPCR it has been possible to detect as few as 10> Blastocys-
tis parasites/g of stools as referred by Poirier et al. [24]. Tan et al. [45] studied some phenotypic
characteristics of ten asymptomatic and ten symptomatic human-derived Blastocystis ST3 iso-
lates, and found that asymptomatic isolates grew more rapidly (mean T, = 9.3h) than symp-
tomatic isolates (mean T, = 15.3h) using Jones' medium supplemented with 10% horse serum.
Recently, Ragavan et al. [13] studied 12 isolates of ST3 from four IBS patients, four
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Fig 1. Phylogenetic inference of Blastocystis spp. Bayesian phylogenetic tree using a fragment of SSUrDNA sequences; the values of the nodes indicate
posterior probabilities values using 10 million generations. GenBank accession numbers are included, as well as if correspond to a case or a control; each ST
clade is shown in different branch colors.

doi:10.1371/journal.pone.0124006.g001

gastrointestinal symptomatic patients and four asymptomatic carriers, finding that the asymp-
tomatic isolates grew faster than symptomatic and IBS isolates which were similar with those
reported by Tan et al. [45]; these data are in accordance with those of the present study. The
media of Jones, Barret and Pavlova are simple sera-saline media; but the last one, phosphate
salts and yeast extract are added to increase osmolarity [16, 20, 46]. In addition, Zhang et al.
[17] evaluated the growth of Blastocystis in three commercially available liquid media (RPMI
1640, 199 Medium and Dulbecco’s modified Eagle’s medium) under a different pH, inoculum
sizes and amounts of calf serum, finding that all culture factors modified the T, in each case.
Thus, we consider that T, in Blastocystis is easily affected by intestinal environment changes
(such as osmolarity, variations in the microbiota composition [47, 48], host diet, etc.) eventual-
ly leading to loss of infection, explaining the spontaneous remission observed by Sanchez-
Aguillon et al. [49] during a cohort study.

Nutrient availability, an effective immune response and the host genetics can influence the
response against pathogen challenges [50-52]; for example, it has been suggested that certain
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Fig 2. Parasitological loads estimated at the beginning of the study between cases and controls. Plots drew with all sample data according to the
number of Blastocystis organisms/mg feces by microscopy (A) and number of Blastocystis DNA copies/mg feces by gPCR (B). The black bars mean the
average in each group.

doi:10.1371/journal.pone.0124006.9002

PLOS ONE | DOI:10.1371/journal.pone.0124006  April 29, 2015 8/13

124



o ®
@ : PLOS | ONE Generation Times and Genetic Variability of Blastocystis spp

p=0.0001; 95%IC=28.1-55.3

—J—I 120
129 : - IBS group

17, v
5 5
o Control group =t
3 ] 00 £
£ =
1 "Q
= 80 80 ;’
£ £
=] p=0.024; 95%1C=1.05-14.94 3 -
c 60 i p=0.0001; 95%IC<11.8-22.: 60 £
2 — 2
s | o
- S
4 o
g 40 p=0.0001; 95%IC=7.4-12.2 0 5
8 |ﬁlﬁ| (9
20 20
0 0

Barret’s medium  Pavlovas’s medium Barret’s medium Pavlovas’s medium

by microscopy by qPCR
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single nucleotide polymorphisms of interleukin-8 and -10 could change individual susceptibili-
ty increasing the relative risk in the development of IBS in Blastocystis carriers [53], Therefore
differences for T, observed in early cultures, free of the host immune response pressure and
with sufficient nutrients, allow to assume differences in the cellular protein metabolism, not yet
studied between isolates recovered from symptomatic and asymptomatic carriers. Besides,
some cellular and physiological features, not codified by changes in the DNA sequence, such as
DNA methylation, histone modifications and RN A-associated silencing, have been associated
to virulence and evasion of the immune response in some protozoan parasites, such as Ent-
amoeba histolytica and Giardia lamblia [54-56]. Thus, many aspects of the host-pathogen rela-
tionship in Blastocystis infections require to be studied, in order to clarify the pathogenic role
of this microorganism.

Although it has been argued that genetic polymorphism inside each ST, could be related
with the pathogenicity of Blastocystis [11, 57], little has been discussed about whether genetic
differences in this microorganism may be associated with its growth, and if this might give
some clue about its pathogenicity. In addition, it has been argued that some parasites exploit
their hosts in a prudent way, taking the resources that they need without causing noticeable
damage. Prudent exploitation yields sustainable benefits to the parasite as long as the host re-
mains healthy. Other parasites attack their host more quickly and vigorously. Rapid exploita-
tion may allow the parasites to achieve higher reproductive rates, but damage to the host
reduces parasites' opportunity for sustainable yield. Following this economic line of thought,
each parasite faces a trade-off when increasing the rate at which host resources are used; how-
ever, simple economic considerations will certainly not explain all aspects of parasitism and
the severity of disease (virulence) [58]. The virulence trade-off hypothesis assumes that higher
within-host replication rates lead to higher damage [59], however new opposite examples are
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emerging [60], i.e. Sistrom et al [61] analyzed the whole-genome sequences of Trypanosoma
brucei complex from diverse hosts and regions, finding that a strong purifying selection associ-
ated to cytoskeleton structure and regulatory genes related with virulence; therefore, it is likely
that carriers of Blastocystis virulent strains grow slowly (which would explain the chronic
symptoms associated with this parasite) and by a purifying selection process, these strains
could be directed towards specialization, showing reduced genetic variability. This idea is sup-
ported by our Tajima’s D test data and by a recent article, that it was focused in a comparative
analysis of the population structure of eukaryotic pathogens using Multilocus Sequence Typ-
ing, finding that Blastocystis dataset corresponded to a population of recent origin having un-
dergone a radiation process [62].
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ABSTRACT

Blastocystis sp. is a common intestinal microorganism. The o-L-fucosidase (ALFuc)
is an enzyme long associated with the colonization of the gut microbiota. However, this
enzyme has not been experimentally identified in Blastocystis cultures. The objective of
the present study was to identify ALFuc in supernatants of axenic cultures of Blastocystis
subtype (ST)1 ATCC-50177 and ATCC-50610 and to compare predicted ALFuc proteins of
alfuc genes in sequenced STs1-3 isolates in human Blastocystis carriers. Excretion/secretion
(Es/p) and cell lysate proteins were obtained by processing Blastocystis ATCC cultures and
submitting them to SDS—PAGE and immunoblotting. In addition, 18 fecal samples from
symptomatic Blastocystis human carriers were analyzed by sequencing of amplification
products for subtyping. A complete identification of the alfuc gene and phylogenetic analysis
were performed. Immunoblotting showed that the amplified band corresponding to ALFuc
(~51 kDa) was recognized only in the ES/p. Furthermore, prediction analysis of ALFuc 3D
structures revealed that the domain a-L-fucosidase and the GH29 family's catalytic sites
were conserved; interestingly, the galactose-binding domain was recognized only in ST1 and
ST2. The phylogenetic inferences of ALFuc showed that STs1-3 were clearly identifiable
and grouped into specific clusters. Our results show, for the first time through experimental
data that ALFuc is a secretion product of Blastocystis sp., which could have a relevant role
during intestinal colonization; however, further studies are required to clarify this condition.
Furthermore, the alfuc gene is a promising candidate for a phylogenetic marker, as it shows
a conserved classification with the SSU-rDNA gene.

KEYWORDS: a-L-fucosidase. Blastocystis sp. Glycoside hydrolase. Phylogenetic marker.
Subtypes.

INTRODUCTION

Blastocystis is an anaerobic stramenopile that colonizes the intestinal tract of
several taxa'. Previous reports focused on the speciation of isolates was based on host
species. However, a subtype (ST) classification system based on SSUr-DNA genes was
established whereas molecular typing revealed a disparity in host-based classification?.
In addition, guidelines were proposed to correctly identify new Blastocystis STs
to avoid confusion in the literature; at present, 25 subtypes meet the currently
recommended criteria for unique subtype designations (STs1-17, ST21, STs23-26,
and STs27-29), while STs18-20 and ST22 have been considered insufficient®?,
Although their pathogenicity in humans remains controversial, more than one billion
Blastocystis carriers could exist worldwide®*. STs 1-3 have been reported as the most

@ @ @ This is an gpap/Access article distributed under the
amre terms of trﬁa g@cwve Commons Attribution License.

Page 1 of 12


mailto:Williams.arony%40salud.gob.mx?subject=
mailto:maravillap%40yahoo.com?subject=
https://orcid.org/0000-0002-2189-749X
https://orcid.org/0000-0002-9240-8905
https://orcid.org/0000-0003-0492-1504
https://orcid.org/0000-0003-0522-8357
httpes://orcid.org/0000-0002-6140-8398
https://orcid.org/0000-0002-1744-8480
https://orcid.org/0000-0003-2534-9447

Martinez-Ocafia et al.

prevalent in human populations, however, other STs have
also been found in humans and animals (ST4-10, ST12,
ST14, and ST16). On the other hand, some STs can infect
birds and mammals*, however, isolates from amphibian and
reptiles appear to be restricted to these groups®®.

Intestinal microorganisms can express/secrete different
molecules that interact with the host intestinal mucosa,
among them, the a-L-fucosidase (ALFuc), a glycoside
hydrolase (GH)”. According to the “Carbohydrate-Active
EnZYmes Database” n.d. (CAZy), ALFuc is an enzyme
that catalyzes the hydrolytic removal of L-fucose residues
that bind to the non-reducing end of glycan chains, such
as mucins®. According to their amino acid sequence, a-L-
fucosidases are classified into two families: GH29 and
GH95. GH29 enzymes are a broad family of retention
fucosidases active on o(1,2)-, ou(1,3)-, ou(1,4)-, and o(1,6)-
L-fucosyl ligands. GH29 has been further divided into
subfamilies A and B, with GH29A being active on a wide
range of ligands, whereas GH29B is specific for a(/,3)- and
o(1,4)-L-fucosyl ligands. GH95 enzymes are a small family
of inverted fucosidases active on a(1,2)-fucosyl galactose®.

A significant link has been established between human
o-L-fucosidase (termed FUCA?2) and Helycobacter pylori
adhesion, growth and pathogenicity'®. Furthermore,
it has been documented that growth and invasion of
Campylobacter jejuni fuc+, 129, 108, and NCTC 11168
strains are increased in the presence of active L-fucosidases
released by Bacteriodes fragilis, demonstrating that C.
Jjejuni is dependent on external fucosidases for further
growth and invasion™'. It has also been shown that the ability
of bifidobacteria to metabolize fucosylated compounds
(found in breast milk) via fucosidases is an essential
mechanism for shaping the intestinal microbiome in humans
during the first months of life'2.

There is plenty of information on ALFuc in bacteria.
However, ALFuc has not been experimentally identified
in Blastocystis cultures. Therefore, the objective of the
present study was to identify ALFuc in supernatants from
commercial axenic cultures of Blastocystis ST1, and to
compare predicted ALFuc proteins of alfuc genes after
sequencing STs1-3 isolates from human Blastocystis
carriers.

MATERIALS AND METHODS
Ethics statement

The current study was approved by the Research and
Ethics Committee of the “Dr. Manuel Gea Gonzalez”
General Hospital, with reference number 12-77-2018.
Written consent was obtained from all participants.
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Blastocystis in vitro cultures

The axenic commercial Blastocystis ST1 cultures
ATCC-50177 and ATCC-50610 were obtained from The
American Type Culture Collection (ATCC) and used in this
study to perform a protein analysis. For the propagation of
axenic strains of Blastocystis ST1 ATCC 50177 and 50610,
the data sheets recommend the use of Blastocystis egg
biphasic medium ATCC 1671 supplemented with 10% of
horse serum. The constitution of the medium is as follows:
130 mM NaCl, 1 mM CaCl,, 2 mM KCl, 0.4 mM MgCl,,
10 mM Na,HPO,, 4 mM NaHCO3_ and 2 mM KH,PO,. For
its preparation, egg yolks were emulsified and sieved; 4 mL
were deposited per tube, then eggs were solidified at 60 °C
by placing the tubes in an inclined position. Subsequently,
4 mL of Stone’s modified Locke’s solution were added.
The tubes were then sterilized. At the time of use, 10% of
horse serum was added and 1 mL of the suspension of each
axenic strain of Blastocystis was deposited. Cultures were
kept in an anaerobic jar with BD GasPak (BD, Franklin
Lakes, NJ, USA) for 48 h at 37 °C. After that, they were
inoculated into 10 mL of Iscove’s modified Dulbecco’s
medium (Gibco, Thermo Fisher Scientific, Waltham, MA,
USA) supplemented with 10% of inactivated horse serum
(PAA Laboratories GmbH, Pasching, Austria) and 1% of
penicillin/streptomycin (Gibco, Thermo Fisher Scientific,
Waltham, MA, USA). The cultures were grown in an
anaerobic flask (Merk Millipore, Burlington, MA, USA),
containing a BD GasPak (BD, Franklin Lakes, NJ, USA)
and incubated at 37 °C for 48 h'®. Afterward, microscopic
observations were performed only on some cultures to
confirm cellular growth.

Eighteen fecal samples from adult Blastocystis carriers
who attended medical consultation at the “Dr. Manuel
Gea Gonzalez” General Hospital due to gastrointestinal
disorders were screened by microscopy and xenic isolation
procedures were carried out within 6 h of deposition™®.
Pea-sized pieces of stool or 250 pL liquid samples were
inoculated into 8 mL of Jone’s medium supplemented with
5% of inactivated horse serum'® (PAA Laboratories GmbH,
Pasching, Austria) using six culture tubes per sample. The
culture tubes were incubated at 37 °C for 48 h (during
exponential growth), and the success of the isolation was
confirmed using microscopy.

Preparation of Blastocystis protein extracts and culture
supernatants

For the excretion/secretion protein (Es/p) analysis,

ATCC-50177 and ATCC-50610 cultures were centrifuged
at 6,000 x g for 10 min, and supernatants (~15 mL )
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and cellular pellets (~850 Blastocystis cells/mL using a
Neubauer chamber) were separately recovered. Then, the
supernatants were centrifuged at 16,000 x g at 4 °C for
10 min and passed through a 0.20 um filter (Corning, Merk
Millipore, Burlington, MA, USA) before being placed in
an Amicon Ultra-15 100,000 NMWL (Merk Millipore,
Burlington, MA, USA) and centrifuged at 4,000 x g for
40 min at 4 °C to remove proteins with a molecular weight
greater than 100 kDa. Finally, ES/p was concentrated for
40 min at 4 °C using an Amicon Ultra-4 10,000 NMWL at
4,000 x g, and proteins were resuspended in 2 mL of 50 mM
Tris-HCI pH 7.5 and stored at -70 °C until use'.

For the analysis of Blastocystis cell lysate (Bcl), the
previously obtained cellular pellets were washed three
times with phosphate-buffered saline (PBS) 1X pH 7.2
and centrifuged at 6,000 x g for 10 min. The parasites
were lysed by ten freeze-thaw cycles at -70 °C and 37 °C,
sonicated on ice using ten one-minute pulses, separated by
one minute of relaxation, divided into aliquots, and stored
at -70 °C until required®. For both ES/p and Bcl, the total
protein concentration was determined by a Bradford assay
(Bio-Rad Laboratories, Hercules, CA, USA)™.

Identification of Blastocystis ALFuc.

The annotated a-L-fucosidase protein for Blastocystis
ST7 [UniProtKB-D8M3D3] available in the UniProt
database'® was used to predict its theoretical molecular mass
with EXPASY-Compute pl/Mw'” for further comparisons.
After standardizing and testing different concentrations
of Es/p and Bcl, the optimal technical conditions were
established, and sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) was performed to identify
the putative ALFuc; to this end 60 ug of Bel and Es/p were
loaded in 2x loading buffer containing 3% of SDS, 150 mM
Tris-HCl, pH 6.8, 30% glycerol and 0.1% bromophenol
blue. Samples were placed in boiling water for 5 min and
then on precast 4-20% Mini-PROTEAN® TGX™ Precast
Protein Gels (Bio-Rad Laboratories, Hercules, CA, USA)
at 100 volts/h. Coomassie brilliant blue staining was used
to identify the putative ALFuc protein band and calculate
its Rf using Precision Plus Protein Standards (Bio-Rad
Laboratories, Hercules, CA, USA). Three electrophoretic
runs were used to perform the relative mobility (Rf)
calculation™,

Immunoblotting for ALFuc
To perform electrophoresis and then transfer the

proteins, 20 mg of Es/p and Bcl each were analyzed using
the same conditions described for SDS-PAGE. Then the
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proteins were transferred to polyvinylidene difluoride
(PVDF) membranes (Merk Millipore, Burlington, MA,
USA) at 100 volts/h. The presence of protein bands was
verified by using Ponceau red staining. To standardize the
immunoblot conditions, several assays were performed,
testing different concentrations of antibodies as well as
blocking agents, until the optimal conditions were found.
Nonspecific binding sites were blocked in the membrane
by incubating it with 1X Blocking Reagent (Roche, Merk
Millipore, Burlington, MA, USA) in 50 mM Tris-Base
pH 7.5, 0.15 M NaCl, 0.03% Tween-20 (TBS-T) for 1h at
room temperature, followed by three TBS-T washes and
overnight incubation with anti-o.-L-fucosidase (Santa Cruz
Biotechnology, Dallas, TX, USA) at a 1:2,000 dilution in
blocking buffer with 0.03% TBS-T at 4 °C. The membrane
was then washed three times with TBS-T and incubated
with biotinylated goat anti-mouse anti-IgG (Santa Cruz
Biotechnology, Dallas, TX, USA) at 1:4,000 dilutions for
2 h at room temperature. After three washes, the membrane
was incubated with streptavidin-peroxidase (Jackson
Immunoresearch, West Grove, PA, USA) at a dilution of
1:10,000 for 1 h at room temperature, followed by three
washes with TBS-T. Finally, the membrane was treated with
diaminobenzidine (DAB) (Sigma-Aldrich, Merk Millipore,
Burlington, MA, USA)'.

DNA extraction and PCR for the alfuc gene

One milliliter of each of the 18 fecal samples,
ATCC-50177 and ATCC-50610 cultures, was recovered
for DNA extractions. A QIAmp Fast DNA Stool Mini
Kit (Qiagen, Hilden, Germany) was used following the
manufacturer’s instructions to extract the DNA from the
Blastocystis pellets. The DNA samples were eluted in 50 pL.
of elution buffer and stored at -70 °C. The extracted DNA
was used for polymerase chain reactions (PCR) to obtain
a partial sequence of the SSUrDNA gene?° to identify the
Blastocystis STs in xenic cultures, according to current
guidelines®. Four new primer pairs were designed in this
study to amplify four overlapping regions and to assemble a
sequence of approximately 2,500 base pairs (bp) (Table 1),
which included the whole alfuc gene for STs1-3 and
partial regions of the eIF-3 translation initiation factor
subunit 4 (eif354) and the estradiol 17-beta-dehydrogenase
(hsd17B), as well as two flanking intergenic regions
(accession N° LXWW01000289.1, region: 82284-84859)2'.
In addition to the two strains ATCC 50177 and 50610, a
PCR was performed with eighteen isolates obtained from
patients to amplify the complete sequence of the alfuc gene,
using 25 pL volumes: 1X PCR buffer, 2.4 mM MgCl,,
0.5 mM dNTPs, 0.01 mg BSA, 1 U Taq DNA Polymerase
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Table 1 - Primers used to amplify partial regions of the SSUr-RNA gene and the alfuc gene of Blastocystis.

Locus Primer name Position® Size* (bp) Direction 5’-3’ sequence
SSU-rRNA%* Blast 505-532 6371411 490 Forward ~ GGAGGTAGTGACAATAAATC
Blast 998-1017 Reverse =~ TGCTTTCGCACTTGTTCATC
ALFUC/S1 1928 872 Forward ~ ACWCCCTCGTTTCCWCCMKYAG
ALFUC/As1 Reverse =~ TTCAGYTTCACRGGGTTGAAGAT
ALFUC/S2 Forward ~ GAGGAGCARGYYCARTGGCT
767-1639 ~860
. ALFUC/As2 Reverse =~ GTGGTAGAACCAGCCSGGKC
a-L-fucosidase*
ALFUC/S3 Forward ~ TGGAGACCGGAGTACAACGA
1240-2093 ~850
ALFUC/As3 Reverse = TCTTSACRCCRATGGTGGTKCCC
ALFUC/S4 Forward ~ TCAACGTGRTSATGATGCAGGA
1971-2678 ~675
ALFUC/As4 Reverse = TCCRTCVSTKGCWCCYGTSACC

& = Primer set as described by Santin et al.? to detect and subtype Blastocystis of human and animal origin; £ = Primer set designed
in this study to amplify four overlapping regions from partial eif3S4, complete alfuc and partial hsd17B of Blastocystis STs1-3;
$ = Positions of the sequenced regions in the alignments of the complete SSU-rRNA gene of Blastocystis STs1-17 and non-human/
other mammal/bird sources; positions of the four overlapping regions according to sequence alignments of ST1 genomic regions
[accession number: LXWW01000289, region: 82284..84859], ST2 [accession number: JZRJ01000159, region: ¢8456..10980] and
ST3 [accession number: JZRK01000455, region: 1512..3972]; ¥ = Approximate expected amplification sequence size on different
loci. Bold nucleotides in the primer sequences indicate degenerated nucleotides to anneal targeted positions of STs1-3.

(Invitrogen, Thermo Fisher Scientific, Waltham, MA, USA),
2-5 pL of DNA and nuclease-free water. The PCR products
were confirmed by 1% agarose gel electrophoresis. For
each alfuc region, 200 pL of PCR products were purified
using the AxyPrep PCR Clean-up kit (Axigen Biosciences,
Union City, CA, USA) following the manufacturer’s
instructions. The sequences were obtained using the Sanger
method at the National Biodiversity Laboratory, Institute of
Biology of the Universidad Nacional Autonoma de Mexico
(NBL-BI-UNAM).

Three-dimensional structure prediction

The I-TASSER?? server was used to model the 3D
structure of Blastocystis ALFuc corresponding to ST1, ST2,
and ST3 obtained by translation of the complete alfuc gene.
This server is under active development intending to provide
the most accurate predictions of protein structure and
function using state-of-the-art algorithms. After analysis,
the models with the highest confidence scores (C-score)
were selected. The three-dimensional structures were then
analyzed and visualized using PyMOL 2.5.2%3,

Phylogenetic analysis

The quality of chromatograms of the sequenced
regions was evaluated with the programs phred, phrap
and consed, versions 0.11220.c, 1.090518 and 29,
respectively (Seattle, WA, USA). The assembly of the alfuc
gene sequences was guided using the genomic regions
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containing putative eif3S4-alfuc-hsd17B for STs1-3 as
a reference. In addition, we used two sequence datasets
from Blastocystis STs1-3 and STs4-9 for the validated
SSUr-RNA and the predicted alpha-L-fucosidase genes and
proteins (Supplementary Table S1). Proteromonas lacertae
[SSU-rRNA accession N° U37108.12" and predicted alfuc
accession N° NGBS010012122" region: c18708.20188]
was used as an outgroup. Multiple sequence alignments
were computed in ClustalW version 2.0 and trimmed with
trimAl version 1.2 as implemented in Phylemon version 2.0.
ModelTest-NG version 0.2.0 was used to select the best-fit
substitution model for nucleotide alignments (SSUr-DNA:
HKY+G and alfuc gene: K2+G). According to the common
methods of phylogenetic inference, maximum likelihood
trees were constructed in MEGA X software version
10.1.8 with 1,000 bootstrap replicates. Bayesian trees were
computed in Mr. Bayes Software version 3.2.6 for four
million generations; the posterior probability distribution
and diagnostic frequency were sampled every 1,000 and
105 generations, respectively; and a substitution model was
implemented during the analysis by reversible jump. The
trees were summarized with a post-burning sample of 50%.
Figtree version 1.4.4 was used to edit the phylogenetic trees.
The alfuc gene sequences were annotated by comparison
with the genomic regions (Supplementary Table S1) that
code for Blastocystis ALFuc sequences, available for
ST1 [accession N° OAO14080.1]%4, ST4 [accession N°
XP_014526040.1]?* and ST7 [accession N° CBK22406.2]4.
The predicted amino acid sequences were further analyzed
to theoretically calculate both, the molecular mass and the
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isoelectric point with EXPASY-Compute pI/Mw software'”
to predict the signal peptides with SignalP-5 and to identify
the conserved domains in the Pfam database?®.

RESULTS

Identification of ALFuc from Blastocystis axenic
cultures

To identify the ALFuc of Blastocystis in SDS-PAGE, the
theoretical molecular mass of 51.5 kDa was calculated from
the sequence annotated for a-L-fucosidase of Blastocystis
ST7 in GenBank, using ExPASY-Compute pI/Mw. To
obtain this theoretical result, a strong protein band that
migrated ~50 kDa was identified in the electrophoresis by
staining with Coomassie blue, both in Bcl and in Es/p in
the two strains 50177 and 50610 analyzed (Figure 1A).
The molecular mass of this protein was calculated by
plotting a graph of Rf vs log apparent molecular mass and
interpolating the value of Rf =0.52, obtaining the calculated
molecular mass of 51 kDa (Supplementary Figure S1A).
This result was consistent with the theoretical molecular
mass initially calculated by ExPASY-Compute pl/Mw.
In addition, the immunoblot for ALFuc showed a clear
recognition of the commercial antibody?® against this same
protein band of ~51 kDa in Es/p of both 50177 and 50610
strains, and to a much lesser extent in their Bel (Figure 1B).
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Comparison of alfuc gene sequences in ST1, ST2
and ST3.

To evaluate the variability of the alfuc gene in the
most common Blastocystis STs in humans, subtyping and
phylogenetic inferences were performed. The most common
STs identified within the 18 isolates were ST1 (3/18), ST2
(7/18), and ST3 (8/18) were confirmed by comparing their
partial SSUrDNA sequences with a sequence dataset of
validated subtypes (Figure 2). The sequenced genomic
region containing the alfuc gene was obtained for each of the
18 xenic isolates and the two axenic strains. The sequence
was then annotated as described above and then compared
to the homologous regions in STs1—4 and STs6-9 to define
putative exonic and intronic regions in the alfuc gene, trim
the intergenic regions and detect eif354 and hsd17B partial
genes. These comparisons recognized the existence of two
putative ORFs (open reading frames): ORF1 based on ST4
annotation, identified in all STs (STs1-4 and STs6-9), and
ORF?2 based on ST1 annotation, identified only in ST1 and
ST8. The primary variation between the two ORFs was
that ORF?2 starts at intron one and can be translated into
a shorter protein without a signal peptide (Supplementary
Table S1). These proteins were analyzed using Pfam? to
identify the presence of conserved domains in the proteins
obtained in this study through amplification of the complete
alfuc gene and its subsequent translation into amino acids.
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Figure 1 - SDS-PAGE and Immunoblot of ALFuc Blastocystis: A) SDS-PAGE, stained with Coomassie blue of cells lysate (Bcl) and
Blastocystis excretion/secretion proteins (Es/p), from axenic strains ATCC 50177 and ATCC 50610 are shown. The arrow indicates
the molecular mass calculated by the electrophoretic mobility (Rf) of 51 kDa for Blastocystis ALFuc; B) the recognition of Blastocystis
ALFuc by a commercial anti-o-L-fucosidase antibody is observed. The arrow indicates the protein recognized by the antibody with an
expected molecular weight of 51 kDa which is consistent with the calculated molecular mass on SDS-PAGE for Blastocystis ALFuc.
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According to this analysis, we identified the characteristic
domain (IPR0O00933) of the GH29 family of glycoside
hydrolases, the conserved domain of the a-L-fucosidase
family of the CLO0S58 clan, and a similar galactose-binding
domain (IPR008979), identified as the C-terminal domain
(IPR000421) of coagulation factors 5/8 (Supplementary
Figure S1B). In addition, in these same 13 proteins with
OREFI, the signal peptide was identified at the N-terminal
end. In proteins with ORF2, no signal peptide was present.
The SignalP-5.023%" analysis identified the signal peptide
through peptide excision only in sequences with ORFI1. It
was found between amino acids 16 and 17 (VLA-RP) with
a probability of 0.6139 in ST1 and 0.79 in ST2, in amino
acid positions 14-15 (ALA-KP) with a 0.79 probability
for ST3, and in positions 15-16 (VLS-KR). Analysis for
transmembrane regions showed negative results for all
proteins.

To strengthen the result obtained by the Pfam
analysis confirming that our proteins belong to the GH29
family of a-L-fucosidases, we performed a ClustalW
alignment on the proteins with three o-L-fucosidases
characterized as belonging to the GH29 family: Bacteroides
thetaiotaomicron (B. theta.) [UniProtKB-Q8A085]'¢,
Bifidobacterium bifidum [UniProtKB-C5NS94]' and
Streptomyces sp. [UniProtKB-Q9Z419]'6. Our alignment
analysis showed a high conservation of the characteristic
catalytic site of the a-L-fucosidases of the GH-29 family,
consisting of the characteristic catalytic nucleophilic
residue Asp (D) and the acid/base residue Glu (E)
(Figure 3).

Prediction of three-dimensional structures

The designed structures were analyzed by the I-TASSER
server. This server generates some structural conformations,
then used the SPICKER program to group all the structures
based on the similarity of their paired structures. Finally,
for Blastocystis ALFuc ST1, ST2 and ST3 the server
reported five main models each of them, corresponding to
the five largest clusters. The confidence of each model was
calculated using the C-score. The C-score values showed
the accuracy of the predicted model, which is usually in
the range of -5 to 2. In addition, the higher the value of
the C-score, the better the quality of the prediction. The
C scores of the Blastocystis ALFuc models ST1, ST2, and
ST3 were 1.22, 0.93, and 0.83, respectively. Therefore,
ALFuc Blastocystis ST1 with a C score of 1.22 showed
greater accuracy among the predicted models. Figure 4
shows the tertiary structures of the ALFuc of Blastocystis
ST1, ST2, and ST3. In the image, one can see the domain
of the a-L-fucosidase, consisting of five a-helix structures
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(magenta color); the similar domain of binding to galactose,
formed by five structures of 3-strand (orange color). In ST3,
the Pfam result for this domain was negative. Likewise, the
catalytic site of the GH29 family was observed, formed by
the nucleophilic residue D (red spheres) and the acid/base
residue E (blue spheres).

Phylogenetic analysis

The phylogenetic relationships of Blastocystis were
explored to determine whether a-L-fucosidase could
infer the characteristic of the SSU-rDNA topology or
the one described for nad genes from the Blastocystis
mitochondrion-related organelle (MRO) genomes.
Therefore, we undertook phylogenetic analyses using
two partial regions and the complete alfuc genes from
Blastocystis STs1-3 and STs4-9. Partial region two spans
most of the a-L-fucosidase domain, and region three
contains the galactose-binding-like domain. Our results
confirmed a conserved identity in the tree topology among
alfuc and SSU-rDNA in the phylogenetic analysis. The
gene tree topology (Figure 3) is similar to that described
for Blastocystis by SSU-rDNA?8, MRO nad genes®®, and
Miro protein®. The topology consisted of ST1 and ST2
clustered together; ST3 clustered or associated with ST4
and ST8, and ST7 clustered or associated with ST6 and
ST9 (Figure 5). Interestingly, in the phylogenetic analysis
of the two partial regions of the alfuc gene, ST3 and ST7
shuffled their associations from their common clusters,
while the STs1/2, STs4/8 and STs 6/9 clusters remained
consistent (data not shown).

DISCUSSION

In the present study, ALFuc was identified in Es/p by
predicting its molecular mass in electrophoresis, further
using a commercial antibody directed against the secreted
a-L-fucosidase, suggesting that this enzyme could be part
of the secretion products of Blastocystis. This finding is
consistent with previous reports predicting ALFuc as a
secreted protein related to carbohydrate metabolism in
Blastocystis®', but this claim has not been supported by
experimental evidence so far.

Likewise, through the amplification of the alfuc gene,
and its subsequent translation into proteins, the amino
acid sequences of the ALFucs ST1-3 were obtained. These
sequences were analyzed using Pfam to identify the domains.
The result of this analysis showed the identification of the
characteristic domain of a-L-fucosidases, GH29 enzymes,
and the similar galactose-binding domain (only in ST1
and ST?2). To support these findings, the catalytic sites of
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Figure 2 - Phylogenetic inference of SSUrDNA gene partial sequence of Blastocystis STs1-4 and STs 6-9. The orthologous region
of Proteromonas lacertae was used as the outgroup. The values of the nodes indicate the bootstrap proportions and Bayesian

posterior probabilities in the following order: maximum likelihood/Bayesian analysis. The sequences obtained in the present study
are indicated in bold.
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ST1 _mRNA_Alfuc  —-------- RPEYNDYYKKTLEVLTTRYGPIYELWWDGANAQP--HMTHVYDWKGWYAILK 198
sTl 50177 —m=—m——= RPEYNDYYKKTLEVLTTRYGPIYELWWDGANAQP--HMTHVYDWKGWYAILK 198
sT1_50610 —--===-= RPEYNDYYKKTLEVLTTRYGPIYELWWDGANAQP--HMTHVYDWKGWYAILK 198
$T1_JOEL36 —--——--- RPEYNDYYKKTLEVLTTRYGPIYELWWDGANAQP--HMTHVYDWKGWYAILK 198
$T2_Joeld40  —---—--—- RPEYNDYYKKTLDVLTSRYGPIYELWWDGANAKE--HMTHVYDWKGWYEILK 197
ST2_Flemming NCBI ~  -------- RPEYNDYYKKTLDVLTSRYGPIYELWWDGANAKE--HMTHVYDWKGWYEILK 197
ST2_Joel2%B  —---—--- RPEYNDYYKKTLDVLTSRYGPIYELWWDGANAKE--HMTHVYDWKGWYAILK 197
sT2_CcMX1l 0 —mmm-—- RPEYNDYYKKTLDVLTSRYGPIYELWWDGANAKE--HMTHVYDWKGWYEILK 197
$T2_Joell9B  —------- RPEYNDYYKKTLDVLTSRYGPIYELWWDGANAKE--HMTHVYDWKGWYEILK 197
$T2_Joel58  —---—--—- RPEYNDYYKKTLDVLTSRYGPIYELWWDGANAKE- -HMTHVYDWKGWYAILK 197
ST3_Joeld2 —---—--- RPEYNEYYSHTLEELTTRYGPIYELWWDGANAQQ--HMTHVYDWQGWYKIIK 198
ST3_NCBI = ———————— RPEYNEYYSHTLEELTTRYGPIYELWWDGANTQQ--HMTHVYDWQGWYKIIK 198
$T3_CMX5  ———m———- RPEYNEYYSHTLEELTTRYGPIYELWWDGANAQQ--HMTHVYDWQGWYKIIK 198
ST3_Joell7n —---—--- RPEYNEYYSHTLEELTTRYGPIYELWWDGANAQQ--HMTHVYDWQGWYKIIK 198
$T3_Joeld43s —---—--- RPEYNEYYSHTLEELTTRYGPIYELWWDGANAQQ--HMTHVYDWQGWYKIIK 198
TRIQ8A085|Q8A085_ BACTN -------- SPRYNKFFIRQLTELLTNYGEVHEVWFDGANGEGPNGKKQVYDWDTVYETIH 228
TR|C5NS94|C5NSS4 BIFBI KLPTFKYKATDYGAYMLNQLYELLTEYGDISEVWEDGAQGNT--AGTEHYDYGVFYEMIR 725
TRIQ9Z4I9|Q3Z419_STRSQ KLPTFTVMADDYDAYYLNQLYEIFTQYGPIEELWLDGANPWSGSGITQKYNVKQWFDMVK 327
*,0t A R R P : :

ST1_mRNA_Alfuc KNQPQCLGGGCGGDN-DSFDCGPDTAWGKTESG LGREENWNFHAPSVE———————————— 245
ST1_50177 KNQPQCLGGGCGGDN-DSFDCGPDTAWGKTESG LGREENWNFHAPSVE-——————————— 245
ST1_50610 KNQPQCLGGGCGGDN-DSFDCGPDTAWGKTESG LGREENWNFHAPSVE———————————— 245
ST1_JOEL36 KNQPQCLGGGCGGDN-DSFDCGPDTAWGKTESGLGREENWNFHAPSVE

ST2_Joeld0 KNQPQCLGGGCGGDN-DSFDCGPDTAWGKTESG LGKEENWNFHAPSVE

ST2_Flemming NCBI
ST2_Joel29B

KNQPQCLGGGCGGDN-DSFDCGPDTAWGKTESGLGKEENWNFHAPSVE
KNQPQCLGGGCGGDN-DSFDCGPDTAWGKTESGLGKEENWNFHAPSVE

ST2_CMX11 KNQPQULGGGCGGDN-DSFDCGPDTAWGKTESG LGKEENWNFHAPSVE
ST2_JoellSB KNQPQCLGGGCGGDN-DSFDCGPDTAWGKTESGLGKEENWNFHAPSVE
ST2_Joel5B KNQPQCLGGGCGGDN-DSFDCGPDTAWGKTESGLGKEENWNFHAPSVE
ST3_Joeld2 RNQPQUCLGGGCGGDEAGIFDCGPDTAWGQTESG LGKEENWNFHTPSVE
ST3_NCBI RNQPQCLGGGCGGDEAGIFDCGPDTAWGQTESGLGKEENWNFHTPSVE 246
ST3_CMX5 RNQPQCLGGGCGGDEAGIFDCGPDTAWGQTESGLGKEENWNFHTPSVE 246
ST3_Joell7A RNQPQCLGGGCGGDEAGIFDCGPDTAWGQTESG LGKEENWNFHTPSVE 246
ST3_Joeld3 RNQPQCLGGGCGGDEAGIFDCGPDTAWGQTESGLGKEENWNFHTPSVE-———————————— 246

TRIQ8A085|Q8R085 BACTN RLQPKAVMAI-----—--—--

TR|ICS5NS94|C5NS94 BIFBI RLQPQAIQAN--

MGDDIRWVGNESGLGRETEWSTTVLTPEIYARADKNNKKL 278
-—---AAYDARWVGNEDGWARQTEWSPQAAYNDGV---DKVSLKP 772

TRIQ9Z4I9(Q3Z41I9_STRSQ ALSPNTVV---—--—---— FQGPQGVRWVGNEGGTARETEWS VTPHATDPWTGLGS--—-L 373
LRI *

A R :

Figure 3 - Sequence alignment by ClustalW. Only the region corresponding to the catalytic sites of the a-L-fucosidases of the
GH29 family is shown. To compare the region of catalytic sites, our sequences were aligned with three a-L-fucosidases of the GH29
family from the UniProt database: Bacteroides thetaiotaomicron Q8A085, Bifidobacterium bifidum C5NS94, and Streptomyces sp
Q9Z7419. The catalytic site is shown with the nucleophilic asp residue (D) in red and the general acid/base Glu residue (E) in blue.

our ALFucs were compared with a-L-fucosidases of the
GH29 family of homologous bacteria deposited in the
databases. In the present study, we identified the conserved
nucleophilic residue D and the acid/base residue E in our
sequences. Our results are consistent with the catalytic
mechanism described in bacteria for a-L-fucosidase GH29,
which requires two amino acid residues, one of which
plays the overall acid/base role, while the other acts as a
nucleophile®.

In our study, we could only identify a similar
galactose-binding domain in ST1 and ST2. In Akkermansia
muciniphila, proteins with a similar galactose-binding
domain involved in mucin degradation play a significant
role in host intestinal health, as they downregulate
hydrolytic activity in regions with injured tissues,
improving tissue regeneration and wound healing®®. In
Ruminococcus gnavus, another human gut symbiont
commonly associated with inflammatory bowel disease,
the ability to grow with mucin as the sole carbon source
depends on the strain and is related to gene groups,
including ALFuc proteins with galactose-like binding
domain®*. In addition, it has been observed that the absence
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of beta domains of analogous galactose-like binding with
atopology like a gelatin roll is related to lower hydrolytic
activity of B-galactosidase in Bacillus circulans®®. It has
been suggested that this domain helps galactosyl-lactose
molecules to be correctly targeted within the active site to
efficiently hydrolyze thus producing galactose/glucose and
inhibiting the accumulation of galacto-oligosaccharides
(GOS)®¢, In the present study, the ALFuc of Blastocystis
ST3 showed a negative result for a similar domain of
galactose binding, possibly related to affinity/activity for
the carbohydrate as mentioned in the examples above. But
these data will have to be analyzed with the characterized
protein.

Blastocystis ST have been described “as divergent as
species or even genera” capable of colonizing a wide
variety of hosts'. Therefore, it is not surprising that
Blastocystis is considered the most widespread intestinal
micro-eukaryote, with an almost complete lack of host
specificity. Due to its potential impact on human health,
significant efforts have been made to associate the genetic
diversity of Blastocystis with gastrointestinal clinical
manifestations of zoonotic transmission by analyzing
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Figure 4 - 3D structures of the ALFuc of Blastocystis STs1-3.
The image shows the ALFuc domain, formed by five o-helix
structures (magenta color), the C-type domain F5/8 or similar
galactose-binding domain, formed by five B-strand structures
(orange color), in ST1 and ST2. In addition, the catalytic site
of the GH29 family, consisting of the nucleophilic residue D
(red spheres) and the acid/base residue E (blue spheres), is
observed. For ST3, the Pfam result for the similar galactose-
binding domain was negative.

different molecular markers between geographically
distant populations or isolated from symptomatic and
asymptomatic patients®”%°, Although these studies have
demonstrated surprising findings, it was not possible to
identify a clear association with pathogenic signatures.
A remarkable finding in our study is the conserved
topology in the phylogenetic tree of the alfuc gene, with
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the topology described by the subunits of the nad gene for
the same STs, and the grouping for STs1-4 and STs6-9,
with the classical clustering obtained with the SSUr-RNA
genes?,

In this study, a genomic region containing the alfuc
gene was amplified using four pairs of degenerate primers
designed to obtain the entire gene for comparative functional
analysis rather than to identify a phylogenetic marker. The
main limitations and advantages of this strategy should be
pointed out to avoid possible biases or to be addressed by
future studies.

The primers were designed to amplify regions of
interest only for ST1-3. As most of the samples analyzed
in global studies are of human origin and “more than
90% of human strains belong to ST1-4"%, these primers
may be advantageous if the study entails ST1-3 or a
phylogenetically close ST. However, problems can
arise when analyzing the most divergent STs, especially
those that colonize amphibians, reptiles, or insects.
Unlike previous studies that used DNA extracted from
stool samples to evaluate new phylogenetic markers,
we used DNA extracted from xenic cultures. The first
approach represents the most challenging limitation for
field studies using single-copy markers, as they are more
susceptible to biases associated with a low parasite load
in the sample, e.g., a recent report that analyzed DNA
from human stool samples ruled out eight of the 12 new
markers evaluated for Blastocystis because it was not
possible to obtain quality PCR amplification products?.
Although xenic isolation increases the number of parasites
and, consequently, the number of positive samples, this
procedure favors the selection of specific subtypes'®,
a particular problem for studies designed to describe
genetic variability in a particular population. To solve this
problem, new studies could implement the next-generation
sequencing approaches used to study the genetic diversity
of Blastocystis subtypes in humans and animals*® and
target new genes such as alfuc or implement new available
technologies to obtain complete genetic sequences®, as has
already been implemented for SSU-rRNA genes.

CONCLUSION

Our experimental results showed, for the first time that
ALFuc is a secretion product of Blastocystis sp., which
could have a relevant role during intestinal colonization;
however, further studies are required to clarify this
condition. Furthermore, the alfuc gene is a promising
candidate to act a phylogenetic marker according to the
resulting subtypes, and needs to be investigated to clarify
whether the same behavior occurs with other subtypes.
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Figure 5 - Phylogenetic inference of the complete alfuc genes from Blastocystis STs1-4 and STs 6-9. The orthologous region
of Proteromonas lacertae was used as the outgroup. The values of the nodes indicate the bootstrap proportions and Bayesian
posterior probabilities in the following order: maximum likelihood/Bayesian analysis. The sequences obtained in the present study

are indicated in bold.
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