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ABSTRACT

Amaranthus leucocarpus lectin (ALL) is a homodimeric glycoprotein of 35 kDa per
subunit, which interacts specifically with N-acetyl-galactosamine (GalNAc). The lectin is
composed of three isoforms with pl at 4.8, 4.9 and 5.2, The Circular Dichroism {CD) analysis
indicated that the secondary structure of ALL contains 45% of B-sheet and 5% of a-helix.
The amino acid sequence of the purified lectin and its isoforms was determined by MALDI-
TOF (Matrix assisted laser desorption ionization-time of flight) from peptides obtained after
trypsin digestion. The three isoforms showed different rates (80 to 83%) of homology with a
high nutritional value protein from A. hypocondriacus. The ALL has N-glycosidicaly linked
glycaﬁs of the oligomannosidic type and, in minor proportion of the N-acetyllactosaminic
type. The fine specificity of Amaranthus leucocarpus lectin was evaluated using different
glycoproteins and neo-glycopeptides that contain GalBl-3 GalNAcal-0 Ser/Thr or
GalNAca1-0 Ser/Thr in their structure by ELISA and capillary electrophoresis. Fetuin and
the ovine submaxillary mucin were the glycoproteins mainly recognized by ALL in the
ELISA assays, while the neoglycopeptide TTSAPTTS, with two residues of GalNAc,
interacted with the lectin and modified its time of migration in capillary electrophoresis
assays. Analysis of the glycoprotein sequences with inhibitory activity for the lectin, showed
different pattern in the O-glycosylation, which confirms that A. leucocarpus lectin recognizes
conformation and spaces between residues of O-glycans in the oligosaccharides structures
while the cluster of O-Glycans interfered with the interaction of the lectin. The receptor for
ALL was purified from murine medullar thymocytes and it is a 70 kDa glycoprotein that
contains 20% of sugar by mass. The ALL-receptor showed low homology with other
lymphocyte phenotype markers, suggesting that the receptor for ALL in thymocytes could be
considered a novel phenotypic marker specific for T cells. Qur results indicated that the lectin
from Amaramthus leucocarpus could be considered a useful tool for the study and
characterization of the biological role of O-glycosidically linked glycans.



RESUMEN

La lectina de Amaranthus leucocarpus (ALL) es una glicoproteina de 35 kDa por
subunidad que interactiia especificamente con GalNAc y estd compuesta por tres isoformas
con un punto isoeléctrico de 4.8, 1.9 y 5.2. La estructura secundaria de la lectina ALL
obtenida mediante analisis de dicroismo circular, mostré que la lectina contiene un 45% de
hojas plegadas B y un 5% de hélices alfa. La secuencia de aminoicidos de la lectina y sus
isoformas se determind mediante MALDI-TOF, utilizando péptidos obtenidos mediante
digestion con tripsina. Las tres isoformas presentan un 80-85% de homologia con una
proteina de alto valor nutricional aislada de la semilla de Amaranthus hypocondriacus. La
lectina ALL, presenta estructuras N-glicosidicas del tipo oligomanosidico y lactosaminico.
La especificidad fina de la lectina de Amaranthus leucocarpus se evalud utilizando
diferentes glicoproteinas y neoglicopéptidos que presentan Gal1-3 GalNAcol-0 Ser/Thr o
GalNAcoe1-0 Ser/Thr en su estructura mediante ELISA y electroforesis capilar. La fetuina y la
mucina subamxilar ovina fueron reconocidas de manera importante en los ensayos de ELISA.
E! péptido TTSAPTTS, con dos residuos de GalNAc, desplazd significativamente el tiempo
de migracion de la lectina en los ensayos de electroforesis capilar. El anilisis de las secuencias
de glicoproteinas con actividad inhibitoria, demuestra la presencia de diferentes patrones de O-
glicosilacién, lo cual confirma que la lectina de A. Jeucocarpus reconoce conformacién y
espacios entre las estructuras O-glicosidicas sin embargo estas estructuras agrupadas en
grupos compactos (clusters) interfieren con la interaccion de la lectina.  El receptor de la
lectina ALL obtenido de timocitos de ratén y es una glicoproteina de 70kDa con un 20%
(p/p) de carbohidratos. El receptor posee baja homologia con otros marcadores fenotipicos,
lo que sugiere que el receptor de ALL puede ser considerado un nuevo marcador especifico
para células T. Nuestros resultados confirman que la lectina Amaranthus leucocarpus es un
reactivo Util para el estudio de las caracteristicas y la funcién de las proteinas O-

glicosiladas.



INTRODUCCION

Las lectinas son proteinas o glicoproteinas de origen no inmune que reconocen de
manera especifica carbohidratos de la superficie celular o en suspension, aglutinan células y
precipitan glicoconjugados'. Las lectinas no poseen actividad enzimatica y no son producto
de una respuesta inmune™?, Estas proteinas se encuentran ampliamente distribuidas en la
naturaleza. y han sido identificadas en diversos organismos como virus, bacterias, hongos,
plantas, asi como en vertebrados superiores. Aunqgue varias de estas proteinas poseen
especificidad por estructuras sacaridicas semejantes, presentan actividades bioldgicas,
diversas como son: la aglutinacién de eritrocitos de diferentes especies’, 1a estimulacion
mitdgenica de linfocitos® e inhibicion de la fagocitosis™*. Debido a la capacidad de estas
proteinas para interactuar con c€lulas de la respuesta inmune, algunas lectinas poseen
efectos inmunosupresores, otras también son tdxicas, inhiben el crecimiento de célulag
tumorales y participan en la adhesion célular®. Todas las actividades biologicas reportadas
para lag lectinas tienen en comin el reconocimientc de un receptor de caracter
oligosacaridico®*.

Las lectinas en vegetales pueden tener diversas funciones, participan en las
interacciones entre las bacterias fijadoras de nitrégeno con la raiz de plantas de
leguminosas, poseen actividad mitogenica, pueden tener efectos protectores en contra de la
accién de patogénica de ciertos microorganismos come es el caso de los nemétodos
herviboros;, mientras que en diversas especies animales se han reportado evidencias de que
las lectinas participan en fenémenos tales como el reconocimiento y en la eliminacidn de

glicoproteinas del sistema circulatorio™ !

6,13 2,13

, asi como células envejecidas, células tumorales

y microorganismos **'’, mediante un proceso de opsonizacién y la participacion de

células con actividad fagocitica'>!.

Las lectinas también participan en procesos de
reconocimiento que permiten la diferenciacion celular '*, la organogénesis'®, la migracion
de linfocitos > y como factores determinantes en la metastasis™,

Las lectinas aisladas de diversas fuentes vegetales o animales, han demostrado ser
herramientas ttiles en la investigacion biomédica, en donde se les utiliza para 1a tipificacién
de grupos sanguineos y bacterianos™. Recientemente, se ha propuesto su utilizacién como
auxiliares en el transplante de médula 6sea de pacientes con inmunodeficiencias severas

513 La actividad mitogenica de algunas lectinas, ha sido muy importante para el analisis de



los eventos bioquimicos que se desarrollan durante la estimulacién de los linfocitos in vive
y son aplicadas en la valoracién de la actividad celular de diferentes enfermedades
infecciosas. Las lectinas también han sido empleadas en la separacion de poblaciones
célulares'®, de igual forma estas proteinas inmovilizadas en un soporte inerte son utilizadas
para purificar macromoléculas que contienen carbohidratos, por ejemplo glicoproteinas,
enzimas, hormonas y diversos receptores de membrana, entre los que destacan el receptor
para la insulina.

Una gran variedad de lectinas han sido aisladas y caracterizadas de diferentes
especies vegetales y/o animales, estos estudios han permitido identificar que existe una
gran similitud estructural entre las lectinas de una misma familia, en algunos casos se ha
demostrado que las lectinas son capaces de reconocer carbohidratos en una determinada
conformacion o secuencia de carbohidratos, es decir que las caracteristicas de especificidad
por estructuras sacaridicas también es altamente conservada entre proteinas de una misma
especie. La lectina de Canavalia ensiformis (Con A) y de Arachis hypogeae (PNA) pueden
reconocer una variacién a nivel del carbono 4 del monosacirido con el que interactian.
Estas lectinas tienen la capacidad para diferenciar epimeros, es decir, son capaces de
diferenciar entre galactosa y la glucosa ya que mientras el hidroxilo de la galactosa en C4
se encuentra en posicidon axial, reconocido por la lectina de PNA, el equivalente en la
glucosa se encuentra en posicion ecuatorial, reconocido por la lectina de ConA, pudiendo
tolerar, en ambos casos variaciones en el C2 del monosacarido. Existen lectinas cuya
especificidad estd dada por la conformacion del carbono anomérico como la lectina de
Canavalia ensiformis (Con A) y la lectina de Lens culinaris (LCA), ambas reconocen
preferentemente a los a-mandsidos en relacién a su contraparte los B-manosidos. Algunas
lectinas como la de Helix pomatia tienen la capacidad de reconocer las formas andmericas
a y B". Las lectinas ademés de presentar una afinidad conformacional por monosacéridos;
presentan una afinidad por estructuras oligosacaridicas mas complejas. Este reconocimiento
puede ser en posictdn terminal o intermedia, asi por ejemplo las lectinas Con A y LCA
consideradas especificas para a-manosidos tienen afinidad por estructuras oligosacaridicas
similares pero no idénticas (Figura 1). Ambas lectinas reconocen estructuras
oligosacaridicas unidas por enlaces de tipo N-glicosidico a una asparagina (Asn) de la

cadena protéica, sin embargo las substitucidn del anillo trimanosidico caracteristico de N-



glicanos por grupos del tipo lactosaminico (Galp 1,4 GlcNAc), o la adicidn de una fucosa
(Fuc) no es tolerado por la lectina Con A, sin embargo la lectina LCA interactiia con estas

estructuras con gran especificidad.

()
Mano: 1,3
Manf 1,4GIcNAcR1-4GIcNAco 1,0 Asn
Mana 1,6

®)
Galp 1,4 GlcNAcp 1,4 Manal,3
(GlcNAc)x 1,2 Manp 1,4 GlcNAcf1-4 Gch\lIAoa 1,0 Asn
Galp 1,4GlcNAcp 1,4Mana 1,6 al,2 Fuc,

Figura 1. Estructuras oligosacaridicas especificas para las lectinas Con A(a) y LCA(b).

Las lectinas aistadas de Ia familia de la leguminosas, poseen entre un 50-60% de
homologia en sus secuencias de aminoécidos“, en sus estructuras secundarias '9'2°, asi
como en organizacién tridimensional ¥, Una de las caracteristicas estructurales
ampliamente estudiada, es el dominio de reconocimiento a carbohidratos (CRD)?, que esta
compuesto por aproximadamente 200 aminoacidos, altamente conservados en lectinas de la
misma familia y en donde se estable [a interaccion carbohidrato-lectina. En general poseen
una constante de disociacion entre 0.1 a 1 mM, sin embargo, una caracteristica importante
es que la especificidad de las lectinas, esta dirigida ademas de monosacaridos (primer sitio
de reconocimiento) hacia estructuras oligosacaridicas mas complejas™. Las exolectinas que
poseen especificidad por un residuo no reductor situado en posicién terminal, como seria el
caso de la lectina Phaseolus lunatus, especifica por la GalNAc determinante de! grupo
sanguineo A Por el contrario, las lectinas que poseen un sitio de reconocimiento hacia
secuencias sacaridicas especificas, como la Con A, se denominan endolectinas. La
interaccion de las endolectinas estd dirigida, generaimente hacia estructuras

oligosacaridicas complejas, estas lectinas presentan constantes de disociacién en el orden



micromolar, en todos estos casos, los carbohidratos interactian con el primer y segundo
sitio de reconocimiento donde se establecen las interacciones con las estructuras
oligosacaridicas, (sitio extendido). La afinidad de las lectinas también aumenta debido a la
multivalencia, en 1a cual, las subunidades de una lectina se asocian para formar dimeros o
tetrdimeros. Por ejemplo, generalmente las unidades monoméricas de las lectinas de
leguminosas tienen un peso molecular de aproximadamente 25 kDa, la mayoria estan
compuestos por seis hojas antiparalelas B-plegadas mientras que en la dimerizacion los
constituyen 12 hojas antiparalelas B-plegadas, identificado en las lectinas de Lathyrus
ochrus (LOL)y Con A% .

La organizacion tridimensional de estas lectinas, posee efectos biologicos distintos a
otras lectinas con arreglos estructurales semejantes y existen lectinas como la de cacahuate
(Arachis hypogaea, PNA) que presenta un arreglo tridimensional diferente al arreglo de la
lectina LOL-1*. Particularmente, las lectinas obtenidas de cereales como el germen de
trigo (WGA) merece un comentario diferente al de las leguminosas. En primer lugar esta
lectina, a diferencia de practicamente todas las lectinas vegetales reportadas, posee residuos
de cisteina, sin que participen en uniones disulfuro entre las subunidades, cada monémero
tiene cuatro secuencias de 43 aminoacidos repetidas, que forman un iso-dominio (A, B, Cy
D), Estos dominios tipo heveinz se unen entre si de cabeza-tallo, resultando un
apareamiento de sub-dominios A1/D2, Bi/C2, C1/B2 y D1/A2, permitiendo un arreglo
tridimensional muy diferente al observado en leguminosas®®. Estas variaciones estructurales
explican parcialmente la razén por la cuzl algunas lectinas, de distintas especies, con
especificidada hacia un mismo monosacéride, como por ejemplo GalNAc para la lectina de
soya (leguminosas) y champifidn Agaricus bisporus (hongos), pueden reconocer estructuras
oligosacaridicas diferentes y por lo tanto presentar diferentes efectos bioldgicos.

Esto significa que en el reconocimiento de las estructuras oligosacaridcas por
lectinas, es un proceso en el que interviene la conformacién de los carbohidratos y la
estructura tridimensional de la lectina. Debido a la gran especificidad que poseen estas
proteinas presentan una gran varicdad de actividades biologicas.

LA GLICOSILACION.
La glicositacion de proteinas, es un evento post y/o co-traduccional que se presenta

en el reticulo endoplasmico y también un evento terminal que modifica los residuos de



aziicar unidos a las proteinas en los diferentes niveles del aparato de Golgi. Este fenémeno
Jjuega un papel importante en el transporte y seleccién de las proteinas a las que se les
afiaden residuos sacaridicos, pero también se ha observado que tiene importancia en los
oligosacaridos que finalmente quedan expresados en la superficie celular®’,

Las cadenas de carbohidratos se clasifican de acuerdo a la unién azicar- aminodcido, en N-
y O-glicanos, en la figura 2 se presentan algunas de las estructuras glicanicas del tipo N y
0. Los N-glicanos, generalmente presentan una GlcNAc unida a una asparagina. Los N-
glicanos presentes en las proteinas se clasifican en tres grandes grupos: Los N-glicanes con
un alto contenido de manosa en su estructura, también denominados de tipo
oligomanosidico, los cuales son muy comunes en proteinas con diversos origenes y
funciones, son intermediarios para otro tipo de estructuras N-glicdnicas mas complejas.
Existen también las estructuras del tipo lactosaminico, las cuales tienen como caracteristica
principal, la presencia de Galpl1-4GlcNAc en cantidad variable ya que las glicoproteinas
que presentan ¢ste tipo de estructuras normalmente se encuentran en la superficie celular y
actizan como sefiales de reconocimiento celular. El tercer tipo de estructura N-glicanica se
conoce como hibrida, las proteinas que presentan este tipo de arreglo contienen una mezcla
de las estructuras lactosaminicas y de tipo oligomanosidico. Los N-glicanos también
pueden proteger a las proteinas que los portan de la accion de proteasas.

Los O-glicanos poseen una GalNAc unida a una serina o una treonina de la cadena
polipeptidica. A diferencia de los N-glicanos, los O-glicanos presentan una mayor variedad
de estructuras, presentindose ocho secuencias consenso de las cuales se derivan el resto de
las estructuras O-glicanicas. Por su gran complejidad y diversidad, los O-glicanos se
encuentran participando en diversas funciones como por ejemplo: participar en la
conformacion de la estructura secundana y terciaria e inclusive de la cuaternaria de algunas
proteinas como en ¢l caso de las mucinas®, también participan evitando la agregacidn de
las proteinas®™. Muchos de los O-glicanos presentes en las glicoproteinas participan
activamente en el reconocimiento celular actuando como ligando®®*?, participan en la
fertilizacion® y en diversas moléculas que juegan un papel refevante en la regulacion de la
respuesta inmunoldgica. En este grupo de células, la O-glicosilacion de epitopes de
moléculas extrafias es importante en la interaccion de grupos celulares*® y en la

transduccion de sefiales™. La presencia de estructuras O-glicinicas anormales en las



proteinas ha sido asociado con el desarrollo de tumores®. Debido a la importancia de las
estructuras oligosacaridicas en las funciones celulares, se han desarrollado diversas técnicas
para el estudio y caracterizacion de dichas estructuras, una de estas técnicas es el empleo de
lectinas, especialmente las proveniente de vegetales, debido a su capacidad para
interaccionar y reconocer especificamente a secuencias y conformacién oligesacaridicas.
De acuerdo a esta especificidad, se pueden clasificar en lectinas que interactien con
glicanos del tipo N y lectinas que interactian con glicanos del tipo O. Debido 2 la gran
complejidad de las estructuras O-glicanicas, las lectinas que interactian con ellas se
subdividen en varios grupos como se describe en la Tabla No. 1.

La presencia de lectinas en los vegetales, se puede deber a un mecanismo de defensa
en contra de herbivoros o de nématodos®. Debido a que presentan una gran especificidad
hacia estructuras oligosacaridicas frecuentes en las células de origen animal, este sitio de
reconocimiento a carbohidrato, ha evolucionado por diferentes caminos™. Hasta la fecha los
mecanismos de evolucion molecular de las lectinas se encuentran pobremmte estudiados; sin
embargo, la versatilidad genética de las plantas ha permitido la utilizacién de estas proteinas
en la glicobiologia, ya que al actuar como moléculas de defensa, se encuentran en grandes
cantidades para anticipar el ataque de los depredadores, lo que permite aislarlas en cantidades
considerables. En el aparato digestivo de los depredadores, las lectinas son resistentes a la
accién de proteasas y glicosidasas™, lo que facilita su purificacién almacenaje y manejo; lo
cual hace que las lectinas vegetales sean una herramienta 0til y de facil adquisicion para el
estudio de las estructuras oligosacaridicas. Estos resultados permiten identificar que si bien la
funcién bioldgica de las lectinas vegetales no ha sido bien definida, estas proteinas representan
una \iti] alternativa en el aislamiento y caracterizacion de glicoconjugados.



O-GLICANOS
Gal (81-3) GalNAc {(a1-3) Ser/Thr
GlcNAc (B1-6),
GalNAc (a1-3) Ser/Thr
GlcNac (B1-3)

Gal (B1-3) Gal (B1-4) Xy! (B1-3) Ser

N-GLICANOS
Man (ul-6)\
Man (B1-4) GlcNAc (B1-4) GleNAc (B1-N) Asn b
Man (Cll-3)/

Figura 2. Nucleos sacaridicos presentes en glicoproteinas con N-glicanos y O-glicanos en
su estructura (Tomado de Montreuil, J. en Methods on Glycoconjugates. Ed. André
Verbert. Harwood Academic Publishers. Austria, Pag. 1-23).



Tabla No. 1. Clasificacidn de lectinas que poseen especificidad hacia O-glicanos

CARBOHIDRATO LECTINA FAMILIA

GalNAc. Griffonia simplicifolia Leguminosa.
Vicia villosa Leguminosa.

GalNAco1-3GalNAc, Amphicarpea bracteata Leguminosa.
Dolichos biflorus Leguminosa.

Galfi1-3GalNAc. Arachis hupogaea Leguminosa.
Vicia graminea Leguminosa,
Sophora japénica Leguminosa.
Amaranthus caudatus Amarantacea.
Amaranthus leucocarpus ~ Amarantacea.
Artocarpus integrifolia Moreaceae

GalNAco1-3{Fucai-2]Galpl-3

GlcNAc Crotalaria striata Leguminosa,
Falcata japonica Leguminosa.
Vicia cracca Leguminosa.
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JUSTIFICACION

En las semillas de algunas especies de amaranticeas se ha identificado la presencia
de lectinas, como en A. cruemtus y A. caudatus, las cuales presentan semejanzas
estructurales como son: La presencia de dos subunidades monoméricas de 30-35 kDa que
en el estado nativo forman un homodimero de 66-70kDa, presentando una especificidad
hacia la GalNAc y poseen en comin la falta de especificidad hacia eritrocites humanos del
tipo A, B y 0! La lectina aislada de la semilla de Amaranthus leucocarpus (ALL), es
una glicoproteina homodimérica con un peso molecular de 70 kDa*®® presentando, un 10%
de carbohidratos en su estructura, mientras que las lectinas aisladas de las otras especies de
amranto ne contiene carbohidratos en su estructura. Esta lectina aglutina preferentemente a
eritrocitos humanos del fenotipp M que de N**; aunque ambas glicoproteinas poseen
estructuras  O-glicosidicas (GalP1-3GalNAcax1-0Ser/Thr), reconocidas por ALL, la
diferencia esti determinada por el amino terminal, donde el fenotipo M posee una serina
mientras que el fenotipo N posee una leucina en la misma posicion*. En trabajos recientes
se ha demostrado que Ia lectina de ALL reconoce poblaciones celulares del timo murino y
de médula bsea, donde interactiia principalmente con linfocitos CD4+, Este perfil de
reconocimiento de poblaciones celulares es particular, porque lectinas, como fa de
cacahuate (PNA, Arachis hypogaea), que posee especificidad también a la GalNAc,
reconoce poblaciones celulares inmaduras en el timo murino, estas células no expresan
ningin fenotipo y son eliminadas por el proceso de muerte celular programada
(apoptosis)*’. De igual forma se ha demostrado que PNA reconoce a linfocitos T CD8" de
memoria*. Estos anilisis comparativos, permiten sugerir que ALL reconoce la
organizacién y el arreglo de los componentes de membrana, por lo que estudios de la
interaccién de la lectina con estructuras O-glicosidicas permitiran explicar los mecanismos
moleculares y estructurales que participan en la interaccion ALL-receptor, permitiendo
explicar la diferencia que hay en los efectos biologicos entre la lectina ALL y lectinas que

poseen la misma especificidad,
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HIPOTESIS
La organizacion estructural y conformacional de las estructuras oligosacaridicas
presentes en las proteinas de membrana y la organizacién estructural del sitio de union a
carbohidrato de la lectina de Amaranthus leucocarpus permite que la lectina interactie

especificamente con su receptor.

OBJETIVO GENERAL
Identificar las caracteristicas estructurales de la lectina Amaranthus leucocarpus asi
como su interaccion con estructuras O-glicosidicas, lo que permitiri explicar los

mecanismos moleculares y estructurales que participan en la interaccién ALL-receptor.

OBJETIVOS PARTICULARES
1.- Caracterizacién quimica de la lectina de ALL.

2.- Determinacién de la interaccidn de ALL con estructuras O-glicosidicas

METAS
1.- Determinacion de la secuencia de aminoécidos de la lectina ALL
2.-Determinacién de la especificidad de ALL hacia diversas estructuras O-glicosidicas
mediante ensayos de O-glicosilacion in vitro y electroforesis capilar.
3.-Caracterizacion del receptor de la lectina de Amaranthus leucocarpus presente en

timocitos de raton,
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MATERIALES Y METODOLOGIA

1.- PURIFICACION DE LA LECTINA Amaranthus leucocarpus.

La purificacién de la lectina se realizd por medio de cromatografia de afinidad
utilizando columnas preparadas con diferentes ligandos: una empacada con estroma de
eritrocitos humanos del tipo O inmowvilizados en Sephadex G-25 y las otras acopladas a
Sepharosa teniendo como ligandos: fetuina, IGA, mucina submaxilar bovina y ovina. Para
la obtencién del estroma se procedid a lisis de ertrocitos humanos del tipo O, las
membranas fueron fijadas toda la noche con glutaraldehido al 1% a 4 °C, posteriormente el
estroma fue lavado tres veces con agua destilada y los grupos aldheido libres fueron
bloqueados con glicina 1M, finalmente el estroma fue lavado con agua destilada y se
guardo en refrigeracion hasta su uso. Doscientos mg de estroma fuercn inmovilizados en
Sephadex G-25 en una columna (25 x 1.2 em) equilibrada con 0.15M de NaCl, se aplicaron
a la columna 10 ml de extracto crudo conteniendo 160 mg de proteina, el material no
retenido se eluyd con NaCl 0.15M hasta que la absorbencia a 280 nm fuera menor de
0.001; el material retenido fue eluido con acido acético al 3%, fracciones de 3 ml fueron
colectados y se les determind absorbencia a 280 nm y concentracién de proteinas®’, las
fracciones fileron dializadas con agua destilada y finalmente Lofilizadas. Para la
purificacién de la lectina utilizando las glicoproteinas anteriormente descritas. Ciento
cuarenta mg de cada glicoproteina se acoplaron a 20 ml de Sepharosa 4B (Phamacia),
previamente activada con bromuro de ciandgeno, durante 24 horas a 4°C, posteriormente se
elimin6 la proteina no acoplada y se procedié a bloquear los grupos aldehido libres con
glicina 1M durante 24 horas a 4°C. Las columnas (25x1cm) fueron equilibradas con NaCl
0.15M y se les aplicaron 10 ml de extracto crudo conteniendo 160 mg de proteina. El
procedimiento para la purificacion de la lectina fue el mismo que anteriormente se

describid para la columna de estroma.

2.-ELECTROFORESIS EN 2-D.

100ug de lectina se sometieron a isoelectroenfoque (primera dimensién), en geles
cilindricos (0.5x10 cm) de poliacrilamida a] 5% conteniendo 2% v/v de anfolinas con un
rango de pH de 3.5 a2 10 y 1% de Tween 20. Los geles se corrieron a 600 V durante 14 h. a

4°C; el gel se depositd en un gel de SDS al 10% (segunda dimensién). Posteriormente el
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gel se tifid durante 3 horas en una solucion de azul de Comassie, se recortaron las bandas y se

destifieron con una solucidn de matanol/acido acético/agua 250/50/200 viv.

3.-MALDI-TOF.

Las bandas de la lectina, obtenidas de los geles de 2-D, conteniendo 200 pM de proteina
fueron digeridas con 0.5ug de tripsina en 500ul de bicarbonato de amonio pH 8 a 37°C
durante 24 horas, la muestra se colocé a 4°C para inhibir el efecto de la tripsina y
evaporadas usando un rotovapor 8§ Howe, (London), posteriormente re-evaporadas con agua
(2x200pl). Las muestras conteniendo 50 pM de péptidos se mezclaron con 1l de acido 2,5
dihidroxibenzoico usado como acarreador (12mg/mt en CHyOH/H,0 70:30 viv), la mezcla
se dejd cristalizar a temperatura ambiente. La masas de los iones positivos de los péptidos
fueron identificados por MALDI-TOF en un espectrofotometro de masas (Finnigan MAT,
Bremen, Germany) equipado con un laser a 337 nm. Como control se realizé un ensayo
con tripsina sola, para identificar las masas de los posibles péptidos producto de la
autodigestion. La masa de los iones {M+H]+ de los péptidos productos de la digestidn con

tripsina fue comparada con las existentes en la base de datos NCBlnr (Swiss-Prot con fecha
10/04/99).

4 -GLICOSILACION in vitro.

Para evaluar la interaccién de la lectina de ALL con estructuras Q-glicosidicas, se
realizaron ensayos de neo-glicosilacion in vitro; se glicosilardn los siguentes péptidos:
TTSAPTTS, GTTPSPVPTTSTTSAP y GTTPSPVP, utilizando microsomas obtenidos de
mucosa gastrica, de colon y de timocitos de raton, conteniendo SmM de péptidos (10ul), 12
pug de microsomas (10ul), UDP-[*H]GalNac diluido en 1mM de UDP-GalNAc¢ (5ul) , en
una solucion amortiguadora de MES a pH 7.1, 0.125 M (10ul), se incubaron durante 3
horas a 37°C, la reaccién es detenida por la adicion de 320 pl de buffer de tetraborato de
sodio 20mM a pH 9.1 conteniendo ImM de EDTA. Los productos se separaron utilizando
una columna de intercambio ionico AG 1-X8, el material no retenido se pasé por una
coluntna de fase reversa para eliminar el exceso de sales y los péptidos fueron eluidos con

acetonitrilofagua (35/65 v/v) y liofilizados para su uso posterior,



5.-ELECTROFORESIS CAPILAR

La electroforesis capilar se realizd en un equipo P/ACE modelo 5000 {(Beckman)
equipado con detector de fluorecencia y controlado por System Gold sofware V 18
{Beckman). La absorbencia de los glicopéptidos se cuantifico a 200 nm, se inyectaron
aproximadamente 10-20 pmol de muestra durante 6 segundos en un capilar de silica de
57cm x 75 um id, con 4cido formico 2N como amortiguador, la temperatura de corrida fue
de 23°C con un voltaje a 20 kV durante toda la corrida, la cual durd 30 minutos. Depués de
cada corrida, el capilar se lava con acetonitrilo al 25% en PBS a pH 7.2 durante 2 minutos.
La interaccidén de la lectina ALL con los diferentes glicopéptidos se midié de la siguiente
manera: 4ug de ALL-FTC con 16ug de glicopéptidos en PBS pH 7.2 se incubaron durante
una hora a temperatura ambiente, 5ng de la muestra fueron aplicados al aparato de
electroforesis capilar, se us6 PBS pH 7.2 como amortiguador, el tiempo de cormrida y las

condiciones se realizaron como previamente se describid.

6.- PURIFICACION DEL RECEPTOR PARA ALL A PARTIR DE TIMOCITOS
MURINOS

Para la obtencién del receptor de ALL a partir de timocitos murines, se estandarizd
una técnica de aislamiento, basades en la versatilidad de la interaccién avidina-biotina, Se
obtuvieron los timos de 10 ratones machos de 28 dias de edad y se disgregaron por
separado. Las células asi cobtenidas se resuspendieron en medio de cultivo DMEM vy se
contaron en un hemocitdmetro, la suspension celular se ajustd a 1x10° células en 1ml de
PBS. Para separar la subpoblacién reconocida por la lectina de amaranto, se incubaron las
células durante 15 min con i0ug de ALL-B y la suspensién celular se colocd sobre una
solucion de BSA al 7% en PBS, en tubos de vidrio conicos de 12ml. Después de 30 min las
células aglutinadas (ALL+) se recuperaron de! fondo del tubo, se lavaron y se lisaron
incubandolas en PBS, durante 30 min a 4°C en agitacion constante en una solucion que
contenia 1pg/ml de aprotinina A, 1pp/ml de pepstatina, 2ug/m! de leupeptina y 2mM de
fluoruro de fenilmetilsulfonilo y Triton X-100 af 1% (v/v). Posteriormente, la solucion

resultante se centrifugd a 14000 g durante 30 min para eliminar residuos celulares y

mitocondrias.
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Las glicoproteinas de membrana reconocidas por ALL, se aislaron de manera
especifica utilizando cromatografia de afinidad. El sobrenadante recuperado se pasé a
través de una columna de agarosa-avidina previamente lavada con glicina 0.1M, pH 2 y
estabilizada a pH 7.2 con PBS. Después de colocar la muestra, se lavo la columna con PBS
con el fin de eluir la fraccién no retenida, Posteriormente se agregaron 3ml de una solucion
de GalNAc 0.2M en PBS, con el proposito de desprender el receptor de ALL por
competencia con el monosacdrido especifico reconocido por la lectina. A continuacion se
lavé de nuevo la columna con PBS y se afiadio glicina 0.1 M pH 2.5 para eluir al complejo
ALL-biotina. Las fracciones con una densidad optica positiva se colectaron, se dializaron

contra NaCl 5mM y se concentraron por liofilizacion.

7.- TRANSFERENCIA DE PROTEINAS SEPARADAS POR ELECTROFORESIS

El extracto celular se hizo a partir de 2x10° timocitos, utilizando el amortiguador de
lisis conteniendo Triton X-100 af 0.1% (v/v) en PBS, mias los inhibidores de proteasas. En
primer lugar, se separaron por electroforesis las proteinas contenidas en el extracto celular;
una vez separadas, se transfirieron a una membrana de nitrocelulosa, 1a cual se bloqued con
5% de leche en solucion salina amortiguada con trizma base con 0.1% de Tween-20 (v/v),
pH 7.6 (TBS-T). Posteriormente, la membrana se incubd por separado con dos anticuerpos
monoclonales contra CD43. El $7, que reconoce la isoforma de 115 kDa y el 1BI1. que
reconoce la isoforma con peso de 130 kDa, durante 1h a temperatura ambiente. Después de
la incubacién, la membrana se lavd con TBS-T brevemente en dos ocasiones, seguidas de
un lavado de 15 min y 2 lavados mas de 5 min. A continuacion se agregd IpG de rata
acoplada a peroxidasa diluida 1:2500 como segundo anticuerpo y se incubd la membrana
durante 45 min a temperatura ambiente; se lavo la membrana 4 veces con ¢l amortiguador
de lavado y, finalmente, se reveld por quinuoluminiscencia en una pelicula Hyperfilm ECL
de Kodak.

Por otro lado, también se evaludé la unién de la lectina de amaranto a las
glicoproteinas de membrana de los timocitos murinos transferidas a una membrana de
nitrocelulosa, incubando ésta con la ALL-B y utilizando extravidina-peroxidasa como
enzima para llevar a cabo el revelado por quimioluminiscencia. Una vez bloqueada la

membrana de nitrocelulosa, se incubd con la lectina de amaranto acoplada a biotina diluida

16



1:200 en TBS y 5% de leche a 37° C durante 1h y a 4°C toda la noche; posteriormente, se
lavd 3 veces con TBS-T. Después, la membrana se incubd con estreptavidina-peroxidasa
1:5000 diluida en TBS-T durante 45 min a temperatura ambiente, por lltimo se lavo 4
veces antes de revelarla por quimioluminiscencia.

Para corfirmar la ausencia de lectina biotinifada en la fraccion eluida con GalNac,
se hizo una transferencia de la proteina contenida en dicha fraccion y separada por
electroforesis a papel de nitrocelulosa, asi como de una muestra de la lectina acoplada a
biotina presente en ese mismo gel. La transferencia se llevd a cabo utilizando el aparato de
(Tranblot, Bio-Rad), durante 1h a 10 V en amortiguador de transferencia. Las tiras de papel
de nitrocelulosa donde se transfirieron las proteinas, se incubaron en PBS con Tween 20 al
0.01% conteniendo 1% de leche para bloquear el papel. Después de 16 h de incubacion, se
lavaron en esta misma solucitn amortiguadora durante 2 h haciendo cambios de solucion
cada 20 min. Posteriomente, los filtros se incubaron con una solucion de estreptavidina-
peroxidasa diluida 1;8000 en PBS durante 30 min. Finalmente, los filtros se lavaron durante
1 h con la solucién amortiguadora, haciendo cambio cada 15 min y la reaccion se reveld

por quimioluminiscencia.

8 -PURIFICACION DE ISOFORMAS DEL RECEPTOR ALL POR FPLC.

Una vez obtenido el receptor para la lectina de amaranto por cromatografia de
afinidad, se procedid a purificarlo por el sistema de FPLC. Para lo anterior se utilizd una
columna Mono-P HR 5/20 de Pharmacia, usada como intercambiador aniénico. La
proteina se disolvié en un regulador de bis Tris 10 mM a pH 7.1 500 pg del receptor se
aplicaron a la columna ajustindose el flujo 2 0.5 ml/min. La muestra fue eluida con un
gradiente de NaCl 1M, pH 7.1 disuelto en imidazol; las fracciones, de 1 ml cada una, se

monitorearon a una Asgo nm con una sensibifidad de 0.1.

9.-COMPOSICION DE CARBOHIDRATOS.

El analisis de composicién de carbohidratos fue llevado a cabo por metanolisis en la
presencia de meso-inositol como estandar interno. Se hidrolizaron 50 pg de glicoproteina
proteina en Iml de metano/HCI 0.5 M, a temperatura de 100°C durante 24h.

Posteriormente, los derivados trifluoro-acetil-alditoles se obtuvieron adicionando 100ul de
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piridina y 100pl de 4cido trifluoroacético. La composicion de azicares se determind por
cromatografia de gases por el método de Zanetta®, el cual consistio en agregar los
derivados trifluoro-acetil-alditoles a una columna conteniendo silicon QV-210 al 3%
(Applied Science Lab, Buffalo, NY). E! programa de temperatura se establecio de 100-
240°C, con un incremento de 1°C por minuto, en un cromatografo Varian 2100 (Orsay,

Francia), equipado con un detector de flama y utilizando helio como gas acarreador.
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CAPITULO I
ESTUDIO COMPARATIVO SOBRE LA PURIFICACION DE LA LECTINA
Amaranthus leucocarpus syn. hypocondriacus.

La lectina aislada de la semilla de A. lewcocarpus, comparte especificidad por el
monosacarido GalNAc con otras lectinas aisladas de la familia de las leguminosas, por
ejemplo: la lectina de cacahuate (4rachis hypogaea) que reconoce a linfocitos CD8 *°, que son
poblaciones que tienen actividad citotdxica, mientras que la lectina aislada de la semilla de A.
leucocorpus  teconoce macrOfagos murinos peritoneales no  estimulados, reconoce
subpoblaciones de timocitos CD4" en médula timica de raton e interactia con proteinas O-
glicosiladas en algunos procesos neurodegeneraxivos”. En este trabajo se compard la
capacidad de diferentes glicoproteinas que contienen €n su estructura al disacérido Galpl-
3GalNAcoi-0Ser/Thr  (antigeno T) o al monosacarido GalNAcol-OSer/Thr  (antigeno Tn)
como ligandos especificos para la purificacién de la lectina por cromatografia de afinidad,
ademas se hace una descripcion de algunas caracteristicas quimicas de [a lectina ALL.
RESULTADOS Y DISCUSION.

La purificacién de la lectina ALL se realizé por cromatografia de afinidad utilizando
distintos ligandos; ) Estroma de eritrocitos humanos OM-Sephadex G-25, b) Inmunoglobulina
A-Sepharose, ¢) Fetuina-Sepharose, d) Mucina submaxilar ovina-Sepharose y €) Mucina
submaxilar bovina-Sepharose. En todos los casos se aplich a cada columna extracto salino,
obtenido de la harina deslipidizada, se identificé una fraccion no retenida (FNR), que en fa
mayor parte de los casos no posee actividad hemaglutinante y otra fraccion proteica eluida con
acido acético al 3%, que presentd actividad hemaglutinante. Como ha sido determinado en
estudios previos esta lectina es especifica para GalNAc, este carbohidrato ha sido utilizado
para eluir de manera especifica a la lectina de las columnas de afinidad, el rendimiento
proteico es similar al identificado cuando se eluyd a la lectina por disminucién del pH. La
fectina de A. feucocarpus representa €l 8% de la proteina soluble. Los distintos ligandos
empleados son adecuados para la purificacién de 1a lectina ALL, debido a que la actividad
especifica aumenta en los cinco sistemas aproximadamente 16 veces con respecto al extracto
crudo, en tanto que un 60% de la actividad hemaglutinante es recuperada con dichos sistemas.

El porcentaje de lectina purificada varia con respecto al ligando utilizado como soporte
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cromatografico, siendo la IgA, la de menor capacidad para retener a la lectina de A.
leucocarpus . Analizando las ventajas que tiene la utilizacion de los diferentes tipos de
ligando, podemos considerar que la columna con estroma de eritrocitos humanos del tipo O™
es el método més econbmico para la purificacion de fa lectina ALL..

El anilisis electroforético de la lectina purificada por los cinco sistemas de
purificacién, muestra una banda que corresponde & un peso de 35 kDa en condiciones
desnaturalizantes, este peso molecular es muy parecido al que tienen otras lectinas de la
familia de las amaranticeas como es el caso de A. caudatus y A. cruentus, las cuales
poseen un peso molecular de 33 kDa, esta diferencia en el peso molecular se puede deber a
la presencia de la porcion glicinica de la lectina de A. Jewcocarpus, la cual representa un
10% del peso. El amino terminal de lectina se encuentra bloqueado, esta caracteristica es
compartida por la lectina de A. caudatus, en contraste con las lectinas provenientes de la
familias de las leguminosas donde es poco frecuente debido a la remocion del péptido
sefial. Esto sugiere un mecanismo de modificacién del amino terminal en los pseudo
cereales que todavia esta por estudiarse.

La especificidad de la lectina por diversos carbohidratos se determind mediante la
comparacion de la capacidad inhibitoria de monosacaridos, glicoproteinas, sus derivados
desialilados y glicanos liberados de estas glicoproteinas hacia la hemaglutinacion inducida por
la lectina ALL sobre eritrocitos humanos del tipo O™, El monosacirido GalNAg, es el mejor
inhibidor de la actividad hemaglutinante de la lectina, mientras que de las glicoproteinas, la
fetuina y la asialo fetuina fueron los mejores inhibidores y en menor proporcion la IgA y las
mucinas submaxilar ovina y bovina. Los glicanos liberados de estas glicoproteinas tienen
capacidad inhibitoria de cuatro a seis veces mayor que la GalNAc, pero son menos inhibidores
que las glicoproteinas de las cuales fueron liberados. La eliminacién del residuo de Galactosa
de la fetuina no modifica significativamente la interaccién con la lecting, lo cual indica que la
lectina de A. leucocarpus interactia fuertemente con los antigenos T y Tn. Estos resultados
son confirmados por la interaccion especifica con la mucina submaxilar ovina y su asialo
forma, ya que esta glicoproteina contiene NeuAca2,3GalNacal-0Ser/Thr. Es interesante
sefialar que las glicoproteinas tienen pesos moleculares y cantidad de carbohidratos muy
distintas, asi tenemos que en el caso de la mucina submaxilar bovina y ovina, tienen un peso

molecular que varia de entre los 375 a 1,000 kDa’' | esta diferencia en el peso molecular se
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debe a la presencia de carbohidratos, el 60% del peso molecular en ambas glicoproteinas
corresponde a estructuras oligoscaridicas La fetuina que tiene un peso molecular de
aproximadamente de 40k Da, presenta tres estructuras del tipo O-glicosidica, las cuales
corresponden al antigeno T y trece del tipo N-glicosidico™. La IgA tiene un peso molecular de
55 kDa y presenta dos estructuras de tipo N-glicanico y cince del tipo O-glicosidico, de las
cuales cuatro corresponden al antigeno T y una al antigeno Tn®. El fenotipo M y N se
encuentran en la glicoforina A¥ y A¥  las cuales tienen ¢l mismo peso molecular de
aproximadamente 37 kDa, del los cuales aproximadamente el 60% corresponde a
carbohidratos®, ambas isoformas presentan el mismo nitmero de estructuras O-glicosidicas
(trece), las cuales corresponden a vanaciones del antigeno T, ademis de poseer tres estructuras
det tipo N. El andlisis de los sitios O-glicosilables de estas glicoproteinas demuestra que en fa
IgA, la mucina submaxilar bovina y ovina, las estructuras oligosacaridicas pueden estar
organizadas en agrupaciones continuas, mientras que en la fetuina estas estructuras
oligosacaridicas se encuentran separadas, lo cual sugiere que en la interaccion de la lectina de
A. lencocarpus se requiera una distancia entre las estructuras oligosacaridicas. Esta idea es
confimada por el hecho de gue los C-glicanos liberados de las glicoproteinas , asi como de
los ernitrocitos desializados tienen la misma capacidad inhibitoria, lo cual hace de la lectina de
A. leucocarpus una herramienta (til para el estudic de estructuras tipo mucinas y sus
actividades bioldgicas.
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220 HERNANDEZ ET AL.

ABSTRACT

Amaranthus leucocarpus lectin is a homodimeric glycoprotein of
35 kDa per sub-unit, which interacts specifically with N-acetyl-
galactosamine. In this work, we compared different glycoproteins
that contain GalB1-3 GalNAca!-3 Ser/Thr or GalNAcal-3 Ser/Thr
in their structure as ligands to purify the A. leucocarpus lectin. From
the glycoproteins tested, fetuin was the most potent inhibitor of the
hemagglutinating  activity and the betier ligand for lectn
purification; however, the use of desialylated stroma from
erythrocytes represented the cheapest method to purify this lectin,
O-linked glveans released from the glycoproteins used as affinity
matrix and those from different erythrocytes were less inhibitory
than parentad glycoprotins, The NHj-terminal of the lectin is
blocked; moreover, this is the only example of a lectin isolated from
this genus to be a glycoprotein. Analysis of the glycoprotein
sequences with inhibitory activity for the lectin, showed a different
pattemn in the O-glycosylation, which confirms that A. leucocarpus
lectin recognizes conformation and, probably, distances among O-
linked glycans moicties.

INTRODUCTION

Lectins are carbohydrate binding protcins or glycoproteins of non-immune
origin, and with no cnzymatic activity.' Due to their specific binding prope:ties,
they have been used in studies of cell sutface architecture, blood group typing,
isolation, and characterization of oligosaccharide structures.?  Lectins are
responsible for cell surface recognition in bacteria, animals and plants.” Plant
lectins are widely used in immunology, cell biology, and cancer research.*

Lectins from different species from the Amaranthaceae group have been
identified®®  Amaranthus leucocarpus syn hypocondriacus s a Mexican
representative of the Amaranthaceae family, which possesses high nutritional value
due to its protein content and the considerable proportion of essential amino acids.”
A. leucocarpus possesses a lectin specific for GalNAc (N~acetyl-galactosamme)
The lectin from A. feucocarpus (ALL) induces immunosuppression in animals,”
tecognizes unstimutated murine peritoneal macrophages, and recognizes CD4"
mouse medullary thymocytes sub-population' as well This lectin has been
recently demonstrated to interact with O-glycosyl proteins in  some
neurodegenerative process.’ ALL agplutinates preferentially human erythrocytes
with the M phenotype,” suggesting that the density or the topographical
presentation of saccharidic moieties in the lectin receptor plays a relevant role in the
interaction with ALL. In this work, we compared different glycoproteins that share
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GalB1-3 GalNAcai-0Ser/Thr (T-antigen) and GalNAca 1-0Ser/Thr (Tn-antigen) in
their structure as specific chromatography ligands and used them to improve the
method for the purification of ALL. We also describe the chemical characteristics
of this lectin.

EXPERIMENTAL

Reagents

Chromatographic materials, Sephadex G-25 and Sepharose 4B, were from
Pharmacia Biotechnology (Uppsala, Sweden), Fetuin, human immumoglobulin A
(IgA), ovine and bovine submaxillary gland mucin, cyanogen bromide, as well as
sugars, were from Sigma (Sigma Fine Chem. Co., St. Louis, MO, USA). All other
reagents were of analytical grade. Glycans from human IgA were a kind gift of
Prof, A. Pierce, from the Université des Sciences et Techniques de Lille, France,

Lectin Extraction

Amaranthus leucocarpus seeds were obtained in Tulyehualco (Mexico). The
seeds were ground to a fine powder in a grinder and the seed meal was deslipidated
with petroleum ether. Their soluble proteins were ¢xtracted by agitation overnight
with 10 volumes of 0.15 M sodium chloride (SSI) at 4°C. The pH of the extract
was adjusted to 4 with 1M acetic acid and the suspension allowed to stand
ovemight at 4°C. The clear supematant (crude extract), obtained by centrifugation
at 3000 x g for 10 minutes, was stored at 4°C for further studies.

Lectin Purification
Purification by stroma column

Erythrocyte membranes (stroma} were obtained by lysis of human red
blood cells group OM according to Dodge ef 4l The membranes were fixed
with 1% glutaraldchyde overnight at 4°C, then the stromi were washed with
.distilled water and freeze dried. Two hundred milligrams of erythrocyte sttoma
was physically entrapped in a chromatographic column with Sephadex G-25 as
described.” The column was equilibrated with SSI (0.15 M NaCl), The crude
extract (160 mg of protein) was applied to the stroma column (25 x 1.2 cm), and
the unretained material was eluted with SSI at a flow rate of 15 mL/h, until the
Aazso of the collected fractions was below 0.01. The bound lectin was eluted
with acetic acid (3%) and the pH of each collected fraction was adjusted to 6
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with IN NaOH and tested for protein concentration and hemagglutinating
activity,  In control assays, we cluted the lectin from the affinity
chromatography column by adding 200 mM GalNAc, and results indicate that,
in both eluting syster:s, the column yields the same lectin concentration,

Purification with immobilized glycoproteins

140 mg of each glycoprotein (IgA, fetuin, bovine, or ovine submaxillary
mucin) was coupled to 20 mL of CNBr-activated Sepharose 4B CNBr." Thae
columns were equiilbrated with SSI at a flow rate of 15 mL/h. The A.
leucocarpus crude extract {160 mg of protein) was applied to each column and
lectin elution was performed as described above.

Hemazagglutinating Activity

Erythrocytes from different animal species were obtained from the animal
facilities at the School of Medicine, UNAM. Updated human erythrocytes from
healthy donors were obtained from the Central Blood Bank, IMSS, Mexico.
Hemagglutinating activity was assayed in microtiter U plates (NUNC, Denmark)
by the two-fold serial dilution procedure.'® The agglutinating activity was tested
with either 2% (w/v} untreated erythrocyte suspension in phosphate buffered
saline (PBS: 0.01 M sodium phosphate, 0.14 M sodium chloride, pH 7.2) or with
neuraminidase-treated (0.1 U per 0.5 mL of packed erythrocytes at 37°C for 30
min} or pronase-treated (100 pg per 0.5 mL of packed erythrocytes at 37°C for
30 min) erythrocytes. The hemagglutinating titer is reported as the inverse of
the last dilution with agglutinating activity.,

Preparation of Glycans

Desialylated stromata from donkey, rabbit, and human O™ erythrocytes
were obtained by the method described by Dodge;™ lipids were climinated by
three sequential exiractions with chloroform:methanol (2:1, v/v) followed by
chioroform:methanol (1:2, v/v). The glycoproteins thus obtained were dried
under nitrogen.’ Glycans were obtained by mild alkaline treatment, incubating
100 mg of each glycoprotein in 0.1M NaOH and 1M NaBH, at 45°C, 36 b; then,
adding Dowex 50X8-H+ to stop the reaction. The fractions were desalted on a
column containing Bio-Gel P2 (60 x 2 cm) equilibrated with water and frecze-
dried. Glycans and N-glycopeptides were separated by filtration on an Ultrogel-
ACA 202 column (100 x 2.6 cm), equilibrated in 0.01 M Tris/HCI, 0.17 M
NaCl, pH 7.4, Stromata from erythrocytes and glycoproteins and glycans were
desialylated by incubation at 100°C for 1 h in the presence of 0,02 W sulfuric
acid, as described by Spire and Bhayreo,'® desalted on a Bioge! P-2 columa 2x
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60 cm), cquilibrated with 0.5 M acelic acid, and lyophilized until usc. Asialo-
fetuin (2 mM) was then treated with 1 U of B-galactosidase from jack bean at
37°C, 24 1, as described in ref, 17, then asialo-agalacto-fetuin was desalted on a
Biogel P2 column cquilibrated with distilled water and freeze dried. Glycan
from asialofetuin was obtained by digestion with 1 mU of endo-N-
acetylgalacosaminidase from Diplococus pneumoniae as described' The
carbohydrate composition of each glycan and meodified glycoproteins was
determined by gas-liquid chromatography (sce below).

Sugar Specificity

The sugar specificity of the lectin was detenmined by comparing the
inhibitory activity of sugars, glycoproteins, their desialylated derivatives, or
glycans on the hemagglutination induced by the lectin against pronase-treated
human erythrocytes. Results are expressed as thc minimal concentration
required to completely inhibit four hemagglutinating doses.

The molar concentration of the glycoproteins was determined 2ccording to
their molecular weight.  In desialylated glycoproteins, we subtracted the
number of sialic acid molecules released from the native protein and the molar
conceatration of glycans was calculated on the basis of their monosaccharide
content as determined by gas-liquid chromatography.

Prediction of O-Glycosylation Sequences

NetOglyc program'® was used for the prediction of fetuin, IgA, bovine, and
ovine submaxillary mucin O-glycosylation sequences,

Analytical Methods

Protein concentration was determined by the method of Bradford” with
Coomassie blue R-250, using bovine serumn albumin as standard.  Carbohydrate
concentration was determined by the method of Dubois, ™ using lactose as standard,
Carbohydrate composition analysis was carried out by methanolysis in the presence
of meso-inositol {Sipma Chem., St. Louis, MO} as intemnal standard; the per-O-
trimethyl silylated methyl glycosides (after N-re-acetylation) were analyzed by pas
chromatography using a capillary column (25 x 0.32 mm) of 5% Silicone OV 210,
(Applied Science Lab., Buffalo, NY), in a Varian 2100 gas chromatograph (Orszy,
France) equipped with a flame detector and a glass solid injector; the carrier gas
was helium at a pressure of 0.6 bar, and the oven temperature was programmead
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Figure 1. Purification of A. leucocarpus lectin. 160 mg of crude extract was applied onto
a column containing A) Stroma from human erythrocytes or B) 1gA-Sepharose 4B. The
unretained material was eluted with 0.15 M NaCl, and the lectin was eluted with 3%
acetic acid or 200mbM of GalNAc. The pH of cach fraction was neutralized with NaOH
and the OD at 280 nm and hemagglutinating activity in presence of human crythrocytes
type O was tested. A similar clution pattern to that of the stroma was obtained with the
columns preparcd with fetuin, ovine, and bovine submaxillary mucins. In the same
conditions, the column containing IgA-Sepharose 4B is saturated, and hemagglutinating
activity is detected in the non-retained fraction.

from 150 °C to 250 °C at 3 °C per min as described by Zanetta ot al
Polyacrylamidc gei clectrophoresis (SDS-PAGE) was performed on a slab gel
apparatus according to the method of Lacmmli.® Coomassie Brilliant Blue R-250
was used for staining.

Amino Acid Analysis

A 100 pg samnple was hydrolyzed under vacuum with 2 mL of 6M HCl at 110
°C in scaled tubes for 24, 48, and 72 h. The samples were analyzed on an
automatic amino acid analyzer Durrum 500, according to Bidlingmeyer et al.®
using Nor-leucine as internal standard.
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Tablel

Purification Process of A. lencocarpus® Lectin by Different
Affinity Chromatography Matrices

Protcin Specific Protein
Fraction (mg) HAU® Activity* Yield (%)

Crude Extract 812 44800 35.2 100
Fetuin 42 38100 507.1 5.
Stroma 40 32800 820 49
Cvine Mucin 35 32100 271 43
Bovine Mucin 31 30000 967.7 KR
IgA 28 27900 996.4 34

* From [0 g sced meal. ® Hemapglutinating units with human erythrocytes type
0. ®HAU/mg protzin.

Amino acid sequences were obtained from SDS-PAGE-scparated ALL. After
electroblotting on a PYDF membrane, the band containing ALL was excised fror
the blot and sequenced on a Beckman Instrument Inc (Fullerton, CA, USA) Model
LF3000 protein sequencer.

RESULTS

Lectin purification

From the Amaranthus leucocarpus seed exiract, we purified in a single
chromatography step, the lectin, which represents, in general, 8% of the total
soluble protein. The different affinity chromatography supports, i.e., fetuin, ovine
and bovine submaxillary mucin, and stroma from erythrocytes, are powerful
ligands for its purification. Hurnan IgA showed lower capacity to retain the lectin
(Table 1 and Fig. 1). The unretained material was always eluted with SSI and the
lectin was cluted from the affinity matrix with 3% acetic acid (Fig. 1), a similar
elution pattern was obtzined when we added 0.1M GalNAc in SSI to cach columm.

Although the yield of purified lectin vanes according to the affinity matrix
used, we consider that the optimal purification system corresponds to fetuin and
erythrocyte stroma affinity columns. Qur results indicate that the purified lectin
corresponds to 5% of protein of the crude extract. With any of the chrormatogtaphy
supports used, more than 60% of hemagplutinating activity was recovered and the
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Figure 2. SDS-polyacrylamide clectrophoresis of the purified Amaranthus leucocarpus
lectin: C-G) Purified lectin 5 pg from human stroma, fetuin, ovine, and bovine submaxillary
gland mucins and IgA-Sepharose 4B columns, respectively. b) 25 pg of A. feucoccrpus
crude extract a) Molecular weight markers: bovine serum albumin (66 kDa); ovalbumin
{45 kDa); glyccraldchyde 3 phosphate deshydrogenase, rabbit muscle (36 kDa), carbonic
anhydrase (29 kDa), and a-lactoglobulin from bovine milk (14 kDa).

specific activity was increased when compared with the crude extract. The
purification process of the lectin is summarized in Table 1, As shown in figure 2,
the purified fractions obtained from any of the affinity systems used are
homogeneous, showing a single band in SDS-PAGE,

Lectin Characterization

ALL is a glycoprotein of 35 kDa, as revealed by SDS-PAGE (Fig. 2). As
previously indicated,” the lectin contains 52.8% of hydrophobic, 15.2% of polar,
and 31% of charged amino acids, and three cystein residues per sub-unit. ALL is a
glycoprotein with a sugar content of 8%. Monosaccharide analysis indicates the
glycans to be of the N-glycosidic type with galactose, mannose, N-acetyl-
glucosamine, and xylose, in the molar ratio of 4:3:5:1. The NH,-terminal residue
of ALL is blocked.
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Table 2

Hemagglutinating Activity of the Amaranthus leucecarpus Lectin®

HA Titer
Erythreeytes Native  Nanase Pronase
Donkey 1024 8096 8096
Rabbit 256 1024 2056
Mouse {(CD-1) 16 64 64
Rat 16 32 32
Pig 32 256 256
Sheep 16 128 128
Human OM 64 1024 512
Human OV 64 256 256

* Lectin concentration was 16 pg/ml. Hemagglutinating titer is reported
as the inverse of the last dilution with agglutinating activity tested in the
presence of a 2% solution of native neuraminidase, or pronase treated

erythrocytes.

Hemagglutinating Activity

ALL showed hemagglutinating activity towards erythrocytes from
different animal species; erythrocytes from donkey are better recognized than
cells from other species. Treatment of erythrocytes with neuraminidase or -
pronase increased the hemagglutinating capacity of the lectin. It is interesting to
note that human crythrocytes are agglutinated independently from the ABO
blood group system; however, the hemagglutinating titer of the lectin is higher
in the presence of erythrocytes presenting the M blood phenotype treated with
neuraminidase or pronase than with erythrocytes containing N phenotype. The
presence of N or M phenotype in pronase treated cells was confirmed using a
specific commercial antiserum,

The lectin from ALL shows hemagglutinating activity in the presence of
all erythrocyics tested, although the erythrocytes from donkey and rabbit were
sixty-four times more agglutinated than mouse erythrocytes (Table 2).
Hemapglutinating  activity increased after treatment of erythrocytes with
neuraminidase or pronase; however, as previously described® there is a
significant difference in the increase of hemagglutinating titer in the presencs of
human erythrocytes with the M phenotype as compared with the erythrocytes
with the N phenotype. No differences were observed among humnan
erythrocytes in the ABO blood group system.
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Table 3

Inhibition of the Hemagglutinating Activity of A. lewcocarpus Lectin
with Glycoproteins and Glycans®

Compound Concentration (M)
GalNAc 62
Human [gA 0.004
Human Asialo IgA 0.001
Fetuin 0.0005
Asialo-Fetuin 0.0001
Agalacto-Fetuin 0.0001
Bovine Mucin 0.05
Bovine Asialomucin 0.01
Ovine Mucin 001
Ovine Asialomucin 0.005
Asialo Glycan from
Human Erythrocyte® 15
Donkey Erythrocyte 15
Rzbbit Erythrocyte 15
Fewin 15
Fentin® 1
lg:\ 15

* Minimum concentration of glycoprotein or glycans to inhibit 4
hemagglutinating units of A. leucocarpus lectin (Titer = 4). Tests were
performed in the presence of desialylated human erythrocytes OM. ® O-
glycosidically linked glycans were liberated from desialylated glyco-
protcins with reductive -elimination and contains Gal/GalNAc-ol.

© O-glycosidically linked glycans liberated from asialo-fetuin by treatment
with endo-N-acetylgalactosaminidase treatment contains Gal/GalNAc.

Sugar Specilicity

From all the moncsaccharides tested, only GalNAc¢ inhibited the
hemaggplutinating activity of A. leucocarpus lectin and glycoproteins containing
GalNAc are powerful inhibitors, From the glycoproteins tested, the most potent
inhibitor was femin; and to a lesser extent, IgA, ovine, and bovine submaxillary
were also more powerful inhibitors than GalNAc. The glycans released from these
glycoproteins by reductive B-elimination or by enzymatic treatment had inhibitory
capacity, but they were four and sixty times, respectively, more powerful inhibitors
than GalNAc, but less inhibitory than parental O-glycosylproteins (Table 3). Al
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Tablc 4

Prediction of O-Glycosylable Sequences from Glycoproteins®

Gtycoprotein Sequence
Ovine Mucin ST*T*GST*S
Bovine Mucine S*EST*T*QLP

Fetuin AGPT*SAAG
VASEVYYes
GPT*PSA*™
APS*AVP*
IgA T*PST*PST*P
Glycophorin A™ S*S*T*TEVAM
Glycophorin AN LS*T*T*GVAM

* # indicates the putative glycosylation site, based on netOglyc program“
and ** proposed by Smith, et al.®

the glycans liberated from desialylated fetuin, 1gA, and stromata from donkey,
rabbit, and human O erythrocytes contained Gal and GalNAc-ol, and inhibited the

hemagglutinating activity of A. lewcocarpus lectin at the same concentration
(Table 3).

Prediction of O-Glycosylation Sequences

Results from the prediction of sequences most susceptible to O-
glycosylation in fewin, IgA, ovine, and bovine submaxillary mucin and
glycophorin A" and AM are summarized in Table 4. O-glycosylable sequences
in IgA, ovine and bovine submaxyllary mucin are rich in serine and threonine
residues, indicating that they possess different putative O-glycosylation sites;
whereas, the Q-glycesylable sequence in fetuin has only one residue able to link
O-glycans.
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DISCUSSION

Plant lcctins represent a group of well-prescrved proteins in evolution.
This property is observed even in their sugar-binding specificity.?* Lectins from
Amaranteceae family have been demonstrated in A. caudatus® A. cruentus,® and
A. leucocarpus.® These lectins represent important tools to characterize O-
glycosidically linked glycans,” and some authors have suggested their capacity
to specifically recognize sugar structures in tissues and tumors.”"'** In this
work, we compared the use of the stroma of human erythrocytes type O™, IgA,
ovine and bovine submaxillary gland mucins, and fetuin as affinity
chromatography ligands to find a rapid and economic method to purify A.
leucocarpus lectin. We obtained, with all these purification systems, an increase
in the specific activity as compared with the crude extract. Our results indicate
that, if ali these ligands are adequate to purify A. leucocarpus lectin, the most
economic method to purify the lectin was the stroma column prepared from
updated erythrocytes. This process can also be used to purify other lectins with
specificity for GalNAc or GalB1,3 GalNAco1-3Scr/Thr. 2

In gencral, the lectins from the Amarantaccac group are homodimeric
proteins with a range of 33 (4. caudatus and A cruentus)™® to 35 kDa per
subunit (A. leucocarpus). The difference in the molecular weight shown by A.
leucocarpus seems to correspond to a glycan moicty, since this is the only lectin
from this group to be glycosylated. In the amino acid sequences of all the
lectins from this group, the amino terminal is blocked and A. leucocarpus, as we
show in this work, is not the exception.

The ability of lectins to bind carbohydrates and their capacity to detect
subtle variations in the conformation of carbohydrate structures fourd in
glycoconjugates of the celi surface depends on their 3-D structures. ™ A
leucocarpus lectin recognizes O-glycosidically-linked glycans and glycoproteins
containing these structures. However, the tested glycoproteins, fetuin, IgA,
bovine and ovine submaxillary mucins, showed different capacities to inhibit the
hemagglutinating activity of the lectin. Fetuin and its asialo-form were the most
potent inhibitors, eclimination of galactose residues does . not modify,
significantly, the interaction with the lectin, indicating that A. lewcocarpus lectin
reacts strongly with T (Galbl3GalNAcal,0Ser/Thr) and Tn (GalN
Acal,0Ser/Thr) structures. )

This result is confirmed by the specific interaction with ovine submaxillary
gland mucin and its asialo-form, since this glycoprotein contains only
NeuAco2,3GalNAc Ser/Thr Fetuin possesses three O-glycosidically-linked
giycans and thineen N-glycosidically linked glycans'® IgA and bovine
submaxillary glend mucin also contain O-glycans®™!  The analysis of O-
glycosylable sequences in these glycoproteins indicated that in contrast to {etuin,
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ovine, bovine submaxillary gland mucins, and IgA thesc sites are not organized
in clusters; hence, it is possible that lectin interaction requires a specific distance
among the O-glycosylable sites.

This suggestion is supported by the fact that O-linked glycans from any of
the plycoproteins tested, released by reductive B-climination (containing
Galli,3GalNAc-ol) or by enzymatic trcatment (GalBl,3GalNAc), including
those from all types of asialo-erythrocyte stromata, inhibit to the same extent the
activity of the lectin. It is noteworthy that liberated glycans present a drastically
reduced inhibitory effect, when compared 1o the parental glycoproteins, being
only four and sixty times more powerful than GalNAc.

ALL agglutinates, preferentially, the human erythrocytes with the M
phenotype. The M and N phenotypes in humen crythrocytes are present in
glycophorins A™ and A" and both glycoproteins possess the same rate of O-
glycosylation (see Table 4) although they show differences at their NH;-
terminal, glycophorin AM possessing a serine residue and A™ leucine residue.
Moreover, our results strongly suggest that ALL recognizes conformation and
distances between O-glycosidically-linked GalNAc.

O-glycasidically linked glycans attached to membrane and cell surfaces
(conforming mucin and mucin-like structures} play important roles in
modulating the immune response, inflammation, and tumorigenesis,®* These
structures are respansible for the 3-D organization of glycoproteins.”* Based on
the aforementioned data, our results strongly suggest that the lectins from the
Amaranthus genus, particularly A. leucocarpus, represent a tool for the study of
mucin structures and their biological role.
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) . CApiTULON
CARACTERIZACION QUIMICA DE LA LECTINA Amaranthus leucocarpus por
ANALISIS PROTEOICO.

A pesar de fa gran variedad de estructuras de lectinas reportadas, la familia de las

leguminosas y de las graminias'>**

, son las mas conservadas, siendo las leguminosas las
que aportan el mayor nimero de estructuras tridimensionales resueltas, mas de diez,
algunas de ellas han sido recientemente caracterizadas®>*, Sin embargo, muchas de las
lectinas con actividad biologica importante permanecen sin ser caracterizadas quimica y
estructuralmente. Debido a la gran informacion que se ha obtenido del andlisis del material
genético de células mediante la secuenciacion del ADN y la expresion del ARNm, se ha
comenzado a obtener informacién acerca de la expresion de genes individuales y sobre
regulacién-coordinacion de algunos genes *’, mis aun, recientemente se ha concluido que
es necesaria la compresién de la expresién tanto de genes como de proteinas para el
funcionamiento de la red genética®®. Esto ha generado una nueva disciplina dentro del drea
de la quimica de proteina llamada anilisis protedmico, donde un proteoma es definido
como la cantidad total de proteinas expresadas por un genoma® . La importancia de este
anilisis es su habilidlad para estudiar modificaciones post-transcripcionales y post-
traduccionales de las proteinas, para lo cual se han desarrollado tres areas: La primera de
ellas se encarga del estudio de la secuencia gendmica de un organismo, la segunda consiste
en el analisis de la expresién de proteinas mediante la electroforesis de dos dimensiones y
la tercera consiste en el empleo de la espectrometria de masas para correlacionar a las
proteinas con sus genes. También ha permitido la secuenciacion de proteinas. Existen dos
técnicas de ionizacién para el estudio de proteinas, una de ellas es el electrospray, que crea
iones por una diferencia de potencial entre el capilar y la entrada al espectrometro de
masas. El campo eléctrico genera gotitas cargadas en forma de niebla, mediante la
aplicacion de un gas el tamafio de las gotas disminuye, obteniéndose iones altamente
cargados sin fragmentacion, lo que permite su utilizacion para el anilisis de proteinas de
bajo peso molecular. La otra técnica de espectrometria de masas empleada es el MALDI
(Matrix Assisted Lasser Desorption) , basada en la insercién de la muestra a analizar en
una sustancia capaz de cristalizar y de absorber radiaciones UV, obteniéndose idnes de
moléculas polares o cargadas, este cristal orginico debe de ser capaz de absorber a la

longitud de onda del laser, que generalmente es de 337nm, la aplicacion de este laser al
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cristal orgdnico permite la generacion de iones, que después son analizados. La técnica méas
cmpleada para el analisis de estos iones es el TOF (time of flight ), en donde la proporcion
masa / carga es determinada por el tiempo que le toma a los iones moverse hacia una region
libre de campo eléctrico, asi el tiempo de vuelo para un idn esta relacionade con m/z . El
MALDI es empleado para el analisis de moléculas de alto peso molecular®. En conclusién
el andlosos protedmico presenta una alta sensibilidad para diferenciar a proteinas que han

sido modificadas y permite cuantificar todas las proteinas que se encuentran en una célula.

RESULTADOS Y DISCUSION

La lectina de Amaranthus leucocarpus se purifico mediante cromatografia de
afinidad usando estroma de eritrocitos humanos del tipo OM. La presencia de isoformas se
evalud por medio de electroforesis en dos dimensiones. Se encontraron tres isoformas con
un pl de 48, 495 y 52 Las tres presentan idéntica actividad hemaglutinante hacia
eritrocitos humanos det fenotipo M. La actividad hemaglutinante de cada isoforma fue
inhibida con 200 mM de GalNAc.

La secuencia de aminoicidos de las de ALL se obtuvo por MALDI-TOF.. En
algunos experimentos la lectina de 4. Jleucocarpus fue sometida a deglicosilacién antes de
la electroforesis de dos dimensiones. En el caso de la lectina que no fue deglicosilada se
obtuvieron péptidos con masas de 410 a 2345m/z. Las péptidos obtenidas presentaron 60%
de homologia con una proteina de alto valor nutricional reportada en la lectina de A.
hypocondriacus, los mismos resultados fueron obtenidos cuando se compararon la masas
de los péptidos obtenidos de lz lectina ALL deglicosilada. Un aspecto interesante es que se
encontraron varios glicopéptidos comunes para las tres isoformas de la lectina. El
tratamiento con la PGNase, previo al tratamiento con tripsina reveld la presencia de un
nuevo fragmento con masa de 3848.8m/z que corresponde a los aminoécidos 112-147 de la
secuencia de ALL

En la semilla de A. hypoacondriacus, se identific el gen de una proteina globular de
35 kDa, a la cual no se le ha asociado actividad biologica. Esta proteina fue se considera
una proteina de alto valor nutricional, debido al considerable nimero de residucs de
aminodcidos esenciales. Nuestros resultados indican que esta proteina podria tener

actividad de lectina dada la gran homologia que presenta con la lectina aislada de A.

39



leucocarpus syn hypocondriacus. Es interesante mencionar que a pesar de que en efecto la
lectina podria ser considerada de alto valor nutricional, se ha demostrado en diversos
estudios que la extraccion de la misma, incrementa, aunque de manera moderada, la
digestibilidad de la harina, sugiriendo que la lectina en referencia, podria tener un efecto
antinutricional®"“?. Este resultado ha sido demostrado en otras lectinas vegetales, como en
leguminosas y hongos®’.

Se observan tres sitios de posible N-glicosilacién en la secuencia de la lectina de 4.
leucocarpus. La composicidn de carbohidratos de la lectina ALL indica la presencia de:
Gal, Man, GlcNAc y Xyl en una proporcion de 4:3:3.5:1. Para caracterizar a las cadenas
oligosacaridicas se realizaron ensayos de cromatografia de afinidad de los glicopéptidos de
ALL en una columna de ConA-Sepharose. Los resultados revelan que la composicion de
los glicopéptidos purificados por la columna de Con A fue Man y GicNAc 3:2.1, mientras
que en la fraccién no retenida la composicién fue Man, GlcNAc, Gal y Xyl en proporcion
de 3:3:7:3. La presencia de N-glicanos fue sugerida por la composicion de carbohidratos
obtenida de los glicopéptidos de la lectina ALL que fueron retenidos en la columna de
ConA-Sepharose, la cual presenta una especificidad hacia estructuras del tipo N-glicanos
que contiene en su estructura man &{1-6) {man a(1-3)] sustituida por dos residvos de
GIcNAc, ademas de estos N-glicanos, se detectd en menor cantidad la presencia de
estructuras del tipe lactosaminico. En el material no retenido por la columna de
ConA/Sepharose. Las estructuras unidas por enlaces de tipo N-glicosidico, parecen ser
comunes en las proteinas de almacenamiento presentes en semillas de Glycine max y en
lectinas de plantas como en la jacalina, Sophora japonica, Erythrina americana y Viscum
Album,

La N-glicosilacion generalmente esta asociads a precursoras de lectinas, asi tenemos
que la forma glicosilada de la lectina de Con A es inactiva, se necesita de una modificacion
post-traduccional para remover la porcion oligosacridica y asi tener la forma activa de la
lectina, lo mismo sucede con la lectina del germen de trigo. Esto sugiere que los N-glicanos
no tienen un papel importante en la actividad biologica de la lectinas. Es muy posible que
las cadenas oligosacaridicas presentes en las lectinas actiten de manera protectora en contra
de proteasas. En este trabajo se demostro que la lectina ALL después de la deglicosilacion

con una endoglicosidasa especifica para enlzces de tipo N-glicosidico, nos permitio

40



identificar una secuencia de 35 aminoicidos, que se encuentra cercana a un sitio de
glicosilacion, lo cual nos permite confirmar que la lectina se encuentra glicosilada; aunque
¢l papel de estas estructuras en la topologia, la flexibilidad y especificidad fina de la lectina
todavia no ha sido resuelto. Existe la posibilidad de que la presencia de los N-glicanos
modifiquen la interaccién lectina-receptor, provocando ligeras variaciones en el sitio de
reconocimiento de la lectina. Es interesante sefialar que estos sitios de glicosilacion se
encuentren presentes en la lectina de A. caudatus, sin embargo, esta lectina no se encuentra
glicosilada, esto se puede deber a una regulacién de las glicosiltransferasas, las cuales

podrian estar inactivadas por factores reguladores, a nivel genético o a nivel proteico.
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ABSTRACT

In this work we characterized chemically the N-acetyl-D-galactosamine specific lectin from
Amaranthus leucocarpus syn. hypocondriacus lectin (ALL). It is a dimeric glycoprotein
composed by three isoforms with pl at 4.8, 4.9, and 5.2. Circular dichroism analysis indicated
that the secondary structure of ALL contains 45% of [-sheet and 5% of ct-helix. Amino acid
sequence of the purified lectin and its isoforms was determined from peptides obtained after
trypsin digestion by MALDI-TOF (Matrix assisted laser desorption ionization-time of flight).
The three isoforms showed different degrees (80 to 83%) of homology with a high nutritional
value protein from A. hypocondriacus. Furthermore, analysis of tryptic peptides obtained
from ALL previously treated with peptide N-glycosidase, revealed a 93% homology with the
aforementioned protein. Presence of N-glycosidically linked glycans of the oligomannosidic
type and, in minor proportion, of the N-acetyllactosaminic type glycans was determined by
affinity chromatography on immobilized Con A.
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INTRODUCTION

Lectins with specificity for O-glycosidically linked glycans (containing the GalB1-3
GalNAcai-0Ser/Thr and GalNAcal-OSer/Thr determinants) have been widely used in
fractionation of glycoproteins and cellular subpopulations [1-3). Lectins from Amaranthaceae
family have been identified in 4. caudatus [4], A. cruentus [5] and A. leucocarpus (6]. All of
these lectins have a high proportion of essential amino acids such as lysine, leucine, threonine,
phenylalanine, valine and sulfir amino acids and interact specifically with GalNAc (N-acetyl-
D-galactosamine) [4-6]. These lectins have been proved to be usefil tools to recognize O-
glycosidically linked glycans in different tissues, tumors, and cells [7-9). A. leucocarpus syn
hypocondriacus is a Mexican representative of the Amaranthaceae family, It possesses a lectin
that induces immumosuppression in animals {8] and recognizes non-stimulated murine
peritoneal macrophages, and naive CD4* mouse and human lymphocytes [10, 11]. The fectin
from A. leucocarpus (ALL) aggiutinates human erythrocytes with the M phenotype 7] and
interacts with O-glycosidically linked proteins in some neurodegenerative process [12].

It has recently been suggested that ALY, may recognize a particular conformation of
some O-glycans determinants adjacent to the peptidic backbone of the specific cellular
receptor, conferring the lectin its particular biological properties [13]. In this work, we
determined the main characteristics of the subunits that compose this lectin and the amino acid
sequence of each iscform was analysed from pepsin digested-glycopeptides, by MALDI-TOF
(Matrix assisted laser desorption ionization-time of flight).

MATERIALS AND METHODS
Lectin extraction

Amaranthus leucocarpus syn hypocondriacus seeds were obtained in Tulyehualco
{Mexico) and the lectin was purified by affinity chromatography on a column containing
human erythrocyte type O% membranes physically entrapped in Sephadex G-25 (Sigma Fine
Chemical Co., St. Louis, MO, USA) [6).

Enzymatic treatment of ALL with PNGase

ALL (500 pg) in 150 ul of 30 mM phosphate buffer, pH 8.4, was boiled 5 min at

100°C with 0.2% SDS and 0.5% p-mercaptoethanol. After cooling at room temperature, 4 pl

Triton X-100/mg protein and 300 pl of distilled water/mg protein were added. The treated

44



sample was incubated overnight at 37°C with 80 mU/mg protein of N-peptide glycosidase F
(PNGase) from Flavobacterium meningosepticum (provided by Dr. A. L. Tarentino,
Wadsworth Center for Laboratories and Research, Albany, USA) [14]. The mixture containing
deglycosylated lectin was electrophoresed in SDS-PAGE for trypsin treatment (see further).
Purificatign of lectin glycopeptides

ALL glycopeptides (ALLgp) were prepared by incubating 10 mg lectin in 0.5 ml of
150 mM Tris-acetate pH 8 and 15 mM CaCl; with | mg pronase (from Streptomyces griseus,
Sigma) for 48 h at 36°C. The mixture was boiled for 5 min to stop the enzymatic reaction and
the glycopeptides were filtered on a column containing Bio-Gei P-2 (100 x 1.2 em ID)
equilibrated with distilled water. The glycopeptides were then lyophilized until use [7].
Purification of ALL glycopeptides was performed by affinity chromatography on a Con A-
Sepharose column (10 x 1 cm) (Sigma), containing 10 mg of Con A/ml Sepharose. ALLgp
(200 pg) in acetate buffer (5 mM sodium acetate, 0.14 M NaCl, and 5 mM CaCl,, pH 5.2)
were deposed onto the column. The unretained fraction was eluted with the acetate buffer;
addition of 200 mM c-methyl-mannoside eluted the retained fraction. Each coliected fraction
was desalted on a Biogel P-2 column equilibrated with distilled water and lyophilized. ALL
glycopeptides, not recognised by ConA, were applied to a column (10 x 1 cm) containing the
erythroagglutinin from Phaseolus coccineus (10 mg/ml Sepharose), under similar conditions
as for Con A.

Analytical methods

Protein concentration was determined by the method of Bradford [15], using bovine
serum albumin as standard. Carbohydrate composition was determined with the
heptafluorobutyrate derivatives of O-methyl-glycosides from the lectin and its glycopeptides,
obtained after methanolysis in 0.5 M methanol-HCI for 24 h at 80°C; lysine (Sigma) was used
as internal standard. The samples were analysed by gas-chromatography using a capillary
column (25 x 0.32 mm) of 5% Silicone OV 210, (Applied Science Lab., Buffalo, NY), in a
Varian 2100 gas chromatograph (Orsay, France), as described by Zanetta et af. [16]. Two-
dimensional electrophoresis (2-D) of the purified ALL was performed as follows: For the first
dimension, isoelectric focusing was performed with 10 pg of purified ALL in cylindrical 5%
polyacrylamide gels (0.2 x 10 cm) containing 2% (vv) of pH 3.5 to 10 ampholines
(Pharmacia) and 1% Triton X-100 [17]. Gels were run at 600 V for 14 h at 4° C. Then, each
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gel was deposed (SDS-PAGE), for a second dimension, on 12% separating and 4% stacking
gel in a slab gel apparatus according to the method of Laemmli [18]. Coomassie brilliant blue
R-250 was used for staining. The pH gradient was established after isoclectric focusing in
blank gels by slicing the gels into 0.4 cm sections, and eluting the ampholines with distilled
water, for 12 h and measuring the pH of the solution. The gradient was linear over the pH 4 to
8.5 range.
Amino acid sequencing

Amino acid sequencing of ALL was determined by MALDI-TOF on peptide
fragments obtained by trypsin digestion of the purified ALL. After electrophoresis of the
purified lectin or of the N-peptide glycosidase F-treated lectin on SDS-PAGE, or after 2-D
electrophoresis, the bands or spots were excised with a scalpel, and each band or spot
containing 200 pM of protein was digested with 0.5 pg trypsin (Promega sequencing grade)
in 500 pl ammonium bicarbonate, pH 8.0, at 37 °C, for 24 h. The enzyme digest was then
evaporated to dryness using a Speed Vac concentrator (Savant Instruments Inc., N.Y) and re-
evaporated with water (2 x 100 ul). Samples were prepared by mixing directly onto the target
1 pb of the reaction products (containing 50 pM of peptides) and 1 pl of a 2,5-
dihydroxybenzoic acid matrix (12 mg/ml in acetonitrile/Hz0, 80:20, v/v) and allowing the
mixture to crystallize at room temperature, Positive ions of the peptides were measured by
MALDI-TOF on a Vision 2000 time-of-flight mass spectrometer (Finnigan MAT, Bremen,
Germany) equipped with a 337 nm UV laser. Mass spectra were acquired in reflectron mode
under 8 keV acceleration voltage and positive detection. Control assays were performed
using trypsin alone to identify self-digested peptide mass and with angiotensin I as standard
(Mr 1296.7) [19]. The mass of [M+H]" ions from peptides produced by tryptic digestion was
compared with those obtained from NCBInr (Swiss-Prot 10/04/99) database. Putative
glycosylation sites were determined with the Prosite Pattern Search.
Circular dichroism
CD spectrum of ALL was recorded on an AVIV (New York, USA) spectropolarimeter. The
protein concentration was 300 pug of ALL/ m! of PBS (30 mM sodium phosphate, 0.15 M
sodium chloride, pH 7.0) and the scanning range was 180 to 240 nm in 5 mm path length
cells. Prediction of secondary structure, using 4. leucocarpus amino acid sequence, was made
with SOPMA [20}, GOR4 [21], and PSIPRED [22] programs.
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Hemagglutinating activity and sugar specificity

Human erythrocytes group O™ from healthy donors were obtained from the Central Blood
Bank, IMSS, Mexico. Hemagglufinating activity, using 25 pl of lectin in phosphate
buffered saline (PBS: 0.01 M sodium phosphate, 0.15 M sodium chloride, pH 7.2), was
assayed in microtiter U plates (NUNC, Denmark) by the two-fold serial dilution procedure,
finally 25 pl 2% (v/v) erythrocyte suspension in PBS was added to the lectin dilution. The
hemagglutinating titer is reported as the inverse of the last dilution with agglutinating
activity. Sugar specificity of the lectin was determined by comparing the inhibitory activity

of GalNAc on the hemagglutination induced by the lectin and against human erythrocytes.
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RESULTS
Identification of lectin isoforms

The lectin from Amaranthus leucocarpus was purified by affinity chromatography
using a column containing glutaraldehyde treated stroma from human erythrocytes type O.
SDS-PAGE of the purified lectin under non denaturing conditions indicated that it is a 70
kDa protein, whereas, after treatment with B-mercaptoethanol and boiling for 10 min, the
lectin renders a band of 35 kDa, indicating its two subunits composition, as determined by
SDS-PAGE (Figure 1). Two-dimensional (2-D) electrophoresis of A. leucocarpus lectin
confirms that it is a protein of 35 kDa, presenting three main isoforms with a pl of 4.8, 4.9,
and 5.2 (further identified as isoform I, II, and III, respectively) (Figure 2).
Hemagglutinating activity of the purified lectin was confirmed in the presence of human
erythrocytes with the M phenotype, 2 pg/ml of ALL are necessary to agglutinate a 2%
solution of erythrocytes. The hemagglutinating activity of the lectin was inhibited
specifically by 200 mM of GalNAc, other monosaccharides such as GlcNAc, Gal, Man, L-
fuc, or NeuSAc at 200 mM concentration did not affect the hemagglutinating activity of the
lectin.
Amino acid sequence

Amino acid sequence of the purified lectin and each isoform was analysed from
peptides obtained after trypsin digestion, by MALDE-TOF, and compared with the relative
values obtained from the NCBInr (Swiss-Prot 10/01/99) database. Digestion of the purified
lectin with trypsin yields peptides with an m/z range of 508.5 to 2810.7. When we compared
the m/z values with the relative values obtained from the NCBInr database, a homology of
83% was found with a protein of high nutritional wvalue identified in Amaranthus
hypocondriacus seeds; and the matched peptides cover 60.5 % (184/304 amino acids) of the
protein (Table 3). Analysis of the peptides obtained by trypsin digestion of 4. lewcocarpus
isoforms, separated after 2-D electrophoresis, indicated relevant differences in the digestion
profile and in the degree of homology with the aforementioned protein. ALL-I isoform
yielded eight main peptides, ALL-IIl and ALL IIT yielded, each, seven peptides. As for A.
leucocarpus lectin the m/z of the isoforms was identified at 508.5 to 2810.7; however, as
indicated in table 1, some fragments were common for the three isoforms, Tryptic peptides

obtained from ALL-I and III isoforms showed 83% homology with A. Aypocondriacus protein
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whereas ALL-IT showed 80% homology with this protein. Treatment of the punfied lectin
with PNGase before trypsin digestion enabled us to identify a new fragment at m/z 3848.8,
which corresponds to a 35 amino acid long peptide, and the identified peptides revealed now a
93% homology with the aforementioned globular protein (Table 1); the matched peptides,
obtained afier deglycosylation, covered 72 % (219/304 amino acids) of the 4. hypocondriacus
amino acid sequence (Table 1).

Circular dichroism.

The CD spectrum of 4. leucocarpus lectin was characterized by a maximum negative
absorption at 198-202 nm and positive absorption at 185 nm in the far UV region (Figure 4).
Analysis of these spectra with PROCEC 3.0 program revealed that the secondary structure of
ALL contains 45% of f-sheet and 5% of a-helix. Similar results were obtained using
SOPMA (35% of B-sheet and 7% of a-helix), GOR4 (40% of B-sheet and 7% of o-helix), and
PSIPRED (39% of B-sheet and 6% of a-helix) programs.

Carbohydrate composition of ALL

Monosaccharide analysis of the glycopeptides obtained by pronase digestion of the
affinity purified lectin revealed galactose, mannose, and N-acetyl-D-glucosamine; in minor
concentration, xylose residues were also identified. The sugar composition of the
glycopeptides purified by affinity chromatography on ConA-Sepharose was Man and
GlcNAc. The glycopeptides that were not retained in the ConA-Sepharose column were
chromatographed on Phaseolus coccineus erythroagglutinin-Sepharose. With this column
we identified a slight and retarded interaction with ALL glycopeptides; most of the
glycopeptides were obtained practically in the void volume, and this fraction contains Man,
GlcNACc, Gal, and Xylose residues (Table 2).
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DISCUSSION
Lectins from the Amaranthaceae family, such as A. caudatus (ACA) and A. cruentus,

have been shown to be composed of tightly associated homodimers of 33 kDa subunits [3, 5,
23]. The lectin from A. leucocarpus is a dimeric glycoprotein of 35 kDa subunits, composed
of three main isoforms with a pl ranging from 4.8 to 5.2, as demonstrated by 2-D
electrophoresis. The hemagglutinating activity and sugar specificity for GalNAc of the three
isoforms is identical, indicating that the active site of the lectin seems to be preserved among
the three isoforms.

As demonstrated previously, the amino terminal in A Jeucocarpus lectin is blocked
[13]. In this work, we determined the amino acid sequence of the purified lectin, as well as of
each isoform, by analyzing the peptides obtained through trypsin digestion by MALDI-TOF
and comparing them with the relative values obtained from the NCBInr database {Swiss-
Prot 10/01/99). Qur results indicate that the tryptic peptides prepared from purified lectin and
the three isoforms show different degree (80 to 83%) of homology with the amino acid
sequence of the high nutritional value globular protein identified in 4. Mypocondriacus [24].
Although the nutritional value of the 35 kDa protein identified in A. hypocondriacus has been
cited only for its amount of essential amino acids [24], previous works showed that removal of
the lectin does not affect the nutritional value of Amaranthus seed meal [25, 26]. The
identified amino acid sequence for the Amaranthus hypocondriacus globular protein has not
been associated with any functional activity [24], but the present work shows that this
identified protein is in fact a lectin.

Lectins from Amaranthaceae share the capacity to interact with GalNAc [4, 5],
however, ALL shows slight differences in the recognition of oligosaccharidic sequences.
The lectin from A. caudatus and ALL can bind T and Tn antigens, and substitutions in
these antigens of their Gal C3 and GalNAc C6 by neuraminic acid are well tolerated by
both lectins; however, in contrast to ACA, substitutions by N-acetyl lactosaminy] groups at
the same positions in the typically class II core of O-glycosidically linked glycans are not
tolerated by ALL [7]. These results indicate that the specificity of ALL is directed to
GalNAc present in the inner core of class [ O-glycosidically linked glycans and not to the
middle of a longer oligosaccharide. The ability of lectins to bind carbohydrate structures

found in glycoconjugates depends on their 3-D structure [27, 28]. Secondary structure of 4.
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leucocarpus lectin, as determined by Circular Dichroism, is rich in B-sheet (45%) along
with 5% a-helix; however, 4. caudatus lectin possesses 40 and 2% of B-sheet and a-helix
motifs (Protein Data Bank, version 1999). Considering that both lectins are very similar in
their secondary structures, although not identical, our results suggest that the 3-D structure
of ALL and, most probably, the sugar binding site are influenced by the presence of N-
linked pglycans; this could explain the subtle differences in the recognition of
oligosaccharide sequences with the non-glycosylated lectin from A. caudatus [4, 29].

ALL is a glycoprotein that contains 8% of sugar by weight [13]. Our work shows
that the three putative N-glycosylation sites are present in the amino acid sequence of ALL.
Moreover, sequential treatment of the lectin with N-peptide glycosidase F and trypsin
reveals a 35 amino acid-long cryptic peptide (residues 113 to 147), which has not been
identified in the glycosylated lectin or its isoforms. The presence of N-glycosidically
linked glycan was suggested by the carbohydrate composition of the glycopeptides
obtained from the lectin and purified by affinity chromatography on Con A-Sepharose.
Con A possesses high affinity for glycans with the trimannosidic core containing man
a(1,6) [man a(1,3)] man substituted by two GicNAc residues [30). ALL-glycopeptides
interact (with low affinity) with the erytrhoagglutinin from Phaseofus coccineus, the
specificity of this lectin is directed toward the Gal (B1-4) or (81-3) GlcNAc (81-2) Man {al-
) saccharidic sequence present in triantennary N-acetyllactosamine-type N-glycopeptides
[31]. Our data indicate that ALL contains N-glycosidically linked glycans of the
oligomannosidic-type and, in minor proportions, biantennary N-acetyllactosaminic-type
glycans most probably present in the unretained ConA-Sepharose fraction. The
oligomannosidic structure seems to be common to glycan moieties found in other plant
lectins, such as jacalin [32], Sophora japonica {33], Erythrina americana [34], and Viscum
album lectin I [35]). The specific role of glycan moieties of the A leucocarpus lectin, such
as its effect on the topology, the internal flexibility of the molecule or its fine sugar
specificity, remains to be determined.
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Table 1. Amino acid sequence of the lectin from Amaranthus leucocarpus (syn.
hypocondriacus) determined from tryptic peptides by MALDI-TOF

miz Isoform Residue No* Sequence

1861.2 i, 1 2-18 {~JAGLPVIMCLKSNNNQKY

2119.1 (] 21-38 YQSDNIQQYGLLAFSADK

1586.3 |, 39-52 ILDPLAQFEVEPSK

550.9 1] 68-71 YLVR

2259.4 LI 72-80 WSPNHYWITASANEPDENKS

3848.8™ 112-147 LLHVQLGHYTENYTVGGS
FVSYLFAESSQIDTGSK

1159.7 i, 148-156 DVFHVIDWK

866.8 LG 157-163 SIFQFPK

758.7 | 164-169 TYVTFK

28107 1] 175-198 YLGVITINQLPCLQ
FGYDNLNDPK

1822.5 1] 199-214 VAHQMFVTSNGTICIK

508.5 1] 221-223 FWR

17153 L 224-238 LSTONWILVDGNDFPR

1121.9 LI 239-248 ETNEAAALFR

1861.2 i 249-264 SDVHDFNVISLLNMQK

694.8 | 265-269 TWFIK

* Amino acid residues are numerated according to the determined sequence of the
high nutritional value protein from A. hypocondriacus [24]). **This peptide was
obtained after deglycosylation and trypsin digestion of the purified lectin.
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Table 2. Carbohydrate composition of Amaranthus leucocarpus lectin
glycopeptides purified by affinity chromatography on ConA-Sepharose 4B column.

Sugar residue Molar ratio®

ALL ALL gp ConA Allgp**
Xylose 0.7 0.0 0.3
Mannose 30 30 30
Galactose 40 0.0 27
GlcNAc 35 2.1 37

“Molar ratio is related to 3 Man residues, **ALLgp corresponds to the fraction
unretained on the Con A-Sepharose column, but retarded in the Phaseolus
coccineus erythroagglutin-Sepharose column.
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Table 3.

Homology of the amino acid sequence of the lectin Amaranthus

leucocarpus (ALL) and the high nutritional value protein from Amaranthus

hypocondriacus (AH).
10 20 30 40 50
I I { I |
AH MAGLPVIMCLKSNNNQKYLRYQSDNIQQYGLLOQFSADKILDPLAQFEV 48
ALL * - AGLPVIMCLKSNNNQKY - -YQSDNIQQYGLLQFSADKILDPLAQFEV 46
60 70 80 90
I l | | |
AH EPSKTYDGLVHIKSRYTNKYLVRWSPNHYWITASANEPDENKSNWACT 96
ALL EPSK--v~====——-———-YLVRWS PNHYWITASANEPDENKS —~——~ 73
100 110 120 130 140
| I I | i
AH LFKPLYVEEGNMKKVRLLHVQLGHTENYTVGGSFVSYLFAESSQIDTGS 146
ALL —mmmmmmmmmmme e LLHVQLGHTENY TVGGSFVSYLFAESSQIDTGS 106
150 160 170 180 190
| | b | |
AH KDVFHVIDWKSIFQFPKTYVTFKGNNGKYLGVITINQLPCLQFGYD 192
ALL KDVFEVIDWKS IFQFPKTYVTFK---—~ YLGVITINQLPCLOFGYD 147
200 210 220 230
| | | ! |
AH NLNDPKVAHQMFVTSNGTICIKSNYMNKFWRLSTDNWILVDGNDPR 238
ALL NLNDPEKVAHOMFVITSNGTICIK—————-— FWRLSTDNWILVDGNDPR 187
240 250 260 270 280
{ ! | | |
BH ETNEAAALFRSDVHDFNVISLLNMOKTWEIKRFTSGKPEFINCMN 283
ALL ETNEAAALFRSDVEDFNVISLLNMOKTWFIK~~«—————————— 219
290 300
I |
RH AATQIVDETAILEIIELGSNN 304
ALL, ——mmmmmmmmmmmmmm e 236

AH corresponds to the determined sequence of the high nutritional value protein
from A. hypocondriacus [24]. In bold letters, the amino sequence of ALL matched
with A. hypocondriacus. In cursive letters, the amino acid sequence identified after
deglycosylation and trypsin treatment. *The NHz-terminal end of ALL is blocked.
Putative N-glycosylation sites {underlined) were determined with the Prosite Pattern

Search.
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Figure Footnotes

Figure 1. SDS-polyacrylamide electrophoresis of the purified Amaranthus leucocarpus lectin:
A) A. leucocarpus crude extract (60 pg) afier reductive treatment, B) Purified lectin (5 pg)
after treatment with B-mercaptoethanol, C) Purified lectin (5 pg) without reductive treatment.
D) A. lencocarpus crude extract without reductive treatment. Molecular weight markers: B-
galactosidase Escherichia coli (116 kDa); phosphorylase B (97 kDa), fructose-6-phosphate
kinase (84 kDa) bovine serum albumin (66 kDa), glutamic dehydrogenase (55 kDa),
ovalbumin (45 kDa), glyceraldehyde-3-phosphate dehydrogenase (36 kDa), carbonic
anhydrase (29 kDa).

Figure 2. Two-dimensional electrophoresis of the purified Amaranthus leucocarpus lectin.
Isoelectric focusing (in the first dimension) of 100 pg purified ALL was performed in
cylindrical polyacrylamide (at 5% concentration) gels containing 2% (v/v) of pH 3.5 to 10
ampholines and 1% Triton X-100. Gels were run at 600 V for 14 h at 4° C, The gel was
deposed for a second dimension on an SDS-PAGE slab gel. The pH gradient was established
after isoelectric focusing in blank gels by slicing the gels into 0.4 cm sections, eluting
ampholines with distilled water, for 12 h, and measuring the pH of the solution. The gradient
was linear over the pH 4 to 8.5 range, and indicated spots correspond to pH 4.8, 4.9 and 5.2 for
ALL-I to IT, respectively.

Figure 3. Circular dichroism spectrum of A. Jeucocarpus lectin. CD spectrum of thelectin was
recorded on an AVIV spectropelarimeter. The protein concentration was 300 pg of ALL/ml
in 30 mM PBS, pH 7.0; the scanning range was 180 to 240 nm in 5 mm path length cells.
Analysis of this spectrum with PROCEC 3.0 program revealed that the secondary structure of
ALL contains 45% of B-sheet and 5% of

o-helix.
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CAPITULO II
ESPECIFICIDAD DE LA LECTINA DE Amaranthus leucocarpus POR
O-GLICOPEPTIDOS.

Las lectinas interactiian especificamente con estructuras sacaridicas ya sea en
solucion o con glicoproteinas de membrana, donde reconocen secuencias de monosacdridos
de manera reversible. La interaccidn de las lectinas con monosaciridos presentan
constantes de disociacion del orden de 107 a 10*M, a pesar de la baja afinidad, las lectinas
poseen una alta especificidad, asi tenemos que lectinas que reconocen galactosa no
interactian con su epimero, la glucosa. La mayoria de la lectinas presenta una especificidad
hacia estructuras oligosacaridicas mas complejas, con constantes de disociacién del orden 4
x 10° M. Esta capacidad de interaccion de las lectinas, se debe a que el sitio de
reconoctmiento a carbohidrato se caracteriza por ser una region de aproximadamente 200
aminoécidos, altamente homodlogos {50-60%) en lectinas de la misma familia y en donde se
establece la interaccion carbohidrato-lectina®. La afinidad de las lectinas también aumenta
debido a la multivalencia de cada lectina en la cual las subunidades de una lectina se
asocian para formar dimeros o tetrimeros®,

Existen lectinas que interactban especificamente con estructuras de tipo N-
glicosidicas, como las lectinas Lens culinaris y Canavalia ensiformis. Por otra parte, existe
un gran niimero de lectinas que poseen la capacidad de reconocer estructuras del tipo O-
glicosidico, debido a la especificidad por la posicién axial del OH en el carbono 4 de la
galactosa o de la GalNAc, como es el caso de la lectina de Arachis hypogeae y
Amaranthus leucocarpus. Sin embargo, dada la gran diversidad de estructuras que hay en
los O-glicanos™, existen lectinas que presentan especificidad hacia cierto tipo de
estructuras O-glicosidicas. As{ tenemos que para el antigeno T (Galfjl-3GalNAcol-
OSer/Thr) se han identificado en: Amaranticeas, en la Mdraceae, en algunas especies de
leguminideae y en las proteinas inhibidoras de ribosomas®, a pesar de poseer la misma
especificidad, estas lectinas tienen actividades bioldgicas diferentes. En lectinas de la
misma especie como las amarantaceas 4. caudatus y A. leucocarpus, poseen aparentemente
la misma especificidad hacia el antigeno T; sin embargo, a diferencia de otras lectinas de la
misma especie A. fencocarpus induce inmunosupresién y reconoce una poblacion de

timocitos CD4+ virgenes. Estas diferencias en la actividad sugiere que el ameglo
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conformacional de los oligosacaridos y la cantidad de estos en la célula pueden influir en la
interaccion carbohidrato-lectina.

RESULTADOS Y DISCUSION
Se determind la constante de afinidad de la lectina ALL, asi como su especificidad

hacia diversas glicoproteinas, péptidos y neo-glicopéptidos O-glicosilados mediante
ensayos in vitro, empleando electroforesis capilar y ELISA. Para los ensayos de O-
glicosilacion se emplearon preparaciones microsomales obtenidas de timocitos de raton, ya
que en éstas células se ha caracterizado el receptor, se¢ utilizaron microsomas obtenidos de
mucosa géstrica y de colon, ya que se caracterizan por su alto contenido de mucinas. Se
utilizaron los siguientes péptidos que poseen sitios potenciales de O-glicosilacion
TTSAPTTS, GTTPSPVP y GTTPSPVPTTSTTSAP. El grado de glicosilacidn se evalué
por electroforesis capilar.

El péptido TTSAPTTS glicosifado con preparaciones microsomales de ratonm,
presenté dos residuos de GalNAc incorporados en las treoninas dos y cuatro, mientras que
¢l mismo péptido glicosilado con las preparaciones de mucosa gastrica y de colon presentd
un solo residuo de GalNAc incorporado en la treonina en posicion dos. El péptido
GTTPSPVP glicosilado con las preparaciones microsomales de mucosa gastrica y mucosa
_ de colon, presentd dos residuos de GalNAc incorporados en las treoninas en las posiciones
dos y tres. Por otra parte el péptido GTTPSPVPTTSTTSAP, glicosilado con microsomas
mucosa gastrica presenté dos residuos de GalNAc en las treoninas en posiciones dos y tres,
mientras que al utilizar las preparaciones de mucosa de colon se obtuvo la incorporacion de
seis residuos de GalNAc presentes en la treonina dos, tres, nueve, diez, doce y trece. La
interaccidon de la lectina de A. leucocarpus se evalud mediante el empleo de la
electroforesis capilar midiendo el retardo en el tiempo de migracién de la lectina
fluorosceinada, de todos los glicopéptido utilizados sclo el péptido TTSAPTTS glicosilado
con las preparaciones microsomales de timocitos de raton fue capaz de desplazar el tiempo
de migracion de la lectina. Los glicopéptidos que presentaban un residuo de GalNAc no de
interactuaron con la lectina y, por tanto, no se observd cambios en el tiempo de migracitn,
mientras que el glicopéptido GTTPSPVPTTSTTSAP, el cual presentd seis residuos de
GalNAc no interactud con la lectina de la semilla de amaranto.

Estudios previos han demostrado que la lectina de Arachis hypogaea es capaz de

interactuar con glicopéptidos en donde las estructuras oligoscaridicas se encuentran en

64



posiciones adhyacentes®, mientras que para la lectina de Selvia sclarea, especifica para el
antigeno Tn, la distancia entre dichas estructuras no interfiere con la interaccion de la
lectina’. Para la lectina de A. levcocarpus, 1a distancia entre las estructuras oligosacaridicas
influye en la interaccion de la lectina con su receptor, demostrado por el hecho de que [a
tectina solo interactia con el glicopéptido TTSAPTTS glicosilado con microsomas de timo
murino. Esta interaccion fue puesta en evidencia con ensayos de electroforesis capilar, que
demuestran que este péptido di-glicosilado es el Orico que modifica el tiempo normal de
migracion de la lectina en electroforesis capilar.

Mediante el empleo de la técnica de ELISA, también se evaluo la interaccion de la
lectina de 4. lewcocarpus con diversas glicoproteinas, péptidos, glicopéptidos y
neoglicopéptidos.. La interaccion de la lectina con estructuras oligosacaridicas se evalud
usando mucina submaxilar ovina y bovina, fetuina, glicoforina A, glicopéptidos de estas
proteinas, asi como los neoglicopéptidos derivados de la glicosilacion in vitro. Los
péptidos de glicoforina M y N y el péptido TTSAPTTS, fueron utilizados como control.
Cada una de las glicoproteinas probadas presenta una cantidad variable de estructuras
oligosacaridcas, asi por ejemplo la mucina submaxilar ovina y bovina contienen
aproximadamente un 60% de carbohidratos en su estructura, de los cuales el mas del 95%
son O-glicanos. La fetuina contiene un 50% de glicosilacion de los cuales el 6%
corresponde a [os residuos O-glicosilados. La IgA posee el 15% de su peso corresponde a
estructuras oligosacaridicas, de las cuales el 33% son O-glicanos. La lectina de 4.
leucocarpus interactué preferentemente con la fetuina y, en menor proporcién, con la
mucina submaxilar bovina, la IgA y la mucina ovina. La glicoforina AM fue reconocida
preferentemente a la glicoforina A™. Los péptidos no glicosilados de glicoforina no fueron
reconocidos.

La constante de disociacion de la lectina por GalNAc a 26°C se cobtuvo por
fluorecencia, a 26°C. Nuestros valores indican que lz constante es de 1.02x162 M. Este
valor es semejante al reporte en lectinas con la misma especificidad que ALL. De acuerdo
con los datos obtenidos por ELISA de la especificidad de la lectina, el orden de estd
constante de asociacién para la fetuina y péptido TTSAPTTS debe de ser aproximadamente
100 veces mayor. Nuestros datos confirman que ALL interactita especificamente con

estructuras O-glicosidicas del tipo T y Tn, la distancia entre ellas es importante para la
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interaccion lectina-receptor, asi como también la orientacion y conformacion de los
monosacaridos constituyentes de dichos antigenos. Tal es ef caso de los fenotipos My N
que aparentemente presenta el mismo niimero de antigeno T en su estructura, sin embargo,
Ia lectina de ALL aglutina preferentemente a los eritrocitos humanoes con el fenotipo M. En
estos marcadores se ha sugerido que la orientacion de los monosacaridos en fenotipo M es
diferente a la observada en el fenotipo N. Estas evidencias pudieron ser comprobadas al
identificar que la fectina de ALL no interactiia con estructuras O-glicosiladas adyacentes,
como lo demostré fa no interaccién con el glicopéptido GTTPSPVPTTSTTSAP, en ¢l que
los residuos de GalNAc se encuentran en posiciones muy cercanas. Esto nos permite
suponer que la lectina no interactiia con estructuras que contienen gran cantidad de residuos
O-glicosilados. Tal es el caso de la leucosialina, molécula cuyo precursor es una
glicoproteina de 65 kDa, que se caractetiza por presentar un alto contenido de O-glicanos
en su estructura y cuyo peso molecular se incrementa hasta 120 kDa en funcidn al estado de
activacion de la célula debido al aumento en la cantidad de OQ-glicanos presentes.

Estos resultados abren una nueva perspectiva en la interaccion lectina-receptor, en la
cual no solamente la secuencia de carbohidratos participa en dicho reconocimiento, si no
también la distancia y conformacion de dichos carbohidratos es relevante para la

interaccion de una lectina con su receptor especifico.
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SPECIFICITY OF Amaranthus leucocarpus LECTIN FOR
O-GLYCOSYLPEPTIDES

Running title: Specificity of Amaranthus leucocarpus lectin
Key words; Amaranthus leucocarpus, plant lectins, T and Tn-specific lectin, O-glycans.
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ABSTRACT

Amaranthus leucocarpus lectin (ALL) is specific for N-acetyl-D-galactosamine (GalNAc)
present in the inner core of O-glycosidically linked glycans from “different glycoproteins
and cells. In this work we used fluorescence spectroscopy to calculated the dissociation
constant of ALL and GalNAc 1.0 x 107 M. We also determined the specificity of ALL for
O-glycosylpeptides by capillary electrophoresis and ELISA assays. The O-glycosylpeptides
were oObtained after pronase digestion of fetuin, human Immunoglobulin A, ovine and
bovine submaxillary mucin (OSM and BSM), as well as with neo-glycopeptides obtained
by in vitro O-glycosylation with microsomes from murine thymocytes, gastric fundus and
colon. ELISA assays were revealed with peroxidase labeled murine monoclonal IgG2 with
K light chain (designated as 5D4) antibodies, raised against the purified lectin. Qur results
indicate that pronasic O-glycopeptides containing GalNAc-Ser/Thr (from OSM) and
GalB31,3GalNAc-Ser/Thr (from BSM, IgA, glycophorin A”) showed the same capacity to
interact with ALL, whereas glycophorin AM-as well as and fetuin showed increased
capacity to interact with the lectin. From the in vifro glycosylated peptides, only the
TTSAPTTS containing GalNAc residues on T2 and T6 was identified by ALL. Neither
TTSAPTTS containing one transferred GalNAc nor other glycopeptides, with more than
two GalNAc residues interacted with the lectin. These results confirm that ALL recognizes
spaces between GalNAc residues in glycan structures whereas adjacent GalNAc interfered

with the lectin interaction,
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INTRODUCTION

Lectins are important tools for oligosaccharide characterization as well as for isolation
of cellular populations (1,2). In particular, lectins with specificity for O-glycosidically linked
glycans (containing GalB1-3 GalNAcctl-0Ser/Thr, and GalNAcol-0Ser/Thr) have been
widely used in fractionation of glycoproteins and cellular sub-populations (3, 4). Lectins from
the Amaranthaceae family have been identified in 4. caudatus (5), A. cruentus (6), and A
leucocarpus (7).  All these lectins interact specifically with GalNAc (N-acetyl-D-
galactosamine) (5-7) and have been proved to be useful tools to recognize O-glycosidically
linked glycans in different tissues, tumors, and cells (8-10). Amaranthus leucocarpus is a
Mexican representative of the Amaranthaceqe family. It possesses a lectin that induces
immunesuppression in animals (11), recognizes non-stimulated or naive cellular populations,
such as murine peritoneal macrophages and CD4" mouse and human lymphocytes (12). The
lectin from Amaranthus leucocarpus (ALL) agglutinates human erythrocytes with the M
phenotype (8), and it has been recently demonstrated to interact with O-glycosidically linked
proteins in some neurodegenerative processes (13). In a recent work, it has been suggested
that ALL may recognize a particular conformation of some O-glycan determinants adjacent on
the peptidic backbone of specific cellular receptor, conferring the lectin its particular
biological properties (14). The amino acid sequence and isoforms of this lectin was recently
determined (15). In this work, we determined the specificity of Amaranthus leucocarpus lectin
towards different O-glycosidically structures using ticrosomal preparations and capillary
electrophoresis,

MATERIALS AND METHODS

Lectin extraction

Amaranthus leucocarpus seeds were obtained in Tulyehualco (Mexico). The. lectin
was purified by affinity chromatography on stroma from human O erythrocytes as
described previously (7).

Fluorescence spectroscopy

Fluorescence analysis was carnied out using 100pg of Amaranthus leucocarpus
lectin in 1ml of phosphate buffered saline (PBS: 0.01 M sodium phosphate, 0.15 M sodium
chloride, pH 7.2), was placed in a 1 cm path-length-celi and the titration curve with
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GalNAc was obtained at 26°C. The fluorescence emission was recorded, with a Perkin
Elmer spectrofluorimeter LS-5B with 285 nm for the excitation wavelength, as the
emission 385 nm wavelength. The excitation and emission slits were set at 5 mm and 2.5
mm respectively.

Microsomal preparation

Surgically removed thymuses from 28 old male BALB/c mice were minced in
DMEM with a 20-gauge needle in a Petri dish, passed through a nylon mesh and the
harvested cells were washed thrice in DMEM. The pellet was suspended in 2 ml of PBS,;
cells were counted with a hemocytometer, their viability was assessed by the trypan blue
exclusion test, and adjusted to 1 X 10% cells/ml in PBS. Afterwards the thymocyte
microsomal suspensions were prepared by sonication on ice of the cell pellet, followed by
procedure further described. Protein concentration was determined according to the
method of Lowry (16), the cellular pellet was stored at —70°C in a 0.2M NaCl/0.25M
sucrose solution until used for GalNac transferase assays.

Samples from human stomach and colon were healthy tissues from cancer patients,
who had undergone resection. Microsomes from these tissues were prepared by Potter-
Elvehjem homogenization of tissue in ice- cold 0.25 M, sucrose and 0.2 M NaCl and
centrifuged at 10000 x g for 10 min followed by ultracentrifugation at 140000 x g for 20
min to collect the microsomal pellet. The pellet was suspended in  NaCl-sucrose solution
and protein concentration was determined on a Hotachi 717 spectrophotometer
{(Boehringer) using the Biotrol kit protein assay reagent (Biotrol, Chennevieres les Louvres,
France).

GalNAc transferase assays

Different synthetic peptides were used as exogenous substrates: the octapeptide
NH;-TTSAPTTS-COOH (AP) deduced from a tandem repeat sequence of MUC 5AC of
human stomach mucin, NH,-GTTPSPVP-COOH (GP) tandem repeat sequence of fundic
human gastric, NHa-GTTPSPVPTTSTESAP-COOH (GP2) tandem repeat sequence of
human colon (17, 18 ,19). Assays were performed in microsomal supsensions with a total
volume of 40 pl containing the following components at final concentrations: peptide
acceptor SmM (10 pl), 125 mM MES buffer (pH7.0) (10 ul) containing 0.2% {v/v) triton
X-100, 12.5 mM MnCl,. 1mM PMSF, ImM AEBSF, ImM E64; ImM AMP (5ul), UDP-
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[’H]-GalNAc (0.3 X 10° dpm) in 1mM cold UDP-GalNAc (Sul), and 12pg of microsomal
preparation (10 pl). After addition of the enzyme preparation, the samples were incubated
for 3 h at 37°C. The reaction was stopped by the addition of 8 volumes (320 pl) of 20 mM
sodium borate-1mM ethylenediamine tetraacetic acid (pH 9.1). The products of the in vitro
O-glycosylation reaction were separated from the excess UDP-GalNAc using an AG1-X8
anion exchange resin column by elution with water (3 X 1 ml) and [*H]GalNAc
incorporation was counted in a Beckman, LS 6000 TA liquid scintillation spectrometer.
Before capillary electrophoresis, the aqueous eluates from the exchanger AG1-X8 were
desalted on Sep-Pak C18 reversed-phase cartridges activated with 10 m! methanol followed
by 10 ml deionized water containing the counterion trifluoroacetic acid (TFA, 0.1%); polar
materials were washed with 10 ml water/TFA, whereas the glycopeptide fractions were
obtained by elution with 10 m! of acetonitrile 25% in water/0.1%TFA.
Capillary Electrophoresis

Capillary electrophoresis was performed on a P/ACE Model 5000 system
(Beckman, Fullerton, Ca.) controlled by the System Gold software V 810 (Beckman). UV
absorbance was monitored at 200 nm. The fused silica capillary was 57 cm X 75 pm i.d,
and fitted in a cartridge with a modified mandrel to improve cooling. Migrations were run
at 23°C using a 2 N formic acid buffer and the voltage across the capillary was maintained
at 20 kV. Injections were performed out by pressure (duration 6 s, approximately 10-20
pmol) and after each separation the capillary was flushed with acetonitrile 25% in PBS pH
7.2 for 2 min (20). Interaction of the 4. Jexcocarpus lectin with different glycosylpeptides
was performed using 4 pg of ALL-FTC with 16 ug of peptides in PBS pH 7.2, and
incubating 1 h at room temperature, 5 ng of sample was injected to a F/ACE Model 5000
system, Migrations were run at 23°C using PBS, pH 7.2, during 30 min and the veltage
across the capillary was maintained at 20 kV. Absorbance was monitored at 560 nm.
Preparation of glycopeptides

Glycosylpeptides from human IgA, ovine and bovine submaxillary mucin, porcine
stomach mucin and fetuin were obtained after treatment by Streptomyces griseus pronase
treatment (1mg of enzyme per 10 mg of glycoprotein incubated for 48 h at 37°C). Each O-
glycosylpeptide was desalted by filtration on a column {2x60 cm) containing Bio-Gel P2,
equilibrated with 0.5 M acetic acid in distilled water, Iyophilized, and kept at 4°C until use.
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The O- and N-glycosyipeptides from fetuin were fractionated by gel filtration on a column
(1.6 x 100 cm) containing Bio-Gel P4 equilibrated with 0.05 M pyridine acetate, pH 4.5 [].
Each O-glycosylpeptide was desalted by filtration on a column containing Bio-Gel P2.  O-
glycosylpeptides were desialylated by incubation at 100°C for 1 h in the presence of 0.02 N
sulfuric acid, as described by Spiro and Bhoyroo [21], and desalted on a Biogel P-2 column
(1 x 60 cm) equilibrated with 0.5 M acetic acid. The carbohydrate composition of each
glycosylpeptide was determined by gas-liquid chromatography.
Hybridoma fusions and screening

Balb/c female mice (20-30 g) were immunized intraperitoneally, four times with 50
ug of ALL in complete Freund's adjuvant. Spleen cells were harvested and fused to the
myeloma cell line P3-X63Ag8 according to the method described by Kohler and Milstein
(1975) and modified by Gefter et al. (1977), using polyethylene glycol to promote
hybridization of mouse myeloma cells. To determine production and secretion of ALL
reactive monoclonal antibodies (mAbs), supernatants of HAT selection growth-positive clones
were analyzed by ELISA using ALL and supernatant of P3-X63Ag8 cell culture as negative
control. Positive hybridbmas were expanded and subcloned by limiting dilution to ensure
stability of mAb production. The antibodies were purified by fractionation with 27% solid
ammenium sulfate and ionic exchange chromatography on DEAE-Sephadex (Pharmacia) and
finally labeled with horseradish peroxidase, according to the method of Avrameas and
Ternynck (1971).
Specificity of Amaranthus leucocarpus lectin determined by ELISA

The specificity of A. leucocarpus was determined by comparing the capacity of the
lectin to interact with glycoproteins, glycopeptides, asialo-glycopeptides, as well as with
Neo-glycosylpeptides. Samples (200 pg) in carbonate buffer (100 mM pH 9), were
incubated in sterile flat bottom microwell plates (Nunc Delta, Roskilde, Denmark) for 12h
at 4°C. The plates were then washed with PBS and the wells covered with 300 pl of 5%
skimmed milk in PBS and incubated for 12 h at 4°C. After removing of milk, the wells
were incubated with 100 pug ALL at 37°C for 3 h and then incubated overnight at 4°C. The
excess lectin was washed with PBS and the wells were incubated with 100 pl of
monoclonal (5D,) antibody against the lectin diluted t: 400 at 37°C for 1 h and then

incubated overnight at 4°C. Excess monoclonal antibody was eliminated by washing five
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times with PBS and the wells were incubated with 100pul of anti murine IgG peroxidase
labeled for I h at 37°C. Unbound conjugate was removed by washing 6 times with PBS
containing 0.1% Tween 20 followed by two washes with PBS alone, The presence of ALL
was revealed by incubating the wells with 100 pl o-phenylenediamine hydrochloride and
100 pl hydrogen peroxide in 0.1 M citric acid at room temperature for 30 min. The reaction
was stopped by adding 100 pl of 6 M acid chioride to each well and the absorbance was
read at 490 nm on a DYNATECH MR 5000 microplate reader.

Analytical methods.

Protein concentration was determined by the method of Lowry modified by Peterson
(1977), using bovine serum albumin as standard. Carbohydrate content and composition of
the lectin, its isoforms, and of all glycoproteins used in this study was determined with
heptafluorobutyrate derivatives of O-methyl-glycosides, obtained after hydrolysis with 0.5 N
methanol-HCI for 24 h at 100°C, by gas-chromatography with a capillary column (25 x 0.32
mm) of 5% Silicone OV 210, (Applied Science Lab, Buffalo, NY), in a Varian 2100 gas
chromatograph (Orsay, France), the carrier gas was helium at a pressure of 0.6 bar, and the
oven temperature programmed from 100 to 240°C at 2°C per min [17]. L-lysine (Sigma
Chem., St. Louis, MO) was used as internal standard. Identification of each sugar residue was
confimed by mass spectrometry using the Finnigan Automass II mass spectrometer, the HFB
derivatives of the O-methyl glycosides of monosaccharides present relatively high mass: 978
for hexoses, 977 for hexosamines and 1275 for sialic acid [17].
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RESULTS
Fluorescence spectroscopy.

The dissociation constant of Amaranthus leucocarpus lectin and GalNAc was
determined by quenching of fluorescence was considered as 1.0 x 107 M. Other
monosaccharides used as control, such as GlcNAc, Gal, Glc and Man, did not interact with
the lectin.

GalNAc transferase assays

The GalNAc-transferase activities from crude microsomal homogenates from
thymocytes and from human gastric fundus and human colon were comparatively analyzed.
The microsomal homogenates were assayed toward different synthetic peptides. After
elimination of the excess of UDP-GalNAc, the GalNac transferase activities were measured
by the transfer of radiolabeled ["H]GalNAc to the peptide substrates. Incorporation rates to
the tested peptides ranged 4,000 to 40,000 nmol GalNAc/h/mg protein (Table ).

Capillary Electrophoresis.

To visualize the differences in O-glycosylation, performed to all peptides with the
different microsomal preparations, the samples were analyzed using electrophoretic
techniques. Capillary Electrophoresis { 25Karger, B.L. and Foret, F., 1993) allowed us to
identify O-glycosylated products, according to their relative electrophoretic mobility.
Electrophoresis gave very reproducible profiles, allowing us to compare the electrophoretic
profiles of peptides with or without incorporated GalNAc. Incubation without GalNAc
always revealed a specific fraction, identified at 19.6 min, whereas addition of UDP-
GalNAc, renders fractions identified at 21.4 and 22.2 min which corresponded to peptides
containing one or two incorporated GalNAc residues, respectively (Figure 1). Table 2
summarize the number of fractions and residues of GalNAc incorporated to the different
tested peptides.

Only peptide AP glycosylated with microsomal preparation from thymocytes was
able to interact with ALL, as identified by the delay in the migration time, whereas the
same peptide glycosylated with gastric fundus and human colon did not interact with the
lectin (Figure 2). Peptides GP and GP2 glycosylated with different microsomal
preparations and with GalNAc residues incorporated at different positions, did not interact
with the lectin (Table 3).
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Monoclonal antibodies

Hybridomas were produced by fusion of mouse myeloma cells and spleen cells from
mice immunized with the lectin from A. leucocarpus. Hybridoma culture supernatants were
screened for production of antibodies against ALL by indirect ELISA. Hybridoma cells were
subcloned, one of them was chosen for firther characterization and designated as BG4, its
isotypic characterization indicates that it belongs to IgG2 with x light chains. Specficity of
monoclonal antibodies was verified in the lectin purification procedure; following affinity
chromatography of a hemolymph sample, collected fractions were assayed for lectin presence,
only the protein fraction eluted from the affinity chromatography matrix was positively
identified by 5D4 antibody in the ELISA assays.
ELISA

The ELISA method to evaluate the interaction of ALL with different Q-glycopeptides
implies utilization of monoclonal antibodies against the purified ALL. The ELISA method
implies utilization of monoclonal antibodies against the purified ALL. Standardization of
ELISA assays was achieved by using the purified lectin. The sensitivity of the assay allowed
us to detect concentrations as low as 3 ng/ ml (1 fmol). Our results indicate that O-
glycopeptides containing GalNAc-Ser/Thr (from OSM) and GalB1,3GalNAc-Ser/Thr (from
BSM, IgA, glycophorin A™) showed the same capacity to interact with ALL; whereas
glycophorin AM-as well as and fetuin showed two fold powerful capacity than other O-
glycosylpeptides to interact with the lectin. In the presence of Neo-glycosylpeptides, our
results confirmed that only the peptide AP, which is glycosylated on T2 and T6 positions,
was recognized by ALL. Neo-glycopetptides containing one or more GalNAc residues
were not recognized by the lectin.  The peptide AP, recognized by ALL, was glycosylated
by the mirocrosomal preparation of mouse thymocytes {Table 4).
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DISCUSSION

Plant lectins represent a group of well-preserved proteins through evolution; this
property is observed even at their sugar-binding specificity (21). Lectins from the
Amaranteceae family have been demonstrated in 4. caudatus (5), A. cruentus (6), and A.
leucocarpus (7). These lectins have been considered important tools to characterize O-
glycans (21) and their capacity to recognize specifically sugar structures in tissues and
tumors has been demonstrated (22). ALL agglutinates preferentially human erythrocytes
with glycophorin AM rather than those with glycophorin A, both phenotypes revealed
similar rates of O-glycosylation and showed differences at their NHj-terminal. These
results, and the fact that ALL recognizes T (GalBl,3GalNAcal,08er/Thr) and Tn
(GalNAca1,0Ser/Thr) structures, suggest that ALL recognizes its specific sugar receptor in 2
particular conformation or, probably, distances between O-glycans moieties (15). In this
work we identified the fine specificity of Amaranthus leucocarpus lectin for glycopeptides,
peptides and neo-glycopeptides. Neo-glycopeptides were prepared with microsomes from
mouse thymocytes (12), gastric fundus and human colon (17, 18). The interaction of ALL
with glycoproteins was different probably because they have different patterns of
carbohydrate distribution and conformation as suggested in a previous work (15). Bovine
submaxillar mucin is very rich in T and Tn-antigens, glycophorin AM-as well as A™ and
ovine mucin possesses the Tn antigen in a high proportion; however, the O-glycosidically
linked glycans represents 30% of the glycan structure in fetuin and is confined to the
carboxyl part of the molecule, but was the glycoprotein best recognized by ALL.
Glycophorin AM was better recognized than glycophorin A¥, differences in the interaction
should be due to the interaction of ALL with GalNAc; moreover, glycan 3-D presentation
or the possible participation of OH, from serine residues in the amino-terminal of the AM-
glycophorin could be not ruled out. These results were confirmed using neo-glycopeptides
and capillary electrophoresis, the peptide AP with two GalNAc residues, separated in the
peptide sequence, was able to modify the migration time of ALL. §t is interesting to point
out that the GP2 pglycopeptide with six GalNAc residues incorporated, in cluster
conformation, did not interact with ALL. In contrast to other lectins with similar sugar
specificity, such as Salvia sclarea or Vicia villosa lectins, adjacent GalNAc residues are not

recognized by ALL (23). The ability of lectins to bind carbohydrates depends on their 3-D
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structure (25) and their capacity to detect subtle variations in the conformation of
carbohydrate structures from cell surface (26).

In previous works it was determined that A. caudatus (ACA) showed great
homelogy with ALL (27); but, in spite of this homology, ALL showed slight differences in
the recognition of oligosaccharidic sequences. Similarly to ACA, A. Jeucocarpus lectin can
bind T and Tn antigens, and substitutions in these antigens of their Gal-C3 and GalNAc-C6
by neuraminic acid are well! tolerated by both lectins. The present results confirm that ALL
recognizes T and Tn structures arranged orderly its receptor, but a high density of GalNAc,
forming glycosylated clusters on the receptor, interferred with the lectin’s active site.

O-glycosidically linked glycans attached to membrane and cell surfaces play
important biological roles (28), and these structures are responsible for the 3-D
organization of glycoproteins. Based on the afoerementioned, our results reinforce the
notion that lectins from the Amaranthus genus, and particularly A. Jeucocarpus represent a
tool for the study of mucin structures and their biological role.
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Table 1. Incorporation rate of GalNAc in petides in vitro.

GalNAc transferase

PETIDE THYMOCYTES* FUNDIC GASTRIC* COLON*
TTSAPTTS 84,0004100 17,800+5,000 19,90016,400
GTTPSPVP ND 40701500 4,070130
GTTPSPVPTTSTTSAP ND 513004460 5,300+2,660

*nM of GaiNAc/iVmg after 3hrs of incubation at 37°C. ND: Not determined

Table 2. Capillary electrophoresis and proposed positions of GalNAc residues on Neo-

glycosylpeptides
GalNAc-transferase Peptide Peaks No. transferred
GalNAc

Murine Thymocytes TT*SAPT*TS 2 2

Human Gastric Fundus TT*SAPTTS 1 1

GT*T*PSPVPTTSTTSAP 2 2

Human Colon TT*SAPTTS 1 1

GT*T*PSPVP 2 2

GT*T*PSPVPT*T*ST*T*SAP 6 6

*Sites of incorporation of GalNAc
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Table 3. Time (in min) of migration* of Amaranthus leucocarpus lectin in the presence of
different Neo-glycosylpeptides.

GalNAc transferase
PETIDE THYMOCYTES FUNDIC GASTRIC COLON
TTSAPTTS** 15 13 13
TTSAPTTS 13 i3 13
GTTPSPVP 13 13 13
GTTPSPVPTTSTTSAP 13 13 13

*Determined by capillary electrophoresis in a 30 minutes run program. Positive interaction
of the lectin was determined by inhibition of the migration time. ** The peptide was
glycosylated by thymocyte microsomes.
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Table 4. Interaction of O-glycosylpeptides and
Amaranthus leucocarpus lectin determined by ELISA.

Neo-O-glycosylpeptides with

GLYCOPEPTIDE SEQUENCE O D (490 nm)
Ovine Mucin ST*T*GST*S! 0.5
Bovine Mutin S*EST*T*QLP! 0.7
Fetuin AGPT*SAAG! 09
VAS*VVV!
GPT*PSA!
APS*AVP!
IgA TPST*PST*P! 04
AN glycophorin LS*TT*EVAM 0.1
AM glycophorin SS*TT*GVAM 0.8
Nt:bc:tglycopeptidcs2
TT*SAPT*TS’ 0.5
TT*SAPTTS 0.1
GT*T*PSPVP 0.1
GT*T*PSPVPT*T*ST*T*SAP 0.1

*Indicates the glycosylation sites' Data from Hemandez et al. (14), ’Determined by
capillary electrophoresis. *The peptide was glycosylated by thymocyte microsomes.
Glycopeptide concentration was adjusted to 100 nM and incubated with 10 pg lectin, and
revealed with HPR labeled Mabs anti ALL.
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Figure 1. Electrophorogram of the TTSAPTTS peptide O-glycosylated by murine
thymocyte microsomes. Capillary electrophoresis was performed on a P/ACE Model 5000
system. UV absorbance was monitored at 200 nm. Migrations were run at 23°C using a 2
N formic acid buffer and the voltage across the capillary was maintained at 20 kV, in a 30
min program. Arrows indicate the position of mono and di-glycosylated peptides.
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Figure 2. Electrophorogram of the interaction of A. leucocarpus lectin with the
TTSAPTTS O-glycosylpeptide. The assay was performed using 4 pg of ALL-FITC with 16
ug peptides in PBS, pH 7.2 and incubated during 1 h at 25 43°C; 5 ng of the sample was
injected into a P/ACE Model 5000 system. Migration rates of the lectin-glycopeptide were
compared with free lectin (dotted line). Assays were performed at 23°C using PBS pH 7.2
at 20 kV, in a 30 min program. Absorbance was monitored of 488 nm at 560 nm.
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CAPITULO IV
AISLAMIENTO DEL RECEPTOR DE LA LECTINA DE Amaranthus leucocarpus EN
TIMOCITOS DE RATON CD4+

La glicosilacton de proteinas mediante enlaces del tipo O-glicosidico se realiza en el
aparato de Golgj, en donde por accién de la GalNAc transferasa, se adiciona un residuo de
GalNAc a un residuo de serina o treonina®. La O-glicosilacién fue asociada con estadios de
inmadurez cuando en 1976 Reisner identificd poblaciones de timocitos en la corteza del timo
reconocidas por la lectina de Arachis hypogeae (PNA), especifica para residuos de galactosa,
presentes ¢n los O-glicanos®. A partir de entonces, 1a identificacion de estructuras reconocidas
por esta lectina se relaciond con procesos de inmadurez y posteriormente se amplio a procesos
de transformacién cancerosa. Sin embargo recientemente se ha despertado el interés de la
posible funcién de las estructuras O-glicosiladas en la superficie de diversos grupos celulares’,
En particular se ha observado que durante la maduracién de los linfocitos T, se expresa una
cantidad variable de O-glicanos, Ia cual puede ser influenciado por la expresion de trasnferasas
de GalNAc, asi como la presencia del substrato especiﬁoo“.

El desarrollo y maduracion de los linfocitos T, se lleva a cabo en el timo. En este
Organo se encuentran tres poblaciones principales de células, que representan etapas
diferentes en la maduracién de las células T. Estas poblaciones son reconocidas por la
expresion de sus co-receptores CD4, CDS8, CD4-CD8- y CD4+CD8+. Previamente se ha
demostrado que la lectina de Amaranthus leucocarpus aglutina aproximadamente 5.640.9
% de células del timo, de las cuales el 75% presentan el fenotipo CD3, CD4+,CD8%-.
Estos resultados indican que la lectina reconoce poblaciones en las Gltima etapas de
maduracidn, lo que sugiere que la presencia de estructuras O-glicosidicas, participan de
manera importante no solo en los estadios celulares de inmadurez, sino en los procesos de
desarrollo celular. Ya que hasta los momentos se cuenta con pocas herramientas para el
estudio y caracterizacion de estructuras O-glicosidicas, en este trabajo se aislé y caracterizd
al receptor de la lectina de Amaranthus leucocarpus {ALL) presente en los timocitos CD4+
RESULTADOS Y DISCUSION

La sub-poblacién de linfocitos reconocidos por la lectina ALL fue separada por
aglutinacion selectiva utilizando a la lectina ALL acoplada a biotina. La caracterizacion
fenotipica de las células ALL+ se hizo mediante el método de doble marcaje, utilizando
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anticuerpo anti-CD8 unido a fluoresceina diluido 1:150/10° células y anticuerpos anti-CD2,
CD3, CD4 ¢ CD43 unido a ficoerytrima (PE) como segundo color. CD45RB, que es un
marcador de inmadurez, también fué determinado en las células ALL+ usando un solo
marcaje con anti- CD45RB unido a fluoresceina Después de la incubacion las células fueron
lavadas en PBS-BSA y resuspendidas en 500ul de PBS con 0.1% de p-formaldehido. Las
células fluorescentes fueron determinadas por citometria de flujo en un citofluorémetro
Becton & Dickinson. Los timocitos aglutinados por la lectina de ALL corresponden
aproximadamente al 5% de la poblacién total, la mayoria de estas células presentan un
fenotipo maduro con CD2+CD3+CD4CD8-{83.4%), mientras que el 14.8 de las células
presentan el fenotipo CD2+CD3+VD4+CD8+, 0.4% de las células presentan el fenotipo
CD2+CD3-+CD4-CD8B+, aproximadamente el 90% de la poblacién reconocida por la lectina
de Amaranthus leucocarpus también presenta el fenotipo CDA4SRB, presente en células
virgenes. La maduracién de los timocitos se caracteriza por la expresion del receptor de
células T y los CD4 y CD8. El antigeno comin de feucocitos, CD45, es un marcador potencial
de células de memoria, de células en descanso o células virgenes CD4, los timocitos expresan
una isoforma de alto peso molecular de este antigeno, que es reconocida por anticuerpos
monoclonales anti CD45RA y CD45RB. Los O-glicanos reconocidos por la lectina de
Archachis hypogaea (PNA) también son marcadores de proliferacion y diferenciacién de los
timocitos. Los receptores de PNA se encuentran predominantemente en células de la corteza
timica y corresponden a poblaciones de timocitos inmadurosCD4-, CD8- y CD4+, CD8- y
también se encuentran expresados en linfocites de memoria o activados. Estos resultados
sugieren que las poblaciones reconocidas por la lectina de amaranto, corresponden a una clase
de timocitos virgenes y que serén exportados a los tejidos linfoides periféricos.

La purificacion de receptor se realizé mediante cromatografia de afinidad indirecta De
aproximadamente 10° timocitos se recobraron 27.4 mg de proteina soluble después de la
lisis. La fraccion recuperada de este procedimiento cotresponde a menos del 1% de la
proteina presente en el lisado. El receptor de ALL es una glicoproteina, el peso molecular
determinado por SDS-PAGE es de70 kDa, con aproximadamente el 20% de carbohidratos.
El andlisis de la composicién de aminoicidos indica que la proteina es rica en residuos de
acido aspartico, acido glutdmico, serina, prolina y glicina. La fraccion de carbohidratos del

receptor esta formada por GalNAc y Gal, monosacaridos caracteristicos de estructuras de
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tipo O-glicosidicas, ademas se detectd la presencia de pequefias cantidades de GlcNAc,
manosa y acido sidlico caracteristicos de N-glicanos.

La purificacion de las isoformas del receptor de ALL se realizo mediante el empleo de
FPLC. El receptor purificado por afinidad fue aplicado a una columna mono P HR 5/5
equilibrada con amortiguador Bis-Tris a pH 7.5 con un flujo de 1ml/min, las isoformas del
receptor fueron separadas mediante un gradiente discontinuo de 0 a 1M NaCl. A las
fracciones colectadas se les midid pH, densidad éptica a 280 nm y concentracién de
proteina, Tres isoformas fueron aisladas mediante la cromatografia de intercambio ionico.
La isoforma ALLTr] corresponde al 50 % de la proteina aplicada a la columna, mientras
que ALLTr2 y ALLTr3 representan el 25% y €l 15% respectivamente. Las isoformas del
receptor presentan pequefias variaciones en la concentracién de carbohidratos por peso y
por diferencias en la concentracidn de 4cido sialico, siendo ALLT3 la isoforma con mayor
cantidad de este monosacarido, lo cual sugiere que el estado de glicosilacién es modificado
de acuerdo al estado de activacion de 1a célula. El receptor y sus isoformas poseen el amino
terminal bloqueado. Existen lectinas que tienen capacidad para interactuar con otros
antigenos de leucocitos;, PNA reconoce una glicoproteina de 170-180 kDa y otras bandas de
110-120 kDa, la lectina de Salvia sclarea interactia con una glicoproteina de 125 kDa, que
corresponde a la leucosialina, también conocida como sialoforina 0 CD43. Otras estructuras
tipo mucina han sido caracterizadas en los linfocitos, tales como CD45, que es una
glicoproteina de 95 kDa; LyS o T200 de 210 kDa. Para descartar la posibilidad de que
CD43 fuera el receptor potencial para la lectina de ALL, debido a que posee alto contenido
de estructuras O-glicinicas, se realizaron ensayos de electrotransferencia del lisado celular
a papel de nitrocelulosa, usando un aparato de transferencia semi-seco Bio-Rad, bajo las
condiciones del fabricante, usando el anticuerpo 87, que reconoce la isoforma de 115 kDa y
el anticuerpo 1B11 que reconoce la isoforma de 130 kDa. Con estos ensayos se confirmd
que la glicoproteina que es reconocida por la lectina ALL no corresponde a ninguna de las
isoformas de CDA43, lo cual posteriormente fue confirmado mediante la secuenciacién del
receptor.

La secuencia de aminoacidos del receptor de ALL se obtuvo por MALDI-TOF,
mediante la digestion triptica se obtuvieron 25 péptidos cuyos rangos de masas fueron de

442 9 a 3817.2 m/z, las masas mas abundantes se encontraron en; 689.9, 14807.7, 1957.2,
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2251.1 y 2809. El receptor de ALL presenta un 17% de homologia con la proteina
KIAA0659, un 10% de homologia con el receptor del factor transformante del crecimiento
tipo beta y un 7% de homologia con el dominio de muerte de una proteina asociada a Fas
(CD95), debido a la baja homologia de! receptor con secuencias depositadas en NCBInr
(Swiss-Prot) podemos concluir que la glcioproteina de 70kDa aislada de timocitos de raton
€5 un nuevo receptor, que debera ser secuenciado por la degradacion de Edman.

La lectina de Amaranthus leucocarpus reconoce macrofagos peritoneales murinos,
donde interactila con un receptor de 68 kDa®, cuya composicioén de aminodcidos es diferente a
la que se presenta en el receptor de timocitos, esto indica la posible presencia de motivos
proteicos, que presenten estructuras O-glicosidicas comunes tanto en las células provenientes
de la linea linfoide y mieloide. Aunque el papel del receptor de ALL debe investigarse mas a
fondo, el receptor para ALL en timocitos puede ser considerado como un nuevo marcador

para células virgenes.
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From murine medullary thymocytes we purified the
receptor for the Amaranthus leucocarpus lectin (ALL)
using a complex with the biotin-labeled lectin and avidin-
agarose as the affinity matrix. Most ALL* thymocytes
(83%) are nalve cells with the CD4*CD8-CD45RB* pheno-
type. The receptor for this lectin is a 70 kDa glycoprotein
that contains 20% of sugar by mass, It is constituted mainly
by aspartic and glutamic acids, serine, proline, and glycine;
its glycosidic portion contains mainly O-glycosidically
linked glycans with Gal, GalNAc¢ aind NeuAc residues as
well as one N-glycosidically linked glycan per molecule.
lonic strength chromatography revealed that-the ALL-
thymocyte receptor (ALLTr) is made up by three isoforms,
which possess similar amino acid composition but show
slight gifferences in their sugar composition. The N-
terminal amino acid residues are blocked both in the
receptor and its purified isoforms. Analyses of the
receptor’'s peplides, obtained by trypsin digestion with
MALDI-TOF (matrix assisted laser desorption fonization-
time of fMight), were compared with the relative values
obtained from the NCBInr (Swiss-Prot 10/01/99) database.
Our results indicate that the peptides of ALLTr show low
homology (<17%) with the human KIIA protein, the Fas-
associated death domain protein, and the transforming
growth factor-§ type 11 receptor. Our results suggest that
the ALL thymocyte receptor could be considered a novel
phenotypic marker specific for naive T cells,
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Introduction

Bone marrow—derived nucleated cells are known 1o possess
glycoproteins containing O-glycosidically glycans linked
through N-acetyl-D-galactoszmine (GalNAc) to hydroxyl
groups of serine or threonine residues, These O-glycosyl-
proteins or mucin-like glycoproteins appear to be of different
sizas, depending on the state and the type of cells. Previous
works indicatc. that the mucin-like structures are specific for
each cell lincage and for different differentiation stages, within
a given cell lineagc (Fukuda, 1992; Muroi e/ al., 1997). For
these reasons, it is of particular interest to identify spccnﬁc
tools for the study of the spccxﬂc role of O-glycans in cell
physiclogy.

Lectins are excellent tools for oligosaccharide characlema-
tion as well as for isolation of cellular populations. Lectins,
which show specificity for O-glycosidically linked glycans,
have been widely used in the fractionation of thymocytes and
lymphocyte subpopulations. By selective agglutination with
peanut agglutinin (Arachis hypogaea), it is possibleto purify
cortical immature thymocytes (Reisner er af., 1976a): Using
the same procedure, T and B splenocytes were fractionated
with the lectin from Giycine max (Reisner ef al.,-1976b). Helix
pomatia can be employed for the identification and isolation of
T cells (De Petris and Tackacs, 1983), and Vicia villosa agglu-
tinin recognizes specifically lymphocytes bearing the CD8*
(cytotoxic) phenotype (Fortune and Lehner, 1988). Other
lectins such zs wheat germ agglutinin, specific for GleNAc
have been used in the purification of B lymphocytes (De Dios
¢! al., 1986). Sequential fractionation of lymphocytes by
soybean and peanut agglutinins yielded a pluripotential stem
cells enriched fraction devoid of graft versus host activity,
which has been successfully transplanted into patients with
severe immune deficiencies (Reisner, 1983). Moreover, some
of these lectins are currently used to evaluate the immune
status of patients (Sharon, 1983). In previous, works we
demonstrated that the lectin from Amaranthus leucocarpus
{ALL) possesses the capacity to interact with murine medul-
lary thymocytes (Lascurain er al., 1994), murine nonactivated
peritoncal macrophages (Gorocica er af., 1998; Maldonado er
al., 1998}, and human naive T-lymphocytes {(Luscurain er al.,
1997). ALL is a 35 kDa glycoprotcin specific for the T and the
T, antigens (Ga! P13GalNAc «al,Q-SerfThr  and
GalNAcal,0-Ser/Thr, respectively) (Zenteno. et al., 1992).
This lectin agglutinates preferentially erythrocytes with the M
phenotype, does not recognize B lymphocytes, shows low
mitogenic activity on human lymphocytes (Lascurain et al., -
1997), and induces suppression in mice (Zenteno ef al., 1985).
Although it has been reported that all the cells recognized by
ALL share the characteristic of being naive or quicscent ceils
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(Lascurain er al., 1997; Gorocica et af,, 1998), until now the
specific role of the lymphocyte subset recognized by this lectin
has not been elucidated. This work provides infprmation on the
molecular characteristics of the ALL receptor from murine
medullary thymocytes.

Results

Cellular purification

The thymocytes agglutinated by biotin-labeled ALL (ALLY)
corresponded 1o 5% (20.3) of the total thymocytes. ALL* cells
bear mainly the mature thymocyte phenotypes,
CD2*CDICD4*CDE" (83.4%), 14.8% of. the cells are
CD2*CD3+*CD4*CD8*, 0.4% arc CD2*CD3*CD4CD8*, and
1.3% are CD2*CD3*CD4-CD8 (Figure 1a).-Almost 0% of the
AlL-purified cells possess also the CD45RB* phenotype
(Figure 1b); control experiments indicated that ~8% of the total
thymocytes comresponded to naive CD45RB* cells.

Receptor purification

From ~10* thymocyies, 17.4 mg of soluble protein were
obtained aftér lysis. The receptor for ALL was purified in a
single step from the thymocyte lysate by an indirect affinity
chromatography method, using biotin-labeled ALL and
avidin-agarose as affinity support. The receptor was eluted
from the affinity matrix specifically by adding 0.2 M GalNAc
(Figure 2}, The purified protein corresponds to 180 g (<1%)
of the protcins from the cell lysate,

Polyacrylamide gel electrophoresis and blatﬁ'ng

SDS-PAGE analysis of the purified ALL-receptor from
murine thymocytes showed that the purified fraction is homo-
geneous, giving a single band of 70 kDa (Figure 3). Experi-
ments using ALL as control indicated a band of a 35 kDa
protein, confinning that the 70 kDa band obtained by affinity
chromatography cormesponds to the purified receptor (Figure
3). Blotting of murine thymocytes lysate was revealed with
antibodies against the CD43 iscforms S7 (which recognize the
115 kDa isoform) and 1811 (130 kDa), and with biotin labeled
ALL, Our results indicate that ‘the antibodies against CD43
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Fig. 2. Purification of the murine thymocyte receptor for Amarsathis’
leacocarpus lectin. The cefls priof to lysis wore incubated with biotin-labeled
ALL, and then the complex was purified on an avidin-agarose column. The .
unretained fraction was eluted with PBS-T (0,)1% Triton X-100) and the
affinity purificd recepior was eluted by additionof 0.2 M GallNAc in PBS-T.
Opncl]dmsny.Amwu d on fractions dialyzed previ yngnms:

isoforms, recognized in the thymocyies extract, a single band,
which corresponds to its specific proteins, (Figure 4, lanes 1,
2), and ALL recognizes only 2 70 kDa protein in the same cell
lysate (Figure 4, lane 3). The purified ALL thymocyte receptor
is recognized by the lectin (Flgure 4, lane 4), ot

1
e s

Purification of ALL thymocyte receptor isoforms ;
From the al'ﬁmly purified ALL receptor we oblamed lhrec
isoforms by ion exchange chromatography on a mono.P
column, in anionic form. The isoforms (termed as ALLTrl.
ALLTY2, and ALLTr3) were eluted with a stepwise gradient of
NaCl. The amount of protein obtained in each fraction indi-
cated that the most important isoform is the ALLTrl, which

corresponds to 50% of the receptor applied on the column; | -

ALLTi2 and ALLT:3 comesponded 10 25% and 15% of the
protein applied on the mono P column {Figure 5).

Chemical characterization

The thymoceyte receptor for ALL is a glycoprotein, with 20%
of sugars by weight, containing mainly aspartic, glutamic,
serine, proline, and glycine residues: no specific peak of
cysteic acid was found after performic acid oxidation (Table [).
The carbohydrate fraction of the receptor, which represents
20% by weight, contains mainly N-acetyl-D-galactosamine
and galactose, but N-acetyl-D-glucosamine, mannose, and

sialic acid are also present in smaller amounts {Table II). The®
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Fig. 3. SD5-PAGE of the purificd ALL-thymocyte reccplor, Lanc A, 50 pg of
thymaocyte lysate, Lane B, 10 pg of purified fraction cluted with 0.2 M
GalMAc. Lone C, 101 Amaranthus leucocarpus lectin. The molecular weight
markers are: myosin (203 KDa). phosphorylase b (94 kDa), bovine serun
albumin (67 kD), evalbumin (45 kDa), carbonic anhydrase (30 kDa), trypsin
inhibiler (20.1 kDa) and o-lactalbumin (14.4 kDa).

analysis of the purified isoforms indicated stight differences in
the concentration of carbohydrates by weight, and quantitative
diffcrences in the concentration of sialic acid; as indicated in
Table I1 the most sialylated isoform is represented by the
ALLTr3 fraction. The receptor and its purified isoforms
possess blocked N-terminal amino acid residues. Tryptic
digesticn of the purified receptor, analyzed by MALDI-TOF,
yiclds 25 peptidic Imctions, the miz of the identified (mctions
runged from 442.9 to 3817.2, but the main fractions were
located at 689.9, 1284.7, 1480.7, 1957.2, 2251.1, and 2809.1.
The molecular [M*H]* 1ons from the MALDI-TOF spectrum
of tryptic digested thymocyte receptors were compared with
those obtained from the NCBInr (Swiss-Prot 10/01/99) data-
base, The identified thymocyte peptides showed 17%
homology with the KIAAQG659 protein, which is a predicted
coding sequence obtained from cDNA clones from brain, 10%
with the transforming growth factor-J3 type 11 receptor, and 7%
with Fas-associated death domain protein interleukin-1b-
converting enzyme.

Discussion

T lymphocyles differentiate within the thymus along the CD4f
CD8 developmental pathway in a highly ordered process

91

‘I'hymucyte receptor for Amarenthus feugocarpus leciin

Fig. 4. immuncblot of murine thymocytes and purificd ALL-thymocyte
receptor. Thymocyie lysutes (from 2 x 10 cells) were electrophoresed in SDS-~
polyacrylamide gel elecirophoresis. transfermed to nitrocellulose filters, and
analyzed with ST {anti- 1 13 kDu isoform of murinc CD43, lane 1), and 1811
{anti-CD43. 130 kDa isoform, tane 2). Cell lysate {lane 3) and the affinity
chromatography purified receptor {lane 4) were analyzed with biotin-labeled
ALL. Lanes 1 and 2 were led with r21 anti s conjugated with
horscradish peroaidase, and Janes 3 and 4 with Exfavidin-peroxidase in an
hanced chemilumi ¢ detection system.

(Sprent, 1989). Maturation of thymocytes is assessed by
cxpression of the T cell recepror and the CD4 and CD8, The
leukocyle common antigen, CD435, has been promoted as a
potential marker of memory T cells. Resting or naive CD4*T
cells express a high-molecular weight iseform recognized by
anti CD45RB moneclonal antibodies (CD45RA in hwmans),
the reciprocal subsets on activated lymphocytes are identified
by the loss of CD45R B monocional antibodies staining (Bell e
al., 1998). Lymphacyte O-linked (GalB1,3GalNAc) glycans,
reactive with PNA, are other markers which seem to be
developmentally regulated (Wu er af., 1997), and have also
been implicated in T—cell proliferation and differentiation
(Barclay ef af., 1987). PNA receptors are predominantly
present in immatwre {cortical) thymocytes {CD4'CD8 and
CD4*CD8*), and in mature CD4-CD8* memory or activaled
lymphocytes (Galvan ¢! af., 1998). The GalNAc specific lectin
from Amaranthus leucocarpus recognizes murine medullary
thymocytes {Luscurain er of., 1994) and human T-cells with
the phenotype CD4*CDASRa*CD27*, indicating (hat the lectin
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Fip. S. Purification of murine thymocyte neceptor (ALLTr)-isoforms for
Amaranthiies lewcocarpis lectin by ion cxchange chrometography on 1 mooo P
eclumn (anicnic form) in an FPEC sysiem. The affinity purificd ALL receplor
{300 pg) was applicd lo the column equilibrated previausly with 50 mM Bis-
Tris buffer pH 7.5. Isoforms were eluted by a stepwise NaCt gradient (doticd
line), Deection of the oplical density of cach 1 ml fraction was at Ay
(continuous line).

receptor is present specifically in naive or quiescemt cell
subpopulations (Lascurain ¢f af., 1997). In this work we
confinned that the main proportion (83%) of the murine
thymocyies recognized by ALL are CD4*CDS";, funhermore,
we identified them as CD45RB*, indicating that they corres-
pond to a naive cell subset of thymocytes, which could be
destined for export o the peripheral lymphoid tissues (Sprent,
1989).

The thymocyte receptor [or ALL is a glycoprotein of 70 kDa,
which seems 1o be made up of three isoforms that can be sepa-
rated by ion exchange chromatography. The ALL-thymocyte
receptor contains mainly glutamic, aspartic, serine, proline,
and glycine residues, ks glycans contain mainly Gal, GalNAc,
and NcuAc residues as typical sialylated O-glycosylproteins.
But the presence of mannose and GleNAc residues indicates
that the receplor contains also N-glycosidically linked glycuns.
The aminog acid composition of the three isoforms is almost
identical 1o that of the affinity chromatography purified
receplor. The main differences among these [ractions were
observed in their sugar concentration and degree of sialylution;
the soform ALLTI3 is the most sialylated, sugpgesting that, as
it other membranc O-glycosylproteins, the glycosylation stue
is modified according to the activation staic of the cell
{Curlsson amd Fukudu, 1986; Piller e f., 1988).

By means of lectins with similar specificity 1o ALL, scveral
uuthors characterized different leukocyte antigens; PNA
recognizes a major glycoprotein of 170-180 kDa and minor
bands of 110-120 kDa (De Maio ef al., 1986); the lectin from
Salvia sclarea interacts specifically with a 125 kDa glyco-
protein that corresponds (o leukesiatin (CD43 or sialophorin)
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‘abke 1. Amino acid composition of 1he thymocyle-receplor Tor Amaraatiins
fencocarphes fectin

Aminug acil Rusidues per Residues per melecule
100 amino acls

ASX 1.5 549.1
GLX 10.5 54.0
SER 104 534
GLy 8.1 41.7
HiS 6.7 34.6
ARG 9 15.2
THR 6.8 35l
ALA 55 35
TYR 49 255
MET 1.7 1.3
VAL 4.2 2.9
ILE 30 153
LEU 6.9 356
CYS o o
PHE 32 165
LYs 49 2355
PRO 87 448

Toixl 5154

The melecutar mass of the receptor is 70 kDu. Caleulation of wnino acid
rexidues is bused on Uhe consideration that up 1o 20% of the molecular mass is
carbahydrate,

Table 11 Carbohydrate compasition of ALL-thymocyte recepior and isaforms

Sugar residuc Residues per molecule

ALLTr ALLTel  ALLTR2 ALLTA

Sugar content (%) 20 27 23 19

Futose 100 00 00 00
Mannose 34 54 6.0 29
Galactose 189 273 4.7 19.2
GlcNAC 10.0 17.8 9.7 46
GuiNAc 26.0 344 304 23.0
NeuAc 76 1] 9.5 kp2

Supar rexidues per molccule are prexented considering the percent of their
saion and i mol nsass of 7O kD,

(Piller et af., 1988). Mucin-like structures huve been identified
in other leukocyle antigens (Shimizu and Shaw, 1993), such as
CD45 (95 kDa} and Ly5 or T 200 (210 kDa). Although the
potential receptor for ALL has been assumed to be leukosialin
(Figure 4), which is the mujor cacrier of O-glycosidicatly
linked glycans in lymphocytes (Carisson and Fukuda, 1986;
Shelley e al., 1989), no cross reaction was identified cither
between the ALL receptor and known phenotypic markers, or
with leukosialin (Fizure 4). These results were confirmed by



" analysis of the amino acid sequence of the ALL-thymocyie
receptor. The receptor and its isoforms have blocked N-
terminal amino acid residue; the analysis of wyptic peptides
from the receptor by MALDI-TOF indicated that the protein
shows low (<17%) homology with proteins such as the human
cerebral KIAADS59 protein ([shikawa et al., 1998), Fas-asso-
ciated death domain protein (Femandes-Alnemri ef al., 1996),
and transforming growth factor-fi type 11 receptor (Suzuki e
al., 1994),

" ALL imteracts also with resident murine peritoneal macro-
phages through a 68 kDa receptor, its amino acid composition
being different from that of the thymocyte recepior (Gorocica
et al., 1998), indicating the presence of commeon protein motifs
conaining C-glycosidically linked glycans in cells derived
from lymphoid and mycloid cell lineage. Although the func-
tion of the ALL receptor remains to be identified, our results
suggest that the ALL receptor could be considered a novel
molecular marker for naive or quiescent T-cell populations.

Materials and methods
Reagents

Amaranthus leucocarpus seeds were obtained in Tulyehualeo,
Mexico, and the lectin was purified by affinity chromatog-
raphy as described by Zenteno and Ochoa (1988). The A.feuco-
carpus  lectin @ (ALL) was labeled with the N-
hydroxysuccinimide ester of biotin from Pierce Chem. Co,
(Rockford, IL) at a label/protein ratio of 2:1 (Savage et al.,
1992). Electrophoresis and blotting reagents were obtained
from Bio-Rad Lab. Inc. (Richmond, CA, USA). Cell culture
media, biotin, avidin monomeric-agarose, avidin—peroxidase,
bovine scrum albumin fraction V, sugars, and chemical
reagents were from Sigma Chemical Co. (St Louis, MO).
Phycoerythrin  (PE}labeled antibodies against murine
lymphocyte markers: CD2, CD3, CD4, and CD43 isoforms, as
well as FITC-labeled anti-CDB, and anti-CD45RB, as welt as
rat anti-mouse antibodies conjugated with horseradish peroxi-
dase were obtained from Pharmingen (New York, NY). Tryp-
sine, sequence grade was obumcd in Promega (Orsay,
France). - '

Cells

Thymus glands were surgically removed from male CD-1 mice
(4 weeks old), washed twice in phosphate-buffered saline
(PBS: 0.15 M NaCl, 0.05 M sodium phosphate, pH 7.2 and
passed through a fine mesh to harvest the suspended cells.
Thymocytes were suspended in Dulbecca’s modified Eagle's
medium supplemented with 5% fetal calf serum (heat inacti-
vated a1 56°C for 30 min) ar 10* cellyml. The ALL* thymocyte
subpopulation was purified by selective agglutination as
follows: 1 ml of the cell suspension was incubated for 10 min
at room temperature with 10 pg of biotinylated-ALL, then the
cell suspension was layered gently on top of a 7% bovine
serum albumin solution in PBS in conical 12 ml glass tubes.
After. 30 min at room temperature, the cells present in the
bottom (ALL* lhymocym) and on the top (ALL- thymocytes)
were collected separately’ and washed twice with PBS
(Reisner, 1983).

Thymocyle receplor lar Amaranthus leucocarpus bectin

Analysis of separated cells

Viability of purified thymocytes (>90%) was asscssed by the
trypan blue exclusion test. Phenotypic characterization of the
ALL* cell Iractions was determined by the double stain immu-
nological method (Hudson and Hay, 1980), ALL* cells were
incubated at room temperature for 15 min with 10 pl FITC
anti-CD8 diluted 1:150/10% cells in 500 pl PBS-BSA-azide
(PBS with 0.2% bovine serym albumin and 0.2% sodium
azide) and 10 pt PE-fabeled anti-CD2, CD3, or CD4, diluted
1:200, as the second color. CD45RB was determined on ALL*
thymaocytes using a single fluorescence assay using 10 pf of
FITC-anti CD45RB (diluted 1:150/1C° cells in PBS-BSA-
azide). After incubation, the cells were washed with PBS-BSA
and suspended in 500 p! of PBS with 0.1% p-formaldehyde;
fluorescent cells were determined by flow cytometry in an
Excalibur Becton & Dickinson Cell Sorter apparatus (FACs,
Mountain View, CA). In all cases the biotin-labeled ALL was
present, and no vanations in the phenotypic characterization
were observed if the lectin was eliminated previously by addi-
tion of 0.2 M GalNAc. Control staining was performed using
FITC-labeled antibodies against ALL. .

Receptor purification

Indirect affinity’ chromatography was used as a method 10
purify the lectin-binding glycoproteins from the thymocyte
{Buckie and Cook, 1986); 10° thymocytzs purified by aggluti-
nation with biotin-ALL were lysed in a solution of PBS
containing 1 pgfml aprotinin A, 1 pg/ml pepstatin, 2 pg/ml
leupeptin, 2 mM phenylmethylsulfonyl fluoride, and 0.1% (v/
v) Triton X-100 {lysis buffer), for 30 min at 4°C under shaking.
Nuclei, cell debris, and mitochondria were removed by centrif-
ugation, first for 10 min at 250 X g, then 30 min at 18,000 % g.
Peilets were climinated and the clear supernatant was loaded
on an avidin-agarose column (3 x 1 em), equilibrated previ-
ously with PBS-T (PBS containing 0.1 % v/v Triton-X-100} at
4°C. The unretained material was eluted with PBS-T and the
fraction corresponding to the bound protein was-cluted with
0.2 M GalNAc in PBS-T,-and the bictin-labeled lectin was
eluted from the avidin column by addition of 0.2 M- glycine/
HCIL, pH 2.8. Optical density Ay, was determined on fractions
dialyzed against PBS. Finally, the GalNAc-eluted fractions
were pooled, dialyzed against distilled water, and freeze-dried
for further analysis. In order to avoid nonspecific interaction
among the avidin column and cell proteins, the thymocyte
lysate in absence of biotin-labeled lectin or with unlabeled
lectin was deposed onto the column, Qur results indicate that,
under these conditions, almost all deposed protein was recov-
ered in the unretained fraction and no protein was detected in-
fractions eluted with either GalNAc or 0.2 M glycine/HCI pH
2.8.

Separation of ALL* thymocyte receplor isoforms

The affinity purified thymocyte receptor was applied 10 a
mono P prepacked HR column 5/5 mm (Pharmacia, Uppsala,
Sweden) equilibrated previously with 50 mM Bis-Tris buffer,
pH 7.5, at a flow rate of | ml/min with 2 maximal pressure of
40 bars, in a 60 min program using an FPLC system
(Pharmacia, Uppsata, Sweden). Thymocyte receptor isoforms
were cluted from the column with a 0-1 M NaCl stepwise
gradient in Bis-Tris buffer. Fractions of | ml were collected
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optical density was monitored at Ay Each cluted peak
dialyzed against distilied water before lyophilization for
1er analysis.

-acrylamide gel elccn'ophorem

molecular mass and the homogeneity of the purified
sptor were evaluated by polyacrylamide gel electrophoresis
\GE) in the presénce of 0.1% sodium dodecyl sulfate
18), using the Laemmli (£970) buffer system,; the gels were
ned with 0.1% Coomassie brilliant blue.

uytical methods

‘ein concentration was determined by the method of Lowry
«dified by Peterson {1977), using bovine serum albumin as
ndard, Carbohydrate concentration was determined by the
:thod of Dubois et al. (1956), using lactose as standard,
ibohydrate compasition analysis was performed by meth-
alysis in the presence of meso-inositol as internal standard;
- per-O-trimethyl silylated methyl glycosides (after N-re-
aylation) were analyzed by gas-chromatography using a
villary column (25 x 0.32 mm}) of 5% Silicone OV 210
pplied Science Lab., Buffalo, NY), in a Varian 2100 gas
romatogtaph (Orsay, France; Zanetta et al., 1972).

no acid analysis

100 pg sample was hydrolyzed under vacuum with 2 ml of 6
HCI at 110°C in sealed tubes for 24, 48, and 72 h, The
mples were analyzed en an automatic amino acid analyzer
srrem 500, according to Bidlingmeyer er al. {1984), using
or-leucine as intemal standard. The amino acid sequence
abysis was determined in samples of purified ALL-thymo-
nte receptor and isoforms. Samples were separated by SDS-
AGE and electroblotted on a PVDF membrane; the band was
scised from the blot and sequenced with a Beckman Model
F3000 protcin sequencer (Fullerton, CA). Amino acid
equencing determined by MALDI-TOF on peptide fragments
ibtained by trypsin digestion of the purified ALL-receptor was
serformed on the SDS-PAGE excised band as follows: the gel
ontaining 200 pM of receptor was digested with 0.5 pg
7ypsin in 500 yl ammonium bicarbonate, pH 8.0 at 37°C, for
4 h. The reaction was inhibited by storing at 4°C. Then, the
:nzyme digest was evaporated to dryness using a Gyrovap
Howe, London). Samples were prepared by mixing directly
wnto the target 1 gl of the reaction products (containing 50 pM)
wd | pl of a 2,5-dihydroxibenzoic acid matrix {12 mg/ml in
ZH,0H fH,0. 70:30, v/v), and then allowing the mixture w
ystallize at room temperature, Positive ions of the peptides
were measured by MALDI-TOF on a Vision 2000 time-of-
flight mass spectrometer (Finnigan MAT, Bremen, Germany)
equipped with a 337 nm UV laser. The mass spectra were
acquired in reflectron mode under 8 keV acceleration voltage
and positive detection. Control assays were performed using
trypsin alone to identify self-digested peptide mass and with
angictensin: I as standard (M, 1296.7). The mass of [M*H]*
ions from peptides produced by tryptic digestion was
compared with those obtained from NCBInr (Swiss-Prot 10/
01/99) data base (Heltman et al., 1995),

Protein blotiing

Thymocytes {2 X 10%) were solubilized in lysis buffer. Insol-
uble maierial was removed by centrifugation first for 10 min at
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250 x g, then 30 min at 18,000 x g and detergent soluble
proteins were resolved by 10% SDS-polyacrylamide gel
clectrophoresis (PAGE). Resolved proteins were transferred to
nitrocelinlose membranes by using a semidry blotting appa-
ratus (Bio-Rad, Richmond, CA) under conditions recom-
mended by the manufacturer. Membranes containing
transferred proteins were blocked overnight with TBS (Tris-
base 20 mM, NaCl 137 mM, pH 7.6, and 0. 1% Tween 20) and
5% skimmed milk, prior to incubation with antibodics against
the CD43 isoforms 57 and 1B11 (anti-115 kDa and anti-130
kDa, respectively). Membranes were then washed in TBS and
primary antibodies were detected with rat anti-mouse anti-
bodies conjugated with horseradish peroxidase and an ECL
(Enhanced chemiluminescence) detection system. To evatuate
the binding of ALL to murine thymocyte glycoproteins and to
the purified receptor, these proteins were transferred to nitro-
cellulose membranes. Membranes containing resolved
proteins were blocked ovemight in TBS contzining 5%
skimmed milk and incubated with ALL-biotin diluted in PBS
and with 5% skimmied milk for 1 h at 37°C and ovemight at
4°C, The blot was then washed with TBS without Tween-20
and incubated with Extravidin®-peroxidase. Proteins’ were
visualized by ECL. Negative controls were performed using
biotin-labeled antibodies raised against the purified lectin and
revealed no interaction with the purified thymocyw roceptor or

‘with the total lysate.
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CAPITULO V.
DISCUSION GENERAL

Las lectinas se encuentran ampliamente distribuidas en !a naturaleza, destacando las
lectinas vegetales, que abundan en plantas inferiores y superiores. Se han caracterizado
lectinas en las familias de gramineas y de leguminosas, estas ultimas, [as mas caracterizadas
estructuralmente, encontrandose semejanzas como son: secuencias de aminoacidos y arreglos
tridimensionales’, sin embargo, existen diferencias importantes que hacen que cada lectina
interactie de forma muy precisa con las estructuras oligosacaridicas que reconoce y, por
tanto, cada una tenga una actividades biologica propia.

En la familia de las amaranticeas se han caracterizado lectinas que tienen pesos
moleculares muy parecido, presentando una especificidad hacia la GalNAc y fetuina ésta
ultima es una glicoproteina de 45 kDa que posee tres estructuras glicosiladas del tipo O-
glicosidico (Gaifi1-3GalNAca1-08er/Thr). Las lectinas de las amarantaceas aglutinan los
eritrocitos humanos del tipo A, B y O; sin embargo existen diferencias significativas en su
capacidad de interactuar con las glicoproteinas presentes en las membranas celulares, por
ejemplo, la fecting de Amaranthus caudatus (ACA) se ha relacionzado con ciertos procesos
tumorales®®, ademss de que la lectina ACA induce la proliferacién de células de cincer de
colon humano HT29™, al tiempo que la lectina de ALL se ha caracterizado por reconocer
subpoblaciones de linfocitos CD4+, ademas de inducir inmunosupresion en ratones.

La purificacién de la lectina de Amaranthus leucocarpus se realizé usando como
ligandos diferentes tipos de glicoproteinas, que presentaran en sus estructuras al antigeno T
o al antigeno Tn. Todas las glicproteinas utilizadas son eficientes para la purificacion de la
lectina ALL, sin embargo, el porcentaje de lectina purificada varia de acuerdo al ligando
empleando. El analisis de las secuencias O-glicosilables en dichas glicoproteinas
demuestra una variedad de motivos susceptibles de O-glicosilacion, bor ejemplo, en las
mucina submaxilar ovina y bovina existen secuencias de aminoicidos repetitivas, las
cuales se caracterizan por un alto contenido de residuos de serina y treonina susceptibles de
O-glicosilacion, la fetuina presenta solo tres sitios de O-glicosilacion, mientras que la IgA
presenta una secuencia de aproximadamente 20 aminoacidos en donde se encuentran cinco

sitios de O-glicosilacién muy cercanos entre si. Esta variedad en la distribucién de los O-
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glicanos, podria explicar el por que éstas glicoproteinas tengan diversa capacidad para
interactuar con la lectina de ALL,

La secuencia de aminoicidos de ALL muestra un 60-63% de homologia con la
secuencia reportada para una proteina considerada de alto valor nutricional de Amaranthus
hypocondriacus”, de la cual también se obtuvo la secuencia de la lectina de A. Caudatus™.
Se encontré homologia en la estructura secundaria entre la lectina de 4. lecuocarpus y la
lectina de A. caudatus, en donde las estructuras predominantes fueron las hojas plegadas p.
Se ha observado la homologia en la estructura de lectinas de la familia de la leguminosas,
ésta se comserva en el sitio de reconocimiento a carbohidrato, donde se encuentran
participando invariablemente tres aminoacidos: acido aspértico, asparagina y algin
aminoécido del tipo aromatico, o en su lugar una leucina, en algunos casos la participacion
de un acido glutimico es importante para el reconocimiento de estructuras que presenten
GalNAc en su composicion™.

En la familia de las amarantaceas solo se ha reportado la estructura cristalina de la
lectina A. caudatus unido al antigeno T™. Esta lectina es dimérica, cada mondmero esta
compuesto por los dominics N y C, unidos por una alfa hélice corta para formar un
mondmero ovalado, cada dominio tiene una estructura del tipo trébol B, semcjante a los
observados en lectinas provenientes de la cadena B de Ricimus comunis (RCA)™, de
Galanthus nivalis (GNA)” y de Artocarpus integrifolia (jacalina)’, a pesar de las
semejanzas estructurales, estas lectinas presentan diversos grados de interaccidn con
carbohidratos, la jacalina tiene un sitio de unidn a galactosa en cada una de sus cuatro
subunidades, mientras que la lectina de GNA tiene 12 sitios de unioén a Man, lo cual sugiere
que estructuralmente estas lectinas tienen un ancestro comin y que mediante procesos
selectivos de evolucidén adquirieron los rearreglos conformacionales que les permite la
especificidad actual”. En el sito de reconocimiento de la lectina ACA encontramos que el
OH en posicion 4 de la galactosa se encuentra formando un puente de hidrogeno con la
histidina 73, mientras que el OH en posicién 4 de la GalNAc se encuentra formando un
puente de hidrégeno con el triptofano en posicién 77, el grupo N-acetilo de la GalNac
forma un puente de hidrégeno con la amida de la cadena principal de la tirosina 767

Tomando en cuenta la alta homologia entre la secuencia de aminoacidos de las

lectinas de A. Leucocarpus y A. Caudatus es posible que ambas estructuras
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tridimensionales sean semejantes, sin embargo existen diferencias estructurales que pueden
influir en las actividad biolégica de estas lectinas, por ejemplo el 10% del peso molecular
de la lectina de 4. leucocarpus es debido a estructuras oligosacaridicas en su estructura, 1.
Las estructuras oligosacaridicas de la lectina de ALL corresponden a N-glicanos del tipo
lactosaminico y oligomanosidico. Existen lectinas en las cuales las estructuras glicosidicas
$e encuentran en sus precursores como es el caso de las lectinas de Con A, WGA y PNA, la
remocion de estos oligosacaridos durante fas modificaciones post-traduccionales vuelve a
lectina activa, sin embarge en la mayoria de las lectinas, los glicanos se encuentran
ampliamente distribuidos y pueden servir como proteccidn contra la accidn de proteasas. Se
ha observado que los N-glicanos no afectan significativamente la estructura tridimensional
de las proteinas, sin embargo, podran influenciar la interaccidon con los ligandos, al
modificar la orientacion de los aminoicidos involucrados en el reconocimiento al
carbohidrato. En la lectina de 4. lewcocarpus existe un sito de N-glicosilacién que se
encuentra cercano al sitio de intersccién a carbohidrato que pudiera influenciar en la
interaccion de la lectina con sus receptor especifico.

La lectina de cacahuate Arachis hupogaea (PNA) se une al antigeno T por
interaccién con los grupos hidréxilo de los carbonos 2, 3, 4 y 6 de la galactosa terminal, y
con el hidréxilo del carbono 4 y et N-acetilo del carbono 2 de la GalNAc™. El disacarido
sialilado, se hace inaccesible a la unién con la lectina. Mediante ensayos de especificidad
empleando diversas O-glicoproteinas se determind que la lectina de 4. caudatus interactia
con el antigeno T”, mientras que en el caso de la lectina de A. leucocarpus el uso de
diversas O-glicoproteinas, (fetuina, mucina ovina y bovina, IgA, O-glicopéptidos y los O-
glicanos de estas glicoproteinas), se demostrd que la lectina ALL tiene especificidad hacia
et antigeno T y Tn*’. Las sustituciones en €l C3 de la Gal y C6 de la GalNAc, por icido
sidlico, son toleradas por ambas lectinas, esto ha sido demostrado por el empleo de O-
glicoproteinas del tipo mucina, como la fetuina, la IgA y la glicoforina A en los cuales al
antigeno T se encuentra sialilado. Por otra parte al eliminar el acido sidlico del antigeno, se
provoca un incremento en la capacidad inhibitoria de estas glicoproteinas hacia la
hemaglutinacién por ALL En la inhibicion de la actividad hemaglutinante de ALL

utilizande mucina proveniente del estomago de puerco se demostrd que sustituciones por
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grupos N-acetil-lactosaminicos (Galat1-4GlcNAc), en los carbonos C3 de la Gal y enel C6
de la GalNAc no son tolerados por la lectina ALL.

Para tener un mejor analisis sobre la interaccion lectina con estructuras O-
glicosidicas, se realizaron ensayos de Q-glicosilacion in vitro, encontrando que la presencia
de dos residuos de GalNAc, separados por tres aminoacidos facilita la interaccion de ALL
con su receptor, mientras que residuos de continuos GalNAc en la cadena polipeptidica
impiden dicha interaccidon. Se ha cobservado mediante ensayos de interaccion con péptidos
sintéticos que la presencia de estructuras oligosacaridicas en posiciones continuas no
afectan la interaccién de la lectina de cacahuate drachis hypogaea (PNA)Y™. En contraste, la
interccién de la lectina de Vicia graminea (VGA)™, con su receptor requiere la presencia de
estructuras oligosacaridicas contiguas y de un aminoacido hidrofébico. En el caso de la
lectina de Salvia sclarea Tn especifica, la presencia contigua de estas estructuras no afecta
la interaccién lectina-receptor®

Las lectinas interactitan con las estructuras glicanicas mediante enlaces de diferentes
tipos, entre los cuales sobresaten los puentes de hidrogenos, interacciones hidrofobicas y las
interacciones del tipo Van der Waale, el tipo de interaccion depende, en gran parte, del
arreglo tridimensional de la lectina en el sitio de reconocimiento a carbohidrato, en
particular la conformacion tridimensional que adquieren las estructuras oligosacaridicas
podrian jugar un papel relevante en dicha interaccion, Esto se ha observado en la lectina de
germen de trigo (Triticum vulgaris) WGA que reconoce tanto la GIcNAc y el acido sidlico,
que son monosacaridos con estructuras diferentes, sin embargo guardan similitud
conformacional en los carbonos 2 y 3 del azicar. De manera semejante, en la glicoforina
Ay AM hay una diferencia en el grado de torsion de la cadena polipeptidica relacionado
con el grado de glicosilacién de dichas isoformas; es decir, al aumentar la glicosilacién
aumenta el grado de torsién de la cadena polipeptidica®’, lo cual podria influenciar en ta
interaccion carbohidrato-proteina,

En el sitio de union de la lectina de Amaranthus caudatus, el anillo del carbohidrato
es orientado de manera paralela a la superficie de la proteina”, mientras que en la lectina de
Ricinus comunis, el anillo del carbohidrato se encuentra orientado de manera perpendicular

al sitio de unién”’. La presencia de un entorno proteico podria variar ef grado de interaccion
ar
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de las lectinas con sus receptores y explica la diferencia en las actividades bioldgicas
presentadas entre las lectinas ACA y ALL.

La lectina de amaranto {(ALL) reconoce a un 5.6£0.9% de las células totales del
timo. La caracterizacién fenotipica de esta subpoblacién, mostré que el 75% de la célelas
presenta el marcador CD4+ y el 11% el marcador CD8+. Al realizar el doble marcaje con
anticuerpos dirigidos contra estas dos moléculas de superficie, se¢ mostré que las células
ALL+ son simples positivas, es decir, CD4+CD8- o CD4-CD8+. El receptor de la lectina
de ALL, se ha caracterizado, mediante cromatografia de afinidad en timocitos murinos, con
un peso molecular de 70 kDa.

Mediante anélisis de espectrometria MALDI-TOF, se obtuvieron 25 péptidos, los
cuales no presentaron homologia con los marcadores celulares ya reportados, como por
¢jemplo las isoformas de la leucosialina® (CD43), por lo que se puede considerar al
receptor de ALL como un nuevo marcador de células T, cuya funcién queda por ditucidar.
La porcidn sacaridica del receptor corresponde al 30% del peso total, con una composicién
de galactosa, GalNAc y #cido sidlico en una proporciéon de 2:3:0.3, ademas presenta
residuos de Man y GlcNAc en proporcion 2: 1.

La separacion del receptor para ALL por medio de intercambio aniénico, generd
tres fracciones que fueron eluidas con diferente fuerza idnica La composicién de
aminodcidos de estas fracciones, por lo que posiblemente se trata de tres isoformas de la
misma glicoproteina. Las diferencias en el grado de sialilacién de cada fraccion purificada,
sugiere que son la razén principal en la interaccién con la columna de intercambio iénico,
debido a que el icido sialico presenta carboxilos que a pH neutro se encuentran jonizados.
Las variaciones en el grado de sialilacién del receptor de ALL, posiblemente refleja
distintos estadios de diferenciacién de las células que lo presentan, debido a la accion de las
sialiltransferasas importantes en la expresién final de estructuras oligosacaridicas sobre la
superficie celular y estas diferencias son reconocidas de manera especifica por la lectina de
Amaranthus leucocarpus, por lo que podemos considerar a la lectina de ALL una
herramienta (til en el estudio de estructuras O-glicosidicas de estos tipos celulares y los
mecanismos de control de la glicosilacion de los diferentes antigenos de superficie

presentes en estas células.
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CAPITULO VI
CONCLUSIONES Y PERSPECTIVAS

CONCLUSIONES

1.-Debido a la homologia que existe entre la lectina de Amaranthus leucocarpus y la
de Amaranthus caudatus, es posible que su estructura tridimensional sea semejante.

2.-La distancia que existe entre residuos oligosacaridicos y el ameglo
conformacional de estas estructuras parece ser importante para la interaccidén lectina-
receptor.

3.- El receptor de la lecting de Amaranthus leucocarpus, puede ser considerado
como una nueva herramienta para realizar el marcaje fenotipico de sub-poblaciones de

linfocitos.

PERSPECTIVAS.

1.- Estudios calorimétricos de la especificidad de la lectina de Amaranthus
leucocarpus hacia estructuras O-glicosidicas.

1.-Cristalizacién de la lectina de Amaranthus leucocarpus con el glcopéptido
TTSAPTTS, para establecer los mecanismos moleculares de la interaccion de la lectina con
dicho glicopéptido y establecer las diferencias a nivel estructural con lectinas con la misma
especificidad que la lectina ALL.

2.-Caracterizacién de las estructuras glicosidicas de la lectina Amaranthus
leucocarpus, para establecer su papel en la funcién biologica de la lectina.

3.-Caracterizacion del receptor de la lectina de Amaranthus leucocarpus, asi como
su participacion en posibles mecanismos de transduccion de sefiales.

4.- Aplicacion de la lectina como marcador fenotipico de linfocitos en distintos

estadios de maduracion y/ activacién, asi como en diversos estados patolégicos.
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