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RESUMEN

Las lactinas son proteinas o glicoproteinas de origen no inmune, que
cornparten en comun la habilidad de enlazarse de forma especifica y reversible a
los carbohidratos expresados en la superficie de la membrana celular.
Originalmente las lectinas fueron descubiertas en plantas, también han sido
detectadas en otros organismos vivos como vertebrados, invertebrados vy
microorganismos. El objetivo de esta investigacion fue el de determinar las
estructuras oligosacaridas reconocidas por la lectina de palo fierro 2 (PF2) en
fetuina (glicoproteina modelo) y en tejidos linfoides mediante cromatografia de
liquidos de alta resolucién acoplada a masas (HPLC-Masas). Se evalud la
interaccion de la lectina PF2 de las semillas de palo fierro (Olneya tesota) hacia
tejidos linfoides mediante técnicas de histoquimica, utilizando como control la
lectina de Phaseolus vulgaris Fitohemaglutinina-E (PHA-E). Se demostré que la
lectina PF2 presento interaccion con zonas ricas en linfocitos B (centros germinales
de ganglios linfaticos y foliculos linfoides en timo); la reaccion que se observo fue
similar a la del anticuerpo anti-CD20. En ensayos previos de inhibicién con
glicoproteinas se demostr6é que PF2 reconoce oligosacaridos complejos. En base a
estos hallazgos la lectlna PF2 puede ser utilizada corno marcador especifico de
células B.

En la segunda etapa experimental se aislaron y purificaron las glicoproteinas
de los tejidos reconocidas por PF2, utilizando cromatografia de intercambio idnico
en una matriz de carboximetil celulosa (CM-celulosa) y cromatografia de afinidad
(Agarosa-PF2). El perfil electroforético mostré una glicoproteina monomérica
abundante de 14 kDa en bazo y ganglio (GP14). En timo se encontraron seis
glicoproteinas de 14, 20, 30, 34, 60 y 66 kDa. La glicoproteina del bazo GP14 fue
digerida con una proteasa y los seis péptidos identificados presentaron alta
homologia con las proteinas de choque térmico de la familia de las HSP70. Esta

v
glicoproteina (GP14) no ha sido reportada anteriormente.



cromatografla de afinldrd (Ajlarosa- PF2). El perfil OlOclroforético mostré una
fllicoproteina monomérica abundante de 14 kDa en bazo y ganrilio (GP14). En
timo se (lncontraron seis glicoprotelnas de 14, 20, 30, 34, (10 y (11 kDa. La
glicoprotelna del bazo GP14 fue digerida con una prot(,asa y los seis péptldos
id(rntificados presentaron alta homologla con las protelnas di! choque térmico
de kb ffimilia de ias HSP70. Esta glicoprotelna (GP14) no ha sido reportada
ant Jriormente.

Posteriormente, los carbohidratos de las gllcoprotelnas dol bazo, del timo
y fetuina (control) fueron liberados onzimatlcamente, se identificaron vy
caracterizaron Hstructuralmente mediante cromatografia de alta resolucién
acoplada a mas Is. El oligosacarido reconocido especlfic Imente por PF2 fue
identificado como complejo del tipo triantenario tetrasialilado, el cual es
diferente al que reconoce la lactina PHA-E (()ligosacarido complejo del tipo

biantenario bisectado).



INTRODUCCION

El comporlamiento social de la célula viva que comprende la
comunicacion intracelular, la regulacion del crecimiento, su diferenciacion, ia
raspuesta Inmune y posiblemente la aparicion de tumores  malignos, esta
mediado principalmente por la superficie celular, mas concretaments, por las
moléculas de oligosacaridos complejos presentes en Jos glicoconjugados, que
farman la arquitectura de toda la superficie de la célula, Para ¢l estudio de eslos
glicovonjugados, se emplean ente otras herramientas a las lectinas, Las
lectinas gon protelnas o glicoproteinas que se unen de manera especifica a los
oligosacaridos presentes en la membrana celular. Estas moléculas han sido
ampleadas como harramientas histoquimicas para investigar la arquitectura de
la membrana celular, gracias a la propledad que muestran de unirse a residuos
glicosidicos {Jaffe y col., 1980, Goldstein y col., 2002),

Las lectinas poseen mdltiples sitios de union a los que se unen
sacardos, colocando en mulua conexidbn a un gran numerp de celulas,
provocando su aglutinacion o reagrupacion (Lis y Sharon, 1986). Cada lectina
se une de forma especifica a un determinado carbohidrato. A esta caracteristica
de selectividad daben su nombre las lectinas, que les fue asignado en 1954 por
uno de los ploneros en este campo, William C. Boyd. Debido a la selectividad
de aglulinacion, las lectinas sirven como suslancias de prueba para la
identificacion, localizacion y estudio de la distribucion de los oligosacaridos

sobre la supericie de las células (Lienery col., 1986).



l.as lectinas pueden distinguir entre glébulos rojos de distinto grupo
sanguineo, Debido a la faclidad con que aglutinan a las células malignas,
algunas aglutininas son capaces de diferenciarlas de las células normales,
poniendo de manifiesto los cambios que sufre |a c:élulza cuando es maligna. Por
otra parte, las lectinas estimulan la division de linfocitos, células pertenecientes
al sistema inmune (Lis y col, 1986, Sharon vy Lis, 1988). Se ha demostrado
que las lactinas tienen efectos antifisiologicos, ya que alteran las funciones en
Ia mucbm intestinal al unirse a las microvellosidades del intestino, impidiendo ia
ahsorcion de algunos nutrientes, fo cual se refleja en la pérdida de peso
corporal. Sin embargo, en funcién a la caracteristica que muestran de afectar el
crecimiento de células transformadas, se les considera como una fuenle de
gstudio importante (Pusztal y col,, 1993),

El Palo Fierro (Qlneya lesola) es una leguminosa silvestre presente en
gl Desierlo de Sonora. Sus semillas contienen 3 lectinas, purlficadas por
cromatografia de afinidad, denominadas PF1, PE2 y PF3. Parlicularmente, PFF2
es un {etramero formado por subunidades de 33 kDa vy es fa molécula mas
abundante en la semillas (3% de la proteina total). La lectina PF2 s inhibida
solamente por carbohidratos complejos  de glicoproteinas. L.a secuencia del
axtremo amino-terminal y de algunas secuencias internas de PF2 presentan
alta homologia con la lectina de Phaseolus vulgars Fitohemaglutinina-&
(PHA-EY (Vazquez-Moreno y col, 2000}, la cual reconoce estructuras de
oligosacdridos complejos del tipo biantenario bisectado, presentes en la

membrana celular de erftrocitos.



En base a lo anterior, @l objetivo del presenin trabajo fue aislar e
identificar las estructuras oligosacaridas que reconoce la lecting PF2 derivadas
de fetuina y tejidos linfoides, utilzando cromatografia de afinidad y la tecnica
mas precisa y moderna gue actualmente existe, cromatografia liquida de alta

resoluclon acoplada a espectrometria de masas (HPLC-MS).



ANTECEDENTES

importancia de los Oligosacaridos

l.os oligosacaridos son moléculas esenciales an los seres vivos, son
parte inlegral de las glicoproteinas y glicolipidos que se encusniran en la
membrana celular y en liquidos extracelulares. Los oligosacaridos parlicipan en
interacciones celuWares en una amplia variedad de sistemas blologicos. Eslas
maléculas afectan las funclones fisicoquimicas y blolbgicas de las proteinas
por ejemplo, plegado, estructura tridimensional, solubilidad y estabilidad (Itoh y
col., 2006), asi como el iempo de vida de alguna célula en circulacion; ademas,
la presencia de oligosacaridos ayuda a proleger a las moléculas conltra la
accion de las proteasas, enire otras (Kobata, 1992, Varki y col., 1999),

{.os oligosacaridos presentes en las glicoproteinas les confiaren mayor
polaridad, facilitando su inleraccion con el medio acuoso, es declr, mayor
solubilidad. Ademas, los residuos de acldo sidlico aporlan numerosas cargas
negativas a las protelnas, protegiéndolas de la accion de proteasas. Con
respecto al aclaramiento, se ha reportado que la presencia de acido sialico en
las glicoproteinas es la senfal que determina si la glicoproteina continta en
clreulaciéon o es removida por receplores de asialoglicoproteinas. L.a presencia
del oligosacardo influye en el proceso de plegamiento correcto de la molécula,

y brinda estabilidad a la glicoproteina (Leurouge y Faye, 1996).



L.os oligosacaridos unidos a lipidos o a proteinas de Ja supericie celular,
pueden determinar la individualidad antigénica lanto del lipo de tejido como del
propio individuo (Power, 1987). Asi, las sustancias que determinan la
aspecificidad de grupo sangulneo de la superficie del eritrocito son
oligosacaridos complejos (Sharon y Lis, 1990),

L.os oligosacdridos mas cominmente encontrados en las proteinas de ia
membrana celular estan  definidos de acuerdo a la naturaleza de su union,
siendo las mas frecuentes las del tipo O y N como se muestra en Ja Figura 1.
Los oligosacaridos del tipo N (N-glicanos) se unen a un residuo de asparagina
de la cadena polipeptidica dentro de una secuencia Asn-X-Set/Thr,
generalmente via N-acetilglucosamina. Los oligosacaridos del tipo O (O-
glicanos) se unen a un residuo de serinaftreonina (Ser/Thr-O) via N-

acetilgalactosamina (Varki y col,, 1999},
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Figura 1. Ejemplos de oligosacdridos complejos presentes en la membrana
celular. (a) O- glicanos, (b) N-glicanos (http://iwww.docencia.izt.uan.mx).



L.ectinas

Propiedades Biol6gicas de las Lectinas

Las lectinas son un grupo de glicoprotelnas o protelnas  de origen no
inmune que tignen la habilidad de reconocer carbohidratos libres o conjugados
con alta especiiicidad (Goldstein y col,, 1980; Sharon y Lis, 1989; Fukuda,
1993). Las lectinas presentan la capacidad de aglutinar erifrocitos y otras
células, la estimulacion mitogénica de linfocitos, la generacion de células
supresoras, efectos parecidos a ta Insuling en celulas grasas, toxicidad hacia
células, inhibloion del crecimiento de células tumorales, entre olros (Lis y
Sharon, 1086).

Algunas lectinas son toxicas para células y mamiferos, actian en la
inhibicion del crecimiento fungico y parlicipan en la inhibicion del cullivo en
células tumorales, entre olras propiedades. La funcion bioldgica de las lectinas
se leva a cabp mediante la interaccldn lectina-carbohidrato en las supetficies
celulares, por medio de enlaces no-covalentes y reversibles como los que se
presentan en ta enzima con st sustralo o entre un anticuerpo con su antigeno
{(Lis y Sharon, 1986; Sharon y Lls, 1989).

Aun cuando la accion de las lectinas es semejante a la accion de los
anticuerpos sobre los antigenos, existen diferencias, ya que los anticuerpos son
producto del sistema inmune de animales, ademas de que la especificidad de
los anticuerpos no se Hmita tnicamente a los carbohidratos, como es el caso de

las lectinas (Figueroa y Lajolo, 1897).



la capacidad de aglutinar células es una de las caracteristicas de las
lectinas que las distingue de ofro tipo de molécutas; ya que muestran afinidades
diferenciales hacia eritrocites humanos, han sido empleadas para tipificar los
diferentas tipos sanguineos (Roth, 1978, Lee vy Lee, 1281). La agiutinacion
puede parecer un fendémeno hasta clerto punlo simple, pero no es asl, ya gue
a8 un fendmeno que o3 afectado por condiciones de mezclado, temperalura y
goncanlracion celular (Sharon y Lis, 1972), 1o cual permite uilizar a las lectinas
en la investigacion de la arquitectura de fas superficies celulares. El principio
anterior fambién ha sido utilizado para tratar de esclarecer los fenomenos de
transformacion y diferenclacion de células transformadas (Yu y Kanost, 2000),

Algunas lectinas presentan efectos antinutricios como la concanavalina A
(Con A), la aglutinina de germen de trigo (WGA) vy la fitohemaglutinina (PHA),
se presentan cuando se establece una union a los sitios receplores especificos
de las células epiteliales de la mucosa inMestinal, causando  lasion,
desorganizacion y desarrollo  anormal de  las  microvellosidades, en
consecuencia, provocando nausea, diarrea y vomito, asl como edema en
humanos (Lis y Sharon, 1986; Sharon y Lis, 1989). Otra de las funciones
imporiantes de las lectinas es la union de tas bacterias fjndoras de nitrogeno en

legumingsas y proteccion contra patdgenos (Strosberg y col., 1986).

Clasificacién de las Lectinas
[.as lectings tienen la capacidad de reconocer y unirse con alla afinidad a

los carbohidratos simples o a los provenientes de los glicoconjugados tales



como glicoproteinas, glicolipidos y polisacaridos (Van Damme y col,, 1993,
Goldstein y col.,, 1980). Las lectinas han sido clagificadas de acuerdo a su
aspecificidad en lactinas que reconocen a L-fucosa, manosal/glucosa,
galactosa/N-acetilgalaciosamina, N-acelilglucosaming, acidn N-
acetiineuraminico y oligosacaridos complejos (Loris y col., 1998) (Cuadro 1),
l.as lectinas exhiben un rango muy amplio de actividades bioldgicas, las cuales
dependen de su habilidad para ligar carbohidratos especificos de manera
reversible,

Algunas lectinas interacclonan selectivamente con  eritrocitos de diferents
lipo sanguineo y con ciertas subpoblaciones de linfocitos, Algunas otras son
potentes mitdgenos de linfocitos T o B, estimulando a estas células para
dividirse y producir citocinas; ademas pueden inducir a lisis de células blanco a
ravés de células T cllotoxicas y algunas lectinas de plantas son altamente

toxicas para células de mamiferos (Sharon y Lis, 1990, Pusziai y col., 1991),

Fuentes de las Lectinas

Las lectihas fueron descublertas en plantas, pero tambien han sido
encontradas en otras clases de organismos, como verlebrados (Lenter y col,
1094, Kasai e Hirabayashi, 1996; Blanchard y col, 1999, Ohtani y col,, 1999,
Graversen y col,, 2000}, invertebrados (Andrews y col., 1897; Giuffrida y col.,

1997 Yu vy Kanost, 2000; Bonay y Fresno, 2000) y microorganismos {Barondes,



Cuadro 1. Clasificacion de lectinas de acuerdo a su especilicidad

LECTINAS

Especificas a manosa
Galarithus nvalls

Especificas a manosa/glucosa
Canavalia snsiformis (Gon A)
Fisum sativim (L«hiﬂht’ﬂl'(ﬂ [P&?A)

Lans gulinaris (1L.GA)

Especificas a N-acetilglucosamina
Grifforia simplicifolia 11 (G3AN)

Triticum vudgaris (WGA)

Datura satramonium (DSA)
Especificas a N-acetilgalactosamina
Amaranthus caudalig

Arachis hypogrsea

Glycino max

Phaseolus munge

Riginus communis I

Sophors japonica

Especificas a fucosa
Lotys tetragonolobus (LTA)
Aleuria aurantiy (AAA)
tHex suropoaus (UEA

Especificas a acldo sidlico
Maackia amurensis

Sambucus nigra

Especificas a oligosaciridos complejos
FPhasenlus vilgaris
PHA-E
FHAL
Griffondza sirmplicifolia 1V
Qineya tasols
Palo fierro 2

Kaku y col,, 1991, Pusital y col., 1805, Battelll
y oo, 1997

Kaku y col., 1991, Kiss y col 1987
Kaku y col., 1991
Dam v col, 2000

s y col, 1897
DI Virgitio, 1698

Yuy col, 1983

Boland y col., 1981

Banford v Marrls-Hooker, 1980
Jordaen y Goldsiein, 19945
Soocca y ool 1HY6

Van Damme y col., 1087

Seocto y col., 1996
Yany col, 1997
Yamashila y cob., 1085

Bhigela v col, 1994, Alvargr y col, 1958,
Imbarty y col., 2000

Van Damme y col, 1997, Batlelli y col, 1997,
Fang v col, 1998

Kiss vy ool 1087
Kiss y col, 1987
Scotco y col., 1996

Vazquez-Moreno y col, 2000

o



1984, Weis y Drickamer, 1996, Gulllén y col,, 1999). Algunos estudios con
lectinas de plantas sugieren que pueden ser excretadas y funcionar como
protelnas extracelulares (Barondes, 1984).

Las lectinas han sido detectadas en mas de 1000 especies de planias,
encontrandose que las fuentes mas ricas de estas protelnas son las semillas
maduras de leguminosas, ya gue en éstas constifuyen hasta un 10 % de la
proteina total (Sharon y Lis, 1989; Van Damme y col, 1997). La fuente de
lectinas de leguminosas mas investigadas son Lens culinaris (Wold vy col,,
1894), Phaseolus vulgaris, Dolichus bifforus y Lotus tetranogonolobus, entre

otras (Gonzalez de Mejia y col., 1989).

Estructura de las Lectinas de Leguminosas

Las lectinas de leguminosas estan constituidas de dos a cuatlro
subunidades de 25-30 kDa (Strosberg y col, 1986; Sharon, 1894). Cada
subunidad cuenta con un sitio enlazador de carbohidratos (Van Damme y cot,,
1997; Dam y col., 2000) y para que se lleve a cabo el reconocimiento, en
ocasiones requiere la presencla de Ca®™ y Mn®* (U otro metal de transicion)
{Sharon, 1994, Graversen y col,, 2000; imberty y col., 2000). Sa han empleado
técrnicas quimicas y de genstica molecular para establecer la estructura
primaria de mas de 80 lectinas de lsguminosas (Imberty y col, 2000)
encontrandose que mas del 20 % de la secuencia de aminoacidos permanece
invariable, En estas secuencias se locallzan los sitios de union a carbohidratos

de las lectinas (Sharon, 1994; Mo y Goldstein, 1994, Van Damme y col., 1997).



l.a mayorfa de las lectinas son relativamente ricas en acido aspartico,
serina y treonina (Weimar y col., 2000), constituyende aproximadamente el 30%
de su contenido de aminoacidos, ademas presentan un contenido relativaments
bajo de aminvacidos azufrados (Sharon y Lis, 1972, Guillot y col., 1991,
Hamalryck y col., 19986},

Se han realizado estudios sobre a estructura tridimensional de Igctinas
de teguminosas emplteando cristalografia de rayos X de alta resolucion 2.0 - 2.9
A, entre los gue se encuentra a la Concanavalina A (Con A), la lectina de haba
{(Viccia fava), ta lectina de chicharo (Pisium sativum), la lectina de Erythrina
coralfodendron, 1a isolectina | de Lathyrus ochrus y |a isolectina de Griffonia
simplicifolia. L.os resullados indican que las subunidades de estas lectinas
presenian la forma de media cOpula, Ademas tienen un sitio combinante
formando una depresion poco profunda en su épice, y sus estructuras terciaras
casi no pueden empalmarse; es declr, las diferencias enire tas estructuras
estan confinadas primeramente a regiones curvas. L.as leclinas de leguminosas
carecen de a-hélices y contienen una gran cantidad de Jaminas [} antiparalelas.
Lo anterior indica gue la totalidad de la estruclura tridimensional de estas
proteinas estd estrechamente relacionada y mejor conservada que en su
estructura primaria (Sharon, 1994),

En 1995, Jordan vy colaboradores realizaron estudios de mutagénesis
sitio-dirigida en la lectina de frijol lima. En este experimento se determind que
una sustilucion en la region de enlace de 1a tectina es suficiente para causar un

cambio en su especificidad hacia carbohidratos. Ellos mencionan que tanto los
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puentes de hidrogeno como las fuerzas de van der Waals se encuentran
involucrados en la union de los carbohidratos, El paso iniclal de la interaceion
de las lectinas con las células es la unidn a sitios receplores de sacéridos
especificos en la superficle celular figura 2 (Gulllot y col,, 1981, Mody y col,
1995; Wawotzny y col, 1995; Jordan y Goldstein, 1985; Van Damme y col,,

1987).

Lectinas de Leguminosas Silvestres

lL.a mayoria de los estudios de lectinas estédn enfocados en ios
provenientes de leguminosas cullivadas como la soya (Glicine max), el chicharo
(Pisium sativum), el cacahuate (Arachis hypogea) y @l {rijol (Phaseolus vulgaris).
Los estudios en leguminosas silvestres se han enfocado principalmente a la
lectina del frijol tepari (Phaseolus acutifolius) (Gonzalez de Mejia y col,, 1989) y
a las lectinas de leguminosas del desiero de Sonora,

Con relacion a estas ullimas, Ortega-Nieblas (1996), Vazquez-Moreno vy
col. (2000) y Guzman-Partida y col. (2004), reportaron la purilicacion vy
caracterizacion de algunas lectinas de semillas de leguminosas silvestres como
Carcidium pragcox, Caesalpinia caladenia, Olneya lesola y Acacia constricta,

gue reconocen oligosacandos complejos.



f.ecting

Glicosido
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Lipidica
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Figura 2. Representacion esquemalica del reconocimiento entre lectinas y
carbohidratos de fa membrana celular (http:chemestry. mtv,edu).



L.ectinas de Palo Fierro

El Palo Fierro (Olneya tesota) es una leguminosa silvestre del desierlo de
Sonora. Los pobladores de la reglon ulilizan sus semillas para la elaboracion de
panes. Sus semillas contienan tres lectinas, purificadas por cromatografia de
afinidad, denominadas PF1, PF2 y PF3. La lectina PF1 es un trimeroc de
subunidades de 45 kDa, PF2 es un telrdmero de subunidades de 33 kDa,
mientras que PF3 es un mondmero de 66 kDa (Vazquez-Moreno y col., 2000),
PF2 es la mas abundante (3% de la proteina tolal). L.a lecting PF1, al igual que
la mayoria de las leclinas de leguminosas cultivadas, presenta afinidad por
monosacaridos libres (D-glucosa y D-galaclosa), mientras que PF2 y PF3 son
especificamente  inhibidas por carbohidratos  complejos  derivados  de
glicoproteinas.

La secuencia del extremo amino-terminal y de algunas secuencias
internas de PF2 muestran alta homologia con la lectina de Phaseolus vulgaris
(PHA) (Vazquez-Moreno y col., 2000), mienfras que aestudios realizados por
lL.opez-l.aredo (2005} mostraron que la lectina PF2 es una glicoproteina
conformada por N-oligosacaridos del tipo biantenario,

Tanto la fectina PF2 como PHA, forman tetrdmeros y sus subunidades
tienen una masa molecular de 33 kDa, y son inhibidas sélo por carbohidratos
complejos, Sin embargo, experimentos de reconocimiento celular e induccion
de la actvidad mitogénica indican que existen claras diferencias entre la

actividad de estas dos lectinas, sugiriendo por tanto que su especificidad es



ditarente. PF2 es toxica para Z, subfasciatus, mientras que la lectina de frijol no

inhibe el desarrollo de estos insectos (Vazquez-Moreno y col,, 2000},

Aislamiento y Purificacion de Lectinas

Tradicionalmente, las lectinas se han purificado empleando metodos
para el fracclonamiento de proteinas, precipitacion con sales, cromatografia de
intercambio idnico, cromatografia de exclusion molecular y mas recientemente
cromatografia de afinidad (Roth, 1978; Lee y Lee, 1991), Para la purificacion de
una lectine por afinidad debe determinarse su especificidad, ya que cada
molécula de foctina posee al menos dos regiones de enlace, cada uno de los
cuales puede acoplarse a una moléeula complemaentaria de un carbohidrato o a
varias unidades pertenecientes a un polisacérido al que es especifico (Lee v
lee, 1991),

Muchas lectinas han sido aisladas por  cromatografla  de  afinidad
utilizando  geles de O-glicosil-poliacrilamida, Algunas de estas lectinas son;
Ononis spinosa, Ricinus communis, Anguilla angulila, Vicia cracca, Phaseolus
lunatus, Glycine soja, Dolichus biflorus, Maclura pomifera, Sarothamnus
scoparius, Helix pomatia, Canavalia ensiformis (Kiss y col., 1987), Clytocybe
nebularis, Fomes fomentarius (Horejsi y col.,, 1978), Sambucus nigra (Van
Damme y col., 1997, Battelli y col,, 1997). Adicionalmente se han aislado
lectinas de diferentes leguminosas del desiero de Sonora, ulilizando matrices

de agarosa activada con divini-sulfona (Mini Leak @) a las que se les ha

13



acoplado fetuina bovina. Estas lectinas son provenientes de Cerciduim pragcox,
Cawesalpinia calodenia (Felipe-Oregs, 1996), Olneya tesota (Vazgquez-Moreno y

col., 2000} y Acacia constricta (Guzman-~Partida y col,, 2004) entre otras.

Metodologias para la Caracterizaciéon de Carbohidratos

A pesar de la imporancia de los oligosacaridos complejos en todos los
procesos antes mencionados, son pocas las estructuras de oligosacaridos
complejos de la membrana celular gue han sido elucidadas completamente,
Para la caracterizacion e identificacion de los oligosacéridos complejos se han
empleado diferenies técnicas como fa electroforesis de carbohidratos asistida
por un fluorbforo (FACE), los ensayos con lectinas y la cromatogratin de
liquidos de alta resolucion acoplados a masas, entre otras (Dell y col,, 1994,

Gou-fu, 1997)

Electroforesis de Carbohidratos Asistida con un Fluoréforo (FACE)

FACE es una técnica que combina el allo poder de resolucion det gel de
glectroforesis de poliacritamida (PAGE)Y con la sensibilidad y visibilidad de la
fluorescencia, Puede ser combinada con la liberacion enzimalica de N-
oligosacaridos u O-oligosacaridos para analizar los componantes oligosacandos
de las glicoproteinas (Gou-fu, 1997). Los carbohidralos liberados de las
glicoproteinas, se someten a un método guimico o enzimélico utilizando

endoglicosidasas. Este tratamiento permite revelar rapidamenie intormacion
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astructural de los oligosacaridos en una mezcla (Raju, 2003). Los carbohidratos
tienen un extremo reductor que se hace reaccionar con un fluordforo  que
presenta un grupo amino primario. El producto formado (hase de Schiff) es
estabilizado por aminacién reductiva utilizando cianoborohidruro de  sodio.
Posteriormente, los oligosacaridos marcados son separados por electroforesis
en geles de poliacrilamida (PAGE) y por tllimo soh detectados vy cuantificados
por fluorescencia generada, utilizando luz UV (Gou-fu, 1997).

El fluordforo que mas se ulfliza para margar carbohidratos es el acido 8-
aminonaflaleno-1,3,8-trisulfonico (ANTS), Este marcador, ademas de convertir
al oligosacarido en un compuesto fluorescente hace que las moléculas neutras
adquieran carga negaliva, permitiéndoles migrar en un campo electrico. Entre
las ventajas de este método, ademas de ser muy sensible y rapido, 88
gncuentran  su  costo relativamente  bajo, ademas, pueden analizarse
carbohidratos gue provienen de distinlas fuentes y la muastra puede reutilizarse
para experimentos posteriores. En este sistema no se necesila separar
oligosacaridos cargados de los no cargados, simplificando asi el perfil vy la
secuenciacion, La capacidad de analizar maltiples muestras en ¢l mismo gel
hace de 6ste, un sistema muy Util para complementar el analisis de

carbohidratos por otros métodos (Gou-fu, 1997),

Lectino-Ensayos
Esta  técnica es allamente sensible por la gran especificidad de las

lectinas por carbohidratos, que ademas de proporcionar informacion sobre el
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PHA y PF2 son inhibidas sdlo por carbohidratos complejos, sin embargo,
diversos experimentos de reconocimiento celular e induccion de actividad
mitogénica indican que existen claras diferencias entre la actividad de estas dos
lectinas, sugirlendo por tanto que su especificidad es diferente, Cuando el
axtremo amino y algunas secuencias intemas de PF2 fueron comparadas con
secuencias de bancos de datos, el analisis mostré una gran homologia con las
lactinas de la familia de Phaseclus vilgaris (Vazquez-Moreno y col., 2000),

En base a lo anterior, se considera que la leclina PFZ2 reconoce
carbohidratos complejos cuya estructura debe ser diferente a la reconogida por
PHA. Esta investigacion planieo la caracterizacion de estos ollgosacaridos y su
identificacion en tejidos linfoides humanos empleando técnicas modermnas y de

alla precision.



OBJETIVOS

General

« Determinar las estructuras oligosacéridas reconocidas por la tecting PF2
de Olneya tesota en fetuina (glicoprotelina modelo) y en lgjidos linfoides

mediante HPLO-MS.

Particulares

+ Purificar la lectina de Palo Fierro PF2, por cromatografia de afinidad, én
cantidades suficientes para los ensayos {0.5-1g).

« Comparar el reconocimiento histoquimico de las lectinas PHA-E y PF2
en tejidos linfoldas,

» Aislar y purificar a las glicoproteinas reconocidas por la lectina PF2 en
los tejidos linfoides.

« Identificar las estructuras oligosacdridas, reconocidas por la lectina PF2,

derivadas de fetuina y tejidos Iinfoides, mediante HPLC-MS.
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ESQUEMA GENERAL DE TRABAJO

“ste estudio se dividid en tres etapas como se muesira a continuacion.

1. Diferenciacion histoquimica de células Ty B de tejidos linfoides usando las
lectinas PF2, PHA-E y anticuerpos especificos.

2. Aislamiento, purificacién y caracterizacion de las glicoproteinas de tejidos
linfoides reconocidas por la lectina PF2.

3. Purificacion, identificacién y caracterizacion de  los  oligosacaridos
reconoctdos por PF2, en feluina {control) y en glicoproteinas de lejidos
finfoides (bazo y timo),

Andlisis haloguimieo en tejidos
finfoldes (boaze, panghio y tima) con
lectinas FF2 y PHAE biotinlladss y

antisusipos pspeciflcos para
colulas Ty B

v

Alslambanto vy punhioaaion de
prabeines de 1os le)idos linfoldes,

¥

Alstarmizeto de tas protelnes e s Puriftoasion de glicasrotelnas por

Fajm%,wmm 'nww}mnﬁ T > srormatagrallia de alnldad
aromatogiatia de inleesambig dbnicn (AanIOsR-PER

(CM-cehdosa). /

Frentenslacion ce fmluing v de
glicopraleinag di ks lejidos con la
chzima FNG-asp-f

e

Forificacion de oligosacikrides por Analisls, identificachin y
cromatagrafia de afinkded = | e . carmetenzpcion de cligossedridos
{(Agarnsn-PrRy. por LC-E51-MS,

Figura 3. Esquema de trabajo para la identificacion y caracterizacion del
onligosacarido reconocido por la lectina PF2,
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METODOLOGIA

Este astudio se inicid con la evaluacion del reconocimienio histologico de
lacting PF2 por tejidos linfoides; sabemos que esta lecting reconoce estructuras
de oligosacaridos complejos que son abundantes en las membranas celulares.
Para el analisis histoguimico se incubo a la lectina PF2 con tres tejidos linfaticos
(bazo, ganglio y timo) y se compard con la tincidn presentada por la lectina
FHA-E (que reconoce oligosacaridos en linfocitos tipo T). En el marcaje o
diferenciacion de los patrones de tincidn se empled una escala arbitraria con los
siguientes atributos: negativo (-), leve (+), moderada (++) @ intensa (+++),

Se {ocalizaron las zonas marcadas por las leclinas mediante una
amphiacion 10 X, Las zonas con mayor densidad de linfocitos T y B fueron
identificadas mediante sueros monoclonales especificos para linfocitos T (ant)-
CD5) v linfocitos B (anti-CD20), respectivamente. El marcaje con estos dos
antisueros (controles posilivos) permitié identificar las zonas titlulares que son
afines a las lectinas (Articuto 1, pp 45-66).

Para la segunda elapa experimental se realizd el aislamiento vy
purificacion de las glicoproteinas reconocidas por la lectina PF2 en los res
tejidos; esto medianle cromatografia de intercambio 10nico seguido  por
cromplografia de afinidad utilizando a la lectina PF2 inmovillzada en agarosa,
(Articulo 2. pp 67-84). Posteriormente se procedié a caracterizar parcialmente
a las glicoprotalnas,

El aislamiento de proteinas derivadas de los distintos efidos se efectuo por

cromatografia de intercamblo ionico de acuerdo a lo descrito por Martinez-
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Pomares y col. (1999) y Ketcham y col. (1885). Los iegjidos fueron
homaogenizados a 4 °C en un buffer de extraccion 10 mM, pH 7.5, conteniendo
Tween 20, NaCl, NaNy y EDTA, ademas de inhibidores de proteasas,

El precipitado obtenido después de ullracentrifugar se lavo y se dializd
durante 48 h a pH 7.2. Posteriormente, el extracto de proteinas se mezclo de
CM-celulosa praviamente acondicionada, los lavados subsigulentes promovieron
@ remocion de la hemoglobina contaminante, La matriz cromatogréfica se
empacd en una columna de vidrio y las proleinas que interactuaron fueron
gluldas mediante el cambio de fuerza idnica con NaClal 0.5 M, pH 7.2.

Las proteinas obtenidas de fa cromatografia de intercambio idnico se
aplicaron a {a columna de afinidad agarosa-PF2 utilizando PBS pH 7.2 como
fase movil, la elusion fue realizada con acido formico al 1%.

Las glicoproteinas del bazo y timo fueron separadas en geles de
poliactilamida al 12%, en condiciones desnaluralizantes y reducloras (3D5-
FAGE). Después de tefiir con nitralo de plata, las bandas visibles fueron
cortadas del gel y enviedas a secuenciar al centro Protéomique del I'kst du
Québec, Canada para su posterior identificacion empleando los bancos de
datos que contienen secuencias de proteinas de origen  humano
hitp:/fwww.nebi.nlm.nih.gov/ (Articulo 2. pp 67-84).

La tercera elapa de este estudio incluyo la definicion de las estructuras
de los oligosacaridos reconocidos por la leclinag PF2. Las glicoproteinas

descrilas an la seccidén anterior v la fetuina (control positivo) fueron sometidas &
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un proceso de deglicosilacion con PNG-asa-F, para la recuperacion de sus N-
glicanos.

Estos oligosacaridos se aplicaron a la columna agarosa-PF2 y aquellos
reconocidos fueron eluldos con acido formico al 1%. Los carbohidratos fusron
sometidos a un proceso de reduccion para la formacion de alditotes con NaBH,,
separados, identificados y caracterizados por cromatografia de liguidos
acoplada a masas en un equipo Agilent serie 1100, en modo de ion negativo y
de acuerdo a ta metodologia propuesta por Karlsson v Packer (2002) e ltoh y

col, (2002) (Articulo 3. pp 85-98).
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RESULTADOS Y DISCUSION

l.os estudios histologicos de ganglios linfalicos realizados con la lectina
de Palo fierro 2, mostraron gue esta lectina reconoce células [ncalizadas en el
centro germinal, esta es una zona con afta densidad en células B. El antisuero
anti-celulas B (anti-CD20) marco intensamente la misma zona, exactamente
con la misma distribucion, CD20 es un antigeno especifico de linfocitos B (Elliot
y col,, 2004), se axpresa en la Ultima etapa de maduracion de celulas, esta
molécula no se expresa en otro tipo de células normales (Miloyoshi y col.,
1990), Estas dos observaciones permitieron suponer que la lectina PF2 tiene
afinidad por los linfocitos B de los ganglios linfaticos.

En contraste, ¢l manto del ganglio linfatico no fue tefiido con anti-CD20 ni
con PE2, El patron de tincion mostrado por la lectina PHA-E en los cortes de
ganglio linfatico demostrd su afinidad por el manto y el espacio subcapsular de
forma similar pero menos intensa que el anti-CD5. Esto concuerda con Ja
expresion de CD5 en ganglios linfaticos de humanos, ya que este complejo se
presemta en membrana de las células T inmaduras durante el desarnollo
celular y esta presente en la Uitima etapa de maduracion de las células T. El
complejo CD5 se expresa solamente en linfocitos T y no se expresa en olro tipo
de células con la posible excepclon de las chlulas Purkinje en cerebelo (Garson
y col., 1982). Eslas observaciones confirman que las lectina PF2 presenta una
interaccion diferente con respecto a la lectina PHA-E (Articulo 1. pp 45-66),

Por otro lado, {a lecting PF2 también mostrd afinidad por el patrén

reticular de los ganglios linfaticos, lo cual significa que los componentes del
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palron reticular (glicosaminoglicanos y algunas glicoproteinas principalmente
estan siendo reconocidas por la lectina,

En los ensayos histoquimicos en timo, fa lectina PF2 tife de forma
intensa el patron reticular y los cuerpos de Hassall, pero muy escasas celulas
distribuidas  heterogéneamente en el tejfido. En contraste la lectina PHA-E
mostrd afinidad intensa por las células del timo, de la misma forma que el anti-
CD5. Cabe mencionar que la lectina PHA-E presentd una interaccion debii con
@l patran reticular y nulo con los cuerpos de Hassall's, El centro germinal del
imo no fue tefido con PF2, en cambio la lecting PHA-E interacciond
fusrtemente con estas areas foliculares de la misma forma gue anti-C5.

La expreslon de oligosacaridos complejos prasentes en los linfocitos T y
B fue investinada mediante el reconocimiento de lectinas biotiniladas (PF2 vy
PHA-E) en los tejidos linfoides de nifios de aproximadamente tres meses de
edad, por & mélodo estandar de la estrepta-avidina-peroxidasa y el analisis por
microscopia de tuz. El reconocimiento de zonas celulares en las secciones de
lejido de bazo, timo y ganglio con las lectinas mostrd  que cada leclina
presentd Interaccion en diferentes zonas en [os tejidos linfoides contratenidos
con hematoxiling, revelando informacion sobre los patrones de tincion de PHA-
EyPF2.

El reconosimiento de células en los tres tejidos fue comparado mediante
la tincion con hematoxilina, mostrando una diferencia directa en los patrones de
tincion v de localizacidn entre las lectinas PHA-E y PF2, indicando gue, en las

diferentes regiones del bazo y ganglio, PHA-E reconocio de manera selecliva y
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restringida linfocitos T, localizados en la zona marginal y alrededor de las areas
foliculares de los centros germinales, mientras que PF2 interacciond con células
que corresponden directamente a centros y foliculos tinfoides en estos lejidos,
l.as interacciones de las lectinas con estos dos tejidos fueron claramente
distintivas. Mientras que en & timo la lectina con mayor interaccion fue PHA-E,
la PF2 reacciond de manera mas intensa con el células reliculares y con los
cuerpos de Hassall's.

l.as lectinas han sido utilizadas como herramienta en el estudio de la
distribucién celular de los glicoconjugados y el camblo que estos puedan
prasentar durante la diferenclacion y maduracion celular (Pastor y col., 2003).

La lactina PF2 y ¢l anticuerpo anti-CD20 interaccionaron con las células
B presentes en los tejidos linfoldes, En bazo y ganglio la interaccion se localizo
en los centros germinales y folleulos linfoides en donde los linfocitos B maduros
estan localizados listos para entrar a circulacion (Youinoi y col,, 2008), Mientras
gque en limo, la interaccién de ambas macromolaculas se presento en celulas B
distribuidas de manera dispersa.

En contraste, la lectina PHA-E vy el anticuerpo anti-CDS interaccionaron
con las células T presentes en los tres tejidos. £n bazo y en ganglio 1as células
pstaban localizadas en la zona marginal y alrededor de las éreas foliculares,
Mientras que en timo se observo una distribucion mas dispersa de las células T.
La lectina PHA-E in vivo ha sido ulilizada como inductor mitoganico de linfocitos

T maduros, esta lecting ha sido ampliamente usada en histoquimica para la
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diferanciacion de linfocitos T de B al igual que el anticuerpo anti-CDS (Wilkinson
y col., 1995), (Articulo 1 pp. 45-66).

Después de haber evaluado la afinidad de |a lectina PF2 en los tejidos
linfoides y haber mostrado gue ésta presenta un reconocimiento diferente al de
la lectina PHA-E se procedid al aislamiento y purificacién de tas glicoproteinas
(Articulo 2 pp. 67-84).

Para el alslamienio de proteinas de los tres tejidos se ulilizo una columna
de intercambio idnico, el extracto proteico de cada uno de los tejidos fue
aplicado individuaimente a la matriz de carboximetil celulosa (CM-celulosa) en
donde las proteinas que interactuaron con esta resina fueron eluldas con una
solucién amortiguadora de fosfatos (PBS) pH 7.2 con 0.5 M de NaCl. Las
gluciones fueron concentradas hasta 1 mg/ml de proteina total.

Para la purificacion de glicoproteinas de estos tejidos  se ulilizo una
columna de afinidad, an donde la lectina PF2 estaba inmovilizada en agarosa.
lL.a fraccion protelca prevismente obtenida por CM-celulosa fue aplicada a la
cromatografia de afinidad (1.1 mg en 10 ml de PBS pH 7.2). Se obtuvieron dos
fracciones, la fraccion de lavado en PBS, conteniendo 0.73 mg de proteina y la
fracecion de elucion en Glicina-HGH pH 3.0, con 0,19 mg de glicoproteinas.

Posteriormente estas fracciones que Interactuaron con PE2 fusron
analizadas mediante electroforesis en  condiciones desnaturallzantes y
reductoras {SDS-PAGE) con el fin de evaluar su pureza y masa molecular. £
perfil electroforético de las fracciones proteicas del bazo y ganglic mostrd 1a

presencia de una proteina abundante con masa molecular de 14 kDa, mientras



que las fracciones proteicas del timo mostraron la presencia, de 6 bandas
proteicas de 14, 20, 30, 34, 60 y 66 kDa, respectivamente.

Esta bien documentado que la lectina PFZ es una leclina que reconoce
olignsacaridos complejos, por lo que se asume que las proteinas observadas
por SDS-PAGE son glicoprotelinas (Vazquez-Moreno y col., 2000) Eslas
glicoproteinas no pudieron tedirse con azul Coomassia, cabe mencionar que
algunas glicoproteinas como la MUC 1 no se tifien con azul Coomassie debido
a la gran cantidad de carbohidratos,; estas glicoprotelnas tipicamente han sido
tlenidas con plata o con el reactivo de PAS (Mather, 2000),

En este estudio las proteinas de 14 kDa del bazo y ganglio, al igual gue
la MUGT dinicamente pudieron ser tedidas con nitrato de plata, La glicoprotelna
del bazo, prasentd en SDS-PAGE y en PAGE nalivo una masa molecular de 14
kDa, confirmando asi que es un mondmero, debido a su masa, esia
glicoproteina fue llamada GP14.

La digestion triplica (realizada en the Center Protéomique del I'tst du
Québac, Canada), generd seis peplidos de 12 a 17 aminoacidos, que fugron
secuenciados y comparados con secuencias de proteinas de la base de datos
hitp://nchi,nim.nih.gov/blast/ALIGNMENTS.  Los resullados mostraron  gran
homologia  entre ta GP14 y las proteinas de chogue térmico por sus siglas en
ingtes MSP. Paricularmentes, con la familia de las HSP de 70 kDa se presenid
100% de homologla, especificaments con la HGP de 71 kDa, HSP de H4 kDa vy
HSP de 70 kDa {Isoforma & variante 2) (gi/32467, gif1152065673, gilG28026815).
Ademas, la GP14 presentd dos peplidos LDKSQIMDIVIVGGETR vy
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STAGDTHLGGEDFDNR con alta homologia (90%) hacia los dos unicos
péplidos reportados de la glicoproteina GP62 (PT73 AQIMDLVLVGGSTR vy
PT36 ATAGDTHLGGEDFDN), GP62 es la mayor glicoproteina de estrés en
células de rata, y presenta homologia parcial con las HSP70 de mamiferos
(Jothmalani y Henle, 1997). Por su masa molscular, la GP14 podria incluirse
entre los miembros de la familia de las proteinas de chogue termico con masas
moleculares de 12 a 42 kDa (Kim y col,, 2004; Jiao y col., 20056, Marins-Femreira
y col,, 2008),

lLos seis péptidos oblenidos de la GP14 perenescen a los silios
allamente conservados de la familia de las HSP70, por elio es de gran
importancia que en posteriores estudios esta glicoproteina sea secuenciada
completamente para terminar su caractarizacion (Articulo 2 pp. 66-84).

Para la etapa final de esle estudio se realizo la liberacidn de N-
oligosacdridos de fetuina y de las glicoproteinas puriiicadas de los distintos
lejidos linfoides, mediante la utilizacion de la enzima PNGasa-F; los productos
liberados fusron reducidos a aldiloles utilizando NaBH,. La deglicosilacion de
las glicoproteinas fue confirmada por SDS-PAGE (datos no mostrados). La
purificacion de oligosacaridos fue realizada mediante cromatografia de afinidad
PF2-agarosa, y finalmente fueron caracterizados estructuralments  por
cromatografia de slta resolucidon acoplada a especlrometria de masas (LG/MS)
(Articulo 3 pp. 85-98).

La glicoproleina modale ulllizada en estudio fue la feluina debido a que

estd  bien documeniado la presencia de tres sitios de N-glicosilacion
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contehiendo oligosacaridos bi, trt y tetrasialilados y bi y triantenarios (Hoh y col,,
2002; Karlsson y Packer, 2002).

El mapeo de los oligosacaridos alditoles fue realizado mediante LC/MSB
con columna de carbdn grafitizado. El equipo de masas fue ulllizado en el
modo de ion negativo utllizando como eluyente un gradiente de 18-38 % de
acetato de amonio 0.08 mM pH 9.0 conteniendo 2% de acetonitrilo durante 40
min (Articulo 3 pp 85-98), En Ia figura 1, se muestra el espectro de masas de
iones del N-oligosacarido (Kawasaki y col., 2000).

En ta figura 1A, B y C {(Articuto 3 pp. 98) se muestran los espectros de
masas de los iones mas abundanies del oligusacarido de feluina y de las
glicoproteinas del bazo y timo.

El espectro de masas de los picos mas abundantes a, y b ¢ muestran
en la Figura 1. En fetuina, bazo y time los iones méas abundantes estaban
cargados como -4H y -3H. Particularmente en feluina y bazo, el ion de m/z mas
abundante fue 7921 (-4H). Tamblan fue obsearvada la presencia de un ion poco
abundante de 1066.3 m/z con carga -3H. Estos dos iones corrgsponden a la
m/z tedrica del carbohidrato complejo triantenario tetrasialitado de una masa de
3171.84 reportado Karlsson y Packer, (2002),

En el imo el ioh mas abundante fug el de 1056.5 m/z (Figura 1C) con
carga -3H, e ion menos abundante fue el de 792.1 (-4H), estos iones
pertenecen también al oligosacarido complejo de 3171.84,

El espectro de masas conteniendo los picos mas abundantes a y b de

fetwina vy las glicoprotleinas de los tejidos linfoides, correspondieron al
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oligosacarido complejo de m/z de 3171.1 que se encuentra cargado con -4H, y
-3M respactivamente. En base a estos dos jones y fragmentos oblenidos la
estructura pusde ser asignada al ofigosacarido complejo dal tipo triantenario
tetrasialilado (Green y col, 1988; Karlsson y Packer, 2002).

Es importante mencionar que la cromatografia de afinidad con lectinas
ha sido utilizada en la glicoprotedmica, ya gue algunas lectinas lienen la
habilidad de reconocer oligosacaridos complejos en glicoproteinas celulares por
ajemplo, la lectina PHA-E reconoce oligosacaridos bi y triantenarios complejos
(Cummings, 1994; Merkle y Cummings, 1987). En contraste con la lectina PF2,
gque reconocid un oligosacarido del tipo complejo triantenario tetrasialilado,
como 1o demuestra e resultado analizado por espectrometria de masas
(Figura 4).

Er conclusion, en este trabajo se demostrd que la lecting PF2 reconoce
estructuras de oligosacaridos asociados a proteinas y pressntes en células
linfoides del tipo B. Ademas PF2 reconoce a una glicoproteina de 14 kDa
(GP14) del bazo, la cual presentd una gran homologia con las proteinas de
chogue térmico HSPT0. Por otro lado el oligosacarido reconocido por la lecting
PF2 es del tipo triantenario tetrasiallado, mostrando asl que las lectinas PFZ y
PHA-E presentan especificidad, hacla estructuras de oligosacaridos complejos

diferentes de Tetuina,
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Figura 4. Estructuras de los oligosacéridos complejos de la fetuina reconocidos
por las lectinas (a) PHA-E (Cummings, 1994)y PF2 (b).
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Abstract

Palo fierro 2 lectin (PF2) is obtained from Palo fierro (Olneya tesota)
seeds, a legume from Sonoran Desert. PF2 presents high affinity towards
complex carbohydrates from fetuin, similar to PHA-E (Phaseolus vulgaris
erythroagglutinin). In this work both lecting were biotinilated, incubated with
sections of fixed lymph nodes and thymus, and then revealed with streptavidin-
peroxidase. Labeling of lymph node sections with PF2 lectin showed that, of
different node regions, stained lymphocytes were abundantly and selectively
located within the cortical germinal centers, whereas PHA-E-labelad
lymphocyles were scarce and located in the mantle zone of germinal centers
and paracortex around follicular areas. Staining activity of PF2 in thymus was
found to be located in disperse few cells both in medulla and cortex while PHA-
E interacted with cells in all tissue. Also, the PF2 lectin stained exiraceliular
reticutar fibers in nodes and the Hassalls bodies in thymus. in conclusion, these
results demonstrated that PHA-E and PF2 lectins have differences in specificity
toward lymphoid tissues despite of their similar legume origin and affinity toward
fetuin. This also suggested that PHE-E and PF2 lecting have differences in

carbohydrate specifies,

Keywords: Olneya tesofa; PF2 lectin, PHA-E lectin, complex carbohydrates
Abbreviations: PF2, Palo fierro 2 lecting PHA-E, Phytohemagglutinin- E; SP

streptavidin-peroxidase.
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Introduction

Lecting are defined as proteins or glycoproteins, that bind specifically and
reversibly to carbohydrates, resulting in celt agglutination or precipitation of
polysaccharides and glycoconjugates (Goldstein et al., 1980; Sharon and Lis,
1989). Lecting presented high specificity towards carbohydrates and then are
used as valuable reagents in glycobiological research, for example in detection
and preliminary characterization of glycoconjugates from membrane cells (Loris
ef al., 1998).

Sead of legumes have long been known o be a rich source of lectins,
which constitutes about 10% of thelr soluble total protein (Van Damme et al,
1997). Legume lectins are a large family of hormologous proteins that possess a
strong similarity at the level of their amino acid sequences and teriary
structures;, however, their carbohydrate specificities and quaternary structures
vary widely (Van Damme el al, 1998), Among the best-characterized seed
legume lectins are those isolated from red kidney bean agglutinin (PHA) (Lis
and Sharon, 1873). The PHA-E, an isoform of PHA, presents affinity toward the
bisected biantennary type of complex oligosaccharides from the membrane of T
lymphocytes (Jones ef al., 2003). However, information about lecting from seeds
of wild legumes is scarce,

In Mexico there are approximately 1,500 spacies of legumes localized in
different regions. A third of those belong to the Sonoran Desert (Felger and

Nabhan, 1978). Seeds from Olneya lesola, Cercidium pragcox, Caesalpinia
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caladenia, Farkinsonia aculeala and Acacia constricta wild legumes are among
the main legume sources of lectinsg purified and characterized by Varquez-
Moreno ef al. (2000), Felipe-Ortega, (1996) and Guzmaéan-Partida ef al. (2004).
Particularly, Olneya tesota legume (Palo fierro) has a tetrameric lectin called
P2 with subunits of 33 kDa, This lectin is specifically inhibited by complex
carbohydrates of glycoproteins such as fetuin and mucine but not by simple
sugars (Vazquez-Moreno ef al., 2000), Because PF2 lectin specificity had been
not completely characterized towards tissues, the objective of this work was to
establish PF2 ifectin specificity towards human normal nodes and thymus

tissues.

Materials and Methods

Tissue samples

Human thymus and lymph node tissues were retrieved by Dr, Guillermp
Lopez Cervantes from the pediatric post mortem pathology files of the
Department of Pathology, Hospital Infantil del Estado de Sonora (HIES).

Tissues were obtained under ethical and legal request of Mexican official
prascriptions in NOM-087-ECOL-55A1-2002, Post-mortem  [ymphoid tissues
were obtained from patients aged about three months. Agarose activated with
divynilsulforre (Mini-Leak®) was from Kem-Etec (Hellrup, Denmark). PHA-E

lectin was purchased from Slgma Chemicals Co, Uppsala, Sweden). Broad

48



range SDS-PAGE molecular weight standards were from BioRad (Hercules, CA,
LISA). Al other reagents were purchased from Sigma Chemicals Co, (St Louis,

MO, USA).

Immunohistochemistry

Fixed tissues in 10% formaldehyde ovemight were embedded in paraffin
wax and sectioned at two-micrometer thickness.

Anti-human CD5 and CD20 were used as a positive staining of lymphoid
tissues due to their high affinity towards thymus and nodes, respectively. Serial
2-pum thick sections of paraffin wax embedded tissues were mounted on slides
coated with 3J-aminopropyltriethoxy-siane (Sigma Diagnostics, St Louis, MO,
LISA). After tissues were dried overnight at 37 °C, they were dewaxed in xylene,
and hydrated through a graded series of alcohol (100 to 50%), Then, tissues
were rehydrated in deionized water and the technique of heat induced epitope
retrieval {(HIER) (Mason, 1981) was applied using 1% Tween 20 in sodium
citrate buffer, pH 7.2, and then rinsing three times in delonized water and
phosphate-buffered saline (0.01 M PBS, pH 7.2)). To quench endogenous
peroxidase, the slides were covered with 3% H,0; during 5 minutes. To block
unspecific binding, slides containing different tissues were incubated with 1%
bovine serum atbumin (BSA) in 0.01 M PBS, pH 7.2. All sections were incubated
during 45 minutes at room temperature with anti-CD5 or anti-CD20 mAbs (Dako,
Denmark) dihted 125 (v/iv) and 1:50 (v/v) in PBS, pH 7.2 respectively, Tissues

were then incubated with biotinytated multilink anti-lgG during 30 minutes
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(Vector stain 8P kit, Burlingame, CA, USA) to reveal binding. Afler five
additional rinses in PBS, binding was revealed by incubation with streptavidin-
peroxidase (SP) during 30 minutes (Vector tab. Inc), and then immersed in
0.005% 3, 3"-diaminobenziding 4 HCI (DAB, 0.2 mg/ml) - H,0; for 10 seconds
at room temperature. Finally, tissues were rinsed in water, countersiained with

Mayer’s Hematoxylin, dehydrated, cleared and mounted (Mason ef al,, 1891),

Lectin Histochemistry

Binding of Phaseolus vulgaris erythroagglutinin (PHA-E) to lymphold
tissues was compared o histochemical reactivity of Qlneya tesota (PF2) lectin,
The lectin PF2 was purified as previously described by Vazguez-Moreno ef al.
(2000) and commercial PHA-E was used as a positive staining control since this
lectin recognizes T cells (Wilkinson ef al,, 1895). Both lecting were biotinifated
using the protocol proposed by Hofmann ef al, (1982).

Paraffin wax-embedded sections (2 um) from thymus and lymph nodes
were used to assay the affinity of PF2 lectin. Tissues were dried overnight at
37°C, dewaxed in xylene and hydrated through a graded series of alcohot (100
to 50%). The HIER technigque was applied on rehydrated tissues as previously
described. To block unspecific binding sites, tissues were covered with 1%
bovine serum atbumin (BSA) in 0.01 M PBS, PH 7.2. The slides were then
incubated at room temperature with either PF2 or PHA-E (20 ug/ml)
biotinylated lectins during 45 minutes and the binding was revealed by

incubation with SP during 30 minutes (Vector L.ab. Inc. USA) and then immersed
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in 3,3 -diaminobenzidine 4 HCI (DAB, 0.2 mg/m!) H,0; (0.005%) for 10 seconds
at room temperature. Finally, tissues were rinsed in water, counterstained with
Mayer's Hematoxylin, dehydrated, cleared and mounted. The intensity of
antibodies and lectins binding was subjectively scale into four categories (-)
negative, (+) weak, (++) moderate and strong (+++) as reported by Aoki ef al.
(1990). To assess the specificity of lectin staining the following controls were
used: (1) pre-absorption of the lectins with fetuin, ovoalbumin, and albumin at a
concentration of 0.2 M, and (2) substitution of conjugated lectin by PBS to

determine the presence of endogenous peroxidase activity.

Results

Staining reactions with anti-CD5, anti-CD20 mAbs, PHA-E and PF2
lecting in normal human lymphoid nodes and thymus are summarized in Table
1.

Immune staining with anti-CD5 and antiCD20 mAbs labeled slides as
expected. Anti-CD5, a T-cell specitic mAb, showed positive staining of mantle
zone and subcapsular space on lymph nodes slides, This is in contrast to
thymus, were anti-CD5 marked homogeneously the slide. Furthermore, the
reactivity of anti-CDS with thymus was also more intense (+++4} than the
corresponding reactivity with tymph nodes (++} (Fig. 1, 2). Germinal centers of

lymph nodes, where B lymphocytes are abundant, stained with acti-CD20 in an
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intense way (+++) (Fig. 3). However, anti-CD20 reacled weakly (+) with thymus
since staining was observed only in zones where B-lymphocytes are localized in
medulla and cortex (Fig. 4).

Staining of mesenteric nodes sections with PF2 lectin revealed a striking
localization of reactivity to the lymphold follicles; intense distribution (++4) of
PF2 lectin staining was detected specially in the germinal centers (Fig. 5).
Lymphocytes in germinal centers appeared to exhibit surface localization of the
lectin, Also, this lectin showed moderate affinity (++) to extracelllar reticular
fibers of lymph nodes, However, neither mantle nor paracortical zones of lymph
nodes, were stained with PF2,

Reactive thymus tissues showed a distinct pattern of staining, since only
an infense staining (+++) of Hassall's bodies with PF2 lectin were demonstrated
(Fig. 8). Moreover, as showed by anti-CDZ20, P2 lectin only bonded to few
lymphocytes heterogeneously distributed in the thymus slides. The staining of
PF2 was completely inhibited by fetuin but neither by albumin nor ovalbumin.

Contrary to PF2, PHA-Iz lectin showed an intense reaction (+++) with
lymphocytes in germinal centers from thymus but scarcely and weakly (+) with
germinal centers of nodes (Fig. 7}. In addition Hassall's bodies in thymus were

not stained with PHA-E and the extracellular reficular fibers showed only a weak

interaction to the lectin (Fig. 8).
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Discussion

The different surface expression of antigenic determinants underscores
the normal and pathologic behavior of human tissues (Abdul-Salam ef al,
2000). Lectins are among the useful tools for studding changes taking place
during tissue maturation and pathologies (Pastor el al., 2003). However, many
of them, especially lectins from Sonoran Desert remain uncharacterized in terms
of their tissue specificity. In the present report, the distinct labeling among
thymus and lymph nodes has been sought using the complex oligosaccharide-
binding lecting PF2 and PHA-E.

The PF2 lectin labeling was restricted to areas corresponding to cortical
lymph nodes. Similar 1o anti-CD20, PF2 strongly bonded to cells in germinal
centers were differertiated B lymphocytes are the most abundant cells (Youinoi
et al, 2006). The interaction was apparently mediated by complex
carhohydrates since it was inhibited by fetuin but neither by albumin nor
ovoalbumin, this in agreement with the known protein specificity of PF2 lectin
(Vazquez-Moreno ef al., 2000). PHA-E-labeled lymphocytes were not located at
germinal centers unlke PFZ, PHA-E stain was selectively located within the
paracortex and the mantle zone surrounding follicular areas, The staining profile
of PHA-E was similar to the binding pattern of anti-CD5 since the CD5 epitope is
expressad in normal early T cells (Béhm, 2004) and B cells (Dono et al., 2004)
located at the mantle zone an paracortex of nodes.

On the other hand, PF2 lectin presented strong binding tlowards

extracellular reticular fibers in nodes, and stained the Hassalls bodies and
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reticular endothelial cells in thymus, The staining activity of PF2 was also found
to be located in a few cells dispersed both in medulla and cortex of thymus while
PHA-E interacted with cells in all tissue,

The distinct binding pattern showed by PF2 and PHA-E lectins suggested
the distinct terminally glycoconjugates recoghized on lymphocytes by each
lectin, Even though the results from inhibition assays with fetuin and ovalbumin
suggested that PF2 recognizes complex-oligosaccharides, the specific
carbohydrate sequences and cells subpopulations recognized by PF2 remains
to be elucidated. Meanwhile, a possible application of this lectin could be the
study of changes in the cellutarity of follicle centers of nodes since PF2 strongly
stained the lymphocytes from germinal centers, Also this lectin may be useful as
a lool to search for the architecture of extracellular fibers In nodes and the
Hassalls bodies in thymus since the presence of this last structure within the
human thymic medulla has been used as an indicator of ongoing or recent

thymopoiesis (Hale and Markert, 2004).

Conclusion

In this study, it was demonstrated that PF2 presented specificity towards
lymphocytes and stained preferably lymphocytes in germinal centers of lymph
nodes. In thymus, the Hassall's bodles were the mainly structures stained by

PF2 while only scarce and disseminated cells were stained by the jectin,
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Despite the fact that PF2 showed sgimilar inhibition by complex
carbohydrates as PHA-E, the observed lectin binding pattern to nodes and
thymus wasg different. This suggested that PHA-E and PF2 lecting have

differences in carbohydrate specifies that remains to be elucidated.
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Abstract

PF2 is a lectin from Olneya tesola (FPalo fierro) seeds that presents high
affinity towards complex carbohydrates but not for simple sugars. The goat of
this study was to use the immobilized lectin as affinity chromatography matrix 1o
identify glycoproteins in spleen human tissue that interacted with PF2, Two
chromatographic steps, using ion exchange chromatography (CM-cellulose) and
affinity chromatography (PF2-agarose), made possible the purification of a
protein from crude extracts. Both SDS-PAGE and PAGE showed a 14-kDa
monomeric glycoprotein (GP14), GP14 was protease digesied and six peplides
identified. Peptides presented 100% homology to sequencas of 70-kDa family of
heat shock proteins (HSP70) of humans, PF2 lectin biotinitated, were incubated
with sections of fixed spleen tissue and then revealed with streptavidin-
peroxidase, showing that, of different regions, stained lymphocytes were
abundanily and selectively located within the cottical germinal centers of
lymphoid follicles. Also, the PF2 lectin stained sxiracellular reticular fibers in
spleen. In conclusion, it was possible to purify and identify a (GP14) that
appears to be a novel stress glycoprotein. PF2 lectin have specificity toward
lymphoid tissue glycoconjugated express in the membrane cellular of B cells,
Hassalls bodies and reticaluar fibars,

Keywords: Olneya tesota; PF2 lecting spleen, glycoproleins; heat shock
proteins

Abbreviations: PF2, Palo fierro lectin 2, H5P, Heat shock proteins,
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1. introduction

Lectins are defined as proteins or glycoproteins that bind specifically and
reversibly 1o carbohydrates, resulting in cell agglutination or precipitation of
polysaccharides and glycoconjugates [1, 2] Lectins are ubiquitous, found in
virus, bacteria, fungi, plants and animals {3, 4)]. In the plant kingdom, seeds of
legumes have been known to be a rich source of lecting, constituting about 10%
of their lotal soluble protein {5].

Seed plant lecting show high affinity towards carbohydrates, and they are
used as valuable reagents in glycobiclogy research, for example in detection
and pretiminary characterization of glycoconjugates from membrane cells {6). In
addition, immobilized lecting are used as an attractive techhique for separating
carbohydrate-containing molecules In complex mixtures [7]. Particutarly, PF2
which is a tetrameric lectin from Olneya tesota legume (Palo fierro) seeds, with
subunits of 33 kDa, binds complex carbohydrates of glycoprotein {fetuin) and is
not inhibited by monosaccharides [8), thus PF2 could be used to identify
glycoproteins.

Several glycoconjugates from animal tissues have been purified by
affinity chromatography using immobilized plant lecting, Purified glycoproteins
inchude those involved in cellWar development, differentiation as well as in
pathological conditions such as infection, inflammation and trauma [8-11). Heat
shock proteing (HSP) are among protainsg thal can be purified from human
tissues using lectin-affinity chromatography, as many of them are glycoproteins

induced or constitutively expressed by cells from all human tissues [12,13].
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The specificity of PF2 lectin toward human glycoconjugates has not been
determined, thus the objective of this work was to evaluale the ability of PF2
lectin to purify glycoproteins from human spleen tissue and establish PF2 lectin

specificity towards humans normal spleen tissues,
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2. Materials and Methods

The spleen tissue sections were kindly provided by the Pathology
Department of the Hospital Infantil del Estado de Sonora. Tissues were
obtained under ethical and legal request of Mexican official guidelines i NOM-
087-ECOL-S5A1-2002, Post mortern  splenic tissues were obtained from
patients aged about three months. Agarose activated with divinylsulfone (Mini-
LeaK®) was from Kem-Entec (Hellrup, Denmark); Protease Inhibitor Cocktail
Tablets (COMPLETE, EDTA-free) from Roche Diagnostic (Indianapolis, N,
LISA), Polyacrylamide gels were cobtained from Amersham Biosciences
(Uppsala, Sweden) and broad range SDS-PAGE molecular welght standards
from BicRad {(Hercules, CA, USA). The antibody anti-CD20 mAb was purchase
from Dako (Denmark) diluted 150 (viv) in PBS, pH 7.2, Streptavidin-peroxidase
(Vector lab. Inc), Mayer's Hematoxylin. All other reagents were purchased from

Sigma Chemicals Co. (51 Louis, MO, USA)

2.1. Isolation of spleen proteins
Protein isolation from spleen tissue was according to Martinez-Pomares

ef al,, [14] and Ketcham et al., [15]. Tissue was cut into slices and the outer
fascia removed. Slices were diced, homogenized at 4 °C in extraction buffer
{(buffer A) containing 10 mM Tris-HCi, pH 7.5, 2.5 % (viv) Tween 20, 150 mM
NaCl, 10 mM NaN;, 2 mM EDTA and protease inhibitors (5 mM iodoacetamide,
2 mM phenylmethylsulfonyl fluoride, and tpg/ml leupeptin), using a Branson

Sonifier 250 (Branson Ullrasonics Corporation U.5.A) at 4 pulses per 10
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seconds. A volume of 80 ml of extraction buffer was used for each 60 g of
tissue, The homogenate was centrifuged at 12,500 g during 30 min at 4 °C
using Allegra TM 64 R Centrifuge (Beckman Coulter). The supernatant was
centrifuged again at 66,200 g for 60 min at 4°C, The pellet was washed twice in
buffer A containing protease inhibitors 2 % (viv) Triton X-100 instead of Tween
20 after centrifugation at 164, 000 g for 30 min at 4°C in a Beckman TC-100
centrifuge to remove insoluble material. Supernatants were dialyzed during 48 h
against PBS (0.02 M KH;PO4/K:HPQ4, 0.8% NaCl and 0.02 % NaNj pH 7.2).
Slurry (50 ml} of CM-cellulose was added 1o supernatant and stirred for 48 h at 4
°C, This material was filtered using Whatman No. 4 filter paper on a Buchner
funnel and washed five times with PBS, The CM-cellulose was suspended in
PBS and packed into a glass column of 1.5 x 30 cm; non-bound proteins were
washed until absorbance at 280 nm was under 0.02 AU. Proteins bound to
column eluted with 0.5 M NaCl (isocratic separation) in PBS and collected in 2
mi fractions. Fractions from each peak wers pooled, dialyzed against water,

freeze-dried and stored at ~ 40 °C until further analysis.

2.2. Glyeoprotein purification by affinity chromatography
PF2-agarose was produced according to Vazquez-Moreno e!f al, [8]. PF2

lectin (40 mg) was coupled to activated agarose (1 g) and 2-ml of PF2-agarose
was packed in a glass column and equilibrated with PBS, Glycoprotein
purification was done by foading elution fractions from CM-cellutose (1 mg/10 ml
PBS) to agarose-PF2. The unbound protein fraction was removed by extensive

washing with PBS and bound proteins efuted by pH change, using 0.02 M
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glycine~HCI buffer, pH 3.0. Chromatography steps were monitored at 280 nm
and 1-ml fractions were collected. Pool of eluted fractions was dialyzed against

water, freeze-dried and stored at - 40 °C unlil analysis.

2.3. Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-
PAGE) and polyacrylamide gel electrophoresis (PAGE)
Relative molecular mass (M) subunits obtained from affinity

chromatography were estimated by SDS-PAGE in a Phast System Instrument
(Amersham Bioscence) using 8-28 % linear gradient according to Separation
Technique File No. 110, Four pg of the protein from chromatographic flow
through and elution fractions were loaded in each slot and the gels were stained
with silver nitrate [16]. Mr was estimated by comparison with broad range
molecular welght markers (BioRad, Hercules, CA USA). Similarly, native
molecular mass was determined by PAGE using a high density Phast gel

(Separation Technique File No. 112). Each slot contained 10 pg of protein.

2.4. Protein determination
Protein concentration was estimated as described by Lowry et al, [17]

using bovine serum albumin as a standard.



2.5, Analysis of peptides from 14- kDa protein by liquid chromatography
and tandem mass spectrometry (1.C-MS/MS)
The GP14 glycoprotein pwified by PF2-affinity chromatography was

recovered from polyacrilamide gels and sent to the Center Protéomigue de! 'Est
du Québec, Canada for analysis. GP14 was treated with trypsin and direct
analysis of peptide sequences were done by LC-MS/MS according to Link ef al.,
[18]. The high confidence portion of peplides was examined for homology with
other known proteins, using Blast tools from the National Center for
Biotechnology Information available at hitp://iwww.ncbi.nim.nih.gov/, Deduced
amino acid sequences were obtained using the ExPASy Proteomics Server
available at http.//'www.expasy.gov. Multiple alignments of proleins sequences

werae produced with the CLUSTAL W program.

Immunohistochemistry and Lectin Histochemistry

The lectin PF2 was purified as previously described by Vézquez-Moreno
at al. [8]. The lectin was biotinilated using the protocol proposed by Hofmann et
al., [18]). The antibody anti-CD20 was used as a positive staining of lymphoid
lissues

Paraffin wax-embedded sections (2 ym) from spleen tissue were used 1o
assay the affinity of PF2 lectin. Tissues were dried overnight at 37°C, dewaxed
in xylena and hydrated through a graded series of alcohol (100 {o 50%). The
HIER technique was applied on rehydrated tissues. To block unspecific binding
sites, tissues were covered with 1% bovine serum albumin (BSA) in 0.01 M

PBS, PH 7.2. The slides were then incubated at room temperature with either
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PF2 (20 pg/ml) biotinylated lectin during 45 minutes and the binding was
revealed by incubation with Streptavidin-peroxidase during 30 minutes (Vector
Lab. Inc. USA) and then immersed in 3,3 -diaminobenzidine 4 HCI (DAB, 0.2
mg/mi) HOp (0.005%) for 10 seconds at room lemperature, Finally, tissues
were rinsed in water, counterstalned with Mayer's Hematoxylin, dehydrated,
cleared and mourded [20]. The intensity of antibody and lectin binding (anti-
CD20 and PF2) was subjectively scale into four categories (-) negalive, (+)
weak, (++) moderate and strong (+++) as reported by Aocki ef al, [21]. To
assess the specificity of lectin staining the following controls were used: (1} pre-
absorption of the lectins with fetuin, ovoalbumin, and albumin at a concentration
of 0.2 M, and (2) substitution of conjugated lectin by PBS to determine the

presence of endogenous peroxidase activity.
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3. Results

Isolation of spleen proteins by ion exchange chromatography

Protein isolation from spleen tissue was made using CM-cellulose,
Unadsorbed proteins (18 mg + 0.7) remained in the wash fraction (Table 1) while
adsorbed proteins eluted mainly as a single peak (Fig 1A) with 0.5 M NaCl in
PBS, pH 7.2. These fractions were pooled and freeze dried, obtaining a (otal of

3.3 1 0.056 my (Table 1),

Purification of glycoproteins from spleen tissue by affinity
chromatography

Purification of glycoproteins from splenic lissue was made using affinity
chromatography with PF2 lectin immobilized to Agarose. The protein fraction
obtained from CM-cellulose (1.1 mg/10 mi PBS, pH 7.2) was loaded to PF2-
agarose column and two peaks were obtained. Flow-through fractions (Fig. 1B,
peak 1) were wash from the column using PBS, pH 7.2 and contained 0.73 mg
of unbound proteins. Elution fraction (Fig. 1B, peak 2) was oblained using 0.50

mM glycine-HCI buffer, pH 3.0 and contained 0.19 mg of glycoproteins (Table §).

Determination of relative molecular mass

Elution fraction obtained by affinity chromatography was applied to SDS-
PAGE to evaluate its purity and subunit mass. Electrophoretic analysis revealad
an intense band corresponding to a refative molecular mass of 14 kDa (Fig. 2A).

Additionally, this ehution fraction was subjected to PAGE and a single band was
75



observed with mobility of 14 kDa (Fig. 2B). According to this analysis, the
purified glycoprotein from spleen tissue is a monomer and was named GP14. It
is important to mention that GP14 could be only stained with silver nitrate but
not with Coomassie blue. Similar behavior has been reported for other
glycoproteins such as MUC 1, these glycoproteins typically stain well in gels
with PAS reagent and silver stain because their large content of carbohydrates

[22).

Peptide analysis

GP14 was subjected to analysis by L.C-MS/MSE. Trypsin digestion of
GP14 produced six identifiable peptide fragments conlaining from 12 to 17
amino acids. The deduced amino acid sequences of the peptides is significantly
homologous, up to 96-100%, to heat shock proteins of 70 kDa (HSP70) (Table
Il). Also, all six GP14 peptides showed 100 % homology to other HSP, these
include, the 71-kDa HSP cognate protein (HSC70), HSP cognate of 54 kDa and
HSP8 isoform 2 variant of 70 kDa. The HSP8 (70 kDa) isoform 2 variant and
HSP2 presented a single amino acid substitution amino acid (data no shown).

Also, from analysis of sequences it was found that GP62, which is a
mayor stress glycoprotein expressed in rat cells, have two of GP14 peptides,
PT73 (AQIHDLVLYGGSTR) and PT36 (ATAGDTHLGGEDFDNY). In GP14, both
peptides present a substitution of serine for alanine (in bold). This substitution

has already been reported in human and other species [23].
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Lectin Histochemistry

Staining of spleen sections with PF2 lectin revealed a striking localization
of reactivity to the lymphoid follicles; intense distribution (+++) of PF2 lectin
staining was detected specially in the germinal centers (Fig. 3A). Lymphocytes
in germinal centers (GC) appeared to exhibit surface localization of the lectin,
Also, this lectin showed moderate affinity (++) to extracellular reticular fibers of
spleen. Immune staining with anti-CD20 mAb Isbeled slides as expected,
Germinal centers of spleen, where B lymphocytes are abundant, stained with
anti-CD20 in an intense way (+++} (Fig. 3B). Both interactions were very similar

as for intensity and cell locating.

4. Discussion

Lecting from animal and plant organisms are widely used for identification
and isolation of glycoproteins from human tissues. In particular, cells oy
glycoproteins from lymphold organs have been studied using lectins such asg
Peanul agglutinin and Helix pomatia [24), Vicia villosa [25), Amaranthus
levcocarpus, Dolicus bifforus, Lens culinans, Concanavalin A and Phaseolus
vulgaris [26].

The lectin from Olneya fesota seads (named PF2) is a tetrameric lectin
with 33-kDa subunits that has high affinity toward complex carbohydrates
present in fetuin and it is not inhibited by simple sugars [8]. Other characteristic

of PF2 lectin is its high affinity to lymphoid tissues such as thymus and
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lymphatic ganglia demonstraled by histochemical analysis {manuscript in
preparation). For these reasons, the goal of this work was to assess the ability
of P2 to purify glycoproteins from human splenic tissue,

Human spleen tissue was initially fractionated using cationic exchange
chromatography and the eluted fractions loaded into PF2-agarose. Proteins
bounded to affinity matrix were recovered and SDS-PAGE and PAGE analysis
showed a pure 14- kDa protein {(named GP14), Five other runs were performed
on identical chromatographic conditions, and results, as expected, werg in

agreement to the high stability and specificity of the affinity matrix [8].

Peptide analysis data showed that GP14 could be included as part of the
heal shock proteins family, a highly conserved group of proteins that have been
identified in virtually all eukaryotic and prokaryotic species examined to date
[27).

HSP are traditionally classified by their molecular weight, the best
understood are the so-called major HSP with a molecular weight of 110, 90, 70
and 60 kDa [28, 29). Recently, the HSP80, HSP70 subfamilies have attracted
increasing attention because of their potential roles in immunologically relevant
processes. Several studies have identified HSP as targets of immune regponses
during microbial infections [30},

In spleen and lymph nodes members of the HEP70 protein family are
very closely related with a distinction that the 73-kDa molecule (HSC70) is

expressed constitulively and the 72-kDa molecule (HSP70) is induced by stress
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[31), this size difference could be explained in terms or amino acid difference or
post-transiational modification (such as glycosylation). In spleen there are not
reports of heat shock proteins with low molecutar weight. In humans small heat
shock proteins have been classified as molecular chaperones and they share
the following common features: the fow homology between its members and
subunits of 12-40 kDa [32].

The analysis of GP14 peptides showed 100% homology to highly
conserved fragments of heat shock proteing (of about 70 kDa). This was
unexpected since it's been no report of low molecular weight HSP in this tissue,
Two peptides LDKSQIHDIVLVGGSTR and STAGDTHLGGEDFDNR of GP14
exhibits high homology with two peplides of GIP62. The GP62 is the major stress
glycoprotein in rat celis and its expression from Rat-1 to human cells originated
a cell line that correlates with heat resistance [33]. The peptide PT38 of GP62
presents high homology (100%) with heat shock proteins of 70 kDa and the
peptide PT73 showed partial homology with HSP70 and Heat Shock Cognate of
70 kDa (HSC70) from humans [34]. Some heat shock protein of family of HSP70
present at less three polential sites N- glycosylation one of which belongs to the
NRTTPSYVAFTDTER sequence [35], which would explain the potential
glycosylated status of GP14 at the TTPSYVAFTDTER peptide. Currently we are
focused on the characterization GP14,

The lecting are useful tools for studding distribution patterns of cellular
glycoconjugates and changes taking place during cell differentiation and

maturation [38). The PF2 lectin labeling was restricted {0 areas corresponding to
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germinal center and lymphoid follicle in spleen similar at anti-CD20. Only are
presents mature B lymphocytes enter the lymphoid follicles to make up germipal
center, this cells participate in the immune response and non-circulating B cells
consist of marginal zone [37] The characteristics ascribed to 8 and T
lymphocytes subpopulations underscore the complexity of the developmental
pathways and activation requirements of their constituent subsets, which is
manifested by the coordinated expression of distinct combinations of
differentiation markers [38]. In padicular, the oligosaccharides determinant
constitutes a significant source of structural variability and may add another

level of complexity to mechanisms comrolling the lymphocyte surface.

1)



BIBLIOGRAPHY

1. Goldstein LJ., Hughes R.C., Monsigny M., Osawa T,, Sharon N,, What
should be called a lectin? Nature 285 (1980) 66,

2. Sharon N, Lis H,, Lectins, Chapman and Hall, London and New York
(1989).

3. Goldstein 1.J., Poretz R.D., Isolation, physicochemical characterization,
and carbohydrate-binding specificity of lectins, in; Liener |, Sharon N,
Goldstein U., (Eds.), The lectins: properties, function and application in
biology and medicine, Academic Press London (1986) 33-93,

4. Kim MV, Seit-Nebi A.5,, Marston §.B., Gusev N.B., Some properties of

human small heat shock protein Hsp22 (H11 or HspB8), Biochem.

Biophys, Res, Commun. 315 (2004) 796801,

Van Damme E.JM. Barre A, Rougé P., Peumans W.J., Molecular

cloning of the bark and seed lecting from the Japanese pagoda tree

(Sophora japonica), Plant. Mol. Biol. 33 (1997) 523-536.

6. Loris R., Hameiryck T., Bouckaert J., Wins L., Legume lectin structure,
Biochem. Blophys. Acta 1383 (1908) 9-36.

7. Merkle R.K,, Cummings R.ID., lLectin affinity chromatography of
glycopeptides Methods. Enzymol. 138 (1987) 232-259,

8. Vazguez-Moreno L., Ortega-Nieblas M., Robles-Burguene M.R,, Ramos-
Clamont G., Purification of complex carbohydrate specific lecting from
Qineya tesota seeds using tandem affinity chromatography, 1LJ.B.C. §
(2000) 83-90.

8. Porras F., Urrea F., Ortiz B., Marlinez-Cairo 8., Bouquelet 8., Mantinez
G., Lascurain R., Zenteno E., Isolation of the receptor for the Amaranthus
leucocarpus lectin from human T lymphocytes, Biochem, Biophys, Acta
1724 (2005) 155-162.

10.Muroi K., Amemiya Y., Sievers E.L., Miuwra Y., Hakomori S.E., Loken
M.R., Expression of sialosyl-T and disialosyl-T antigens in eryirhoid cells,
Leuk. Lymphoma. 25 (1997) 403~ 414,

11. Tsubol 5., Fukuda M., Roles of O-linked oligosaccharides in immune
responses, Biokssays 23 (2001) 46-53,

12. Dahiman-Wright K., Wright A., Carlstedt-Duke J., Gustafsson J.A,, DNA-
binding by the glucocorticoid receptor: a structural and functional
analysis, J. Steroid Biochem. Molec. Biol. 41 (1992) 249-272,

13.Chen Z., Enhua W,, Heat shock protein 80 suppresses tumor necrosis
factor alpha induced apoplosis by preventing the cleavage of Bid in
NIH3T3 fibroblasts, Cell, Signal 16 (2004) 313-321.

14, Martinez-Pomares .., Crocker P.R., Da Silva R., Holmes N., Colominas
C., Rudd P, Dwek R. Gordon 8., Cell-specific glycoforms of
sialoadhesin and CD45 are counter-receptors for the cysteine-rich
domain the mannose receptor, J. Blol. Chem. 274 (1999) 35211-35218.

15.Ketcham C.M., Baumbach G.A., Bazer FW., Roberts R.M., The type 5,
acid phosphatase from spleen of humans with hairy cell leukemia.

g

§1



Purification, properties immunological characterization, and comparison
with porcine uteroferrin, J. Biol. Chem. 260 (1985) 5768-5776.

16. Wray W., Boulikas T., Wray V.., Hanckok R., Silver staining of proteins
in the in polyacrylamide gels, Anal. Blochem. 118 (1981) 197-203,

17.Lowry O.H., Rosenbrough N.J., Lewis F.A., Randall R.J., Protein
measurement with the folin phenol reagent, J. Biol. Chem. (1951) 265-
275,

18.Link A.J., Eng J., Schieltz D.M., Carmack E,, Mize G.J., Morris D.R.,
Garvik 1l B.M,, Yates J.R,, Direct analysis of protein complexes using
mass spectromelry, Nat, Biotechnol, 17 (1998) 676-682,

19. Hofmann K, Titus G, Montibeller JA. Avidin binding of carboxyl-
substituted biotin and analogs. Biochemistry. 1982; 21; 878-984,

20. Schorge J.0,, Lea J.5., Gamer E.O., Duska LR, Miler D.S,
Coleman R, L., Cervical adenocarcinoma survival among Hispanic and
white women: A multicenter cohort study, Am J Obstet Gynecol.
2003;188:640-4,

21. Acki DMD, Shiro NMD, Rihachi IMD, Hayato K, Hiroshi HMD. Differences
in lectin binding patterns of normal endometrivm and endometrium
adenocarcinoma, with special reference to satining with Ulex eupopeaus
Agglutinin 1 and peanut Agglutinin. Ginecologic oncology 1990; 37: 338-
345,

22, Mather LH., A review and proposed nomenclature for major proteins of
the milk-fat globule membrane, J. Dairy Sci. B3 (2000) 203-247,

23 Jethmalant M.5., Henle J.K,, Partial homology of stress glycoprotein
GPG2 with HSPT70, Exp. Cell Res. 232 (1997) 8-16.

24, De-Petris 5., Tackacs B., Relationship between mouse lymphooyte
receptors for peanut agglutinin (PNA) and Helix pomalia aggiutinin
(HPA), Eur. J. immunol, 13 (1983) 831 840,

25 Fortune F., Lebner T., Phenotypic expression of Vicia villosa binding T
cell subsets, as markers of contrasuppresor cells In systemic lupus
etythematosus, Clin. Exp. Immunoel, 74 (1998)100~ 104,

26, De-Dios 1., Manso M, Leon V., Lopez-Borrasca A., Separation of human
lymphocyte subclasses by roselles with latex-lectin particles, Biocham.
Med. Metab. Biol. 35 (1986) 12-17.

27 Wheeler 0.5., Wong H.R., Heat shock response and acute lung injury,
Free. Radic. Biol. Med, 42 (2007} 114,

28, Prohaszka Z,, Flist G., Immunological aspects of heat-shock proteins-the
optimum stress of life, Mol Immunol, 41, (2004) 29-44,

29 Fiist G., Beck Z., Banhegyi ., Kocsis J., Biré A, Prohaszka Z.,
Antibodies against heat shock proteins and cholesterol in HIV infection,
Mol. Immunol. 42 (2005) 79-85,

30.Habich C., Kempe K., Burkart V., Van Der Zee R, Lillicrap M., Gaston H,,
Kolb H., Identification of the heat shock protein 60 epitope involved in
receptor binding on macrophages, FEBS Lett, 568 (2004) 65-89.

31.Welch W. J., The mammalian stress response:; Cell physiology and
biochemistry of stress proteins, in: Morimoto R.)., Tissiéres A,

§2



Georgopoutos G., stress proteins in biology and medicine (Eds.), Cold
Spring Harbor Laboratory Press, New York. (1890) 223-278.

32.Fu X., Liu Ch,, Liu Y., Feng X., Gu L., Chen X., Chang Z., Small heat
shock protein Hsp16.3 modulates its chaperone activity by adjusting the
rate of oligomérica dissociation, Biochem. Biophys. Res. Commun. 310
(2003) 412-420.

33.Henle K.J., Jethmalani S.M.,, Li L., Li G.C,, Protein Glycosylation in a
heat-resistant rat fibroblast cell model expressing human HSP70,
Biochem. Biophys, Res, Commun, 232 (1987) 26-32,

34. Jethmalani 5.M., Henle K.J., Interaction of heat stress glycoprotein GP50
with classical heat-shock proteins, Exp. Cell. Res. 230 (1997) 8-186,

35. httpllexpasy.org. www.cbs diu.dk/services/NetNGlyc/ (consults in June of
the 2007).

36. Pastor LM, Morales E, Polo LA, Calvo Al, Pallarés J, and De La Viesca 5,
Histochemical study of glycoconjugates in active and photoperiodically-
regrassed testis of hamster (Mesocricetus auratus), Acta Histochem.
2003; 105:2 165173,

37. Youinou P, Hilion &, Jamin Ch, Pers JO, Saraux A, Renaudineau Y. B
lymphocytes on the front line of autoimmunity. Autoimmunity Reviews.
2008; 5: 215~ 221,

38 Mansour MM, Abdul-Sa F, Tabanhy AS. Distinct binding patterns of
fucose-specific lecting from Biomphalaria alexandrina and lLotus
tetragonolobus to murine lymphocyte subsets. Immunoblology 2005
210: 335-348.

83



NaCl 0.5M
.08 0.0%8 O S S
: KRR
- | S S
E £ S
5 0. g
4.0} .
0,000 bl oo
| ! ! | (o
1 0 41 [\14} 0 100 1

Fractions {Z inl) Fractions {1 mi)

Fig.1 Purification of glycoprotein of spleen tissue by (A) lon exchange
chromatography in CM-cellulose (isocratic separation) sand (B) affinity
chromatography on (agarose-PF2). In (A) proteins bound to CM-cellulose were
eluted with PBS pH 7.2 containing 0.5 M NaCl and a main peak was obtained
(~4. In (B) Proteins eluted from CM-cellulose were applied to agarose-PF2 (1)
non bound and (2) bound protein. Detection of the optical densily of each

fraction was at 280 nm.
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Table 1. Purification of proteins from spleen by ion exchange
and PF2 affinity chromatography.

Chromatographic step  Applied  Unadsorbed Adsorbed
Protein Protein Protein

(mg) (mg) (mg)

lon Exchange
Chromatography 224 0.9 18407 3.3 4 0.05

(CM-cellulose®)

Affinity Chronmtogbraphy 1102 0731 0.1 0.19 4 0.03
(agarose-PF2%)

* 50 ml bed volume.
¥ 2 m bed volume.
* Standard deviation from six runs,
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Fig. 2. Polyacrylamide gels electrophoresis. (A) SDS-PAGE analysis of glycoproteins
fractions obtained by affinity chromatography. (1) MW standards, (2) elution fraction
from agarose-PF2 chromatography and (3) crude extract from splenic tissue, (B)
PAGE of glycoproteins (1) MW standard, (2) fraction eluted from agarose-PF2
chromatography. Both gels were silver stained,
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Fig. 3. Light microphotographs of spleen (lymphoid tissue) sections processed with
PF2 lectin (A) and anti-CD20 iImmunohistochemistry (B), were stained an inlense way
oh areas that are located in the germinal centers and lymphold follicles. Reticular fibers

(Rf)
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Abstract

PF2 is a lectin from Olneya tesola (palo fierro) seeds that presents high
affinity only towards complex carbohydrates. Immobilized fetuin is been used to
purify PE2. The goal of this study was to ldentify and characterize the
ofigosaccharide from fetuin and glycoproteins of spleen and thymus tissues
recognized by PF2. The oligosaccharides from these glycoproteins were
released by an enzymatic method (PNGaseF) and purified by using Agarose-
PF2 column,

The method involved the separation and characterization of
oligosaccharides by lectin affinity chromatography combined with LC-ESI-MS,
the analysis in the negative ion mode. The mass spectra were analyzed in
www glycosciences.deftools/GlycoFragments/fragment. Mass spectrometry of
oligosaccharides obtained from fetuin (control glycoprotein) showed the
presence of two ions that correspond to [M-3H]> ions and {MnﬂlH]““ ions of an
oligosaccharide tetrasialylated triantennary with mass of 3171,684.

On another hand, the oligosaccharides of glycoprotein of spleen and
thymus, that interacts with PF2, presented identical ions that the observed in the
mass spectra of for the oligosaccharide of fetuin, The mass spectra obtained of
pligosaccharides from tissues confirmed that PF2  lectin recognized a
tetrasiatylated triantennary complex type oligosaccharide present in fetuin and
in glycoproteins from spleen and thymus.

Keywords: PF2 lectin; glycoproteins; liquid chromatography-mass

gpectrometry.

]



1. Introduction

The glycosylation is one of the most frequent post-transiational
modifications of proteins (1-3), influences the biolegical funclions (4), as well as
the physicochemical properties of proteins, i.e., folding, solubility, aggregation,
and stability in many proteins (5-7).

Structural analyses of the carbohydrates of glycoproteins have been
performad by using carbohydrates released from glycoproteins chemical or
enzymatically (8-11). In particular, graphitized carbon column  liquid
chromatography-mass spectrometry (GCC-LC-MS) is very useful for the
separation, analysis and fragmentation can be done in one-siep of
carbohydrates in glycoproteins (12 ).

In recent years, a large number of methods for analysis and identification
of oligosaccharides has reached a high degree of development to elucidate
glycoconjugate structures (13, 14). One of the most effective techniques for
determining the site-specific carbohydrate heterogeneity of glycoproteins s the
mass spectrometric (15, 16). Conseqguently, the combination of MS with high
performance liquid chromatography (HPLC) using an electrospray (ESI)
intedface has become invaluable for obtaining total glycan profiles from
glycoproteins (17, 18). The ESI is not very used due to the muitistage
generation, so that the interpretation of the spectra of masses is hindered by a

reason it is used MALDI.
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Other method utilized for characterizing carbohydrates, is  affinity
chromatography with immobitized lectins (19, 20), which can ba compatible and
combined with LC-ESI-MS.

Lectins are carbohydrate-binding proteins with a principal function in the
racognition of carbohydrates present at cell surfaces (21, 22). Particularly
Olneya tesofa legume seed have a lectin called PF2 that present four subunits
of 33 kDa. This lectin is specifically inhibited by complex carbohydrates of
glycoproteins as fetuin, ovoalbumin and mucine but not by simple sugars (23).
Fetuin is a glycoprotein with a mass about 68 kDa that is has been widely
studied and it has been utilized as a model glycoprotein. Its use with different
methods permits to purify and to identify oligosaccharides structure (24, 25).
Fetuin has six carbohydrate chains, three O-linked and three N-linked to
complex-type oligosaccharide chains (26, 27),

Other lectins have the ability to recognize complex oligosaccharides in
human cells, for example, PHA-E recognizes bisected, bi and triantennary
oligosaccharides, PHA-L triantennary and tetraanntenary oligosaccharides (28),
but the specificity of PF2 lectin toward human carbohydrates has not been
determined. Lectin affinity chromatography was combined with LC-ESI-MS to
identify and characterized a N-linked oligosaccharide recognized by PF2 lectin

of fetuin and glycoproteins of lymphoid tissues.
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2. Materials and Methods

Fetuin was purchased from Sigma (5t Louis, MO, USA). Enzymatic
deglycosylation kit was purchase from PROzyme (San Leandro CA, USA).
Carbograph Columns were from Alltech (Deerfield, IL, USA). Hypercarb column
was from (Thermoelectron Co, USA). The water used was obtained from a
Milli-Q water system (Millipore, Bedford, MA, USA}. All other chemicals used

wera of the highest purity avallable,

2.1. Reduction and S-carboxymethylation of fetuin and glycoproteins
Protein isolation from spleen and thymus was according to Martinez-
Pomares ef al, (29) and Ketcham ef al., (30) and glycoprotein purification by
affinity chromatography agarose-PE2 according to Vazquez-Moreno el al., (23).
Desalted and lyophilized fetuin and glycoproteins a stock solution of 1 pg/ul, a
360 g of glycoproteins were dissolved in 360 il of 0.5 M de Tris-HCI buffer,
pH 8.6, containing 8M guanidine hydrochloride and & mM
ethylenediaminetetraacelic acid (EDTA). After addition of 26 ul of 2-
mercaptoethanol, the mixture was allowed 1o stand at room temperature for 2 h.
To this solution, 7.56 mg of monoicdoacetic acid was added, and incubation
continues for 2 h in the dark, The reaction mixture was dialyzed and lyophilized

until further use (5).
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2.2. Preparation of N-linked oligosaccharide alditols.

Fetuin and glycoproteins of tissues (100 ug) were deglycosilated
according manufacture PROzyme. Protein was precipitated with 1 000 pi of cold
ethanol and the supermatant was dried, The oligosaccharides were dissclved in
1 000 | of water. To the oligosaccharide solution, 1 000 1 of 0.5 M NaBBH, was
added, and the mixture was incubated at room temperature for 2 h. Diluted
acetic acid (100 pl) was added to the mixture to decompose excess NaBH, and
to adjust the pH to 7.0. The reaction mixture was applied to a clean carbograph
column for desalling. Oligosaccharide  alditols  (borohydride-reduced
oligosaccharides) were eluted with 30 % acetonitrile containing 5 mM
ammonium acetate. The eluate was lyophilized and maintained <20 °C until
further use.

2.3, Isolation of oligosaccharides recognized by PF2

Purification process of oligosaccharides from lymphoid tissues and fetuin
was made using affinity chromatography with PF2 lectin immobilized in agarose.
The oligosaccharldes were dissolved in PBS (10 mi pH 7.2) and loaded to this
column. Non-recognized oligosaccharides were removed from the column with
PBS pH 7.2, Elution fraction was obtained using formic acid 1% pH 3.0. The
recoghized oligosaccharides were applied to a clean carbograph column for
desalting. Oligosaccharide alditols were eluted with 30% acetonitrile containing
5 mM ammonium acetate and the sample was freeze-dried. Samples were
dissolved in 5 mM ammonium acetate, pH 9.6 containing 2% acetonitrile for

them to be analyzed by L.C-MS.
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2.4. HPLC Separation of N-oligosaccharides alditols

Aliquots (10 pifequivalent to1-10 pg glycoprotein) were injected into §
um, 100 X 2.1 mm column packed with graphitized carbon particles (Hypercarb)
(Thermoelectron Co. USA). HPLC was carried out using an Agilent 1100 series
HPLC system, Eluents were 5 mM ammonium acetlate, pH 9.6 containing 2%
acetonitrile (pump A), and 5 mM Ammonium acetate, pH 9.6 containing 80%
acetonitrilte (pump B). The oligosaccharides alditols eluted at a flow-rate of
50 wifmin with a gradient of 18-38 % of pump B for 40 min. The effluent was

monitored at 206 nm.

2.5, Electrospray ionization MS of oligosaccharide alditols

Mass spectra were obtained on LT Agilent 1100 series connected to ion
Trap Xl mass spectrometer equipped with an electrospray ion source (ESI
Agilent). The ionization parameter were negative mode, full scan m/z 100-2200,
the ESI voltage was set at 2000 V, and the capillary temperature was set at
325°C. The pressure of the sheath gas was 15 p.s.i, Dry gas nitrogen flow-rate

of 8 L/min,
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3. Resuits and Discussion

lL.ecting are valuable tools for biochemical studies such as glycan
purification and identification. Lectins have become a strong tool for
glycoproteomics, however is imporant to define the fine structure they
recognized. Although (Phaseolus vulgaris lectin (PHA) recognizes complex
carbohydrates, PHA isoleclins specificity varies, te., PHA-E recognizes
bisected, bi-antennary oligosaccharides  while  PHA-L tetra-antennary
oligosaccharides (31-33)., Moreover, It is well documented that PF2 lectin has
high affinity toward complex carbohydrates present in fetuin it is not inhibited by
simple sugars (22). Additionally, PF2 presented affinity to structures of
glycoconjugates present in spleen and thymus tissues (Manuscript in
preparation).

In order to achieve the complete characterization of complex type N-
linked oligosaccharides from glycoproteins (lymphoid tissues) and fetuin, the
oligosaccharides were released with PNGaseF treatment, Deglycosylation was
confirmed by a faster mobility of glycoproteins in SDS-PAGE (data not shown).

QOligosaccharides from fetuin and tissues glycoproteins were reduced to
alditols with NaBH,, loaded to a Agarose-PF2 column, Eltion fraction was
obtained using formic acid 1 % pH 3.0, The recognized oligosaccharides were
applied to clean Carbograph column for desalting (3, 12). Ollgosaccharides
alditols eluted with 30 % acetonitrile containing 5 mM ammonium acetate, pH

8.6 containing 2 % acetonitrile. The sugar mapping of alditols was conducted by
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LC/MS with graphitized carbon column {(GCC), in the ion negative mode using
acetonitrile-ammonium acetale as an eluent. This method was possible to
elucidate the structure in & single analysis. The negative-ion mode provides high
sensitivity in negatively charged oligosaccharides (sialylated oligosaccharides)
and for neutral oligosaccharides than the positive-ion mode (7). Figure 1, shows
mass-spectra of N-finked oligosaccharides alditols from fetuin (Fig 1A), spleen
and thymus (Fig 1B and C), which were separated with gradient of 18-38 % of
5 mM ammonium acetate, pH 8.6 containing 80% acetonitrile in of 40 min,

The mass spectra of oligosaccharides of fetuin showed two peaks
marked as {a) and (b) (Fig 1A). The m/z value most abundant ion was at 782.1
(peak a) that corresponded to [M-4H]* and the less abundant jon was at 1056.3
(peak b) that corresponded to [M- 3H}* of oligosaccharide with mass 3171.8
(Table 1), These ions are identical to sialylated lons from fetuin
NeuAcsHexgHexNAc reported by Karlsson ef al, (3}, ltoh et al., (12) and Green
el al, (24). Thus, PF2 lectin recognized an oligosaccharide triantennary
tetrasialylated of fetuin with mass of 3171.84.

On the hand, the fragments originated from oligosaccharides of
glycoproteing of spleen and thymus (Fig. 18 and C) compared and analyzed in
www.glycosciences.deftools/GlycoFragments/fragment, and generated by
HPLC-ESI-MS, both presented similarity to them reporled in the Figure 1A. In
spleen, the oligosaccharides m/z value most abundant ion was at 792.1 charged
-AH (peak a) and the less abundant ion was at 1056.3 charged -3H (peak b).

While in thymus, the most abundant ion is 1066.3 m/z and the less abundant ion
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wag at 792.8 m/z that correspond with charge -3H and -4H respectively (Table
1). Moreover this figures shows singly charged frmgmmntan»—H)’ ions at m/z
847.28, 947 and 1034.8 corresponded 1o HexpHexNAc, and HexsHexNAcg,
respectively, they consists of structures of six to eight monosaccharide units as
GicNAce, Man and Gal. Then, according to the ions obtained from lissues and
their fragments charged (M-H)™' corresponded to structures founded in fetuin (3).
The mass spectra result suggests that in spleen and thymus exist glycoproteins

with N-oligosaccharide tetrasialylated triantennary.
Conclusion

In this study, a complex oligosaccharide was purified from glycoproteins
of spleen and thymus cells using PF2 lectin and bovine fetuin was used as a
model glycoprotein. The LC-ESI-MS analyses showed the structure of this
complex oligosaccharide that corresponds to an N-glycan tetrasialylated

triantannary,
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Table 1. Theoretical masses and observed m/z values and structure of the

oligosaccharide and fragments observed.
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Figure 1. Negative ion mass spectrometry of N-linked oligosaccharide alditol
refeased by PNGase-f from bovine fetuin (A), spleen (B) and thymus (C).

Number in parentheses refers to charge state,
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Figure 1. Negative ion mass spectrometry of N-linked oligosaccharide alditol
released by PNGase-FF from bovine fetuin (A}, spleen (B) and thymus (C).
Number in parentheses refers to charge state,
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