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ANTECEDENTES* 

Dentro de la familia Taenidae se encuentran algunas especies 

de helmintos qúe ·son parásito.s importantes del hómbre y animalés domést_i­

cos. Como ejemplo.s pueden citars.e las cisticercosis· humana y porcina que 

representan un serio problema de salud pública y de economía agropecuaria, , 

principalmente en regiones con malas condiciones higié~icas, como es•el -

caso de algunos países de Asia, Africa y·América Latina (1,2). En México 

se han reportado frecuencia¡¡; para la cisticercosis cerebral humana que -­

varían entre el 1 y 3% con base en estudios postmortem realizados en hes-

pitales de la Cd. de Mé~ico. Así mismo, estudios seroepidemiológicos en 

los que .. se muestrearon 51 localidades_ de · todo el país, han mostrado que -
.. . 

del 1 al.3.8% de los !ndividuos.prei¡;entan anticuerpos circulantes {3,4). 

Si J?ien el problema de .. las enfermedades parasitarias causadas por céstodos 

se resolvería con.un mejoramiento en las condiciones.higiénicas de lapo-.,;, 
' 

blación, también la investigación Biomédica puede apo~tar herramientas de 

uso inmediato que pue·aan ser adaptadas a las condiciones específicas de ca­

da país. De este modo, las investigaciones sobre. la inmunología de las -­

cestodiasis han estado·dirigidas principalmente al désarroll.o de mejores -

métodos di_agnósticós e imnunóprofilácticos. 
) 

Para estos propósitos se.·han utilizado como an"t:ígenos, extrae 

tos crudos de ios gusanos en fase adulta o de rnetác:€stodo, así como mate-.­

riales de secreción obtenidos in vitro a través del cultivo de los parási­

tos. Sin embargo, existe poco corioc:imiento sobre las características fisi 

coquímicas de estos antígenos y solo en poéas ocasiones se.ha logrado su -

*Las citas corresponden ala bibliografía co~pl~entaria. 
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purificación. Asímismo, la búsqueda de antígenos útiles en el diagnóstico 

y vacunación contra las cestodiasis, seguramente.contribuirá al conocimien 

to de la biología de estas relaciones huésped-parásito·. 

La información concerniente a la composición de antígenos que 

puedan tener utilidad d~agnóstica, se inicia con los trabajos realizados -

por Biguet y_col~. (5), y Capron y cols. (6), quienes analizaron comparati 
1 

vamente los componentes antigénicos de algunos miembros de la familia 

Taenidae. Utilizando sueros hiperinmunes contra Taenia saginata, encontra 

ron que 16 de los 23 antígenos demostrados en este .E>arásito, estaban pre-­

sentes en otros seis géneros de Ciclofílidos, incluyendo a miembros de las 

f.:.milias de los Anoplocefálidos ·e H.imenolepídidos. Ademlis, entre 2. y 5 -­

componentes antigénicos· de T. saginata fueron detectados en varias especies 

de Nemátodos y Tremátodos. Similarmente, Madison y cols. (7) sostienen -­

que Cisticercus cellulosae; ·cisticercus·tenuicolis y·cisticercus bov.is, - .. 

presentan al menos_dos antígenos en comiín, mientras que.no presentan ningu 

no en común con el flúido de·Echinococcus·granulosus. De igual modo Flisser 

·Y ·cols. JB) encontraron u;na correlación entre la cercanía fil_ogenética y ,.. 

el número de an~ígenos que cruzaban entre las distintas especies de.Cesto­

dos, Tremátodos y Nematodos. 

A pe$ar -de la.s reacciones cruzadas;. Capron y co1.s •· ("9) , .iden­

tificaron por inmunoélectroforesis una proteína antigénica que parecía ser 

específica de . E. gram,1losus a ia que dénominaro_n -como antígeno. 5 . o Arco 5. 

El Arco ·s.es .el principal componente antigenico del flúido hidatídico de -

E. granulosus y tiene una. gran capaci9ad. in,munoreactiva frente a sueros de 

pacientes con hidatidosis confirmada (JO) •. Recientemen.te, se ha demostra-
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do que el Arco 5 está presente también en Taenia solium, Taenia hidatigena, 

Taenia ovis y Echinococcus .multilocularis (11-15). 

El Arco 5 que es sin duda el antígeno de Céstodos mas estudia· 

do, fue inicialmente purificado por Bout y cols. (16), y sus propiedades -

fisicoquímic:as han sido descritas detalladamente (17,18). El Arco 5 es una 

proteína con ~ctividad enzimática· de alfa y beta carboxilesterasa,' de peso 

molecular cercano a 400 000, constituída·por subunidades de 67 000 que mi 

gran como una sola banda e~ geles de poliacrilamida con dodecil sulfato de 

sodio (SDS). El uso de .agentes reductores como el 2-:mercaptoetanol penni­

te disociar a las subunidades de 67 OQO.d, en dos proteínas de 47 000 

y :20 000 (18). El Arco 5 que es relativamente estable a·s6°C y en un -

rango de pij de 4 a .7,'ha sido localizado en las células tegumentales del -

ptotoesc6lex, i'a membrana genninal y la pared externa de la cápsula (19). 

Rickard y cols y Davies ·Y cols. han sugerido que el Arco 5 acumulado en e¡ 

flúido hidatídico es el producto de secreción de las anteriores estructu ... -

ras (20,21). 

Desde hace tie¡npo, la terminología utilizada por algunos auto 

res para describir- a este aLtígeno y a otros componentes importantes, ha -

dado ·lugar a una cierta confusión·. · Por ejemplo, Chordi y Kagan asignaron 

el número 4 al arco de precipitación en inmunoelectrofores.is -inas prominen.­

te del flúido hidatídico (22). Pozzuoli y cols. utilizaron la misma desig 

nación (23). Oriol y cols •. (24) desc:dbieron la purificación de dos lipo":" 

proteínas an~igénicas del fluido hidatídico del borrego,. denominadas .antí­

genos A y B, siendo .la· lipoproteína A el antígeno mas predominante en inm~ 

noelectroforesis. Los re~niltados descritos por estos autores, indican que 
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posiblemente .estos antígenos corresponden al Arco 5 descrito inicialmente· 

por Caprón y cols. (9). 

La, confusión aumenta con la designación dada por Pozzouli y -

cols. a un contaminante del antígeno 4 al que llaman antígeno 5 (23), que 

parece ser idéntico al antígeno B de Oriol y cols._ (24). Ambo_s antígenos 

fueron identificados en sueros de pacientes con hidatidosis y producen una 

marcada reacción anafiláctica (23,25). Las características fisicoquímicas 

de estos antígenos han sido estudiadas detalladamente por Oriol.y Oriol...; 

(26) y Piántelli y cols. (27). El antígeno B de-Echinócoccus granulosus 

es una proteína termoestahle a lOOºC con un peso molecular de 120 000 d~­

t~rminado por sedimentación al equilibrio. Presenta tres bandas con pe-­

sos mo.leculares que varían en un r~ngo de 10 500 .a 20 000 en geles de po­

liacrilamida con _SDS, sin importar la presencia o ausencia de agentes re­

ductores. Piantel1i y cols. han sugerido que estas subunidades se asociart 

por uniones no covalentes para producir _agregados de formas irregulares -

(·18) • 

El ~ntígeno B ha sido localizado en !• granulosus y E. mül ti-. 

·1ocular_is (20,27) y presenta una distribución mas difusa que el arco s. -

se localiza en la membrana germinal ·laminada, así como en la cápsula exter 

·na. En el protoescólex se encuentra en el tegumen-t;o de la región anterior 

a las ventosas. Utilizando métodos inmunocitoquímicos, las c€luias subte~ 

gumentales se· marcan de manera granular; lo que sugi~re que.junto con·e1 ... 

parénquima de la capsula externa.,. representa~ los sitios_ de mayor síntesis 

(27). 
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En relación a. la purificación de antígenos· de otras especies 

de la familia de los Taenidos, Campbe¡l(29) ha reportado la obtención de -

fracciones proteicas, de nucleoproteínas y polisacáridos de Taenia taenia­

efonnis que confieren inmunidad a ratas al ser inyectadas subcutaneamente. 

También Kwa y Le'_'l (~-9), reportaron la purificación de un antígeno de la -­

forma larvaria de ·T. taeniaeformis que tiene un pe~o molecular de 140 OóO· 

con propie!ia..des .anafilactié"as y capacidad inmunogénica en ratas.-·cop. re-s,­

pecto al metacéstodo de Taenia pisifo:tmis,. Rickardy Katiyar (30) reporta­

ron la purificación parcial de dos proteínas que las fo:rmas larvarias se-­

cretan al medio de cultivo, que producen marcada reacción anafiláctiéa en 

conejos. Sin embargo no se ha ~agrado.su caracterización. Leid y Williams 

(31¡ han logrado la purificación de· un alergene obtenido de Cisticercus -­

faciolaris, que muestra una carga neta.negativa y un peso molecular aproxi 

mado de 50 000. Esta proteína no es secretada y se encuentra en mayor can 

tidad en la forma larvaria que en la adulta. 

En cuanto a la p_urificación de an~ígenos de 'l'. saginata, la -

informacié5n disponible e.s: muy pobre. Sin embargo se sabe que en el gusano 

adultq hay al menos· siete componentes antigénico$ que presentan poca reac~ 

ción cruzada con otros helmintos f3.2) •. Tres de estos antígenos tienen al-

gún valor en el d~agn5sticci de. ia cisticercosis bovina .• Recientemente se 
) 

ha publicado la purif.icaciS:n parcial-de ~os fracciones antigénicas a partir 

de extractos crudos de. pz:og,lotidos :de .T~ .. <:saginata (33,3:4). 

Finalm~nte; la informac:i:.ón acerca de las característ.icas de ... 

antígenos de la T~ ·solium adulta·.así c0mo de su forma larvaria, era practi 

camente nula y solo se aisponía como antecedente del trabajo de Flisser_ y 

cols. (35) en el que se reportaba que el antJ!geno denominado como "B'' era 
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el mas frecuentemente reconocido por sueros de pacientes cisticercosos. 

Las razones que justifican el intento de purificación del antígeno B, se.­

encuentran expuestas en la Introducción del sobretiro anexo. 
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l. INTRODUCTION 

The higlt incidence of cysticercosis among Mexicans due fo the metacestode 
of Taenia solium is indicated by the· fact that cerebral cysticercosis is found in 
approximately 2 oio of the autopsies performed on hospitalized pátients [ 1] artd 
in 1.0-3.8 <>/o of the population suryeyed in seroepiderniological studies [i-4]. 
Although immunodiagnosis ·of human, cysticercosis is currcntly carried out·by 
complemerit fixation (5] or imniunoelectrophoresis [6], 'th~se methods, ~s well 
as others that have been einployed or tested [7], show a lack of sensitivity and/ 
or specificity. lt has been argued that the :use of crude extracts ·in immunodiag­
Iiosis is the principal cause of these deficiencies [8]~ · 

•Present address: Departamento de l11m11nología,. i1istiti1to de /11vestiga,i:iones Biomédi-
cas, Universidad Nacional A11tónolna de México, Mexico ·City, Mexico. . 
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The humoral immune response of iridividuals with brain cysticercosis is very 
heterogeneous: When tested against a crude extract of cysticerci in immunoelec­
trophoresis carried out at pH 8 .6, the sera of such patients display different 
numbers and types of antigens. A total of eight precipitation bands have been 
detected, with the isoelectric band (antigen B) being by far the most frequently 
tecognized [6]. Protection by lgG antibodies has been demonstrated in several 
experimental models of cysticercosis [9-11]. As this is the most frequent class 
of human anti-B antibodies [6], the availability of purified antigen B would per­
mit an evaluation of its unmunizing properties, as well as of its use in the im­
provement of methods currently employed for the immunodiagnosis of this par­
asitosis. This communication presents the purification and the biochemical and 
immunological characterizatfon ofantigen B from cysticerci ofT. solium. 

11. MATERIALS AND METHODS 

Source of metacestodes. Cysticerci were dissected from the skeletal muscles 
of highly infected pigs within 6 h after slaughter. The vesicular fluid was re­
moved by puncture and the larvae were stored at - 70 ºC until use. 

Ántigen preparation. A crude extract was obtained as previously described 
[6]. Briefly, the larvae were homogenized in 3 M KCI, centrifuged at 1000 g far 
30 min at 4 ºC, and the supernatant was dialyzed against 0.15 M NaCI in 0.015 M 
phosphate buffer, pH 7 .4 (PBS). 

A purified protein fraction was obtained by a substantial modification (sum­
marized in Fig. 1) of a previously published procedure [12]. The cysticerciwere 
hornogenized in 0.45 M NaCl (5 rnl/g of humid larvae) containing 2.5 mM EDTA, 
0.04 o/o (w/v) p-hydroxyrnercuribenzoate (PHMB; Sigma), and 0.006 o/o (w/v) 
phenylrnethylsulfonylfluoride (PMSF; Sigma)in a Polytron homogenizer (Brink­
mann Jnstrurnents) at rnaximal speed far 1-2 nún at 4 ºC. The hornogenate was 
a whitish emulsion w hich was cleared by centrifugation · at 27,000 g far 60 nún 
at 4 ºC. The precipitate was discarded and the supematant (SI) was immediate­
ly dialyzed against 0.5 M acetic acid, pH 2.5, at 4 ºC using standard cellulose di­
alysis tubing (molecular weight cut-off: 12,000-14,000). The turbid emulsion. 
obtained from dialysis was centrifuged at 27,000 g far 60 nún at 4 ºC, and the 
clear supernatant (S2) was diluted to a protein concentration of0.5 mg/ml using 
0.5 M acetic acid. 

A salting-out precipitation was carried out on S2 by slowly adding a concen­
trated solution of NáCl while stirring, until a final concentratíon of 0.83 M NaCI 
was reached. This mixture was stirred far 2 h at 4 ºC and centrifuged at 27,000 g • 
far 60 min at 4 ºC. The supematant was discarded and the pellet {P3) was solu­
bilized by dialysis against 0:5 M acetic acid. The unsolubilized material was 
eliminated by centrifugation as above, and the clear supernatant (S4).wás chro­
matographed on Sephadex G-200 {40 x 2.6-cm colurnn) and elüted with 0.5 M 
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Homogenization in 0.45 M NaCI, 2.5 mM EDT A, 0.04 O/o (w/v) PHMB. 
and 0.006 oj0 (w/v) PMSF for 1-2 min 
Centrifugation at 27,000 g for 60 min 

+ 
SUPERNATANT (Sl) 

+ 
Dialysis against 0.5 M acetic acid, pH 2.5 

Centrifugation at 27,000 g for 60 min • SUPERNATANT (S2) • • 

Precipitation with 0.83 M Nad 
Centrifugation at 27,000 g for 60 min 

• PRECIPITATE (P3) • Solubilization of.P3 by dialysis against 0.5 M acetic acid 
Centrifugation at 27,000 g for 60 min 

• • 
SUPERNATANT (S4) 

• Chromatography on Sephadiµc G-200 column, elution with 0.5 M aceticacid 
• •• 

MAJOR PEAK (SP) • Dialysis in 0.015 M phosphate buffer; pH 7 .4 (PB) 
Centrifugation at 27,000 g for 60 min 

Chromatography on DEAE-cellulose column, elution withPB 
containing a continuous (0-1.0 M) NaCI gradient. 

+ 
MAJOR PEAK (DP) 

FIG. 1. Summary of the purification protoco/ for the isolation of antig¡;n B from cyiticerci 
of Taenia solium. Ali procedurei were ca"ied out at 4.ºC For a detailed expla11ation, see 
Section/1. · · 

acetic acid (flow rate: 5 ml/cm2 /h). Fractions of 2.5 mi were collected and their 
absorbance at 230 nm was determined using a PM°QII Zeiss spectrophotometer. 
Absorbance at 230 nm instead of at. 280 nm was sélected in order to enhance the 
sensitivity of the detection. In a typical chromatographic run, 1 O mi !,>Í S4 with 
a protein co:ncentration of0.5 mg/ml were applied to the column. The proteins 
recovered in the rilajor peak (Fig. 2) accounted for 45-50ofo of the applied 
sample, and the .proteins recovered in the other peaks accounted for 15-25 o/o; 
Therefore, the quanfüative recovery from this column was approxiinately 70 o/o. 

The fractions corresponding to the major peak were pooled and concentrated 
4-S times ~sing inunersible CX- 10 ultrafiltration units (Millipore Co~p;). This 
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FIG. 2. Profile of S4 eluted from a Seplladex G-200 column wit/1 0.5 M acetic acid. The 
protein · present in · the majar peak (SP} was used in ali experimenta witll th!! exception of 
amino acid a11alysis and molecular weight determiization. 

fraction, designated as SP, was dialyzed against 0.015 M phosphate buffer, pH 
7.4. · After centrifugation at 27,000 g for 60 min at 4 ºC, this fraction was added 
to a DEAE-cellulose (Sigma) colu:mn (10-15 ml bed volume) and was eluted 
with 0.015 M phosphate buffer, pH 7.4. Usually,.S-15 ml of SP (0.5 mg pro­
tein/rnl) were applied fo the column with a flow rate of2S ml/h. After loading 
the coiumn, the uribound proteins were washed out from die resin_with 10-lS 
mi of phosphate buffer. The bound proteins were eluted from the column with 
phosphate buffer containing a continuotis (O~l.O M) NaCI gra,dient. Fractions 
of 2.5 mi were c;ollected and their absorbanée at230 nm was determined. Frac­
. tions included in the only peak obtained with the NaCI gradient .(Fig. 3) were 

-~ 
1 
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FJG. 3. Pro file of SP eluted from a DEAE-cellulose column. The bound protein was eluted 
with iI phosphate buffer containing a continuous (0-1~0 ~!) Naa gradient. The major peak 
(DP) was used for amino acid analysis and·molecular weight determination. 

pooled and concentrated ·2-3 times. The resulting material was called the DP 
fraction. The protein anci carbohydrate content of samples from each step of 
the purification procedure was determined using the Lowry method as modified 
by Hartree [13) and the phenol-sulfuric method [14), respectively. 

Polyacrylamide gel electrophoresis (PAGE). Sodium dodecyl sulfate (SDS} 
PAGE ~as carried out in 7.5 o/o (w/v) cylindrical polyacrylamide gels. (70 x 6. 
mm) with 1 o/o SDS according to Payne [ 15]. For the molecular weight deter­
minations, globular proteins wcre used as standárds. The protein bands were . 
stained with ·o.06 o/o (w/v) Coomassie blue in 10 o/o (v/v) acetic acid, and de­
staine.d in 10 o/o acetic acid; The relative amount of protei'l iri each ban.d was 
determined by densitomelry of the gels. 

/soelectric-focusing; Gel isoelectric-focusing was carriecl out in 5 o/o (w/v) 
cylindrical polyacrylamide gels (70 x 6. mm) containing 2 ofo (w/v) carrier Bio­
Lyte ampholytes (Bio-Rad) with a pH range of 3-10 [16]. The pH gradient was 
determined at the end of the run by cutting 5-mni discs along the gels; each disc 

-­' 
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was suspended in 1 ml of distilled water for 2 h and the pH was measured with a 
microelectrode .. The geis were stained as described above.. ' 

Amino acid-analysis. A sample ofthe major peak obtained from DEAE-cellu­
lose chromatography (Fig. 1, DP fraction) was hydrolyzed in duplicate in 6 M 
HCI at 105 ºC for 24 h. The amino acids were resolved in a Beckman Spinco 
model 120C analyzer. Tryptophan and cysteine were not detennined, and thre­
onine and serine values were not corrected. 

Hyperimmune sera. ~fter PAGE of the Sephadex G-200 peak (SP), the gel 
was frozen. The sections corresponding to the upper and to·wer bands (UB and 
LB, re.spectively); which ~ppeared a~ dense white discs, were carefully ·cut out, 
minced, diluted with 1 ml of PBS, and mixed with adjuvant. New Zealand white 
rabbits were immunized subcutaneously according to the followiiig schedule: an 
initial sensitizing dose in complete Freund's adjuvant was administered at day O, 
followed by three booster doses in incomplete Freund's ·adjuvant at days 15, 30, 
and 45. One rabbit was injected each time with 330 µg of the proteins present 
in SP, while two others received doses of approximately 120 µg protein from 
either the UB or LB. Ali anirnals were bled 7 days after each booster and the · 
sera (anti-SP; anti-UD, and anti-LB) were separated by centdfugation a:nd 
stored at -20°C until·use. 

Human sera. · Sera from patients with confirmeci brain cysticercosis were ob­
tained from various hospitals in Mexico City and kept at -20 ºC. until use. 

Double immunodiffusion and immunoelectrophoresis. Double immunódiffu­
sion (DID) was carriéd out in 1 o/o (w/v) agarose in O.OS M barbital buffer, pH 
8.6, according to·the method of Ouchterlony [17]. For immunoelectrophoresis 
(IEP) I17J, microscope ~lides were layered with 1 o/o agarose in barbital buffer 
and 25 µl of the crude extract (CE) or SP were applied to wells cut in the _gel. 
After electrophoresis at I .5-2.0 mA per slide for 90 min, the sera were added to 
the troughs and allowed to diffuse in a humid ·chamberfor-48 h. The slides were 
then washed thoroughly with 0.5 M NaCl and dried. Finally, OJ ofo (w/v) amido 
black in 100/0.acetic acid was employed for staining the gels, and lOo/0 acetic 
acid for destaining. The crude extract (CE) and púrified fraction (SP) were used 
at protein concen_trátions of 15 and 4 mg/ml, respectively. 

Electrón microscopy. One drop (50 µl) of SP (0.22 mg protein/ml) was ap­
plied to a double laye.red (Formvar-c:arbon) grid~ followt;d by a se~ond drop of 
60 µM ATP in 0.25 M acetic iicid (-final concentration,JO µM ATP) and ieft for 
1 S-30 min at room temperature. After exhaustively washing the grid, I o/o 
urá.nyl aceta te was added to the ·sample and left for 2-'-3 min. The .grid was again 
washed with distilled water, dried, and examined in a JEOL 1008 .electron mi­
.croscope. Control samples were treated simill!,rly except thát no ATP was added. 
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111. RESULTS 

Figure 4 illustrates the band pattems obtained in SDS-PAGE of fractions 
from each step of the purification procedure. The material extracted in the first 
supematant {Sl) obtained after homogeruzation of the cysticerci was very het­
erogeneous, as evidenced by the number of protein bands found in SDS-PAGE. 
Dialysis against 05 M acetic acid eliminated severa} of the medium molecular 
weight proteins from the S2 fraction. The low molecular weight proteins were 
selectively excl4ded from the S4 supefl}atant ubtained by the salting-out of S2 
and dialysis of P3, producing a sizeable enrichment in two high molecular. weight 
proteins and a less marked enrichment. in two proteins of medium molecular 
weight. One major peak {SP) obtained following Sephadex G-200 chromatogra­
phy, which eluted in the void volume of the colui:nn, included the two proteins 
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FIG. 4. SDS-PAGE ofthe fractionsobtained during purijicationofT. solium cysticerci (see 
Figure 1). The amjws indicate tlle position of tlie upper ( J 05 kd) and lower (95 kd) bands 
(UB and LB, respective/y). By densitometry oft/ie gels, tf1e combined UB atJd LB proteins 
from tJ1e SP.and DP fractions we~ determined to r.epresent. 85 ºlo and 95 ºlo o f tlie total 
protein, respective/y.. · · 
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TABLE l. Protei11 Recovered Duri11g Purijication of Antigen B 

Fraction 

SJ 
S2 
S4 
SP 
DP 

mg Protein/ 1 O g Dry Tissue Weightª 

1100 
630 
30 
21 

7.2 

a The dry weight of tismes from cysticerci was determined by desiccation of the larvae 
to a constanr weight. Ten grams of dry tissue were obtained from approximately 37 g of 
fresh larvae. 

of high molecular weight as shown in the SDS-PAGE of this fraction. These two 
protein bands comprised 85 o/o of the proteins in the SP fraction, as determined 
by densitometry of the ·gel. The amount of protein recovered in each step of the 
purification procedure is shown in Table l. 

Both the CE and SP, when reacted in DID against anti-SP serum, gave one 
precipitation are (Fig. 5), indicating that no antibodies against other antigens 
were formed when thé rabbit was immunized using.the SP fractiqn. In IEP, both 
antigens gave one isoelectric band when reacted against either anti-SP (Fig. 6a) 
or anti~CE {Fig. 6 ~) serum. This result indicated that none of the aritigens rec-

FIG. 5. Double immunodiffusion pattems of SP (1) and the crude extract (CE, 2) in their 
reaction against anti-SP (3), ami-upper band(UB, 4) and anti-lower band (LB, 5) sera. The 
anti-SP serum recognized on/y one protein ·¡n both antigens, indicati11g its monospecijicity. 
The precipitation are formed /}etween SP and lioth the allti-UB and anti-LB sera ·showed 
complete identity, 

I 
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FJG. 6: Immu11oelectroplioretic patterns of SP (upper wells) a11d the" crude ·extraét (CE, 
lower wells) against p11ti-SP serum (a) a11d ant~-CE si:rum (b). Both the.anti-SPimd anti-CE 
sera recognized one-isoelectric ti11tige11 in _SP. · · 

ognized by . the anti~CE serum, except antigen. B,. was· present "in sufficient 
amounts in the SP fraction to be detected. Antigen B (and other precipitation 
bands) was also present in SI, S2, and-S4, .but it could.not .be détected ·in the 
precipitates obtained from S 1 and S2 ( data not shown). · 

Since the isoelectric pattem of SP suggested that this fraction contained anti­
gen B, sera from seven cysticercotic patients which had precipitating anticysti· 
cercus antibodies [6] were assayed by IEP against both CE and SP. All sera 
fonned only one isoelectric pr.ecipítation band with each a,ntigen as exemplified 
in Figure 7. · 

=:é:::::::= o . . . . 

···--· ·. ~ 

FJG. 7. /mmúnoelectrophoresis of ihe crude exti'act (upp.er well)" amI SP (lower well) 
against the serum -of a patielll with neurocysticeréosis. The precipitation are i:haractcristic 
of antigen B can be ·see11 i11 bot/1 systems. 
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These results demonstrated -that. SP contained -antigen B in a· sernipurified_ 
form. However, as shown·before, the SP fraction was composed priil.cipally of 
two proteins. (85 ~/o), desigilated as the upper (U B) and fower (LB) bands in 
SDS-PAGE (Fig. 4). In order to determine w~ch band corresponded to antige1L 
B, rabbits were immuniz~d with eitMr UB or LB. The resulting hyperimniune 
anti-UB·and anti-LB .sera were reacted in DID with SP. As shown·in Figure 5, 
both antisera formed a precipitation band against SP which showed identity, in­
dicating that the two principal. proteins were antigenically idéntica!. Therefore, 
B is an antigen .compose_d ·of twó prote~s or subunits. · 

To eliminate contaminants· still present in SP, ion exchange· chromatography 
through .DEAE-~ellu~ose was 'carried. out. .As illustr~ted in Figure .3, a major 
peak (DP) was eluted fro·m this cólumn .. SDS-PA<:.E-of DP (Fig. 4) revealed 
molecular weights of 105,000and 95,000 for the upper andlowerbands, respec­
tively. Additionally, densitometry of the gel indicated ·that t_he combined bands 
(UB plus LB) represented over 95 o/0 of the protein content in DP. When DP 
was reacted. in DIO against anti~SP, anti-UB, or anti-LB, ihe isoelectric band 
characteristic of .antigen B was obtained (data !1,0t shown). The prelirninary' 

TABLE]/. :tlmino Acid Composition of Á11tige11 B 
Obtained from Cystic.erciofTaenia soliwnª 

Amino Acid Residue 

Álanine 
Valine 
Leucine 
lsoleucine 
Proline 
Hydroxyproli,ie 
P/1eny/alanine 
Methionine 
Glycine 
Serine 
Threonine 
Tyrosine 
Aspartic acid 
Glutamic acid 
Lysine 
Arginine 
Histidine 

Total 

a Tryptoplian aild cys~~ine were noi determined. 

Mole Percent 

11.85 
3.50 

12.74 
2.70 
o 
o 
0.71 
2.25 
2.69 
·5.20 
5.15 
0.65 

1258 
22.00 

7.20. 
9.65 
0.72 

99.59 

-. 
' 
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amino acid · analysis of DP ·showed a very high content of charged amino acid 
residues (Table 11); approximately 31 o/o were ~cidk and 21.o/o werebasic, and 
there was a low content of aromatic .and sulfür residues. 

Other biochemical features of antigen B were detemúned using the 85 o/o­
pure SP fraction, The isoelectric point of the upper and lower bands, obtaineci 
upon isoelectric-focusing in gel. containing ampholyte carriers, was between 5.0 
and 5.3. The carbohydrate co.ntent ~as fourid to be approximately· 12 o/o. As 
previously show:n [ 12], a . semi-.crude fraction of T. soliiJ.m cysticerci pre.c;ipitates 
in. the form of. fiberlike structures. when incubated in the presence,o.f ATP .. In 
order to determine whether antigen B was responsible for this precipitation, SP 
was incubated in the'. presence of ATP. As shown in Figure 8, the fJ.berlike pre­
cipitation was obtained with as little as 30 µM ATP; because no ATPase activity 
could be ·determined in SP, following,the method of Sunmer [18], this process 
did not appear to be dependent on ATP hydrolysis~ 

FI<f. 8. Electron micrographs of negati11ely stained SP samples :;n· tite absence .(insct) or 
prese,rce of 30 p.,'l,I A TP. Tlzis pret!ipita.tion fn the form of fibers is izot dependent 011 ATP 
hydrolysis sinre no A:TPase actillity could be dctected. · · 
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IV. DISCÜSSION 

Antigen B from T. solium metacestodes, the antigen in the crude extract most 
frequently recognized by ~ra from patients with cysticercósis, was isolated to 
95 o/0 purity. The conclusion that antigen B is the main component in the SP 
and DP fractions, obtained from the last two steps of .purification, was based on 
their immunodectrophoretic precipitation pattems with sera from cysticercotic 
patients. Antígen B in the s;r fraction showed identity with only one compó~ 
nent of the crude extract, indicating that its antigenic foatures were retained 
through.out th~ purifi~tion proceduré. 

As mentioned above, 85 oio of the protein content in SP was constituted by 
two proteins; UB and LB, having molecular weights of 105,000 a.nd 95,000, re­
spectively. Complete identity wa~ obtai_ned when rabbit hyperimmune sera 
raised against each protein (anti-UB and anti-LB) were reacted in DID with SP, 
indicating tl1at the purified antigen B was formed by two proteins or subunits.· 
At least two possibilities arise: nan1ely 1.either the larvae syrtthesize two antigen­
ically identical proteins differing -in molecula_r weight by 10,000, or the 95,000~. 
dalton protein is a product of hydrolysis of the 105,000-prot~in, formed eitl~er 
as a normal post-transcriptional product of thq>arasite, oras an artifact during 
the purification procedure. However, since_ the homogenization of the cystícerci 
was carried out rap1dly (l.;...2 min) and in the presence·ofhighly effective inlúbi­
tors of proteolytic activity, it is-'mm:e probable· that these,.pro,teinnvere,extract­
ed fromtwo preexistíng pools in the parasite. Experiments are ín progress to ex­
amine these alte·matives. 

Since the two proteins of"antigen B showed antigenic identity an_d since we 
have not obtained them in a separate soluble forin, amino: acid analysis was car.­
ried out on the DP fraction. Consequently, the figures obtained repres~nt the 
average content of residues in the two proteins_. This analysis indicated that anti~ 
gen B is· composed of -proteins that are uncommon with respect to their amino 
acid composition [19]. The mole fractions forAsp, Glu_, Lys, -and Arg-represerit­
ed apptoximately 52 o/o of the tota"l, implying that. about half of the r~sidues 
may be charged. This high charge density could explain the following odd be­
havior of antigen ·B: antigen B, composed of proteins of 95,000 and 105,000. 
daltons, was excluded from a Sephadex G~200 column (Fig .. 2); antigen B did 
not migrate in immunoelectrophoresis at .pH 8.6 (Figs. 6 and. 7), .á.lthough its iso­
electric point was between s.q and 5.3 as determined by isoelecÚic-focusing; 
and in the ptesence of as Jittle as 30 µM ATP~ SP precipitated as fiberlike struc-
tures having no ATPase áctivity_(Fig. 8); ·· · 

These properties may result from the abundance of chátged i:-esidues in the 
proiein that could lead ·to a great·variety 9f i~mic interactions with other charged 
molecules, as well as with itself. lf antigen B at pH 2.5 interacts With it~elf, it 
could form aggregates that would be cx:cludcd from Sephadci.G~200. lt is pos-· 
sible that at pH 8 .6, diff erent _types ofaggregates are formcd _that"by Jheir size oi' 
by ha~ing an·áverage neutral surfacc chargc wo1,1id ~e ísoelectric in immu~oelec-

'· 

-. 
1 
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trophoresis [20]. \Vith .respect to the ATP-induced precipitation, since it was 
not dependent on hydrolysis ohhe nucleotide, it is lik~ly that .ATP was simply 
acting as a polyanion to produce this precipitation. 

Purification of antígen B is o.f interest because of its possible use in immuno­
diagnosis and vaccination. As cysticercosis is a comrnori disease in severa! coun­
tries [21-25) and pro4uces very heterogeneous dinical manifestations, the de­
velopment of a specific and .sensitive method.for the identification- of this disease 
is desirable. Throughout tlús century immunólogical methods have been use_d in 
many countries for·the diagnosis of cysticercosis [5, 6, 26, 27]. However, ali 
methods that have been tested lack sensitivity and/ot specificity [28]. Severa) 
reasons. for false negátive results have been postulated, among ·others, .the inher- · 
ent lack of sensitivity of the tnethod used [7]; the existence of imrnunologically 
nonresponsive. patients [6)-; and the use of nonrepresentative antigen prepara~ 
tions [29]. The use of a crude extract as a sourcé of antigen may expWn the 
lack of sensitivity an.d/or specificity of the immunodiagnostic_ methods [8]; also., 
this could be the reason for inadequate concentrations of prominent antigensin 
the immunological test. The purification of parasite antigens aild ·their use in 
serological methods could impro:ve the immunodia.gnosis of cysticercosis. Since 
antigeri B is the one most frequently · recognized by sera of patients, it is a good 
choice for use in"the develop1!}ent of improved immunologicál teclmiques for the 
diagnosis of cysticercosis [see chapter by B. Espinoz.a et al. fo tlús vofüme). · 

Vaccination in experin1ental cysticeicosis has deinonstrated tliat protection 
.can be obtained against the disease' although with variable results and efficien­
cies [7]. : lgG has been recognized as a protective class of antibodies .in cysticer• 
cosis [9-=11]. Semipurified arttigens from other cyclophyllidean cestodes have 
been .reported to produce very .ltigh levels of pi'otection. Of these, the fractions 
isolated froril the larva.e of T. taeniaeiormis (30] and from Echinococcus.granit­
losus [31, 32] are particularly interesting because ·of the similarity of their mol-. . 

ecular weight with that of antigen B. · 
Now that antfgen B - the antigen rnost frequently recognized _by the sera of 

cysticercotic patients··and _which. induces JgG [6] ~·has been successfully puri­
fied, it is a likely prospect for pig and human vaccination, although· the immu­
nizing and toxic p~perties ofthis antigen·have yet to be:: properly-studied. 

ACKNOWL$DGMJ:."NT 

The authors thank Dr. Marcos. Rojkind for carrying out the amino acid analysis. 

REFERENCES 

l. Fljsser, _¡\. Thc immunology of. human cysticciéosis. In "Mólcéules, Ci:lls, arid Para­
sites in lmmunology" (C. Larraldc,. K. Willins, L Ortiz-Or~ii and M. Scla; e!ls.), pp. 
12S-143. Academic Prcss, New York, 198Q. . 



- 20 -

450 Guadalupe Guerra et al. 

2. Flisser, A., Bulnc~, I.,.Díaz, M.L.,.Luna, R., Woodhouse, E., Beltrán, F., Martínez, l. 
and Larralde, C. Estudio serocpidemiológico de la cisticCicosis humana en poblaciones 
predominantemente indígenas y rurales del estado de Chiapas.. Arch. lnvest. Med. 
(Mex.) 7: 107, 1976. . 

3. Woodhouse, E, Seroepidcmiología de la cisticercosis-humana en la República Mexica­
na. Thesis; Facultad de Ciencias, Universidad Nacional Autónoma de México, Mexico 
City, 1979. 

4. Goldsmith, R.S., Kagan, I.G., Rcyes-Gonzálcz, M.A. and.Cedeño Ferreira, J. Estudios. 
seroepidemiológicos realizados ·en Oa."<aca·, México. l. Enct1esta de anticuerpos parasi­
tarios mediante la prueba de hemaglutinación indirecta: BóL Of; Sanit. Pana11L 71: 
500, 1971. . . . 

5. Nieto, D. Cysticercosis of the nervous system. Diagnosis by means ofthe spinal fi.uid 
complement fixatio.n test. Neurology (Minnetlp.) 6: 725, 1956. 

6. Flisser, A., Woodhouse, E. and Larralde, C. Human cysti,;:ercosis: antigens, antibodies . 
and non-responders. Clin. E:Xp. lmmu_~oL 39: 27, 1980. 

7. Flisser, A,, Pérez-Montfort, R. and Larralde, C. The immunology of human and ani­
mal cysticercosis: a review. Bull. W.H.O. 57: 839, 1979. 

8. Anonymous, Parasite antigens. ·.Bull. W.H.0. 52: 237, 1975. 
9. Lloyd, S. and Soulsby, E.J.L. The passive transfer of immu~y to the metacestode of 

Taenia taeniaeformis. in .. Parasitic Zoonoses. Clinical and Experimental Studies" 
(E.J.L. Soulsby, ·ed.), pp. 231..,.240. Academic Prcss, New York, 1974. 

10. Musoke, A.J. and Williams, J.F. Toe imniunological response.ofthe rat to infection 
with Taenia taeniaeformis. V. Sequence ofappearance-ofprotective·immunoglobulins 
and the mechanism of action.of.7-S'Y2a antibodies. Immun,ology 29: 8~5. 1975. 

11. Musoke, AJ. and Williams, J.F. lmmunoglobuUns asso~iatcd:with pássive-tra~sfer of 
· resistance to Taenia ·taeniaeformis in the. mouse. lmmuno_logy 28: 97, 1975. · 

12. ·Guerra, G., Cañedo, L. and ~ojkind, M. Proteins of Cysdcercus cellulosae. In "Bio­
chemistry of Parasites and Host-Parasite Relationships":(H; Van dcn·Bossche, ed.), 
pp. io9..:11s. Elsevier-North HolÍand Biómédical Press, Amst~, 1976. . 

13. Hartree, E.F. Dctermirui.tion of proti:in: a modüication of the Lowry niethod that 
gives a linear photometric tesporise. Anal. Bioc/1en1. 48: 422., 1972. . 

14. Dubois, M., Gilles, K.A.; Hamilton, J.K.,. R.ebcrs, P.A. and Snúth, F. Colorimetric 
method for determination .of sugars and related substances. Anal. Clzem. 28: 350, 
1956.. . 

15. Payne, J.W. Elcctrophorcsis of proteins on !IOdium dodecyl sulphi!te polyacrylamide 
gels. In "Chromatographic;: and Electrophoretic .Techniques .. Vol II: Zone Elcctro­
phoresis" (l. Smith, ed.), pp. 321-34~. Year Book Medica_l Publications, Chicago, 
)976. . . . . 

16. Leaback, D.H. and Rutter, A.C. Polyacrylamide~isoclectric-focusing: a rtew technique 
for the electrophoresis of pro~ei.ns . .Biochem . .Biophys. Res. Commu,r. 32: 447, 19,68, 

17. Ouchtcrlony, O. "Handbook of Immunodiffusion and Immunoelectrophoresis." Ann 
Arbor Scicnce Pubs.,. Ann Arbor, 1968. . 

18. Sumner, .l.B. A method for the colorimetric determination of.phosphorus. Science 
100: 413, 1944. . . . . 

19. Sober, H. "Handbook of Blochcmistry, Selectéd Data for Molecular·Biology, Section 
C," 2nd ed. Chcmi~l Rubbcr Co., O.cveland, 1970. 

20. Cann, J.R. Elcctrophorcsis. 1,1 ºPhysical Principies and Tech~qucs of Protein Chem­
istry" (S.J. Leach, cd.), Part A, pp. 396-450. Academic Press, New York, 1969. 

21. Stepicñ, L. Cerebral cysticcrcosis.in ·Poland. Clinical symptoms and operative rcsults in 
132 cases. J. Neurosurg. 19: SOS, 1962. · · 

22 •. Proctor, E.M., Powcll, S.J. and Elsdon-Dcw, R. The serologlcaJ diagn0$is of cysticerco-
sis. Ann. Trop. !tled. ParasitoL 60: 146, 19~6. · 

-. 
1 



~ 21 -

.Purification of Antigcn B 4Sl 

23. Zenteno, G. Frecuencia de la· cisticercosis en M~ico. Prensa Med. Mex. 31: 156, 
1%6. 

24. Schenone, H., Ram úez, R. and Rojas, A. Aspectos epidemiológicos d'e la neurocisticer-
cosis en América Latina. Bol Chil Parasitol. 28: 61, 1973. · 

25. Ahuja, G.K., Roy, "s., Kamla, G. and Virmani, V .. Cerebral cysticercosis. J. Néurol. 
Sci 35: 365, 1978. , 

26. Mose.s, A: Dos métodos biológicos de diagnóstico nas .cisticercozes. Mem. /nst. Oswal­
do Cruz 3: 322; 19\1. 

27. Trawiñski, A. and Rothfeld, J, Über Anwendung dei Prazipitationsreaktion .zum Nach­
weis .der Gehirnzystizerkose beim Menschen. Zentralbl •.. BakterioL(Abt. 1) 134: 472, 
193S. · 

28: Kagan, I.G. Other trematodes and c.estodes. /11 .. hriinunological Investigation of Trop­
ical Parasitic Diseases" (V. Houba, ed.), p. 153. Churchill Uvingstone, EdinbuQ!h, 
1980. 

29. Yakoleff-Greenho:Use, V., Flisser, A.; Siena, A. and Larrald'e, C. Analysis ofantig~nic 
variation in cysticerci of Taemiz solium. J. Parasitol 68: 39, 1982. · · 

30·. Kwa, B.H. and liew; F.Y. lmmunity in taeniasis~cysticercosis. l. Vai:cination against 
Taenia taeniaéformis in rats using·purified antigen. J. Exp. Med. 146.: 118, 1977. 

31. Pozzuoli, R., Musiani, P., Anu, E. and Piantellt M. Evaluation of immunoreactivity of 
pure antigens of Echi11ococcus granulosus from sheep hydatid fluid. ·Rivista.diParassi-
tologia 3S: 43, 1974. . · , 

32. Oriol, C. and Oriol, l~ .•. Physi.cochemical prO,!>!lrties of a lipoprotein antigen of Eclzino­
coccus gra11ulf?SUS. Am. J. Trop. Med. Hyg. 24: 96, 1975. 



22 

COMENTARIOS FINALES 

En el presente trabajo se describe un procedimiento para la -

purificación del antígeno _B del cisticerco de la T. solium. Las caracte--

rísticas bioquímicas e inmunológicas -de este antígeno están descritas y 

discutidas en el sobretiro ··anexo. 

. --

La disponibilidad de antígen? B en fonna pura, ha_ pe:rmiti.~o -

el estudio de ~lgunos aspectos de la biología de la cisticercosis y ha 

abierto nuevas posibilidades de estudio en el inmunodiagnóstico e inmune-­

profilaxis de esta parasi tesis·. A continuación ·SOlo se mencionarán algunas 

de las nuevas líneas de investigación. que están siendo exploradas en parte, 

con base en los resultados de esta Tesis. 

La información ~xistenteen la literatura sobre las .caracte­

rísticas bioquímicas e inmunológicas de antígenos purificados de otros 

Céstodosi, indica que se ~ata de·un antígeno no descrito anteriormente. 

Sin emb~rgo, esto no s_igni'fica que el ant:ígeno B está ·ausente en otros pa.­

:rási tos. Al respecto, Olivo, D.A. (36) .ha buscado el antígeno B en Platel 

mintos, Nem~todos y Acantocéfalos por inmtinoelectroforesis, utilizando sue 

ros anti-ant:ígeno Ben cont;ra, de extractos crudos de los. organismos proba-
1 

_dos. Los resultados indicaron que el antígeno~ está presente en las far.-

mas adultas de 'l\ ·solium, T. saginata; ,!~ ·ta~n,iaeformis; en Cisticercus - .. 

·J;)ovis¡; C:i,sticercus·tenuicolis, Cistic~1:cus·pisifo:rmis; :cisticiercus crassi­

. ceps; . Dipylidium canin,um. y Fasciola hepatica, .Esto.s resul~á.dos s.ugieren ... - ' ' 

que el ant:fgenó l3 e.~. una J?rqte.fna,. muy cons_e:rvada en organismos· parásitos -
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del filmn de lós Platelmintos. 

Recientemente, Plancarte y cols. (37,38) han descrito que el 

antígeno B puro fluoresceinado cuando se aplica en cortes de diferentes -­

tejidos, se une específicamente al tejido conectivo. Adicionalmente, el -

antígeno B posee la capacidad de _aglutinar eritrocitos de varias especies, 

de orientar fibroblastos en ~ultivo in·vitro y de unirse a colág~ña con.~l 
1 

ta afinidad. Estas propiedades s«;>n consistentes con·una proteína del tipo 

dé las f ibronectinas (38) • ·.Asimismo, las propiedades de f ibronectina del 

antígeno B sugieren una participación activa de esta proteína en los ·meca­

nismos involucrados en la .:·relación huésped-parásito: los ·cisticercos vi­

vos en el huésped intermediario están rodeados por una respuesta inflamato 

.ria granulomatosa rica en tejido conectivo (39). Una actividad de fibro-­

nectina en las cercanías del parásito podría protegerlo de la ·respuesta -­

del huésped al inducir la formación de "\lllª pared de componentes del hués-­

ped que sean inofensivos para el parásito y que impidan el-contacto con --

moléculas y c~lulas del sistema inmú..--ie del huésped. Esta sugerencia del -

papel defensivo dél antígeno B con propiedades de fibronectina, represen-­

tan una hipótesis novedosa dentro de los mecanismos propuestos para .. la .~v~ 

sión de la respuesta inmune del huésped por parásitos. 

Loi;; siQUientes hallazgos sugieren que.el ·antÍgéno B unido al 

tejido conectivo de la cápsula inflamatoria podría distraer el ataqu,e por 

anticuerpos del huésped: 1) Las células .plasmáticas pres~ntes en la cáp­

sula ·inflamatoria a:lrededor del cisticerco sintetizan ariticuerpos-anti.;.an­

tígeno B ("40); 2) El antígeno B se encuentra en la cápsula inflamatoria 

(Laclette, J.P., comunicación personal) y 3) El factor c-3 del complemen-
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to se ··~ncuentra asociado al tejido, co:t:,.ect;ivo· de la cápsula inflamatoria -

(40,41). -Sin embargo, no sería necesario que el antígeno B se uniera al -

·tejido conectivo· del huésped para impedir el ataque por anticuerpos. Una 

liberación contínua de. este antígeno podrí1;1. terier el efecto t'le-. una "panta­

lla de humo" (smoke screen effect) que bloquearía a los anticuerpos a:n;tes 
• • a ,, 

de c_¡ue estos llegaran a la. superficie del parásito. (42) • Aunque la utili­

dad de el antígeno B puro en pruebas para el inmunodiagnóstico de la, cisti 

cercosis se ha visto .limitada por él hecho de ·que se encuentra.en otros -­

parásitos (36), una preparación semi pura del antígeno B ha sido.utilizada 

para -establecer un mé.todo de ELISA (Enzyme-linked-IminunosOrbent-Assay) que 

permite .la búsqueda de anticuerpos en sueros y líquido cefalorraqÚ:í.deo de 

pacientes cisticerc9sos_. :P.e este modo ha sido po.sible detectar . anticuerpos 

anti ant~geno Ben el 73% de los sueros y en e1·as% de los líquidos cefalo 

rraquídeos de pacientes (43). Estos ·resul:tados·indican que se prod~cen ah 

ticuerpos anti Ben la.mayor.parte de.los pacien~es, la cual apoya nueva-­

mente ·1a importancia de es:f:e antígeno en la relación huésped-cisticerco. -

Sin embargo, el uso de un extracto crudo·del parásito ~n lugar de antígeno 

Ben la prueba de ELISA, aumenta la sensibilidad de la misma: variOs auto 

res .(44,45)· han reportado l.i detección de anticuerpos en el. 79% de· los sue 

ros de pacientes cisticercosos.. Por lo tanto, aunque la' utilización de -­

·.a,:itfgeno B en el ensayo de ELISA mejoró la sensibil.idad que se ~onseguía ... 

por los métodos t:rradiciona,les' parece claro que el -u.so de me~clas de varios 

antígenos relevantes podrían inc:rementar a~ mas la sensibilidad, incluso 

;por arriba, de. la ·que se logra usano.o · un extracto crudo. 

COp ;respecto a la,s líneas de. -investigación que sobre antígeno 

B s.e llevan ·~ cabo en. el !Laboratorio, cabe mencionar los esfuerzos para 1~ 
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oalizaD a este an~geno en:~ tejido del parásito •. Resultados de experi-­

mentos de ;inmunofluorescencia muestran que é!ste antígeno se encuentra pri­

mordialmente en las células subtegumentales (Laclette, J~P., comunicación 

personal)~ l,\d;icionalmente, experimentes de incorporación de isótopos ra-­

diactivos· él, collWonentes de superficie de;L cisticerco i_ndican su exposicipn 

en la supe.:c:f;icie (;Laclette., J .P. , eomunicaci6n personal) • Puesto que el -

papel secre-tor de las células· sub~eg.umentales ha sido ampliame-nt!:! d~cumen:.. 

tado en Taen:i:d~s.-(46},.J?arece vá,lido pensar que el ~ntígeno Bes sintetiza 

do en éstas células ;para l'qego ser secretado a la interfase huésped-cisti­

cerco. Final.mente, ~e encuentran en.p~oceso de desarrollo.la producción·~ 

de anticuerpos monoclonales ant;i ... an~fgeno-B (Díaz Camacho, s., comunicación 

persom,,l}, El· U!iO de ~nticue:rpos monoclona,les en técnicas de. separación -

por af:i:n..idad se espera pos;i.bilite la _pur.i,fi,cacicSn de mayores cantidades de 

an~igeno B de las.que actualmente se obtienen.- La disponibilidad de anti,.. 

cue;rpos monoc!l..cma,le.s y cantidades cons;lde;rables de antJgeno B puro, permi;. 

tira e!L inici,o de ~lgunas H!neas ele inves'f::igación que a l~ fecha no han si 

do abordadas.· ·U.na .de ellas e:; el estudio .de_ la :reactividad_ de fragmentos 

p0!1Jpept,$d;k:os de !Las dog gubun;dadeg del an~~eJio B con ariticuerpos_ prOV!_ 

:riientes de .. v~:r;.~a,s clona~ ;p~ra: determina;r s~ ~;l~ten :z::egiones de· la molécu,.. 

la con alta actividad epitdpi,ca, así como para dilucidar si además de los 

· epi topos com1U1es con ant":fgeno l3 de otras, especi,es, ex;isten determinantes ·.-

an1:igenicos es;pecif ic~s del · c;t,st;kerco ,;le ;La.!,~ · sol.j:ÚJ:t\ •. 
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