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I N T R o D u e e I o N 

El fundamento de la bioquímica moderna, reside en el 

concento de la célula. Una cara.cteTística imnortante de todas 

las células, procarióticas y eucarióticas, es una membrana -

externa limítrofe. En las células eucari6ticas, esta membrana 

de la superficie de la célula, se llama membrana plasmática. 

En afios recientes, ésta se ha convertido más y más en el obj~ 

to de estudio intenso y conjeturas, desP.mpeñando, como clara 

mente lo h2ce, una narte critica en muchas de las actividades 

rrnce~arias nara mantener la¡ "ttida. nor ejemplo, la membraYJa -
\ 

plas'.'!lática., no solamente controla el "iriflujo" y "aflujo" -

(entrada y salida). de iones y nutriertes, sino que, además -

contiene una variedad de sistemas de r~conoci0:j_ento (receptQ 

res) para señales externas como : drogas, hormonas, antí,c:enos 

v ot!'HS céJulRs. Aur,que J.a membrana de diferP.ntes ti~oos de -

cé1ulas varía ref;riecto a 1a naturaleza y las cantidades rela 

tivas de estos receptores y moléculas que controlan la per­

meabilidad de la- membrana, la estructura de todas las membra 

nas plasmáticas animales de explica nor el modelo del mosaico 

fluido de Singer y Nicolson (1972). En este modelo, las pro­

teínas de la membrana no se encuentran fijas, sino libres -

-para moverse en el -olano de la bicana de línidos. 

Sin embHreo, u.na de lR.s preP.Untas clave en biología 

actv.aJ_, ,. 1 -, ·6 ª 1 · ·6 1 • es exp.1.J.c;:,,.r 2. TPP1.U.,?.c1 n ae __ e. E'.Y.nreei n 1sen1ca, r ue 

si.ITTJ..e a la interacción de.los receptores de la sunerficie ce 

lular c6n los tinos de mol~culas mP~cionados arriba. En la -

mRyoría de los casos, el evento crítico es la combjnaci6n de 

los efectores bioldgica~ente activnP y las mol~culas de recen 

• .. I • •• 



2. 

tcres esnecíficos en la membrana ce1ular. Bs nor eso de su­

ma importancia q_ue dichas moléculas receptoras sean aisladas 

e identificadas, siendo el propósito a largo plazo, explicar 

e~ tér:r:i:ros :nolerulares, la a1trr2.ci6n arJ_ fwnotipo c 0 J.ul2.!', 

oue sucede a las· interacciones recentor-liperfo. 

Aunoue los estudios eme se e~bozarán enseguida se li 

mi te.n a las células de las series linfoides, la metodoJ og:fa 

es de anlicaci6n general. (Parkhouse y Abney, 1g74~ ). 

I1a membrana de J os1 linfocitos contieYJe marcadores -

antigénicos bie'.!1 definirlok (p. el antígeno 8 , Raff, 19T!.), 

rece1;tores nara inrr!unofl.obulinP.. Asrefada (Basten et el, 1972), 

recentores para el componente C3 activRdo del complemento -

(Nus~enz~eig y Pincus, 1Q72), mol~culas codifiradas ~or el 

co:!'lnle jo mayor de hi stocomnati bilid2d, ~r oue controla las -

interacciones celulares en la res-puesta inmune (Munro y Bri.sht, 

1976), y receptores para antígenos extraños (Parkhouse v Abnev, 

1g16), 11ara lectinas (Greaves et al, 1973), para insulina -

(Hada.en et al., 1972), para hormorn:=:, del crecimiento (Lesniak 

et al., 1973) y nara histamina (Melmon et al., 1973). 

Así nues, los linfocitos no son solamente células que 

ef:tén relativamente bien caracteri7,adas, sino que también -

desemneñan una función definida: resnonden a los antígenos 

extr8.fío s. "Por e ~tP. e razon 8 s so:?'l 1ri12 elección atre.ctiv2. como 

mR.terial inicial nara trabaja,r en la caracterización bj_ooüí­

mica de las moléculas de la membrana plasmática. 

·*-Las referencias de mi ,ropia bibliografía se encue~tran -
subrayadas pa.ra distin~uirlas de J_as demás. 

. / ... 
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Como el e,rento crucial en las respuestas inmunes es 

el reconocimiento o.el antí.o:P.no por los linfocitos, la ma:vor 
' 

+ a J t h · d ·t ., f' é .:i· • ·.:i h · J n2r.., e e _ ra RJO escr1 o aau1, __ 11 , ,, 1rJ.P'luo .. 8.cia .a. cara,~ 

te:rizaci6n Pst:ructural v funcion8.l de los rPcentores nara el 

e.n t Ígeno • . 

Sin embargo, un factor de comnlicaci6n en el estudio 

de los linfocitoé es su heterogenei~ad, expresada en su for­

ma :ná.s básica en dos sub"9oblaciones mayores : Linfoci tos-B y 

li~focitos-T (Parkhoui=;P y Abnev, 1976, nara revisi6n). Aune:_ue 

se tiene la certeza de rme ambos ti pos a P. células -pueden reco 
1 
1 

1 ., :, ' "f'' 1 nocer a anti.geno ae una manera muy es-neci. 1ca, .Los sucesos -

que resultan de este evento de transducci6n (supuestamente -

locaJ.izado en la membrana) son muy diferentes nara los dos -

tinos celulares. Los linfocitos-E se desarrollan a células -

ulas!!látic2s, las cna.les son células especializadas aue sPcre 

t~:."1 F.randes cantidades de anticuerno esnecífica~ente dirigido 

hRcia los determin~ntes antigénicos del antígeno estimulante 

original. Los linfocitos-T, nor el otro lado, nunca secretan 

a.nticuernos, pero -puerlen matar a las células que contienen a 

los antígenos relevantes, a esto se debe.que sean factores -

tan importantes en el transplante de órganos y, se cree la -

vi~ilancia inmune y el rechazo de células tumorales que sur­

gen de ~anera espontánea. 

Al inicio del trabajo que se describirá más adelante, 

existía la idea generalizada de que el receptor para el antí 

e;eno en los linfocitos-E y -T era exactamente el :riismo, es -

dec:ir, inmu.noglobuli~.a (Ifarchalonis y Co'Y't_e, 1J7J). 

./ ... 
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Más aún, para ambos tipos de células, la inmunoglobulina re­

ceptor, se pensaba que estaba restringida a 1~ clase IgM. 

Como se demostrará más adelante este no es el caso. Los.linfo 

citos-E no solamente poseen IgM; con frecuencia tienen ade­

más una molécula de inmunoglobulina que no se encuentra en -

el suero. Esta inmunoglobulina, ala que hemos llamado IgD,­

está, por lo tanto, especializada para funcionar en el contex 

to de la membrana i.infocitaria y por consiguiente en el con­

trol de la estimulación por el antígeno. Se presentarán los­

datos positivos y negativos para los linfocitos-T. 

Un tropiezo para demostrar inmunoglobulina en la super 

ficie de estas c~lulas skrá informado, pero la aplicación g~­

neral de nuestra metodología será válida debido a la caract~ 

rización b_ioqu:!mica de otras mol~culas localizadas en la su­

perficie de los linfocitos-T. 

Más aún, es posible que dos de las estructuras que se 

rán descritas pudieran haber sido identificadas err6neamen­

te como inmunoglobulina por otros (p.e. Marchalonis y Cone -

1973). La razón para decir ésto, es que, si bien no son in..~u 

noglobulina ciertamente, pueden ser confundidas como tal, si 

no hay suficiente cuidado en la ejecuci6n de los experimentos. 



II. METODOLOGIA 

La metodología está descrita en detalle en las publi 

caciones relacionadas con el trabajo hecho y citadas en -

contexto, por lo que me limitar~ a dar los comentarios 

aclaratorios. 

El reactivo crucial utilizado para la identificaci6n 

y caracterizaci6n de moléculas de la superficie celular, -

fu~ anticuerpo. 

La reactivid~d entre un anticuerpo dado y las membr~ 
1 

nas plasmáticas se toma generalmente como evidencia de la 

presencia del antígeno relevante en la superficie celular. 

Cualquiera que sea el sistema usado para detectar la reac­

tividad, .es obviamente cruc.ial que los anticuerpos emplea­

dos en la investigaci6n sean caracterizados estrictamente. 

En principio, los sueros deberán ser verificados con res­

pecto a la presencia de especificidades indeseadas, por -

medio de t~cnicas por lo menos tan sensibles como la meto 

dología seguida en la investigaci6n. Por ejemplo, la-ausen 

cia de actividad de un anticuerpo contra cadenas ligeras·, 

juzgando por análisis de difusi6n doble (Ouchterlony), no 

puede garantizar que la muestra del anticuerpo no detecte 

cadenas ligeras con procedimientos más sensibles, p.e. 

fluorescencia o radioinm.uno-precipitaci6n. 

El procedimiento acostumbrado para hacer un suero­

anti-inmunoglobulina específico para un isotipo (clase o 

subclase), es pasarlo a trav~s de inmunoabsorbentes en -

fase s6lidat conteniendo todos los demás isotipos. Después 

./ ... 



6. 

de dicho tratamiento, sin embargo, aún hay posibilidades 

de que el antisuero tenga especificidades no deseadas. -

Estas pueden ser contra componentes no buscados de mane-

ra rutinaria, como o(.-2-macroglobulina, que de hecho se 

encuentra en la superficie de los linfocitos-E (McCormick 

et al., 1973). Alternativamente, un suero anti-inmunoglQ 

bulina ~odria tener anticuerpos dirigidos contra los de­

terminantes de la región variable, compartidos por algu­

nas, pero no todas,·las representantes de las clases de­

in:nunoglobulina. Frecuentemente esas especificidades pu!: 

den escapar a la detección en muchos sistemas de prueba. 

Surge la posibilidad de que haya anticuerpos contra in.mu 

noglobulina que reaccionen de forma cruzada con @-2-mi­

croglobulina debido a que se ha encontrado que hay homo­

logía en la secuencia entre estas dos entidades (Peterson 

et al., 1972). Como la ~-2-microglobulina se encuentra­

asociada con los a:ntíge""'.OS de histoco:!lpatibilidad en la­

mayoría de las células, la presencia de estos anticuerpos 

crearía problemas obvios pero tal vez no. previstos. Tia -

remoci6n de las especificidades no deseadas se debe hacer 

en inmunoabsorbentes con fase sólida para evadir artefa.ctos 

que surjan de la presencia de complejos antígeno-anticuerpo 

en el suero. Un problema mayúsc.ulo son los anticuerpos -

heter6filos contra las superficies celulares. Mientras -

muchc~ de estos ee puedan.remover por absorci6n con membra 

nas de lós órganos convenientes (p.e. hígado y riñ6n para 

anti-inmunoglobulina), en ocasiones no es posible llevar 

a cabo la absorción apropiada. 

La última prueba de especificidad es, de hecho, 

./ ... 
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aielar la mo~tculR en la membrana celular con la que se -

combi'ne el anticuerpo, y JJpva.r a. rabo la cnrncterización 

bioquímica. Esto es posible si se marca de antemano la su 

perficie celular con iodo radiactivo, utilizando la enzima 

lactoperoxidasa (Philips y Ncrrison, 1970). Despu~s puede 

di sol verse la célula en di sol ventes disociantes (f.'rarch&l~ 

nis, Cone y Atwell, 1972) o detergentes (Vitetta, Baur y 

llhr, 1971). La mezcla total de las moléculas radiactivas 

de 1a sunerficie celular se hacen reaccionar con el anti­

cuerpo de prueba y el precipitado resultante es caracteri 

zado, f8neralmente por elect~o~oresis en teles de ~oJiacri 

lamida conteniendo reactivos disociantes (dodecil sulfato 
f 

de sodio, SDS). Al hac~r esto, uno no solamente está regi!l 
1 

trando el hecho de que '._un antisuero reacciona con una cél~ 

la, sino ta.E1bién se define con qué reacciona el antisuero. 

... ] . t á . 1 1 J... t/. . .en e. sis ema m s s1mp e, .. os 2_nt,1cuerpos es an un.!, 

dos con moléculas fluorescentes o radiactivas, mezc1ac.os 

con linfocitos vivos, que después son observados en sus~ 

perficie por microscopía, p. P.. la presencia de imnunoglo­

bulina. en la superficie ele los linfocitos-E e~ demostrada 

rápidamente utilizando anti-ina;unoglobulina conjugada con 

un fluorocromo. 

La técnica menos ambigua para identificar proteínas 

de la superficie celular con anticuerpos es el radiomarca 

je de las células. En princi1üo las c~lulas marcadas son 

solubilizadas y los componentes de la superficie celular 

son purificados selectivamente por la acici6n del a~ticuer 

po apropiado. El anticuerpo se combina con cualquiera de -

las. eRtru.ctu.ras por las que te!"Cª especific:i.fü:d, y le vr-~ 

ciritaci6n de ~stos complejos se puede llevar a cabo con 
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la aaición de &ntígeno no radiactivo (preciµitaci6n direc-­

ta), o de anticuerpo contra el primer anticuerpo (precipi­

taci6n indirecta). Por ejemplo, cnR.ndo es utilizado fuero 

de conejo anti-inmunoglobulina de rat6n con linfocitos-E 

de ratón marcados, la precipitación puede efectuarse agr~ 

gando inmunoglobulina de ratón no marcada o suero de cabra 

anti-inmunoglobulina de conejo. Los precipitados son lava 

dos y la cantidad de radiactividad que contienen se expre 

sa como una fracci6n de la radiactividad total que se pu~ 

so al inicio en forma de material rnacromolecular (determi 

nado por precipitación con ácido tricloroacético). Como -
1 

estos precipitados inmunológicos específicos, tienen inv~ 

rig.b1emP-nte ra.diacti vio.ad atrape.da o absorrJida de manera 

irieEpecífica, la radiactividad precipitada deberá siempre 

ser caracterizada por ariálisis en geles disociantes. 

Ha.y dos formas de marcar radiactiva.mente a las cé 

lulas, externamente o internamente. En el primer procedi­

miento (Philips y Morrison, 1970; Marchalonis, Cone y Atwell/ 

1972; Vitetta, Baur y Uhr, 1971), las proteínas externas 

de la membrana celular, son marcadas con 1251, utilizando 

lactoperoxidasa como catalizador. En consecuencia, las cf 

lulas pueden ser solubilizadas simplemente y el extracto 

analiza.do por coprecipitaci6n con los anticuerpos apropi~ 

dos. La desventaja es, que una identificaci6n positiva no 

garantiza necesariamente síntesis end6gena por la célula. 

En principio, el método está sujeto a los mismos problemas 

que la inmunofluorescencia, pero da la cara.cterizaci6n mo­

lecular cuando se lleva a cabo el análisis en geles. 

Para tener umi prueba directa. ce f:ír,tesis endógena, 

./ ... 
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las c~lulas se deben marcar internamente "in vitroª con ami 

noácidos (o azúcares) radiactivos. Aqu!, el problema estri­

ba en que la mayoría de la célula se marca, y que la membr!! 

na plasmática, que tiene el receptor para el antígeno, repre 

senta un porcentaje muy pequeño de la proteína celula.r total; 

aproximadamente el 5% de los linfocitos de cerdo (Allan y 

Cru.mpton, 1971; Crumpton y Snary, 1974) o de ratdn (Abney y 

Parkhouse, datos sin publicar). Si asumimos que el receptor 

para el antígeno no es superior al 5% de la membrana celular, 

entonces el rendimiento teórico para las c~lulas marcadas -

interiormente, debe ser muy bajo. 

Sin embargo, es posible preparar la fracción de membr~ 

na plasmática de las células, y utilizar esto como el mate­

rial inicial para la coprecipi ta.ci.ón ( rarkhouse v Abnev, -

1974). La desventaja obvia de este procedimiento es que to­

ma largo tiempo, aunque vale la pena llevarlo a cabo porque 

qui ta gran cantidad de "ruido" antes de llevar a .cabo la co 

precipitación. 

Un buen ejemplo de los problemas que se pueden prese_!! 

tar cuando se tiñen células vivas con antisueros fluoresce_!! 

tes pobremente caracterizados, está dado en algo de nuestro 

propio trabajo. Se había publicado (Santana et al., 1974) -

~ue u~ suero anti-inmlmoglobulina de rat6n podía teñir timo 

citos a.e ratón. Los autores concluyeron, por lo tanto, que 

E·Et2.f: ctlulos tenían inmunoglobulina de superficie. Cua:;,,do 

sometimos su antisuero a las pruebas bioc.1.uímica.s rieurosas 

esboza.das a.nteriormente, se aclaró que el componente de los 

timocitos que reaccionaba con el antisuero, no era in:nuno­

globulina ( Santana et al., 1976). En lt'.gar de ello, surr;ió 

que el antisuero contenía por lo menos dos anticuerpos : 

./ ... 
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uno que reaccionaba. con inmunoglobulina de rc::.tón (ausente 

en los timocitos), y otro, responsable de la fluorescen­

cia positiv&, que reaccionaba con un componente de la 

membrana de los timocitos, de naturaleza diferente a la 

inmunoglobulina. Nosot:cos creemos que este materi&..l debía 

haber estado presente en el suero de rat6n y fué copuri­

ficado subsecuentemente en la preparación .de inmunoglob~ 

lina usada para· inmunizar al conej.o que dió el antisuero 

en cuesti6n. 

La lección que se puede aprender de esto es que­

en el estudio de las superficies celulares los procedi-­

mientos in .. munofluorescerites, solamente pueden ser total­

mente válidos cuando el antisuero está bien caracterizado 

y esto quiere decir, ca.racter-i~ación bioquímica, de la -

discutida con anterioridad. 

Un punto que vale la -pena mencionar es quet el -

análisis en geles del material ais1ado de las SUJ.Jerficies 
' 

celulares, debería hacerse siempre con reducci6n química 

previa y sin ella; esto tiene eJ. objeto c1.e cleterminar la 

presencia o ausencia de subunidades unidas por disulfuros, 

en la mol~cula que se está. estudiando, Otra vez,. la impor­

tancia de esta precauci6n, se puede ilustrar con nuestro 

trabajo. Está claro que los timocitos pueden tener en la 

superficie una molécula que, en los geles con dodecil 

sulfato de sodio ,(SDSl, ca-emigra con inmunoglobulin& no 

reducida (?arkhovse y Abne;v, 1974). Lo que es más, es -

precipitada por ciertos anti sueros contr·a inmunoglobuli­

na de ratón (Santana et al., 1976). Sin embargot estaría 

mos muy equivoce.dos al concluir que este. oolécula es inmu 

noglobulina. De hecho, no es reducible a cadenas pesadas 

./ ... 
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(H) y ligeras (L), las cuales, por medio de puentes de di 

sulfuro, dan como resultado la estructura H2L2, caracterír, 

ticéimente de imnu.noelobulina. 

Así pues, se encontr6 que esta molécula de los ti­

mocitos muestra. el mismo peso molecular alto (aproximada­

mente 200,000) cuando es analizada con reducci6n química, 

o sin ella. Por tanto tiene una sola cadena polipeptídica 

en su mol~cula y no una estructura con subunidades. 

-!-



:rr. RESULTADOS 

a) Linfocitos-T 

No hemos sido capaces de demostrar la presencia de inn11.mo­

globulina en la superficie de los timocitos o los linfoci­

tos,..T periféricos (Julius et a.l., 1973), cuando las células 

estaban marcadas externamente con 1251. Los extractos de­

células se prepararon con Nonid~te P-40 al 1% (p/v), 6 

deoxicolato de sodio al 1% (p/v) o con Urea 9 M~ácido acf 
tico 1.5M. En todos los casos, se recuper6 esencialmente 

toda la radiactividad incorporada a las células, en forma 

soluble, despu~s de aña~ir el agente extractor. La remoción 

por diálisis, del mater~al de peso molecular bajo, dió 

excelente rendimiento de material precipitable con ácido 

trj.cloro acético ( TCA) en los lisados con detergente, sin 

embargo en los lisados con urea-ácido acético hubo muchs.. -

u5regación, que c&,usó rendimientos variables ( 10-80)&), al 

ser dializados. La adici&n de una gran varied~d de re&~ti 

vos anti-"inmunoglobulina de ratón (con las especificidades 

para todas las clases conocidas de cadenas pesadas y lie~ 

ras) a los lisados dializados, fué incapaz de precipitar 

cantidades detectables de inmunoglobuline. d.e r8t6n. 

También estuvo ausente cuando se añadieron inhibi­

dores de enz~mas proteolíticas (Trasylol, fluoruro de fe-
,., ~ "l ,..,. + 1· 1 e '1 .,.. ..; ~ .! 1 e" ,.. . .i. r r·1 J. r!" ir •·-'-~,.lt u -'--.:l,. __ ,l or. .... .1.0, .!.( l.OccC. E' Vv""-' U("J, .., ácj do- f-arrdno caproi 

co) en el momento de hacer la lisis y durante los procesos 

de aisla:niento. Estos resultados contrast2...n con los que -

obtuvit10~: cor_ J.infoe:i tos esplénicos, donde la inmunoglobl!. 

lina era rápidamente detectable. El Nonidate P-40 di6 los 

mejores resultados, el desoxicolato de ~odio los di6 sa­

tisfactorios y la urea-ácido acético fu~ errática. Como -

. / ... 
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Me..rcha.lonis y Con.e han die;ho y pu'b1ic&.do Enfáticamente rue -

la inmunoglobulina de timocitos no se solubiliza con Nonidate 

P-40, la perla obtenida des1més de centrifugar los extractos 

de NP-40 de los timocitos marcados, se extrajo con urea-icido 

acético, pero de nuevo, los resultados fueron negativos. 

La controversia.de que los timocitos tengan inmunoglo­

bulina, de superficie o no, ha eirado alrededór de aspectos me.:. 

todológicos, en particular, la elección del disolvente extrH~ 

tor, elección del anticuerpo usado para la purificaci6n de la 

inmunoglobulina de superficie y la posibilidad de proteólisis 
1 

de la misma. Teniendo en cuenta que la inmunoglobulina de las 

células T se ha caracterizado como una molécula p2t 2 unida -

por disulfuros (Marchalonis y Cone, 1973), diseñamos un expe­

rimento en el cual todas estas variables metodológicas pudie­

ran ser ignoradas (Parkhouse y Abney, 1974). Lae células mar­

cadas con 1251 se extrajeron por 3 minutos a 100°C con dodecil 

sulfato de sodio (SDS) al 4%-iodoacetamida O.J.0_!1-fosfato de -

sodio 0.05!, pH 7.0. El extracto se dializó por 2 horas (SDS-

2%-iodoacetamida 50 mM-fosfato de sodio 0.05M, pH 7.0), se -

mezcló con 131I-IgM parcialmente reducida y así, directamente 

se aplicó a un gel de poliacrila~ida-SDS. Se examinaron tres 

poblaciones celulares: c~lulas de bazo normal, c~lulas de -

bazo "B" ( provenientes de animale·s timectomizados a las dos 

semanas, irradiados letalmente y reconstituidos con hígado -
) . 131! . fetal y timocitos, Con el marcador interno de como re-

ferencia, la regi6n correspondiente a ,P2L2 de cada gel fué 

eluída con SDS al 2% ditiotreitol 2 mM-fosfato de sodio 50 

mM, pH 7.0. El eluado se calentó (15 min. a lOOºC) para ase­

gurar la reducción completa, se alquiló (con iodoacetamida -

10 mM) y se volvió a someter a electroforesis. Así fué posi­

ble determinar, por lo tanto, si el material de la superficie 

./ ... 
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, 2~ 

e elular marcado con ··· ,.,,I con la movilidad de p212 , se podía 

resolver en cadenas pesadas y ligeras. 

Cuando se analizaron los segundos geles, estaba claro 

que el marcador interno (1311_ )l2L2 ) se había reducido a ca­

denas )AY L. Una porción considerable de material de la su-­

perficie celular (1251) del ''bazo B" que co-emigró con la 

1 31I-)l2L2 era sen.sible a la reducción, dando un pico en la 

parte correspondiente a las cadenas)'-• La fracción compara­

ble obtenida de los timocitos no fué sensible a la reducción. 

Por lo tanto los timocitos no tienen inmunoglobulina de su­

perficie, similar a},4212 unidas por disulfuros, que pueda -

ser revelada por marcajef externo. El material presente en la 

superficie de los timocitos de ratón, que co-emigra con}'t.2L2, 

y que se encuentra presente en cantidades relativamente altas, 

no tiene su contraparte en las células de bazo y por lo tanto 

puede ser una proteína de superficie particular de los timo­

citos. 

Si la inmunoglobulina estuviera presente en los timoci 

tos, pero inaccesible a la iodaci6n, entonces esto se debería 

revelar con el marcaje interno. De acuerdo con esto, los ti­

mocitos fueron marcados "in vitro" con 3H-Leucina de 4 a 24 

horas y se prepararon sus membranas. Sin embargo, fuimos 

incapaces de detectar inmunoglobulina en esas muestras de 

membranas plasmáticas (Límite de detecci6n: 0.1% de la ra­

diactividad total), aunque las membranas de c~lulas de bazo 

preparadas de igual manera, contenían inmunoglobulina fácil­

mente demostrable (3% de la radiactividad total). Cuando se 

agreearon células de bazo internamente marcadas a un gran -

exceso de c~lulas de bazo o timocitos no marcados, las mem­

branas µlasmáticas preparadas en ambos casos, rindieron can 

. / ... 



tidades semejantes de inmunoglobulina. Por lo tanto tenemos 

confianza de que nuestros datos negativos para los timocitos 

no se deben a proteólisis (Parkhouse y Abney, 1_974). 

Los experimentos arriba descritos, arguyen en contra 

de la presencia de inmunoglobulina en la superficie de los 

timocitos. Para complementar nuestro estudio, cambiamos al 

sistema de "liberación metab6lica" (metabolic release) 

(Ahnev y Parkhouse, 1976). 

Aquí, los timocitos ~arcados con 1251, son incubados 

"in vitro 11 nor 2 a 4 horas v el medio es usado como una ~. t, 

fuente de proteínas de la superficie celular. Se ha dicho -

que, utilizando este sistema (Cone et al., 1974), la inmuno 

globulina es liberada de los timocitos y es citofílica para 

los macrófaeos. La inmunoe;lobulina fué caracterizada como -

un polipéptido con la movilidad de cadena -f en geles de -

SDS. En nuestros experimentos, los timoci tof; ma.1·cados en la 

superficie se cultivaron nin vitro" por 4 horas. El medio de 

cultivo se dializó contra soluci6n de fosf'atos (0.05 !:l, 
pH 7.0)- Na Cl 0.15.!!1 (PBS) fría y se dividió en tres porci~ 

nes: (a) Control, no recibi6 ningún tratamiento, (b) Preci 

pitaci6n no-específica, IgG normal de conejo con suero de -

cabra anti-IgG de conejo, (e) Precipi taci6n con anti-inmu.ri.2, 

globuJina, conejo anti- (Ie)fi (;\.1), lgA. ().2), Ie;G1 (K), 

IgG2a (K) y cadenas K libres, todas de ratón) m~s suero de 

cabra a.nti-IgC~ de conejo .. Los precipitados se removieron y 

los sobrena.d.antes se incubaron con rnacrófagos ( células del 

exhud2.d.o :peri tone.al c1e ratones inyectados con 1 ml de pro­

teosa peptona al 2o/;, por v:ía intraperi toneal 4 días antes -

de s~cri:fic8.rlos), por 90 minutos a 0° • Las condiciones de 

incuba.ci6n fueron tales que, 2. 5 X 105 wacr6fagos se mezcla 

ron con el material liberado de¿ X 106 timocitos. 
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J..a.s c~lulas se centrifugaron y lavaron con PBS, se -

di sol vieron con SDS y se aplicaron en geles de poli&crj.J arr,i­

da con reducción (con ditiotreitol) o sin ella. 

Cuando las tres muestras fueron probadas, se observ6 

que habían absorbido cantidades muy semejantes de radiactivi 

dad (aproximadamente 45i: de la cantid&d inicial). En el &nlli 

sis en gel de las muestras reducidas, la mayoría del mate 

rial absorbido se encontró que migraba en la misma posici6n 

cue la cadena. -} ; sin embargo, este componente se encontr6 

cuando las células fueron incubadas con las tres diferentes 
! 

fuentes ele material de sv.perficie. Como una de las muestras 

fu~ absorbid.a con suero poliesJJec:!fico anti-inmunoglobulina 

de ratón, el material radiactivo en la posición de la cadena 

µ no puede· ser inrmmoglobulina. Más aún, cuando las muestras 

no fueron reducidas antes del análisis en gel, el pico en la 

posici6n ele 1a cadena-}< persistió, en ausencia de un compo­

nente radiactivo en la posici6n de IgM monomérica. (f-2.12 ). -

Es posible, aun(lue no es una prueba conclt;_yente, que esta mo 

lécula haya sido confundida anteriorment.e y considerada inmu 

noglobulina. 

Otra. causa posible de identifica.ción positiva de inmJ:! 

noglobulina en los linfocitos-Tes el antígeno de peso mole­

cular alto (200,000) que se detect6 en esas c~lulas por impu 

reza de los antisueros anti-im11mrnelobulin&- de ra.t6n ( San"tana 

et al. 1 1976; ya discutido en la secct6n II). Como esta molé 

cula era estable a la acci6n de los agentes reductores y no 

reaccionaba con anticuerpos anti-inmunoglobulina de ratón, -

cuidadosamente :preparados (Parkhouse y Abney, 1974; Al.ney y 

Parkhouse, 1976; Santana et al., 1976), no era inmur1oglobu­

lina, sin embargo, en vista de que pudimos demostrar la pre-
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sencia de este protefna 1 los aspectos t~cnicos del trabajo 

no eran responsables de la incapacidad _p2.!'2.. de:110strr¡r irrn:2::. 

noglobulina. l~ otras palabras, fuímos capaces de demostrar 

un componente de la superficie de las células-T, a pesar -

de q_ue este no era j_nrr.unoglobulina. Este punto fué enfati­

zado posteriormente con la caracterización exitosa de la -

nucleótido pirofosfatasa de la superficie de ambos tipos -

celulares : linfo_ci tos-E y -T del rat6n ( Abney et al, J q761. 

En trabajo previo se mostró que la nucle6tido pir.Q_ 

fosfatasa era una ecto-enzim~ de los hepatocitos del ratón 

(Evans et al., 1974). Después del aislamiento de la enzima, 

se pre-paró un antisuero en conejos y se usó como reactivo 

para una molécula semejante en la superficie de los linfo­

citos. 

Los linfocitos aislados de bazo de retdn, hidroli­

zaron UDP-galactosa afí.adida aJ. meclio. J,a :fracción de membra 

nas plasmáticas de linfocitos, se encontró enriquecida de 

la actividad de nucleótido pirofosfatasa (responsable de 

esta hidrólisis) y en forma semejante, la fosfodiesterasa 

alcalina y la 5' nucleotidasa. Las superficies celulares -

de los linfocitos de bazo y del timo de rat6n se radiomarca 

ron con 1251 utilizando el método catalizando con lactoper~ 

xidasa. Los extractos de detergentes de las c~lulas se me~ 

claron con suero anti-nucle6tido pirofosfatasa de membrana 

plasmática de hepatocitos de rat6n, purificada1y los in.muna 

precipitados se analizaron por electroforesis en geles de 

poliacrilamida. Solamente se observ6 un componente radiac­

tivo predominante, de tamaño similar a la enzima del hígado 

(P.M. aparente 110,000 - 130,000). La electroforesis de 

una fracción de membrana plasmática de bazo marcada con 

1251 mostró varios picos. Cuando se pasaron extractos de 
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detergentes de linfocitos de bazo por colwnnas de sefarosa 

conteniendo antisuero contra nucleótido pisofosfatasa uni­

do convalentemente, la actividad quedó retenida en las esfe 

rasi mientr2s que se eluyeron otras proteínas y la activi­

dad de leucina-naftilamidasa. Los resultados indican que -

las actividades de nucleótido pirofosfatasa y la fosfodie~ 

terasa alcalina, ~e deben a la localización de las mismas 

o enzimas similares en la cara externa de la membrana pla~ 

mática de los linfocitos. 

No se comprende totalmente la función de una nucleó 

tido pirofosfatasa que ~e encuentra en la superficie de los 
1 

linfocitos y otras c~lu1as de mamífero. La enzima puede ser 

vir para restringir la entrada de algunos nucleótidos a la 

célula, p.e. productos de degradación de RNA, o puede servir 

para conservar los nucleótidos celulares, asegurando su hi 
drólisis a nuce6sidos en la membrana plasmática, en conjun 

ción con las nucle6tido fosfohidrolasas (p.e. 5' nucleoti­

d.asa). Existen' mecanismos específicos para el transporte -

de los nucleósidos hacia el interior de las células (Berlín 

y Oliver, 1975); la liberaci6n de adenósina por los linfo­

citos al suero, puede causár vaso-dilatación (Dobson et alT, 

1971), asegurando así el movimiento de estas células a tra 

vés de vasos sanguíneos muy estrechos. Es claro que el co­

nocimiento de la topografía de las enzimas de la membrana 

plasmática es el primer paso dirigido hacia la determina-­

ción de sus posibles implicaciones en el transporte y en el 

metabolismo de los nucleótidos en las células de mamífero. 

De cualquier manera, la presencia de esta actividad 

en~.imática en la superficie de los linfocitos, ciertamente 

./ ... 
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hace que la idea de intercambio a.e inform.aci6n entre linfo 

citos a través de moléculas de RNA, sea muy poco probable 

ya que la actividad enzimática descrita, se esperaría que 

degradara a las mol~culas de RNA. 

En resumen, en una serie de experimentos muy rigur2 

sos, hubo falla total en demostrar inmunoglobulina en la­

superficie de los linfocitos-T, en condiciones en que la 

presencia de inmunoglobulina de superficie era fácilmente 

demostrable en los linfocito s-B ( ver secci<5n III·-1), adelan 

te). 

Se presenta.ron dos r1osibJ.es candidatos que err6ne~ 

mente pudieran haber sido identificados co~o inmunoelobu­

line.. Esto, unido a la iclentificEc:i6n positiva de la nucleó 

tido pirafosfatasa en la superficie de lae céluJas-T (y -

células-E) arguye en contra de "problemas metodol6gicos 11 

como causa de los datos negati.vof,. 

Experimentos recientes (Binz y Wigzell, 1977) oonfi~ 
-

man nuestras concJ.1.J.i:dones, ya que identifican como el rece;e 

tor para el antíeeno a.e las céluJ.as-T, a una molécula de 

peso molecular 150,000, compuesta de dos cadenas poli1Jep­

tídicas de peso molecular seme j_s.nte, uniaas por puentes di_ 

sulfuro. Así pues, esta mol~cula no tiene cadenas ligeras 

como· la inrrn1noglobuJ ina. N'ás aún, los anti sueros contra. -

todas las clases conocidas de cadena pesada, no reaccionan 
· a t 3 ~- - r:, • ... • a con preparaciones e rec E'p or e, e ce.tu1&s-1. ::iur111.ca lo. 

Resultados semejantes han sido publicados por Kra­

winkel y Rajewski (1976). 

./ ... 



b) finfocito~-B 

La mayoría del trabajo en las célulasTB ha sido pu­

blicado ( ver referencie,s) y revis8.do también (Parkhouse et 

.aJ • ..., 1976). Esta sección será breve y solamente haciendo -

resaltar algunos puntos importantes. 

Iios resultados que obtuvimos en el rat6n (Abney ;y; -

Parkhouse 1 1974)·estuvieron estrictamente coincidentes con 

el trabajo de otros (Vitetta et al., 1975; Melcher et al., 

1974) y se puede resumir como sigue: los linfocitos deba -
zoo de n6dulos linfáticos se marcaron, externamente con --
iodo radiactivo, usando lactoperoxidasa, la inmunoglobuli-

na marcada se removió selectivamente por precipitación con 

anticuerpo específico anti-inmun.oglobulina de ratón. Al ser 

caracterizados por eletroforesis en geles disociantes, la 

inmunoglobulina de superficie- era predominentemente- d.e 

estructura H2L2,- unidas con puentes di sulfuro; aunque se -

encontraron presentes algunas subu:r.dd.ades HL. l~o se encontró 

inmunoglobulina 19S. Utilizando antisueros específicos para 

las cadenas pesadas del ratón, no pudimos detectar IgG 6 -

IgA. La precipi taci6n con anti-)l removió parte, :pero no -

toda la inmunoglobulina de superficie. La. innnmoglobulina 

remanente, después de precipitar con anti cadena-µ (y re­

mover el precipitado), se aisló. con la adi.ción de anti-cade 

na K, y después de haber sido sometida a reducción, rindió 

cadenas :per:adas con tarnm:O intE:-11fleC1iO entr·e fo~'{ r, y también 

cadenas ligeras. 

Podemos concluir que hay dos clases de cadenas nesa ... -
das, expresadas en la superficie de los linfocitos <le rat6n. 

Un~ es IgM, y la otra, como no reacciona con anti-f<- , e.Fti-o( 

ó anti-f, parece ser un homóloeo de IgD. Este candidato pa 

./ ... 
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ra IgD en el ratón, semeja a su contraparte humana, en el 

tamaño de la cadena pf;f::ada, en la. susceptibilidad ta..11 ma,r 

cada a la proteólisis y en su presencia en la superficie 

o."e lo~ 11',-,-focitoeo T'c, o"nr, .... "1·,..~o -ne ue.P:.-. ~r=r ""er TLT N·" -...: _ JJ__ ~--- , .._\ • L.:,._, 'C· 1Jc.:.,.--. e:~,,. J:' ('}_ .. ..... c .. 1,1,:;.,,.1. c.t. .._ , .L ....... ~ e J lt..l 

consideramos ·ni como la posibilidad que la presencia a.e -
las células-T sea la causante de esta heterogeneia.a.d, ya 

c ... ue obt€'nemos lo~ lilÍ srr:.of; resultados con células de bazo -

de ratones desnudos (atímicos congénitos). Además las cél_!! 

las-T periféricas, purificadas })Or paso a través de colum­

nar ce ny1é,n (JuJiuE et aJ.., 1973), no contenían in::mno­

globulina, usando la misma metodología. 
1 

f 

1 
Utilizando c~lulas de bazo de ratones CEA de seis 

semanas de edad, o ratones a.esnudos, encontramos que el -

60% de la inmunoglobulina de superficie es IgM; el restó 

IgD. ·Por lo tanto, la ex:presi6n de IgD en la superficie -

celular, no depende de la presencia de los J.infoc i toF-T. 

Sin embargo, en el hígado fetal, y en híga.do o bazo de r~ 

t6n neonato, solamente se detecta IgM, indicando que en -

el ratón la expresión de IeM antecea.e a. la de IgD en el -

desarrollo embrionario. Este hallazgo está de acuerdo con 

resul taa.os en el humano (Vos sen y Hi jroan.s, 1976). AnterioE 

mente se había pensado que la IgD antecedía a la IgM en -

el humano, y los resultados estaban basados en comparaci.2, 

nes hechas entre sangre periférica de adulto y de cordón 

umbilical (F-napp et al., 1973; Rowe et al., 1973), sin -

embargo, estos reFv.lteclos a,l parecer son incorTEctos. Es 

interesante señalar que la secuenciad.e aminoácidos en la 

IgD humana es más hom6loga con la IeE que con la IgG 6 IgM:, 

( Spi-egelberg, 1975), lo que sugiere que la IgD · evolucionó 

algún tiempo des~)'u~s de la formación del gene para. cadenas f . 
. / ... 
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Así _pues, la IgD aparece de manera subsecuente a la It:F en 

evolución y en ontogenia. 

Una observación curiosa fu~ la diferencia marcada 

Entre los linfocitos-13 oel bazo y los de los nódulos linfá 

ticos, ya que, aunque solo se encontraron IgM e IgD en 

ambas poblaciones, la relación Igr,VIgD fué de l. 5 en el 12§;_ 

zo y 0.3 en los nódulos. Considerando esto paralelamente -

al hecho de que la IgD aparece después de la IgM en la ont~ 

genia, se sugiere que la poblaci6n de linfocitos-E en los 

n6dulos linfáticos sea más madura que la población presen­

te en el bazo~ Podemos hacer notar que las c,lulas de bazo 
f 

responden a la estimul~ción con lipopolisacárido de E.coli, 

mientras que las de nódulos linfáticos, no (G. Janossy y -

R.M.E. Parkhouse, sin publicar) y que las c~lulas de bazo 

secretan básicamente IgM, mientras que el mayor producto -

de las células de los n6dulos linfáticos es IgG (Parkhouse 

1973). 

El procedimiento de marcaje externo puede dar la -

cantidad tcta.l de Ie;P: e IgD, pero no su distribución en cf 

lulas individuales. Basa.dos en la rareza de que se presen­

ten otras inmunoglobulinas en la superficie de los J.ir.;J'cci 

tos-B, aparte de Igf:~ e IgD, se utilizó tinción inmunofluo­

rescente para indicar CJ..Ue en el ratón, como en el humano,­

he,y c~1u1:::_s de b2z.o con It(-r e Jf;D en la. ~uperficie y otras 

oue tienen ambas (Parkhouse y Abney, 1975, Pa.rkhouse et al., 

1976). En esos ex·perimentos, la IgM fu~ la -primera en ser 

cubierta con anti-cadena f marcada con rodamina. (form2.ci6n 

de casquete), y def:'.pJ.és una segu_YJ.da ttnción con anti Fab-K 

mar6ado con flqoresceína, en presencia de azida de sodio,_ 

para obtener una. tinción en forma de anillo (inhi l1ir la for 

./ ... 



maci6n del casquete), que se tomó como evidencia de la pr~ 

sencia de IgD. 

Recientemente se ha obtenido UJ, antisuero ~ ,. . 
espec11.2;_ 

copara la IgD de ratón, que ha confirmado el resultado -

anterior (Abney et a.1., 1976b). Utilizando este antisuero 

se pudo mostrar que la mayoría de los linfocitos-E" en los 

n6dulos ~infáticos y en las placas de Peyer expresan sol~ 

mente IgD, aunque algunos expresan a ambas (IgM e IgD) y 

se v:ieron o casi ona.lmente c~lulas con J gV sol&n1ente. Sin .... 

embargo, en el bazo, las tres clases de células estuvieron 
1 

presentes en proporcio~es semejantes. Al observar con raás 
. . 

atención a las c~lulas 'pon tinción doble, se not6 una itari~ 

ción considerable en las intensidades relativas de ;:-:_mr,ot: -

flu.01·ocromos, 1o (lUe sueiere una variación en la relación 

de IgM e IgD de célula a célula, es decir hay toda una ga-

ma de células, que van, desde las que tienen mucha T .r!, .. v PE., 
_.(.,..)_,¡ J 

ce. IgD, hasta las q_ue tienen lr,. relación contraria : poca 

IgM y mucha IgD. Esto, junto con la observación de los tres 

tipos de c~lulas (i.e. IgJ·,:, IgD e Igf'f-IgD), y e_l hecho de 

que la expresión de la IgM antecede a la expresión de la -

IgD en la ontogenia, sugiere fuertemente una secuencia en 

el des2.rro11o de la expresión de la inmunoglobulina en los 

linfocitos-B; que va de IeM a IgD con el paso a través de 

c~lulas intennec1ia.s con ambos isotipos. Así pues, los J. :in­

foci tos-B de los nódulos linfáticos y de las placas de Pe­

yer estarían consti tuídas por c~lulas más me.duras. Es inte 

resante mencionar dentro de este contei:to, el hallazgo de -

que, los esplenoci tos ( c~lulas de bazo) grandes e irni,2-c1-¡_1ros 

en el rat6n, están enriquecj_dos con IgM, mientras QUE los 

./ ... 
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más pequeños, y se piensa, más maduros, están enriquecidos 

de IgD .( Goodman et al., 1975). 

Estas consideraciones nos llevaron 2. examinar la po -
sibilid~d de que estuviera especializada a actuar como re­

ceptor para el antígeno en las células de memoria (Abney -

et al., 1976c). Sin embargo, encontramos que las c61ulas -

de memoria de clos clonas de c~lulas formadoras de anticuer -
po, tenían receptores de la clase IeP, a pesar de que J.as 

c:J.onas hGbían estado produciendo anticuerpos anti-DNP de -

IgGl ó IgG2a, a lo largo de 9 a 15 meses, con estimulaci6n 

antigénica. Así pues, hay evidencia de que hubo un cambio 

fenotípico en la regi6n constante de la cadena pesada, 

después de re-exponer al antígeno a estas células de memo­

ria. Se llegó a estas conclusiones porque la remoción de 

la IgH de la población de céJ.ulas ae memoria inhildó el re 

conocimiento del antígeno y la diferenciación subsiguiente 

a·c,lulas secretoras de lgG; sin embargo esto no sucedid 

al remover IgG ó IgD de la superficie celular. Así pues, -

la IgM de superficie no puede ser responsable sola.mente de 

la inducción de tolerancia inmune, así como tampoco ~e puede 

pensar que la IgD sea el único receptor para el antígeno ·~ 

para disparo de respuesta en las cálulas B de memoria. En 

lugar de ello, puede haber heterogeneidad en los recept.ores 

de inmu.noglobulina en los lin.focitos-B de memoria(o de otro 

tipo), ~y.E; refleja la presencia de subpoblaciones que va.--i 

surgiendo en la presencia de la selecci6n antigénica,¡o en 

su aus~ncia. TenPmos cierta evidencia }Jreliniinar ( Cooper -

et al., 1976), que sugiere que los precursores in~ediatos 

de las células con IgG en la su~erficie, pu~den expresar, 

lgJ.~ ó IgD. Así pues, la expresión de lgG puede llevarse a 

cabo de manera independiente de IgD, lo que estaría de· --



25. 

acuerdo, .con nuestros datos, de que, por lo menos algunas 

células-E de memoria reconocen al antígeno a través de -

IgM. 

Los detalles en cuanto aJ. control y la evoluci6n -

de la expresi6n de inmunoglobulina, quedan aún pendientes 

de aclarar, así como el papel que desempeña la IgD, de una 

manera definida •. Las células que llevan IgD, ciertamente 

derivan de linfocitos precursores IgM positivos y la alta 

frecuencia de linfocitos que expresan dos clases de inmuno 

globulina tienen implicaciones profundas para el mecanis­

mo de integración génica V-C. 
1 

f 
Es un hecho extraordinario que la IgD no se hubiera 

detectado antes en los linfocitos-E; sin embargo no se puede' 

detectar en el suero normal de ratón (Abney et al., 1976b), 

por lo que su abundancia en las células-E debe implicar un 

papel como receptor para el antígeno. Esto, tan fácil de -

decir, no es particularmente explícito; de momento podemos 

pensar en posibles funciones para IgD. Como se discuti6 -

antes, puede haber una secuencia de desarrollo, y de acuerdo 

con esto los linfocitos inmaduros con IgM se desarrollan a 

linfocitos maduros con IgD pasando por un estado intermedio 

en que tiene a ambos isotipos. ¿Será posible que cada uno 

de estos tipos celulares desempeñe funciones inmunol6gicas 

diferentes? ¿Será que todos los linfocitos-E pasan por estos 

tres diferentes y bien distinguibles estadios, o será que 

algunos son diversificados en otras direcciones (p.e. IgG) 

en cualquier estadio de la ruta de diferenciaci6n? La res­

p1lesta será dada p:robablemente de una forma definitiva con 

tiempo y experimentaci6n utilizando la "sorteadora de cél.!! 

las activadas por fluorescericia''. Una pregm1ta de lo más 
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intrigante es, si IgM e IgD dan diferentes s·eñales al -

estar simultáneamente en un linfocito. Hn cierta manera 

se podría pensar que no, ya que ambas comparten la mis­

ma región varia.ble .. Sin embargo, una pregunta clave, po 

dría ser la forma exacta de inserción de estas dos inmu 

noglobulinas en la membrana, p.e. ¿Estarán unidas o 

asociadas al mismo componente de la superficie celular 

o a diferentes? Otro aspecto importante, es ¿cuando surgió 

IgD exactamente en la evoluci6n? Si este isotipo no se 

encuentra p.e. en peces elasmobranquios, pueden tenerse 
! 

algunas pistas sobre su función. La susceptibilidad tan 

marcada de la IgD a la prote6lisis, se puede conce:bir_ 

como una pista; de hecho, se ha sugerido un modelo para 

la estimulación del linfocito-E, que considera crucial 

la ruptura de IgD, siguiendo un estudio sistemático en el 

efecto de la tripsina sobre la inmunoglobulina de superf,!_ 

cie (Bourgois et al., 1977). 

Las dos ihmunoglobulinas de superficie (IgM e IgD), 

fueron dirigidas por tripsina individualmente, y sus pr2 

duetos fueron caracterizados por análisis en geles. Su -

susceptibilidad a la tripsina, y los productos que libe­

raron, son muy semejantes a los correspondientes en el -

humano. Así pues hay evidencia de homología estructural 

entre la IgD humana y de rat6n, dado que los perfiles de 

los fragmentos resultantes de la digesti6n fueron notabl~ 

mente semejantes. La susceptibilidad extrema a la prote.2, 

lisis, de la IgD de superficie, contrastó con la resiste~ 

cia de la Igr.1 de superficie. A temperatura ambiente y a 

.L.i' e··1'10 ......... ,, ... , 1 ... ~r.r.<c< c,~···1,..., c1·-co hor~s de 1· nct1bac1· 6n con l, ., .'· 1.J l_i l.h.~.:. _ (.,.,j l:..i V ..,::1 V 4l ·..J .i..J. C.. 

tripsina h&.y muy poc8. conversj_,5n de Ig!;~ a los fra.g1:1Entos 

?e y Fab. Por otro lado, la IgD de superficie fué rr.arca-
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dair.ente susceptible. Hubo una conversi6n de 80~ a Fab y 

re en 10 minutos a oºc. Es rv.zonsble r1.;_es, sugerir que 

las propiedc.des bioquímicas de las inmunoglobulinas M 

y D de superficie están relacionadas con sus funcio:r!es 

respectivas. Se ha propuesto (Vitetta y Uhr, 1975) ~ue 

la prote6lisis de IgD en la célula, se lleva a cabo 

despu~s de que ha habi~o interacci6n con el antíeeno, 

J.o que produce un cambio en la moléC;ula, la cual exr~ 

ne el sitio para:ruptu.ra (en la región de la bisagra) 

por enzimas proteolíticas, que hace que en el Fe se -

ºX,,_Onga ,,vi c::1· t1· O r1' ,. c:<'"'"'1° O l-lc,.._·1.l·,e f.•1 -=!1" .._c.r_,::-..ro ..:,e 1~ é f_, .,_!_l1,_·.a. v.!! \.,Uj. L' .,: .. :eL;c;¡_J 4 c;.., l;_ ~ l.;_ = t:: • 
' 

T'na hip6tesis alternativa sería que el complejo antíg~ 

no-Fab (anticuerpo) es liberado de la célula por lo -

que la ruptura jugaría un parel fundamental. A~í pues, 

nuestra ·proposición es que, eJ. papel fur1dPJI!ental de la 

IgD de superficie, es el liberar un fragmento (Fab f) 
después de exponerse al antíeeno, con la proteólisis 

subsiguiente. Este fragmento, que por supuesto tiene 

a. las porciones variables ( esto es, c1etermi:nantes -

idiotípicos), sirve para permitir una respuesta regul~ 

dora anti-idiotipo, que actúa a través del reconocimieg 

to del idiotipo de Ie;l\1; resif;tente a Ja :proteasa, y que 

persiste en la su1,erficie de la célula. Esta proposi­

ci6n, que es enteramente hipotética, se apoya en el he 

cho de que muchas céJulas-E sensibles al antígeno, 

tienen IgM e IgD en la superficie. Cuando esto sucede, 

ambas clases de inmunot;lobulirm se di:ricen al mismo d!:. 

terminante a.ntigénico, ya que comparten las mismas rP.­

giones variables (y por lo tanto idiotiI1os) (FE~rkholJSe 

y .A.bney, 1976, revisión). Aunque la. sugerencia está ba 

sada en datos puede resultar correcta o incorrecta, p~ 
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ro tiet!e la ventaja de que se puede probar experimental­

mente. 

En resumen, la caracterización de la inruunot;lobu-
~..:rr (j:"t ""'.- n•. (',¡_··, ~~,d ~e~~ s~per11c1c _ 

además de Ig!Jl', hab:!a una cantidad vasta de una innn:mogl,2_ 

b:ulina que llamamos IgD, no a.etecta.ble en el suero. Se -

piensa pues, que esta última clase de inmunoe;lobulina si_! 

ve para una función especializada, que aún está por defi­

nirse. Se llevaron a cabo experimentos que excluyeron la 

posi bilió.1:1.d de tma función exclusiva en las célulEi.s-E de 

ffiemoria par& esta. moJ.écuJ.a. En otros experimer1tos se en-. 
1 

centró que la IgD de du-perficie es extremadamente sensi-

ble a. la prote61isis, io c:ue es contrario J.'ara la Ier de 

surerficie. Como consecuencia. se propuso una fW1ci6n hip,2_ 

tética ( pero probable) para la IgD, o.ue promueva una res­

puesta reguladora anti-idiotipo. 

El trabaje descrito que se llevó a cabo para defi­

nir el papel biológico de la IgD de la superficie de los 

linfocitos, no se ha.bría podido hacer, sin haber diseSa.­

do los proce.dirnie11tos para el aislamiento de la lgD de -

superficie {Abney et al. 2_1976b), así como preparar un -

antisuero específico para IgDt para utilizarlo como un -

auxilio metod.oJ.ógico. 
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I N T R o D u e e I o N 

Los exDerimentos clásicos de Gowans y sus colabora 

dor(s (1) cst~blecieron oue el linfocito era la c~lula 

clave oue al reaccionar con el antígeno, -por contacto, se 

transforma en la célula efectora de las resnuestas inmunes, 

(humoral v celular) como resultado de una serie de eventos 

diferenciativos complejos y poco entendidos. 

Un asnecto de la resnuesta imnune, es su es°'.!ecifi­

cid-ad, y se exnlica nor s1J sel. ecti vi dad hacia eJ. a!ltúrnno, 
, ,J • l ' , , . 't . co:::10 .o nreu1cen _os aui:;ores eme ano:van _as n1 po r.s1s se-

lectivas de la in~Jnidad (2-4). Asi uues, los recentares 

n.2ra el a'Y'ltíp.:eno eY'1 un 1infoci to i ndi vidnal so!l de u,..,a RO 

la esnecificidad, nero la esnecificidad v2ría de c~lula a 

célula en la nob1aci6n total de 1infocttos de un organis­

mo. F.r. consecm=mcia, cuando un deterrninante j_n:nu.no~énico 

se introduce en un animal vertebrado, s6lo una pequefia -

norci6n de células con las estructuras adecuadas en los -

recentores son capaces a.e interactuar con el antígeno y -

nor lo tanto son seleccionadas. Enseguida de la interacción 

con el antípe:no dichas células se dividen y diferencian a 

células efectoras. Durante este proceso, algunas céluJ.as 

se mantienen co~o una colecci6n aparte, como células de -

Ji1e.,.,..oria, J;_:i.s cuR.les f'orman una. nob1-act6n exn2.naida oue, -

CO': unq exnosición s-:1hsecuRnte al ".!lis-no antí.o:eno, n-rovoca 

18 bien a o cumentadB. re snue ~ta in:mnP. f!ecnnd.aria. 

Si11 embA.rgo, a r.esar de aue lof; li!lfocitos se -puedan 

ver muy simila.res b::?.,jo el :nicrosco-:-üo de luz, son pobl.a­

cio~es h~tero~~neas de c~lulas. 

. / ... 
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La división 
, 

mas simple y rr.ás ELrnplia que se puede 

hacer es: Linfocitos-E y linfocitos-T, rumque es cierto 

oue hay una pronorción peoueña de céJ.ulas que tienen las -

características morfológicas de J.os linfocitos y no pueden 

entrar en ninguna de estas dos categorías. 8stos posiblemen 

te sean J.os precursores de las cé1.u1as-B o las células que 

fu~cionan en las reacciones citotóxicas mediadas por anti­

cuerpos. El fundamento de esta división se apoya en los 

exnPrimentos hechos en nollos (5,6). Co~ la remoción del 

ti~o se encontró el menosbabo de la resnu~sta celular, ~ien 
1 

tras oue con la remoción de la b11rsa de Fabricio se denrime 

nrofunda.mente el des2.rrollo de la rewmesta inmune humoral. 

En los ratones, de u~a mAnera similar, la remoción del ti~o 

conlleva una den:resión de la resnuesta in111une celular (7). 

Hasta la fecha no ha sido nosible 8e:?-alar en el mamífero -

el eouivalente de la hursa en el nollo, y la evidencia re­

ciente sugiere que es multifocal (8). Sin embargo, fué no­

sible mostrar que en el ratón, los precursores de las célu 

las secretoras d8 anticuernos scin linfocitos-E y que su m_§; 

duraci6n denende frecuentemente de la ini;eracci6n co,., linfo 

citos-T (~). Este concento de una int~racci6n e~tre linfo­

citos-E y -T, tuvo origen en los ex-perimentos en que la me~ 

cla de a~bos tipos de c~lulas eran cnnsiderablemente más -

eficie'1tes en transferir las resnuestas inmunes, oue cual­

o:üer tj_-oo celuJ2r só"J.o (10). T8.'~bi4n estaba claro oue el-

J.infocJ.to-T, auna1le nrol_ife~a c11al':do ~e le uresenta el cLn-

tigeno, no se di~erencia en c~Jul.a serretora de antic·~ernos 

( 11.-13). 

./ ... 
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El esauema se complet6 con el advenimiento de los 

marcadores de la m1nerficie c~lular nara los linfocitos-E ' '· 

y -T (14) y la de:nostra.cióri de oue en muchas respuestas -

in:rnmes! miestras Jos }j_nfocitos-B nueden sjntetiza.r el -

anticuerpo, el linfocito-Tes necesario -para la inducción 

( 11 ayuda11 ) (15). Los marcadores de superficie celul.ar más 

'DOtiuJ.a.res son : .inmunoglobulina y Teta-1 nara, los lin:f:oci 

tos-By -T restiectivamente. Así pues, los linfocitos-B lle 

v:::n irnr..unoglóbulirta e!l su sunerficie y se diferencian en -

células-E ae me1:101"i8. Y cé1ul2s Pecretor~s de ar1tic·:,er:-,os -

crn:::~ndo son exnuestas aJ. ~ntÍP-"eno, comúnmente con la influen 

cia colaboradora de los linfocitos-T. Los linfocitos-T por 

si mismos son responsables de los fen6~enos variados de la 

inmunidad mediada por célul2s. Sobrepuestos a este esquema 

ya complejo, están: los p9sibles pa-peles desemnefi2.r1os por 

los m?crófagos en la inducci6n inmune, v los efectos nosi­

tivos ( a~ruda) y neg8tivos (su-presión) de los linfo ci tos-T 

sobre las resnuestas de los .linfocitos-T y -B (16,17). 

Asi nues una pregunta clave en la Biología moderna 

es la regu1aci6n de la expresi6n génica oue sigue a la int~ 

r2cción de 12.s células con hormonas, compuestas farmacolo­

gica:ne'Ylte activos, antígenos :-r otros ti nos de c é1nlas. 

En la mayoría de los casos, el suceso crítico es -

la combinr:.cjÓn entre los efectores biológica:-nente activos 

y las rnol.~culas rece~toras es~ecíficas localizadas en la­

me!llbrana celula.r. 1)or lo t'.'.",.nto eR de gra:r. importancia aue 

dic1,-,_as mo 1_éculas SPan aisle.das e identificadas, y el -pro­

yecto a 18.:rp;o nlazo s::>rá exn.licar en tPr:ninos moJ.eculares, 

les alter2ciones del fenotipo celular que sigue a las inte 

racciones del receptor con el "lig2."1do 11 • 

. / ... 
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Aunque en el preRe:n.te trabajo se restrinp-e el estu 

dio a las cJlulas linfocéticas, la metodología es de apli­

cación ~eneral a otros sistemas. 

En la actualidad hay evidencia exr:ierimental de oue 

los linfocitos-E de una gran variedad de especies animales 

tienen inmu:nogJ.obulina 2-sociada con la membrana celular y 

oue funciona como receptor para el antígeno (18). 

La clase nredo!Ilinante en los conejos (19) y en los 

rRtones (20) es la !fM, sin emb8r~o la IgG asociada a la -

me:nbrana. de los linfocitos,, está presente, pero hasta cier 

to nur.to de nena.e de la esnecie animal, fuente de las célu­

las (tejido) y m~todo de detección (20,21,22). 

En.los estudios hechos sobre la secreción de la Ig,M 

de tejidos linfoides del ratón, se ha epcontrado aue la PQ 

limerización de las subunidades 7S a la forma nentamérica-

19S, se lleva a cabo a un tiempo muy --cercano a la secreción 

(23,24). En eP,te momento algunos residuos de cisteína dejan 

ae estar bloqueados (25), tal vez nor 1.a a.cción de una en­

zima "rearreglasa de disulfuros 11 (26) y cadena "J", se in­

co:rtiora.n la fucosa y la galactosa a la molécula (27,28). -

Así nues, el proceso de polimeriza.ci6n requiere de la inte 

gracidn de varios sucesos bioquímicos definidos. 

De aaui 12~ idea de que los determinantes de IgM 

nresentes en J.a S'Yperficie de las células linfoides exista 

corr..o subunidades 7S deficientes en ca.rbohidrato(29). Esta 

nredicci6n ha estado anoyada nor eJ. aislamiento de I~M 7S 

de linfocitos ma.rcao.os "in vitro" con 3tt-Leuci~a (30) y 

nor el re.diom2rcaje de la s11nerficie de los linfocitos 

(Jl,12). Mientras hRy acuerdo e~ que Pete es el caso uara 

. / ... 
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J.os Ji.nf,,citos-B, la nresencia o ausencia de inmul"op;l.obu­

lin~ identificable en la sunerficie de los linfocitos-T,­

e8t~ en controversia (31,32). 

En v:i sta de J.os naneles clesempefí2d.os 1::ior los 1ir~fo 

citos-Ten la inmunidad celular y tal vez en la vigilancia 

in-:iune, es de imnortancia crucial que se demuestre la na­

turaleza del rec·e-ptor de la suDerficie celular de una ma­

nera satisfactoria, y esta es la intención inmediata de -

este trabajo. 



ME'.l10D0S 

ESBOZO DEJi ENFOQUE EXPERIMENTAL : 

Todos los experimentos se llevaron a cabo en ra-

tones. 

Tt~ARCAtT:2"! ENZP1~ATICO DE LA SUPERFICIE CELUIJAR : 

Las susnensiones de c~lul~s fueron marcadas uti­

J.izando 1.actoperoxidasa v 125r. in material radiactivo-, .. 

!3e localiza e"I la membrana nlEsmática (31.,32). 

La objeción nrincipal de este sistema, es que las 

uToteínas del suero absorbidas de forma inesnecífica so 

bre la s1n:ierficie celular (u.e. a-r.ticuer-po ci tofílico J­

~e nuea~n mRrcar y dar resultados esnur~os. De hecho ee 

ha demostrado 011e los lj_nfocitos-T ti~~~n gran capacidad 

n~ra absorber inmunoglobulina (33,35). 

Otra objeci6n, es que las nroteínas que estén muy 

e~terradas en la membrana no se marquen eficiP.ntemente. 

Sin embargo estas objeciones se pueden subsanar 

facilmente. En el nrimer caso, es sabia.o aue el anti-­

cuerno cito~Ílico se desnrendP muy fácilmente de la PU 

nerficie celular, con so1amente tncub8.r las células a -

37º nor ~O :T.inutos a v.r:;=i. hor2 (?-Le), de t2.l rr..2.!1.e::ra que si? 

11ueden nre-incub8.r l11s células antes de marc~rlas, y -

comnarar los resuJ.tados con las c~Julas marcadas sin 

~~te nqso nrevio. Los resultados indicaron nue no se -

observa diferencia. De hecho, es muy difÍcjl m2rc"'~r el 

a.,.,ticuerno ci tofíJ.ico, ya que se nierde con J.as 11:-tvadas 

. / ... 
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de las células al prenara.r las suspensiones. 

En el caso de la segunda objeci6n, tampoco es se 

ria, ya cue si una nroteína se encuentra fu~giendo co-

dida11 en el interior de la membrana. 

ELECCION DE CELULAS : 

Timocitos como fuente de células-T no activadas­

Y aue llevan en la sunerficie los antígenos TL y Teta 

( 14). 

Tirnocitos de a~imales tratados con cortisona, CQ 
1. 

mo fuente de céluJ.as aue tienen el antírreno teta, nsro ! . ,. __ 

h2-11 TJerdido el antígeno TL. Células de ba,zo y n6d1.i.los 

linfáticos, como fuente de células-E y -T neriféric2s. 

CéluJ..as d 0 bazo de anima1es timecto:nizados, letalme".:.te 

irradi~dos y reconstituídos con células de hígado fetal 

tratadas con anti-teta y complemento, co~o fuente de -

J.infocitos-B. 

Células de bazo de ratones atímicos congénitos -

(:nu/nu), como fuente de células-E. 

CELULAR : 

" ,_. orr:o la radi2ctj_ vide.d c.,ciJ .... ,_. l.1 (".,., 
... . ~ ' ... 
J_ l m 1 "t 2 o. e a 

cie celular, las sus~ensiones de células se extrajeron 

con detergente no i6nico (Nonidato-P40) que no interfi 

riere con la inmuno-preci ni tación , ya cm.e J.os c0::1no:1fm 

tes nudiPron ser preci 1Ji t~aos se1ecti va1:1ente con J_os -

. / ... 
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antisueros esnecíficos adecuados y caracterizados en elec 

troforesis en geles de noliacrila~ida con detergente (dQ 

decil sulfato de sodio). 

lTSO DE PROTEINAS DE DIVERSOS TfIF.T,OMAS : 

La uurificaci6n de las diferentes clases y subcla 

ses de inmunoglobulinas a nartir del suero de animales -

normales, es muy deficiente, ya que hay proteínas corno -

la ferritina. que permanece con las in:rnunoglobulinas, a -

nesar de utilizar t~cnicas cromatográficas con sesadex v 
\ ·- V 

con resinas de interca~bio i6nico. 

Además, cu2x1.do se· separan eventualmente las nro­

teínas que no son in'Ilunoglobulina, todavía q_ueda el pro­

blema de· seuarar v nurificar las diferentes clases v sub 
,. ll \ V 

c1.ases. 

Otro nroblema nue surge, ~on les cantidades rela­

tivas de cada una de las diferentes inmunoglobulinas. 

Por tales motivos, es mejor nartir de proteínas -

de mielo:nas, ya que noseen la gran ventaja de tener a una 

sola clase o subclase de inmunoglobulina predo~inante, -

lo que significa mayor pureza y mayor cantidad, sobreto­

do si se ve.n a utilizar como inmun6~enos y como patrones 

ae comparación en los geles de poliacrilamida o en el ra 

dio-in:r:ur,o-ensayo, -p2.ra la ti tulEción de ELYlticuerpo s cl2 

se-esnecíficos. 

Si el objeto de este trabajo es el aislar y cara~ 

teriz2.r las inmunoglobulinas de sunerficie, es aconseja­

ble el uso de natrones de comparaci6n en los geles, y na 

ra evitar errores de interpretación, estos natrones se -

. / ... 
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utilizaron m~rcados con un radiois6tono diferente (1 311) 

y se mezcl2ron con las muestras -:-:>or analiz2r, uermitien­

do así conocer la posición exacta del patrón y del probl~ 

Como la energía de emisión del l3lr tiene cierta 

"derrama" en el canal de 1251, se contaron a11bos radio­

is6topos, separados pri11ero y mezclados despu~s. Para ha 

cer los cálculos de la derrama a.el 1 31 I en el canal de -

l?5I, se encontró oue ~sta equivalió al 25,9%, así aue -

este norcentaje se tuvo que sustraer para tener las lec-

t,rras reales. 
! 

1. 

Otro de los motivos por los cuales se utilizaron 

uroteínas de mielo~a uurificadas, como inmun6genos, fué 

el tener la ~ep,-urid8.d de que solamente la nroteína desea 

e.a urodu~era a11tj_cuernos, y no tener otro tino de conta­

m.in::::.nte de:::,conocido ( o conocido). ~sto es narticul2.rmen-

te im~ortante cuando se utilizan técnicas de inmunofluo­

rescencia, ya que si los antiRueros no están nerfectarri.en 

te caracterizados, pueden llevar a conclusiones totalrnen, 

te erróneas (p.e. se estaría observando la reacci6n del 

antisuero con algún otro componente de la membrana celu­

lar, y se inferiría que es i:nmunoglobulina). 

ANIMALES : 

a) füdc:nes : Hembras I"PE (Libres de p3..tógenos 

esnecíficos : SPF) de l;::,~s cepA.s inF-éni tas Balb/c·, 

CBA y C<H/E, de 3 a 6 sem2.n2s de ed2.d.; fetos -.., 

y re.tonP.s neonatos Bal b/c; ratonas adultas de 

3 a 13 meses de edad, de las mismas cepas. 

./ ... 
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b) Cone~os : Animales crecidos en el bioterio, 

de 1,5 a 2 Kg. de peso, he1,bras y machos. 

e) Cabras: Animales adultos maritenidos en la 

granja. 

./ ... 



IN,·1UNOGT,OBUJ,INA~:i nr,: HATON : 

Inmunoglobulina 'rumor Fuente Pre nar,·;,c i 6n * 
l. IgM ()/4", K) TEPC 18.3 Suero Gradiente de sacaroRa, ge-

les de acrilamida prepara-
tivos ( 1) 

2. IgivT <J,L' A 1) MOPC 104E Suero Gradiente de sac2rosa,ge-
les de acrilamida prepara-
tivos ( 1) 

3. IgA ( o( 'A 2) MOPC 315 Suero -DNP-Lisil-Sefarosa (2) 

4. IgG1 ( '(1, K) MOPC 21 Suero Sulfato de Amonio, D.8AE (3) 

5. IgG2a ( (2a, K) Adj PC5 Suero Sulfato deAmonio, DRi\.F: ( 3) 

IgG2b ( ( 2b, K) 
4---..,.,.,.,; 

Sulfato de Amonio, DEAE (3) 6. MOPC 195 Suero 

1. IgG3 ('(3, K) FLOPC 21 Suero Sulfato de Amonio, DE:~1<~ ( 3) 

8. K l\TOPC 47A Orina Sulfato de .Amonio, DEAl~ ( 3) 

9. 'A MOPC 104E(O) Orina Sulfato de Amonio, DEAR (3) 

10. Fab (2a. (K) Adj PC5 Suero Sulfato de Amonio, DE~~~ ( 4) 

+ .:::xplicac16n de la pren:=i.ración de Inmunoglobulinas de plasmacitomas. 
1:-' 
1:-' 
• 



(1) Un mililitro de suero anlicado a un gradient~ li 

neal de saca.rosa (25 ml.) de 10-JO;ia (n/v) en T2IS­

g1icina pH 8. 7. Cent:rifu.rrado 16 h. a 100,000 g. -

El uico recogido, formaa_o por I,gM YCX.2 macroglo­

bulina, fué sometido a electroforesis prenarati­

'va en acrilamida al 3%. Des1Jués de algunas im-ou­

rezas menores se colectó el primer pico de c:x2 -
macroglobulina, seguido de la IgM ( 30). 

(2) Sefarosa conjugada con D1P-lisina por el m~todo-

de bromuro de, cian6geno, en una columna. Se apli 
1 

ca el suero, 'y la proteína se eluye con DJ';l)-gli-

cina (~ 0). 

( 3) Un vol_umPn de suero, diluido con tres volú_me~es­

ae amortip_:uanor de -fosfatos-salina y nrecinitr.:do 

con cuatro volúmenes de sol.ucj_Ón s2.tur;:;_da d'= _sul 

fato de amonio. Dializado contra amortiguador a.e 

fosfatos de notasio 10 mM, pH 8 y aplicado a una 

1 a D..-, . ,:;, 1 1 - J . b ~ · t . co umna e .t.A.w-ce. u_o~a, ecrn1 .. _1 raaa co,.., a:::or 1 
. -

g,.1a.dor de foBfatos de pota.sic 10 mM, pH 8; des-
- -
nués de anl icada la nroteína v lavFida c0n la mis - . ~ 

ma soluci6~ hP?ta que la lectura de D.O. 280 sea 

de cero, fu~ eluída con diez voJ.dmenes de colum-

e e ,_ 'J 

:'.1:··T 2. 30 m!, -pH 8. El nico eluído, fué preciT.'ita­

do co.,., su1-fato ae a:!'oY:io al 50~ de satur2.ción. 

( 4) L2. nuri fic2.ción se lleva a ·cabo co'!T!o en (?,), y -

i,ost~riormente !'le "0re:J,~ra e1 1i'ab l)Or düresti6n -

. / ... 
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con par,·:-1ína de acuerdo c::rn el. ml:t1do de Kno1Jf, -

Parkhause y Lennox {36 ) • 

:?R"E?t-.RACION DE ANTI STTE:ROS. 

l. Antisueros de conejo : 1 mg. de proteína de ra­

tón en adyuvante completo a.e Freund en tres inye.2., 

e iones .a lo largo de seis semanas. J,os animales­

fueron sangrados de siete a catorce días después 

de la última inyección. 

2. A11tif:1H~ros de cabra : Se obtuvieron de la mimTia­

ma.nera aue los ele conejo. 

"BSPECIFICIDAD DE LOS ANTISUEROS 

a) AntisuP.ros no1ieRpRcÍficos : i.e. A:nti-Fab : 

Probado co:::,__o ariticuer-ro nrecinit8.nte contra todos 

los isotinns de la variedad K, utilizando placas 

de doble difusión en agarosa (Ouchterlony). So­

lamente se usaron los anticuerpos que precipita­

ron todas las clases. 

b) AntisuP.ros mo11oesnecíficos. 

Hechos esnecíficos nor naso en columnas anronia-

es~ecificidad s~ probó nor co~recinitaci6n en ra­

ato-inmuno e-ns2vo, utilizando nroteína radiactiva 

de todas las clases. 

Rc:d.io-ininuno enssyo AntisuE.ro de prueba J.0 .)!- J., 

nroteína de miel.orna radj_acti va ( a:proximadamente -

. / ... 



14. 

10 ng con 104 c.p.m. de 151I), a tempe:r-5.tu!'a c:.:~bien 

te 30 minutos. Agregar J.a cantidad adecuada de -

suero de cabra anti-fama e;l.obulina de conejo. Bs-

r.pré.1::-' P. cue sP. forme el. Dreci -oits.c.o, cent~i:F'11p-3:r -

y contar el sobrenadante y el nrecinitado. Se estan 

aariza con rPferencia a controles positivos (anti­

Fab) y 1'.lep.:ativos (inmunoglobu1ina nor:nal de conejo). 

I t Í d . 1 1311 d Jas pro e nas e m1e o~a se marcan con usan o 

la técnica c'Ie 1:::i. c1oramina-T, descrita nor Hunter­

Y Greenwo0d (37). 

3. Anti sueros fl1foreRcentes de cabra 2.YJti-ga:·n::112 .gl o bu­

lina de caneio: 

Se utilizó el m~todo de Goldstein y Cebra (1965) -

(38) v que esencialmente consiste en hecer una pu­

rificación narcial de las inmunoglobulinas del sue 

ro por precinitación co~ sulfato de amonio; selec­

cionar gru~os de inmunoglobulinas con punto i~oeléc 

trico restri-rJlddo u8ando cromatografía en DEAE-ce­

lulosa eaui1ibrada con solucción a:norti~aa.ora de 

fosfatos de sodio 0.01 M, pH 7.5 y eluyendo con -

gradiente escalonado de concentración de sales 

(NaCl O, 0.05, 0.1, 0.2 ~).Concentración de los -

nicos de nroteína a 10-?0 mg/ml, y diá.lisis contra 

NaCl 0.15 M. Las fracciones obtenidas individual­

mente se conjugan con isotiocianato de tetranetil­

rod&::-iina o bien con isoticcians.to de fJ.uoresceína­

(30 )'-g de TRITC 6 12.5 p.g de 1''ITC/;ng de proteína). 
o La conjugaci6n se 11.eva a cabo a OC ~or dos ~oras 

a 1JH 9. 0-9.5, mantenido 'f)or la adición de N2. OH -

. ·/ ..... 
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oiluída (O.J. - 0.01 N) se deja a 4º C durante 1_2_ no 

che ne.ra oue el nH decrezca esnontáneamente, e ~ustar 

lo a 7.6. Remover el fluorocromo no unido en se~ha­

dex - G-50 e~ujlibrado ro~ fos[atos 0.01 M pH 7.5 y 

fraccionar la inmunoglobulina conjugada en DEAE-ce­

lulosa, con el gradiente escalonado descrito arriba. 

A ·medida r.ue aumenta la conjup:Aci6n, dis::nim1v-e el -

nunto isoeléctrico de la nroteína conjugada. Así -

nues si se e:1.nieza con fracciones de inT.uncglobuJ.i 

ne. 0_'..Jf? te::iga:: UY'. r:iu?'1to isoeléctrico homo{J:érteo, 18. -

columna de DEAE-celulosa per~ite seleccionar a las­

moléculas de inmunoglobulina aue tengan unidas can­

tidades similares de fluorocromo por molécula. Esto 

-r;ermite excluir a1 anticuerno noco conju.q:ado, aue -

se une a los Pitios antip-énicos y C'Ue no se puede -

detectar, y t8mbi~n al anticuerno co~juFado en exce 

so, que -:-iuede estar inactivo o bien r.ue se nuede -

adherir en forma inesnecífica a las membranas celu 

lares. 

Las inmunoglobuli:nas 

sidad 6utica de 2-3 

son las utilizadas. 

PRUEBA CON CE1ULAS VIVAS : 

aue tienen una relaci6n de den 
. D.0.280nm D.o:2sonm 

(FITC= D.o.495nm ó TRITC D.o.515nm) 

Se utiliza el a~ticuer~o fluorocromo a varias dilu­

ciones, notrmdo dos asnectos funfü,,_,11entales a) Brillantez 

:ir b) 'f';"úmero de células te~idas: SA utiliza a la dilución 

nPces2ria en que se tenP'.a el mtxirr:o de ar:¡b2.s, ya c:ue si.ale 

una curv2. semeje.nte P.. la de Gauss. 

. / ... 
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a) Tinci6n d~ c~~1las vivqs: 

Se h~ce si~1iendo el rn~todo descrito ·por Raff (39). 

Ss funda:nental que la,s células estén realme~te vi 

V'?S ( es decir, !"me no se enc11entren células muer­

tas), para evitar la absorción ine~pecífica del 

anticuerpo, ó el paso inespecífico del :nismo al -

interior de las células muertas. 

2-4xio7 células/ml. 20J"l, se dejan a temperatura 

ambiente con el anticuer-oo 30 minutos, se lavan 2 

veces y se incuban otros 30 minutos con el anticuer 

~o de cabra anti-conejo conjugado con el fluorocro 

~o; nara aue se forme el casauete se lavan 2 veces 

y se montan en un portaobjetos con c.ubreobjetos, -

sellado con narafina líquida (a 5ü° C). Se ven al 

microscopio ·de fluorescencia, obteniendo el norcen 

taje de c~lulas tefiidas con respecto a las no te­

Eidas, utilizando filtro de interferencia de 510-

nm para fluoresceína ó de 570 nm para rodamina. 

b) Tinción doble de células vivas: 

Se promueve la formación de casquete con el -primer 

anticuerno de conejo y cabra .a~ti-conejo conju~a­

do con un fluorocromo ( p. e. rodamina); desp1.1.és se 

nonen las células en bañ.o de hielo y se tratan con 

anti-conejo conjugado con el otro fluorocro-::10 

(u.e. fluoresceína), en presencia de azida de so­

dio al O. 03% uara evj_t2.r 1.a form.:::tción de casquete. 

i1.sí fle nu,-:>d.e observar eJ. nú.r:i.ero d,'! cé1u.·1..2-s ,.>:,::-1 

tinción sencilla ( uno u. otro fluorocro:no; C,".sG 1J .. e-
. / ... 
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te o anillo) y la.s células con tinción doble ( aJJ.bos 

fJ.uorocromos~ casauete v cmillo) v calcular el nor 
• J. '·' ,, ~ -

centaje, respP.cto a las no teñidas. 

MARCAJE DE LAS MEMBRANAS CELTJJJARES CON 1251. 

Se utili-zó el método descrtto por "Philli !JS y I!'.orri 

son (40) donde la reacción de incornoraci6n del yodo a 

las nroteínas de la membrana celular se lleva a cabo ']JOr 

la catálisis de la enzima peroxidasa sobre el ner6xicio de 
\' 

hidrógeno, siendo éste U"" tratamiento mu.y sua.ve, oue no -

modifica la viabilidad celular, y aue nermite el marcaje­

externo solamente. Se llevó a cabo en cuatro pasos im-por­

tantes : 

a) Suspensiones de c~lulas en solución de fosfatos-sa 

lina (en ausencia de proteína, por razones obvias), 

con viabilidad superior al 95~ (medida por exclusión 

del colorante azul tripano); en forma muy ráriida;­

llevando a cabo el proceso en condiciones óntimas 

de rauidez y temperatura, para evitar la degradacidn 

de las proteínas y la obtención de artefactos. 

b) Prenaración de los extractos celulares : Desnu~s del 

p.:randes de fosfato-f:aJ.ina na.ra l2v2.rlas por centri 

fugación en frío v se lisa.ron en so1uci6n de fosfa 

te-salina conteniendo el 1% de Nonidato P-40 (d.eter 

gente no iónico) fluoruro de feni] metil sulfo:nilo -

10 m1\~ ( para inhibir la -proteóli sis, fundamentalmP-n 

. / ... 
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te aau0lla provocada nor la serina-esterasa) y con 

Iodoacetamida 100 mM: (para inhibir el re-ensa:nble 

esTJontáneo de macromoléculas a través de los -Sff). 

DesT'ués df' de~ar J..2s rnuest:ra.s '5 a 10 minutos en 

hielo nara -permitir la disolución de las membrenas, 

se centrifugaron ~ 15,000 x g durante 15 minutos. -

El sobrenadante se nas6 ~or Sephadex G-25 para eli 

minar el material de bajo peso molecular, conserva.'11. 

do solamente a las nroteínas. 

:Sn estas ccndiciones esenc.ialmente tofo e1 mé.te.::-ial 

precinitable con ácido tricloroac~tico es solubili 
¡ 

zado por el dPtÍergente NP40 y recuperad.o del Se"?h.§: 

dex G-25, trei11tR, minutos desuués del :ns.rcaje celu 

lar. 

e) ~~is1amiento de la imnuno;;J.ohu-:t.ina : T:a in.'Tiun.o.a-lobu 

J.ina fné ai sl2.d2. de 1o s l isado s "rOr iYL'Tiurrn conreci­

nitación. Se utilizó el sistema de coprecinitación 

indirecta, i. e. '))rimero suero de conejo anti-ir1mu­

noglobulina de ratón y enseguida suero de cabra 

aYJti-gama globuJ.ina de conejo, en hielo y seleccio 

nando el suero de cabra que en estas condiciones -

precinitara más rápida111ente (vale· J.a nena mencionar 

otra vez aue se utilizaron las condiciones en '.:"._Ue­

se nudj_ Pra evi t2.r J.a nroteóJ i sis y la a e1;rad2.ción­

en general de manera más Pfici e~te). Una vez 0,.1.e -

sP- hubo form2.do el. nreci ni tado, se centrifup:ó y se 

lavó con fosfa.tos-saJ.ina- 1~ NP40-1'VSF 10 m!( en 

frío, hasta oue el m5.mero ae cuentas rior minuto del 

nreci ni tRdo no dis'Tlinuvó !Tlé.s del J.0%. El ú_l ti:-::o la 

. / ... 
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v2.do fué hecho con fosfato-salina para quitar el 

detergente, v los precipitados fueron contados 

en un contador de radiaciones'( (LKB 2000), 

d) Análisis y caracterizaci6n de la inmunoglobulina 

de suuerficie en electroforesis en Geles de nolia 

criJ.a:nida con dodecil sulfato de sodio (SDS). En 

vista de aue se utilizaron antisueros isotipo 

(clase)- específicos, el 2.nálisis de las especies 

:r.cJ.ec-..J.J ares de ir::!1unogloh~.::lina, se :i.'..evaron P.. ca 

bo en geles disociantes de SDS, en los aue la se 

paraci6n se debe a la diferencia de nesos molecu 

lares y no de car~a. Se nuede elegir entre dos -

opciones: geles reducidos v no reducidos, ya que 

las inmunoglobulinas son proteínas compuestas de 

dos tipos de cadenas : pesadas y ligeras, y pue­

den nresentar diferentes graaos de nolimerizaci6n: 

monomérica, dimérica, trimérica y ~entamérica e 

incluyeron un marc~dor interno. 

l. Geles no reducidos: Los co-preci"!'}itados fue 

ron disociados con sol.uci6n de SDS-iodoace­

tamida-sacaros (1% - 50 mM.- 7%), hirviendo 

a Bafio María 2 - ~ mim1tos, con el fin de.­

observar la clase y grado de polimerización 

de las in11unoglobuJ.in2sT Los geles utiliza-

dos fueron al 4. 25% de acrj_lamida. 

2. Geles reducidos: Con el fin de analizar no 

sibles diferencias en los tamaños de las ca 

denas pesadas, los conrecipitados fueron re 

• ,I • •• 
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ducid.os con Di ti.o-trei tol (DTT) l mTi: en fos­

fatos de sodio 20 mM pH 7.2 - SDS 2%, sometí 

dos a ebullición 15 minutos. Para evitar rea 

e-ociación las muestr!?.l3 fueron 8.Jcuil2.d2s con 

un exceso de iodoacetmnida (10 mM) y someti­

das a electroforesis en geles con marcador -

interno. 

Marcador interno : Los marcadores internos fueron 

1-rr'eT)ar2J!os, utilizando inmu!1orrlobuli:nP.s nu:rific2das 

de mieloma ( IgM de JV!OPC 104E e lfG de Adj PC5), mar 

ca~0s con l3lr nor el método de Hunter y Greenwood, 

(37) éstas fueron: 

(I)· No tratadas: IgG 

(II) Parcialmente reducid8.s : Igr-~, usando DTT 0.5 

mM a tem~eratura a~biente 60 minutos, alqui 

lando posteriormente con un exceso de iodo­

acetamida (50 mM). Esto permite tener las -

especies moleculares H2L2 y HL. 

(III) Totalmente reducidas: IgG e IgM, utilizan­

do DTT 1-2 m1'"1 en SDS 21 2%, hirvie!1do 15 mi 

nutos y a1q_ui12.-rH10 con un exceso de iodo2.ce 

tam:ida (50 mM). 

Se hizo nosterior~ente una mezcla anroniada, oue -

inclu:'irÓ 
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ELECTROFORESIS EN GEL DE POLIACRILAMIDA - SDST 

Todas las muestras faeron mezcladas con marca~.or 

intr.r:no (rr,r7cl2. artif:cial ae inmuno~'loo':1.ir:as de ·:-:-.ie~.o-

ma de rat6n en diferentes grados de reducción y marcadas 

con 131r) antes de ser sometidas a electroforesis, y en­

una pronorción 4e 3 a 5 veces de exceso de 1251 sobre 

1311. 

Todas las muestras f1rnron corridas en geles de -

6 cm. de lonF-itud y 0.5 cm. de diámetro. Para geles al -

7% fueron 4 horas a J5 mA/gel y -para geles al 4.2% 4 ho-
1 

ras a J. O mA/ gel. ( 41). 

Posteriormente los geles fueron congelados, cor­

tados en r!=?ban2da.s de 1 mm. de longitud y contadas en 

2.~bos canales ( 1251 y 1311). 

Las cuentas por minuto fueron corregidas r,or el­

cruce de canales (26% de 1311 se derrama en el canal de-

1251) y graficadas. 

2a. ELECTROFORESIS DE MUESTRAS EXTRAIDAS DE LOS GELES. 

En los casos en que se necesit6 extraer muestras 

ae Jos f:elR~, eJ. ;,ico fi;t loc2li7.8.do cont2r1~0 J.2.s !'<::°t'2-r2. 

da.s de gel, reunidas y extraidas uor ebullición en fosfa 

tos O. 02 1t-SDS al 1%, Di tiotrei tol 1 mTi1[, durante oui!:c e­

:::,inutos, el sobrenadante se transfirió a otro tubo, e.es-

, d . d bl d • ' t • d l ~ e:; o · TC ~ues e haber si o oauea o con ioooece .a~l a _u-/ 2_, 

se ·1e adicionó la sacarosa y la. urea y se corrió nueva­

~ente la ~uestra en electroforesis. 
./ 4 •• 
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PREPARACION DE MEMBRANAS DE LINFOCPros. 

Se utilizó el método de Crumpton y Snary, que con 

siste básicamente en hacer una susnensión de células (ba 

zo) lavadas, romperlas y someterlas a centrifugaciones -

diferenciales -para sena,rar núcleos y mitoc1D>ndrias de ri­

bosomas y membranas y ésta última fracción se somete a -

un gradiente escalonado de sacarosa (36% y 26%). En la -

interfe,se se obtienen las membranas uurificadas (42 ,43). 

Se hicieron controles en "todas las fracciones, h.§: 

ciendo deterffiinaciones de nroteína (la membrana constit~ 

ye el 0.1 - 0.2% de la proteína total de los linfocitos), 

y 5' nucleotid2sa (enzi~a característica de la membrana 

pJ.a.smática). 

PREPARACION DE COLffitNAS DE SEFAR0SA-4B CON ACTIVIDAD DE 

ANTICUERPOS. 

l. Gamma globulina normal de conejo 
, 

: se preparo usan 

do 6 mg. de ga!!l.:~a globulina normal de conejo puri 

ficada y 3 ml. de sefarosa. 

2. A.11ticuerno a_e conejo anti cadena /fa de rat6n : se 

nrenaró con 3.6 mg. de anticuerpos y 1.8 ml. de -

sf'f2:rosa. 

El anticuer-po anti-cadena f' de ratón se pre'0aró nor 

la aulicación de suero de conejo es-:iecífico anti-fl.­

a una co1umna de sefarosa-Ig!lí (T{O.PC 104E;¡A ! A.1), 

y el u.yendo el ;:rnticuerpo con ácj do acético 1 TIT. 

.·/ ... 
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3. Anticuerno de conejo anti-?ab (K) de rat6n: Se -

nrenaró utilizando 5 mg. de anticueruo y 2.5 ml. 

de sefarosa. 

"Sl Entic":.Jer-::o 2.:1ti Fab (K) se 1'..'!'eT,aró ce u:12 rr:2..ne 

ra semejante , mezclando lo.s siguientes eluados : 

conejo anti-IgG1 completa (K) (MPC 21) retenido -

'IJOr Sefar.osa-IgG2a (K) ( Ad j PC5); con e jo anti-IgG2a 

comuleta (K) retenida '90r sefarosa-IgG1 (K) (J;l[PC 21) 

y conejo anti-IgWI completa (K) ( TEPC 183) retenida 

~o~ c,e··,,:;:,~,...os~ Ig,..--- (v) (:,,.:¡; ucr.;' 
,. l.' ,.· ,-<--- \. ct- :·:'¿a .,. ,.r.v.1 o •. ) • 

¡ 

1 
PREPARACION DEL ANTISUERO ANTI-IgD. 

La prenaración de membranas ulasmáticas de células 

de bazo de 1750 ratones Balb/c· (160 g. de peso húmedo) -

rinaieron 130 mg. de nroteína. Las membranas fueron di­

sueltas en 25 ml. de solv.ción de fosfatos-saJina conte­

niendo 1~ (u/v) de nonidato P-40 y fluoro.ro de fenil me­

til sulfonido 1 mM, centrifugadas a 105 x g durante tres 

horas, y 11osterior:nente el sobrenadante fué pasado por -

tres columnas sucesivas de sefarosa-4B: (I) conjugada -

con famma globulina normal de conejo; con el fin de fijar 

cu.alouier ti no de rr.olécuJ.as que se adhieran a estas nro·­

teínas de una manera más o menos inesnecífica y nudir.ra 

(p. e. · rec e-ptores de Fe). ( II) Anti cuerpos ~s-pec:!fi ces a. e 

C'.1nejo a.r:ticad.e--12.)'(, de r2tón, con el fin de fi~2.r 8, la -

jn:r.u11.orlohuli112. M y (III) Anticueynos es~-PcÍficos ele co­

nejo 2nti Fab de rat6n. cJn el fin de fi~ar a Ja IgD . 

.. / ... 
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C· 0 4"' r-. 
... , J. r_ ... 

rosa. ( 44) drm una gra!'l cap2.cidad. como inmunoabsorbentes. 

Des:111és de nasaa8. la mue::;tra, J.Rs column~.s f 1.rnron 

lsv2deP rnn solucj6n de fo~fato~-sa~ina con 1% de NP-~Oy 

uosteriormente solamente con fosfatos-salina. Dada la la 

bilidad de la IrD, la sefarosa-anticuerpo-inmunoglobuli­

na de ratón, fu_é emu.J.sificada con igual vol11men de adyu­

vante de Freund e inyectada en los conejos (45), sin to­

mar el riesgo de elu.irla y a}",rovechando nuevamente las -

vent2.j2.s del in;'!Junos.'ts')rbente ene d2.ri2. una vida :118.s 
1 

F.a al antígeno en el con,ejo. 

1 '"'r 
..J. r=. -



R E S U L T A D O S Y D I S C U S I O N 

Las suspensiones de células esulénic,:i,s con viabili­

dad mayor del 95% (por exclusi6n de azul tripano) se mar­

caron externamente con 1251 por el método de catálisis con 

lactoperoxidasa (46), la inmunoglobulina de sunerficie fué 

urenarada uor inmunoprecipitaci6n con suero anti Fab-K y 

analizada en geles de e,cri1amida al 4% con dodecil sulfa­

to de Rodio al1%(SDS)f26) con la adici6n del marcidor in­

terl'!o (IgT,r; :marcada con 1 3.1 r ( 23) parcial~ente reducida a 
1, 

H2L2 y HL). Como ya se ha descrito antes, encontramos·una 

proporción mayor de radiactividad de la inmunoglobuli~a -

de la sunerficie celular en la uarte del gel que correspog 

de a la subunidad IgHs ( )'-212 , monÓr!!ero) (?ig.l), la cual 

nor reducci6n dió cadenas nesadas y ligeras (Fig.2); sin 

e'.'nbargo, también se observó una cantidad sit;nificativa de 

radiactividad, en una posici6n ligeramente más avanzada -

(más pequeña) que la subunidad 'fiL, que por reducción también 

dieron cadenas pesadas y ligeras (Fig.2) y nor lo tanto -

debieron ser subunidades HL. 

Destiués de la reducción y alcmiJación de a".Tlbas subu 

. d ;J J{ T HT ' l T lrv,1 ~ d n1 2.u.es, 2....l2 y "' en ge.es a_ v¡o, mosvraron o~ esne-. 

cies diferentes de cadena pesa.da, una con la movilidad -

( v nor lo tanto neso molecular) ü=:ual al m8.rca.dor inter­

no de cadena l3lr p.-, y el otro (?ig. 2) con una. :nigra.ción 

n2vor ( nor lo t2nto de neso molecular menor) que j)...., nero 

:menor (nor Jo tanto de peso molecular mayor) que la cad..§_ 

n2. '6· La nroporci6n de radiectividad encentrada en l;:;. ca 

a ena. 1Jes2.da más ~equefia ( m ip.;ra.ci6n m2.s rápida que p..) f,2é 

. / ... 
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SlJ nerí'i cj.E; d.e -y • r"I •• 

!:l1F0CJ_-COb 

de bazo de rat6nQ 

Las susnensiones de c~lulas de bazo de rat6n, -

C?A. e.e 4 a 6 seman.gs de !=:!ñad, fueron marcadas co-;: 1251. 

ror el método catalizado -por lactoperoxidasa (40), lava­

das con salina-fosfatos y lisadas durante 10 minutos a -

0° C en Nonidato P-40 al 1% en PBS. Los lisa.nos centrifu 

ga!"1os ( a 4,000 x g por 10 minutos), fueron dializados 

centra nonia.ato P-40 al J.% en PES, en frío. La Ig de su-
• .¡_. 

CO!le JO 2.1':l .,1-

Ig de rat6n ( 1Joliesnecífico), seguido de 100 pl suero -
¡ 

de cabra anti-It1:G de conejo. El precipitado lavado (NP40 

al 5% en PBS: 3 veces y dos veces más en PES, todos los 

lavados fueron hechos en frío), fu~ disuelto en dodecil ~ 

sulfato de sodio al 4%-Iodoacetamida 0.1 IvI-fosfatos de -

sodio 0.05 ~-~ (pH 7.0), hirviendo durante 5 minu.tos a. b2.-

fo Maria. A la muestra así tratada, se le aftadi6 marcador 

interno (ver texto), IglVI de mieloma MOPC 104E marcada 

con l.311 y reducida D8rcialmente con ditiotreitol. "Para-

el anáJisis en- gel, se depositó la muestra en un gel de 

nol.iacri1amida al 4. 25% conteniendo dodeciJ. sulfa.to de -

sodio al 1%. Después de la electroforesis (4 hor2.s a lOmA/­

-/.c.:el) se reban6 el gel en segrpentos del mm. y se deter 

rr.i;16 la radiactividad. Los valores fueron corre{!'idos nor 

e:!_ cruce de C8,nal es y J.os d2,toe Pstán ren!'esentados Pn -

l á~-8, t;Y' . 1. 1 e a , con la p2rte superior del gel hacia la iz0uier 

d2.. 
1 ,...5 

, represeni;a la Ig de superficie marcade, con ~e I; 

- - -, renrese:nta al ma_rcador interno (1311) ~ 
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FIGURA 2 

da de la inr.mnop-lobuJj_na de stJTJerficie de J.os 

Linfocitos. 

Las s·ecciones del gel mostrado en la :B1igura 1, -

conteniendo los componentes H2L2 y HL fueron eluidos en -

condiciones reductoras (DTT 2 mM) (ver texto). El eluado 

fué hervido 15 mi.nutos para asegurar la reducci6n de todos 

los puentes disulfuro, des-pués fueron alquilados por la -

ac.i'ción de ioc.oacetamida ( concentraci6n final 10 mM). El 

m2terial resultante EA aenositó en geles de poliacrilami­

da al 10%t conteniendo dodecil sulfato de sodio, nara re­

solver los comnonentes de la cadena pesada. Se observa rue 

el marcador interno de l3lr ~roveniente del primer pel, -

se encuentra totalr.r..ente reducido, e indica las posiciones 

nara la cadena_p.. y la cadena ligera. Los e;eles fueron re­

banados y contados de la mi~ma manera que en la li:r:r.ura 1. 

La -posici6n de la cadena -'e( fué determinada corriendo U..."1 

gel naralelo con una muestra de 131I-IgJ\1 (!fiOPC 104-E) red~ 

cida y mezclada con 131I-IgG2a (Adj PC5) reducida, a) 

H2L2 de superficie, reducida, b) HL de superficie, redu­

cida. Línea s6lida 1251, línea punteada marcador interno 

de 1311. 



?6 ~ . 
1 t ' ' d d TT T ( -, • 2· ) 1 mer1or en _a mues ra r0<mc1 a e r.2..u2 ,-11.g. _a que eri a -

de la muestra reducida de HL (1_1'ig. 2b). 

Para eliminar la nosibilidad de aue la hetero~snei 

de los linfocitos-T (45, 47) de las susnensiones de las -

células de bazo, llevamos a cabo los mismos ex~erimer:tos 

con células de b8.ZO de ratones desnudos (nu/nu, atírnicos 

congénitos) y con ratones "B" (timectomizados, irradiad.os, 

tratados co~ cortisona y reconstituidos con células de -

hígado fetal); los resultados obtenidos fueron .., . .1os ::is::1os. 

Además, las c~lulas-T. obtenidas nor sAnaraci6n de las e~ 
! 

lulas de ba,zo en colulrmas de nylon (48), no contiener: 

cantidades detectables de inmunoglobulina de su:9erficie, 

+ ·1 · a t t· ::, · ::, 1 ., u"1_izan .o es e 1po a.e mei:;oao ogia. 

Como control de degradaci6n de material contenien 

do cadena p dura:.1t e la nre-para.ci ón de inmnnoglo bulin2. 

mqrcada (Ig) Pe llevaron~ cabo exuerimentos de recons­

trucci6n. Amb2..s es"Decies 125I-H2L2 y 1251-HL, prenaradas 

nor reducci6n tJarcial de IgM de mieloma MOPC 104E, se ng_ 

dieron recunerar sin ca:-nbio cuando se afi:adieron a susnen 

siones de céluJas de bazo, sin marca, y nor medio de in~u 

hopreci ;ü tación y electroforesis en geles de SDS. Le.s sub 

bunid2.des HL e::icontradas en la sunerficj_e de los li~:"'oci 

t0P esDlénicos no e~ T'"..lPS el resu1tano ele U"'Hl aesuo:i..i-0-

riz2.ci6n reducti va oe f. 2Ti2 durante el a.isl2..rr.iento. ')es~ués 

de reducir las 12 51_ f 2L2 y 1251_ f-L dieron las c2,der.e,s -

nesadas con el :nismo te.m.8fío c,ue la cad_ena f' no trat2.c.a;­

esto es, la :heterop.:eneidad de la Ig de superficie de J_a -

célula no resulta de la degradación durante el proceso de 

Bi Rla:nie11to, 
. .,/ ... 



27. 

Una Axnlicaci6n nosible nara la heterogeneidad -

de la I~ de sunerficie, es aue midiera existir una relación 

.... recursor-TJroducto entre las di versas esnecies observ2.das. 

,... · 1 1 ' ' A ' -'='l ' ' b' . t '..t- • .:JJC'_1a Y-f.',.P.CJOY'. r.o, .. r12. re., .. eJa!' un2 vJa ,J_o:=nn e~.1c8 o :Jn 

reca•nbio metabólico de la inmunoglobulina asociada a la -

membrana. 

En el ~rimer caso de subunidad HL podría se:r el 

intermediario en la biosintesis de H2L2, y la cadena pesa 

da Decuera. sería /.A Darci alment e gl uco si lada, que reo_ueri-
- - / . 

ría la adición 110sterior de má.s residuos de azúcar nara -

su terminar.i6n. 

Como una si ti..,ación al ter~ati va se tendría cine la 

dirección de J.a rel~Jción fuera inve:rsa, es decir, baria -

la deP"ran2-ci6n de H2L2 a HL y nrot eóli sis de la ca,J.er.a ue 

se.da. 

Para definir estas nosibilidades, se marcaron a 

las células de bazo con l251 y se cultivaron "in vitro" -

a 37º, de O a 12 horas. Fu~ evidente la ~2sencia de cual­

ouier forma de relación precursor-producto ya que las re­

laciones H2L2 a HL y de cadena pesada grande ( cadena )J.. ) 

a ~equeña determinadas a tiemP,o cero, permanecieron sin -

cambio en 1a Ig de superficie liberaaa al medio y recune-

dsmoRtr6 también e:ue l:=;s "vidas medi2..s 11 de todas 18.s espe 

cies de in':'lunoglobulina 11resentes en lP.. sunerficie ceJ.uJ.ar 

san similares y tienen un valor de 10 horas. 

Posteriormente se exulor6 la nosibilidad de QUe 

la cadena nesada pequefla, fuera derivada de otra clase de 

i"1;;1unogJ.obulina, diferente de la. IgM, uor J.o que se utili 

. / ... 



za.ron antisTrnros clase-específicos definidos, para el 

F..islamiento de la inmunoglobulina de sunerficie. 

28. 

Los anticuerpos específicos pa.ra cadenas ÍJ_, Y2a, 

6 2b, y rx_ no fueron capaces de precipitar inmunoglobuli 

na de los linfocitos de bazo, marcados con 1251, y solu­

bilizados con deter~ente; sin embargo el antisuero espe­

cífico anti-}'L preci ni t6 inmunoglobulina, aue en los ge­

les di6 H2L2 y HL, las cuales -por reducción demostraron­

tener c2..denas H y L, corresnondientes en tamaño a la ca­

dena p de secreción (Fig.Ja), 1Jor lo oue a este material 

se le identific6 como cadena p.. . 

Una vez removida la IgM de este lisado, por inmu 

nopreciµitación específica, en el sobrenadante se llevó­

a cabo un2. segunda -precipitación esta vez con el antisue 

ro poliesnecífico, es decir, con anti Fab-K; en esta oca 

sión, las es,ecies H2L2 y HL estuvieron compuestas predo 

minantemente por la cadena pesada ~equeña (Fig.Jb), por­

lo q_ue pudimos concJ.uir que en la suµerficie de los li:h­

foci tos esnlé~icos está -presente una inmunoglobulina que 

tiene J.a cadena pesada más neaueña que p.. y más grande 

que"'(, oue no nrecinita con ningún antisuero contra las 

diferentes.·.subclases de ( , ó ·contra o( 6 P.,, pero si con 

el antisuero poliesnécífico. En vista de aue la cadena -

"!)Psaéia nscuefia no uudo ser ureci -:-ü tad2. con anti- )A..., 12.­

uosibilida.d de aue co::.resncndiese a u.ne. cadena)'-, gluco 

f3ilada de m8.nera incomn1eta, aued.a elimin2da (49 J. 

De esta m2.nP.r2. la única concl·.J.~i6n que se puede -

considerar, es que esta cadena pes2.da, que representa el 

. / ... 
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J<'IGURA 1 Dos clases djferentes de cadena pesada nre­

sentes en la sunerficie de los linfocitos -

de ratón. 

Las c~lulas fueron marcaaas, 1.251 con , lavadas 

resusnendidas en medio de Eae;le- conteniendo 10% de suero 

de feto de res (2 x 107 células/ml de medio), e incubadas 

a 37º C en atrn·ósfera. conteniendo 5% de co2 en aire, duran 

te seis horas. Al término de la incubación, el 95% de las 

células estaba viable (por exclusión de azul de tripano). 

El medio que contenía a la inmunoglobuJ.ina de superficie, 
1 

fué separado de las c~lulas nor centrifugaci6n (400 x g, -

10 minutos), y se le 2.:?íadi6 un noveno de volúmen de NP40-

a.l 10%. Se clia1iz6 contra. PBS-NP40 al 1%. Al material no 

difusi ble se le agrer,.aron 10 p 1 de suero e snecífico de -

conejo anti-cadena )l de ratón, seg,iido de 100µ1 de suero 

~ b t· v:"G ~ . D t, d 1 .. cte cara an 1 U ae coneJo. esnu~s e re~over e_ prec1n1 

tado resultante, nor centrifug2.ción, el s0brenadante fué 

tr2.tado con 50)1.1 de suero de conejo -poli específico anti 

Ig de ratón, seguido de 40 p.g de Ig de ratón para asegu­

rar la tireciuitaci6n comnJeta.. A!Ilbos nrecinitados fueron 

lav:::dos y sometidos a electroforesis en e;eles de acrilami 

da al 4.2% (como en la Figura 1). La re.iri6n 7S de ambos -

geles fu~ eluida, reducida y·sometida a electroforesis en 

geles al 10% de acrj_lamida ( como en la Figura 2). Sie~pre 

con marcador interno. :í.iÍ":.ea co11tÍY1ua Ig ds la sunerf'iej_e 

de los linfocitos mercada con 1251. Linea nunteada, marca 

dor inte:"no con l3l I. a) Prpci p"i t'.?.do ccn anti-)" • b) -

Precipitado con ~nti-Ig. 



40/4 de las c~denas pesadas aisl~cius de las c~lulas ~e ba 

zo marcadas en la sunerficie, es una claBe de in:!lunog-J_o­

bulina, hasta ahora no descrita en el ratón; la conjetu­

ra mÁ.f'l obvia, es que corresnonde a la clase IgD hum2..na.­

Fara anoyar esta sugerencia, Iú:iy que hacer notar, q:¡_e t::-:1 

1os geles de noJ.iacrilamida - SDS la cadena J humana (50) 

tiene una movilidad muy semejante a la cadena pesada ne­

oueña de linfocitos de ratón. Esta inmunoglobulina de ra 

tón, que ahora llamaremos IgD, también se parece a la IgD 

humana en su marca.da susceptibilidad a la proteólisis. 

En c0ntra de lo es~erado (52), encontramos que en 

el hígado f ete.l ( feto i de 16 días), la cadena¡<- estaba 

nresente, nero no la c~dena[; la misma situación se -

presentó e!1 el hígado y en el bazo a el rató:r rteonato (me 

nor de 16 horas). Sin e~barRo en el bazo del ret6n de 

seis s~manPs :i-r de seis Tl'.;ses, se encuentrs:n cantidades 

sj_milares ae cadenad Y 18.. re1n.ciónJJ.. :J es de 3: 2. -

Esto se nuede interpretar como oue la expresión de Ig1/ -

8.ntec8ae 8. la exnresi6n de lf-'D en el ratón, y de no ser 

~ste el caso, los linfocitos que tienen IgD en la su~er­

ficie deben surgir de otros 6rr-anos diferentes a.l bazo ó 

al hígado fetal. 

Vale la nena mPncio'!'lar oue en los 'r.\Ódulos linfé.ti 

cos del ratón, la Ip.-D constituye a la ele.se más abu'.!!d2.n­
r 

te en la s,.rnerficie, donde la relación~ : d se encontró 

ser 1 : 1.5 - 1 : 4.0. 

-:Ss n2.rticu'larmente intri{':2nte el hec~~0 de o_ue, las 

células d8 b::,_7,0 y las de los nódulos linf{ticos r!.ifi er2.n 

. / ... 
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en urn~, manCc;ra. tan r:iarcad.a en ciJa:'1to a 12.s can tia a.des re­

le.ti vas de cadenas))., y J nresentes en !"U superficie. -

Resnecto a este p1.rnto, hñ.y aue h2cer natar rue la.s célu-

1 ~~de b~7C resno~den a la PRti~Jleci6n ce~ linopoJisac~ 

rido de E.coli, pero las células ae nódulos linfáticos -

no (G. Janossy y R.M.E. Parkhouse sin publicar), ya que-. 

mientras las células de bazo secretan fundamentalmente -

I-=-m~ las de n6dulos linfáticos bá.sicamente secretan IgG, 

( 30). 

In c8:nino obvio a seroir en estas investi~aciones 

fué la nrenaraci6n y caracterizaci6n del antisuero esne­

cÍfj_co nP..ra la inmunoglobulina-D del rB.tón, utilizando -

. t. ,. h ,:¡] t· un razonamien o J_n11:uno~u1m1co y aprovec __ Emu.o _as ven aJas 

o_ue re-preRentan el uso de in:::.unoa.bsorbentes específicos, 

aJ_ t8.mente nurifi cado s v de gran cepP. c:ida.d.. 

Con este fin se purificaron las mPmbranas de los 

linfocitos de bazo de 1750 ratones Balb/c (130 mg de pr2_ 

teína), disueltas en solución de fosfatos-salina-nonida­

to P-40 y con fluoruro de fenilmetil sulfonilo pare. inhi 

birla acción de las proteasas dependientes de grupos-Sff, 

y centrifugadas a alta velocidad, p~ra eliminar cualoyier 

material particulado. 

:SJ. sobrenB.dante SE' n;::is6 nor las tYE"S colurr:nss de 

sef2.rosa COnjup.:ada con a;nticuerpo~, en sucesión ·r TIOY'~":f:.l 

a.e conejo, anticuerno nurifica.do de conejo es11ecíftco 

anti f de ratón y final:nente anticuerno -p~J.rificado de -

conejo, esnecífico ar:ti P.ab-K de ratón. 

,. / ... 
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:Gn la tercera columna se fij6 la Ir::D y dada su 

1 ,, '\.1i· 1 i· a~ d 
... <-·. l -· c1 ' sin eluir, se us6 como ir.u'Tiurcóge!'lo en conejos 

( 44) emuJ.eific8..ndo el corrrol8 ;jo se faro sa-Ir,D con adyuvan 

te comuJ.eto de Freund 

El suero obtenido se pasó nor una columna de 

IgG2a (K) (Adj -PC5)-Sefarosa y desnu~s uor otra de Ig~ 

(K) (TEPC 183)-Sefarosa. El suero absorbido se probó por 

rg_dioinmunoensg,yo (56) y se encontr6 inca.naz de reaccio 

nar con 

~ •. 
¡· ,, ,. 
~ 

IgTl'I (K) ( TEPC 183), IgM ( A 1) (MOPC 104E), IgA ( A2 )(~WPC 315) 

IgGl (K) (Jfl?C 21), Ip.;G2a (K) (Adj PG5), I.eG2b (K) (MCPC 195) 

IgG.3 (K) (FLOPC 21), cadenas A_(RPC 20), csdena K (\'O:)C 41) 

y o( 2 macroglobulina de ratón. Todas las proteínas meg 

cionadas fueron marc2.das con 125r, y la "!")rueba és capaz 

de detectar cantidades menores a 1 J4:.· de anticuerpo -

en 1 ml. de suero. 

Al utilizar el antisuero en conjunción con suero 

de cabra a~ti-conejo marcado con rodamina (38), fué capaz 

de teñ.ir anroximadamente el 20~ de células de bazo de ra 

tón CBA, pero no tifió timocitos de ratón de las cepas 

CBA, C57/BL, DBA/2, c3H, AKR Ó BaJb/c, bajo estas condi­

ciones tar!rién fué i11can~;z de tef.ir céJulas-T nerifé::icas 

de 12.s mismas cepas, 11renarada .. s en colu:nnas de fibra de 

ny1ón. 

Posteriormente se llevó a cabo la evaluaci6n del 

a~tisuero, -probá.ndolo con células de bazo marcadas con -

. / ... 
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¡r5 
_¿_ I, f'.ifUiendo el método descrito anteriormente, y se -

encontró aue la únic2_ inm1mop.J.o"rm] im=. aue n:recir,itó fué 

la JgD (~ig.4a) (Ref.53, 54, 55), además se encontró el 

mismo nerfil en lof:' geles cu8ndo 10 )1,,1 deJ, antiru.ero -

fueron incubados con 100 .P de suero normal de conejo a 

temperatura ambiente 11or treinta minti.tos, lo que quiere 

decir 01.rn si hay Ip:D circulante en el ratón debe ser en 

ca.~tidades muy pequeñas. 

La recuneraci6n de IrrM fué posible, con sólo adi 

cionar anti-fa al sobrep.adante oue au.edó descués de remo 

ver IgD (?ig.4b). En amb2.s fifU.ras se observa material -

radi:::;ctivo oue corre antes y des11ués de 1-as cade:nas ~ y d; 
este materia]. está_ presente también cua:ido se lleva. a cabo 

un2. precipitación no esnecífica utilizando suero no"V":-r.al 

de C(me jo en lug2r de c11A.Jauiera de los sueros esnecífi­

cos. I'.~ás aün, el materj_al de m8~ror neso molecular nr2cti 

ca.mente desaparece.cuando :se utilizan geles.de j:loliacri­

lamida a menor concentración (4.2%) (Fig.4c y 4d), lo -

cue ~ermite considerar a dicho material como un artefac­

to debido tal vez a agregación. La desventaja que re~re­

senta el uso de geles ne concentración baja, es la baja­

resoluci6n, oue imnide la se-paraci6n entre las caden2.s -

fa y J. 
Al ~0meter 2 0lectrof0resis la~ ~uestres ~i~ re-

ducir, en geles 4.2%, el m2.terial coincidió con la l[!~ -

monom~rica (7S) unida nor nuentes disulfuro del marcador 

interno. Cu2.ndo 1as muestr2.s fueron reducidas co!'l f!.nteriori 

dad, indicaron la 1Jresencia de ambos ti nos a.o cade-::a : -

nesada y ligera. 

. / ... 
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de bazo de rat6n. 

SuRnensiones de· c4lv.1as ele b8ZO, de rat0n2.s de 

e";:) ', ( (~T)"!:l 
.:._•..:·_ . \..._; '. ·- ' l~h~P~ ~p ~~+o'~cnrc p~v10c{~"rns)' C~.e-·- ·" 1 . .. ., , . ,.,.. ~¡ á. u . , ,i_ V ., ~ ,. . . -· .L ,,., 

de edad, marcadaR con 1251 (ver métodos). Los lisados de 

las céluJ.as fueron nreci pitados con 10 }'-1 del suero de -

conejo anti-IfD, seguido de 100 jtl de suero de cabra anti 

iG de conejo. El precipitado fué removido por centrifu­

g2ción. :Sl sobrenadante fué sometido a una sep;,.:mda !)reci­

ui te.ción con 10 ¡.1 s1.rnr9 de conP jo anti-Jt, de ratón sf:gui-
1 

~o a e 100 JA,1 de suero de cabra anti O G de conejo. 

knbos preci nitP..dos fu.eren ls.v2,dos y reducidos -

con aj_ tiotrei t01 ( ver texto) y la !!li t2.d de a:nbos fué ~ome 

tida a electroforesifi en g-eles al 7.'1% de no1iacri1Rrnida 

(a y b), con marcador interno (ver le?enaa de J.a fir:-i.ffa 1). 

La otra mitad se corrió en geles al 4.2% (c y d). 

a y e corresnonden al nreci-oitado con anti IgD. 

by d corresnonden al precipitado subsiguiente 

con anti p. . 

I,ínea contínua 125r., línea punteada, m::i:rc2.dor -

interno con 1311. 
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En b2se a. estos resultados químicos, tuvimos la­

confianza de que el a.ntisuero es específico para la IgD 

de ratón, -oor lo que nudo ser utilizado n2.ra estudios de 

i~:::1n-10fJ.uorescencia, utilizando reactivos fluorescentes­

nrenarados por cromatografía en DEAE-celuloea (38), para 

te~ir células vivas (39). 

Con céiulas de bazo de ratón CBA de una a dos se 

manas de edad, no se encontró un número significante de -

células nositivas (oue reaccionaran con anti-IgD), mien­

fras C1Ue el rnimero de células positivas con anti-)'- de -

ratón fué de 8 - 14:~. Sin embargo fué aparente la diferen 

cia aJ. utilizar célulaf: de bazo de ratones de seis semanas 

de edad, ya que el número de células nositivas fué más o 

menos del 20% de los linfocitos totales. 

La absorción 1 ml. del anti suero con 3. 6 x 101 O -

células de hígado fetal no removió su capacidad de reac­

cionar con las células de bazo o precipitar la IgD de es 

tas células marcadas con 1251; mientras aue estas propi~ 

da.des se perdieron al absorber 1 ml. del antisuero con -

1.9 x 1010 células de bazo de ratón adulto. Esto confir­

ma nuestra proposici6n de que la exnresi6n de IgM antece 

de a la de I~D en la ontofenia. 

Fosteriorrnerite dnterminamos la distribución de -

Igl\i e IgD en los linfocitos de diversos 6rranos linfoides 

( Tabla l), 11eva,ndo a cabo la tinción de dos maneras : 

a) Tinción sencilla como m~todo indirecto. 

b) TinciÓIT doble, como m~t~do directo, tiflendo 

IgD con los anticner:_1os marcados con fluo-

./ ... 



TJ\.BTA 1 

N6dulos periféricos 

N6dulos mesentéricos 

Placas de Peyer 

Bazo 

N6dulos perif~ricos 

Nódulos mesentéricos 

Pl.gcas de Peyer 

Bazo 

Anti-Ig 

15.25 

14.55 

23.15 

33.90 

0.60 

0.95 

1.20 

10.40 

'l1inción sencilla 

Anti-j<-

JolÜ 

3.85 

8.95 

19.45 

Tinción doble 

J,l + d 

2.10 

2.30 
8 1c:; . .) ./ 

12.85 

Anti-J . . 

9.80 

11.55 

24.65 

24.85 

J 

9.60 

9 • .e o 

16.65 

Las suspensiones ceiulares fueron preparadas a 

nartir de 6rganos de ratonas CBA (SPF: libres de pató­

genos es~ecificos) de 7 meses de edad, en solución amor 

tiguadora de veronal-salina c0nteniendo 100 mg. de a1b1Í 

mina de bovino (~racci6n V) nor cada 100 ml (VBS-BSA) y 

las cé]uJe~ vivas se tifleron de acuerdo con el m6todo -

de Raff (39) (ver texto). Los nódulos neriféricos cole~ 

tadns fueron los cervicales, axilares, branquiales e 

in,s:uinales. En el caso de la dobJ.e tinción, se utilizó­

el suero de co:11.e jo e:nti IfD ser, .. üoo de 8.YiticuerJo de ca 

brR. 8.nti ~G de con e jo marcrido con fluo:resceína, pt=tre. ase 

' • I ••• 



(sifue de la TABLA 1) 

gurar la formaci6n de caso_uete en las céj_ulas IgD nosi ti 

va:: .• Desn.ués de lavaclas las células, se resuspendieron -

en anticuerno de conejo anti-J< de ratón marcado con ro­

damina, en bafio de hielo y en presencia de azida de sodio. 

Las células fueron lavadas nuevamente montadas en porta­

objetos (ver texto) y examinadas en un microscopio Leitz 

Orthonlan con iluminación de Ploem. Por lo menos se con 

taron 500 c~lulas cada vez y en la tabla se da el resul 

tado en porcentaje de células teñidas. 

-1-
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resceína y en condiciones de formaci6n de -

casquete , seguido de anti-IgM marcada con­

rodamina ven condiciones a.e inhibición de-.,. 

la formaci6n del casouete. es dPcir en fre­

sencia de azida de sodio y haciendo la incu 

baci6n en frío. 

Por medio de la tinci6n sencilla, se ve clarameg 

te oue la IgD constituye a la inmunoglobulina de suner­

ficie más abundante en los n6dulos linfáticos y en las­

~12cas de Peyer, como lo sugirieron las nruebas químicas 

( 5 3 , 5 4 , 5 5· , 5 6 ) • 

La tinci6n doble mostr6 que de las c~lulas con -

in:rnunoglobulina positiva, una mayoría tienen solamente 

IgD, auncrn.e hay al~unas dobles (IgT,1 + IgD) y menos con· 

sol&"!lente I,s:JVI. 

Sin embargo en el caso del bazo los tres tipos de 

células se encuentran en pronorciones más seme je.ntes. 

Nuestros hallazgos en el rat6n, son por lo tanto 

diferentes de los de otros investiga.dores, utilize.noo -

células humanas (51, 57 ) . 

En el ratón hay menos células con ambas inmunoglo 

te:nrran solamente Jgrt 6 IgD. 

Sin embargo, estos resultados en el huma1;.o se ben 

obtenido con linfocitos de sangre perif~rica por lo que 

la comparación puede :no ser válida, y2 n1J.e se está v-:i.en 

do a otras noblaciones celulares. 
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La significación biológica de ePtas subnoblaciones 

de céJ.ul2s-B deben e.brirse ahora a la investi2"ación. -

Como la IgM antecede a la IgD en la ontogenia, se nuede 

consjoerar que en "!a " . , macu:rs.c1 on 

ferenciaci6n de las células que solamente expresan IgM 

en la superficie, a las aue expresan solamente IgD (52), 

con un est~do. intermedio en oue la célula exnrese a ambas 

inmunoglobulinas. 

Por le tanto, ]os linfncitos-B de Jos nód11Jos lin 
\ 

fáticos y de l::i.s -placas de Peyer constituirían un 1. no-

bla~i6n más madura y nosiblemente m~s rica en c~lulas 

de memo'.!"'j_a y nrecursoras de células oue vayan a secre­

t?.,r Ip-G e IgA. 

El hallazro de eme los r,rec~J.rsores de célul2.s de 

IP:A en las rüac8.s a e Peyer de con e ,jo son IgM negs.ti vas 

e IgA ne-P,"A.tivas, nero que tienen in:::n.moe;lobulina en la 

sunerficie (58), sugiere que estas célula.s tengan el -

eouivalente de IgD en el conejo. 

La exnresión simultánea de dos clases de inmuno­

glo~1lina en la superficie de una sola c,lula tiene 

implicaciones de un cambio (.switch) y mecanismos o e 

integración génica V-C; esto es, los dos genes que codi 

fica.n J.a re,c:iÓ;J con~tay;te n;-·:::"a Jt.- y .d , Pe sabe c,,e <"'Om 

narten la región variable (59), y ~sto refleja la pre­

sencia simultánPa de dos F-enes intepr~dos, es decir 

VH-CJ<,- y VH-C J.' , nor lo que se sugiere U"t') meca:rüs:!1.o­

de conia ,r elección (couy-choice) p~ra la inte~reci6n 

gánica (60~ .61). 



C O N C 1 U S I O N E S 

"P J1 . . .;i ' " • ~ 1 · 1 1--, ., • . or 2:r..c __ J..Sli=: r&ul0C:Ul!:llC'J 00. _2, l!:.:,nmog __ O,,'J .. ~1-

na de sunerficie de los linfocitos de rat6n, las -

células-E tienen 

a) Dos subunidades: H2L2 y HL: Estos resultados 

se obtuvieron en electroforesis en geles disQ 

ciantes (con SDS), en condiciones no reducto­

ras (ausencia de ditiotreitolJ y blo0uea~do -

los snlfhidrilos libres (con iodoeceta:r:ic.a) -, 
nara evi i'ar reducciones dura:.1te el manejo de-

las muestras. 

Ambos tinos de subunidades rindieron cr:.de!las-,_ 

pesadas y ligeras al ser sometidas a electro­

foresis en geles disociantes despu~s de haber 

sido sometidos a reducción (ditiotreitol) y -

alquilación (iodoacetamida). 

b) Dos tinos de inmunoglobulina : IgicC e IgD. La­

ident:i.ficación de la IgD se llevó a cabo por: 

1. Especificidad antir,:énica (no es IgT:'i:, IgG 

ó IgA). 

<. T ,-T.,:" 6 T ~r: \ - . . ·.- . 

3. Co"'.nnaración con 1a Ip:D rn1?'.'.:!::.m2., es decj_r ,­

ti eYJe el ta~R.:ri.o 11:redicho, se d-2grada ~uy-

facilmente, se encuentra press:>..te en la -

suY1e:rfici.e de loi:: liriforitos (51). 



II. 

III. 

IV. 

tables nor t~cnicas radio0uímicas. 

Anal.izar:a.o a los linfoc:l. tos de manera irdi-

vidual por tácnicas de inmunoflucre2cencia y o~s[r 

v2.ción al microsconio, las céJ_ulas B se pueden -

clasificar en: 

a) Las que solamente tienen IgM en la sunerfi­

cie. 

b) I.2s cn::e C(;Y'!tiener1 Jp-1'.': r; J.g-J. 

e) Las cue presentan solamente IrrD. , 
1. 

1 

La in~1norlobulina total renresenta el 3 - Lt 
de la p:-_,-oteina total de la rr1e:,brana l.infocitaria. 

Tanto la erJresién de la IgM de su perfi ci e -

como la IgD en las c~lulas-B, es indep8ndiente de 

las células-T, ya ~ue se encuentran los mis:1os re 

sultados en las células de animales normales, ra­

tones desnudos (nu/nu: atímicos con~énitos) y ra .. _ ., -
tones "B" (timectomizados, irradiad.os y reconsti­

tuídos con células de hígado fetal). 

V. La expre8i6n de IgM antecede a la de Ii=-J en 

VI. 

12. ontocer:.i&. 

En los linfocitos cue tienen de u~a e~-;;;_ 

se de inmunop..-lobulina en la sunerficie, sP. nresen 

ta el mismo idiotino (repi6n variahleJ (61) es~o 

sipnifica 0ue en 1a síntesis oe iY1-rriuno,c.::l_ob1 1.li~as, 

¡-q,- ... 
i I. -~ :-. t 

. / ... 



VII. 

tal vez nor un :!'2ACa"1i.fni;o de co"'1j_a y E:l.ección. 

tfo lo aue re~nectn. a los timoci tos v las célu 

l2s-T, no se J.es detecta j_nmu:r10P:J.obulina en 12. su­

~erficie, ni por técnicas radiocuímicas ni por in.mu 

nofluorescencia. La cantidad que puedan tener, será 

ror lo men·os un orden de magnitud menor oue la oue 

se encuentra en las células-E. 

1- !-, 
1·. 
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Chapter 10 

f3iochen1ical /iJ.Jproaches to .F?.eceptors foi 
Antigen en E and ]:'Lytttphocytes 
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l.. fNTR0DUC110N 

1 

1 • • 

Toe classical experirnents of Gowans and his coI!eaf:u,h s 1 est2blished thal the lymphocyte 
was the key cell tbat reacts upon contactwith antig:en and betomes, ,;s aresult of a cornp!cx 
and il!-unde_r~tood serie~ of diffcrentiativc events, the dfcc.or r.eil of in-:mu1,c resp,,:·1!,:CS, 
both humoral and cellular./\. fe ature of the immu ne response is its· specificity ar.d fois is 
explained by selectivity of antigen, as predicted by p~·oponems of selective themies of · 
i'mmunity}-! Thus receptors for antigen ón an inéividua! lymphocyte are of one specificity 
cnly. but 'tr.e specifiqty.':zrie::: from ce.JI te ccll ,\·itnin the tot2 ! iyrn¡:,h0cyte püp1.!J2tio~ cf an. 
organism. Consequently, when an immunogér.ic determinant is introduced ÍI?tO a "\-e.0e­
brate. animal only the very fcw cells with appropriate receptor_ structures are able to 
interact \\Íth the antigen, and they are therefore selected. Fo!lowing internction "ith the 

· antigen those cel!s divide and differentiate into effector cells. During this process sorne 
cells are set aside as inemory cells; thereby forming an expanded population so that 
subsequent exposure to the same an.tigen provokes the well dorumented secondary 
i_m;;i1.rnl! response. . .. 
·. Lymphocytes, however, al!hough.they mayal! look qi!ite similar wh(!n viewcd under :he 

light mkro,;,cope, are a heterngeneous population of c-cl!s. Toe simplesl and brn3.dcst 
tlivi~ion is into B lymphocytes ar.d T lyrr.phocyt~s, 2!~hough it is true 1hat a smal! 
proportion cf cells with the morphological char,,neristics of lyrr.phocytes ran:,ct be 
2ss:gn::d fo cither cak:gory. The Jatter may pos~ibly bi:: rrecursms to B !ymphocytes or cl!l?s 
which function in antibody-mediated cyto!(nicity reactic,ns. Thc foumiation f()r this 
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lli :./ ~~~~~, Li:..: ~1<; u~:·)n ex ¡~1:.,;1·i i!.·~·; ;rs \vitl1 t:;i:c~c! 1~. ~. 6 f" .. cnH}\·;1~ L .. ¡· t:1::.: thyí¡~•.;s \'- :\\ f ~:·'..: ;;:! tú 

!r:1~~:;· c;:ailui.1r i1t:1:¡LE·1i1y ~vht:rt.•;_¡:-; rc1L(;V:~~ e,~·!!·;:.; burs:1 of F';.1t 1¡·¡~~1~~ profuund:y d..:;)ress~d 
ü·..:-._\..··\'··:!:.:::I u_[ ht:if!(~:.··_;_; };¡J-~i.:.L~;:~:. :i1: ·1ii· ... >.; ~1~:¡:~:\.i;·i;·! 1:/i11'J·~:~ u:· "}1t i:-<·r.,· .... ~ .. ¡_;:.;:.-.:::..,~d 
f"'-.: 1 .,~·,r : .. rr.· .. ª1- r 7 ..... _., .~,¡ L¡: • .. J .• , ... .- .. ~.1.·,J, ... ~,- •• ¡· ¡ .. t··· _.,,;~ ... , . .....,:·.-.- .,..., .. !1-- .... -.:¡,n 
'-".i• .•.•. , !td .. ,t,nl,}. ls.; a •. :-. U,.) ll "'··' 1:,h i,l.;t:!I ¡,l.:-,.,.(1 .._ ~l ¡.::.11h, .. ,L a 1J, .. ,.:,.:,.t.,c. •• 

. . . f 1 1 • • • 1 . ~ , . . 1 ·¡ , " eq:.1:·:c.: 1 ~:-:t o t.1e C;1,ckcn oursa, an~ r~c~nt C'.'H1encc ·:,:.1~'./·~:::,'j tnat 1t 1s mu.tLi.:C~t. 
HO\\ t·:er, it was possib1e to sb)w that in tl:c mouse the précu:·sors of antibody-stcreting 
Ct:lls <lri: thc B lymphocytcs anc! that their m~:turation frequemly depends upon int~ractioa 

· h T • • <¡ T. · r · · b ~ ct B 1 · w:L ~ 1ymp:1ocytes. • :~is eoncept o an 1nteraction etween ! an ympnocytes 
ori{:12.lly stemmed from experiments in whicn a1ixtures of both ctU types wc:re considera-
• 1 ff¡ ' . • . . 1 . h ·¡ ' JO Al D,y :::or~ e nc:ent m transtemng 1mmune responses t.1an e1t1.er CGI type a1one. so 
c!ca:- ·,•;as .hat the T lymphocyte, ~lltho t1[_:l1 it prolifera tes \\ !len p::-csent-.:d wi t!1 r!ntig:en. 
d -- .• ,.¡;f.:._ nt'·t•" 1 ,. ··b .1, ··~·.·,¡:, ,.t¡11-l3~1h,;:, .... ,., • ·t:· .. , ........ '.,.· ().;~ l:Jl U!H-:,e .. Id C 1n Ü an aílLI ,l)u}-~L'..tv' ,r,g e--,, 1,:... J'¿.:~al\: wa::, ... '-.'.:t ... G:,,,.',:.;.,.~ 
..,-.-}::·.:_\e~::._~\;.:!~: e\~_-\:,:.::~! 'lLi;-fEc.=~ :na.;:-kc::-: fur !3 ;!:~.:.! T 1yrn;)~Gc~ :,:'.S?.: ;~nd !~~:.: ci~·:·:·.,:;~i-:t:,~:!(·;~ 

that i:1 rr-:my i:nmu:ic responses whibr th.:! B !ymphoc) te r.,ay nw\c thc a:iri~nJ:1, thc T 
l · · ·· . · . 'l l ,· 1~T' 1 'l . . yr:1;'::0~yt:: 1:; nct:!ss,: ry l·.)f 1 i1Gl!Ction t .:,~ p ). :1e 1nost po¡, d ;¡~ r c;:;1 s~Ir1 ¿::,e 1:·¡~lr~;:rs ar~ 
ir;1ín~.::10;!0~1idi!1 ~1t1d ·T:1,; -1 ft'T i~ :!nd T lyr11phocy!1..?S rcsp~-;ctivel:\·. i-·nu~ F3 1~;·;:i~ho::ytt:s 

• • _¡. ,. J "(l· • • [} l ., l . c~.1rry sun.~·tce ~íi1:T?~1.:~og:t)t}uj1n aaü l11fi:~rent?ate 1nto 1..> jile~nory a!1u antl1Jo.:..:=~·-~::c::-e~1ílg 
cel:s 1,hen ~xpc,s,.::d to é.n:,¡;·.:n, and usnally wi1h the coliaborati,·r:: ir:fl:1eiice cf T lym;:¡ho­
c;·r'-'.i:;. T !yt:-z;}hncytcs :1L ·.rac ~!re ~-=~11onsib!e f1.1r the ,..·,1rious ¡,h~nor:1er.¡! nf c:e=I-i;lel~!2.te,::! 

i:11:-':~:~:~y. SJpe!"ünrh·~3ed üpon this ~drcady co:nplcx scil·.-·lne ,:r~: pus~!b!~ ruJ::s fur 
.,,,., ... _ '""""\ l,., -:'f- • : 1 ;.4 -.~·•• I' .~ .... 1º - J'u ... L'o·1 an •! ' ' ·¡' t¡' l·'.\o (h ·lp) ,·, ..... r¡ \ .... r.,t' •-., r' •up -,,·;--,,-,· 'o ·1\ ..... -"'; o ..... s ( r !. •.• :_,,_•¡..•iH'b.::.,:l ,iH't!udL.ul 1..l. J l \. j•U5. \t:. 'e <~ll\. Lc.2,,, !\t:1S },-,\..:-0~1 • ¡\;l!\.\.\ >r 

T lym;,hocy:es on T .l!!d n lymp'.1ocytc: responses (Rdercnc.::s 16 ar...! 17, «nd G. E. 
Rr-~.~:~::~ts, hercin). 

I1! th~~ 2-rr!c:..:·: rc·.:ent cxciting and untxpectccl íl~di;1g~ p~í:~:.lning to r\·:t=3;·ttrr~ for 
anti_;;;~·n 011 lyn1pl!OC} ~c~ ·~"iH be considcri.:d in d?láil. for a t!loro11ghly d:.~tt?]::d rev:~,,r ot 
the kr,ow'.edge up to 197 4 thc treatise of W3rncr 1s is entirnsiastically rt!commendcd. 

J 

2. METHODOLOGY 

Al! f:O:::ec.lures which attempt to define receptors for antigens on !ymphoid cel!;; uitimately 
dl!pend on using an anfr;erum. For B lympr~ocytes antisera raiscd ::igainst the v~ried heavy 
and light chain isotypes are the reagents, whi!st for T lymphocytes a recem dewlopment 
has been the use of sera with anti-idiotype specificity. 

Rc2ct;vity between a gi ve;, antibody ancl plasma membranes is usual!y taken as eYickP.ce 
fo, t>t pr~sence of thc .-c!cvant ¡mti;;i;n on the cell surface. What¿-,·er tr.e system :..:~d to 

d::ie.::t reactivity, it is cib\ Í\)Usly crucial that th-:: antibodic::; t:std in the invt:.1:gé°'.ti\.1n h.: 
stricr!y charactcrizc.:l. fn principie, sera ~hould b.::: mo;1itortd fnr u.iwanted ~¡:i~.:ific:t:~s by 
tc::.;,:,i~uts at Jeast as sensiti\e as thc methoclolo_gy followc·d in the im·csi:g~:tioi,. For 
t:x~-1~=-:;.-:!c:, ab·-.i.!ncc <~f é:ntil·,;.·,.Jy acti\'ity ro light ch:.lin~; :.:~} jut~:::=~-d by Oucht·-~·L.? .y ~n:.:~y.;is 
CtLJ:: )t. i_:it~r~nt·.:·c 1\:·J th'..! ~~i:tit}:Jdy ~:~~1n;;lc ,,·jU nct det:..:ct }i:~ht c;iJins ln r!:•.::~ \~"i:.::!ti\·~ 
p:c::~;~\:r es: t!.g. fitH.}rf;~ci.?:1cc nr r¡·~d!o-~n1t11 1.1r~-...: p:-e,:·i;1~t~!t!cn. 

·r ~: :; Ct/, lCJJ:1:try prnc: · d I l · :?- f t) !" l f.:;·: d :.~ i"! r~ f~ ~: ¡~ ~~ !"! t Í-Í rr~¡-, .J, ~ . ·: .-\: \; '.·. L:':: 1 S.C rll !i1 ~ p:· ... :: ;~(: ~~ .. ~, ~- (• í: ~; 

?~f'!.:.;·~ is t;_J p~:\s it 1'.1t1':.1f~h ~.:,iid ph:is,: i:r¡rnu,lorJhl~·~··!)!:nt~ b~ari,,.; ::H 01\.::- :,,!~:,'f"'~' . 
. -\f¡;~·=- ,nch trcatn1-:nt, i,q',\"l:vcr, it i, still po~~!b1::: for t!1c antisL"rn:i1 !d (L)Tita:a: t.!n\1.·:!H!(:d 

SfH.::c·;f:(·~jcs. 1 ... he,c n1::~: he :l¿:a1nst co~npDn~nls r:~)t JhJr111~!1!y rou1?;1~~iy t:.::~1~,J f" .. ¡·= ~~1.:·h r:, 
r.-·:-n .. •cr·)rr1r,h11 1i·1 ., :·Ít·l¡ 1·s i11 f·,rt rn,·rcl ('!' ;\,., s·1···¡··, ,.~ · :' r" ,e• ~ 1, ,:,,·;"H''.'' ·~ ;·, 
........ ''-· "-~·· 1.1 1 \,., •.•.•. c._ J.,.i,. ,, .. 1,- •• r <.l., lJ· ,~.-Jt ;") ·-~·-,··· ._.-... .• 

,\!:·::n:_,;i,ely, <1i1 :~nti-in11¡1,!J11J; .. ;lt1bulin sc:n.rn1 cotdd cnnt"::~ ·. ~~/'~)dii..:'.) d>·.~·('~¡_:d :.~;~~in~:r 
\{1:·>~~,\~ rc::.!On C~L~!·:·:·:~·:'.n:..!:1!s \h:1rcd h\· (:;);-:1_-c. l ... ur nut :·t!L L:~;':--C\=~r;;.;_~; · of r;,1:.~r 
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::.:·:.~!!~·-¡;\:~::::~ C~=-~~('.;. s~,\·i, ::;··e(~i:~:iti(i~ \\·,_,i.;\~ trt"(}L!t~i!~,· (:~:c~~i:: J.t:.:(('~~•~;-¡ ;~ ;:---.r~::y 
:~·~.:::~; ~y:<(::~:~. 1·::c r'-':~~:'.:.~!::y ,·~.f ~=:~ti1;0t.Ec~· io ir;:r1~t~Hl~f_:,)!~ 1~Ji~~ cross i\.~'"·i:rig ,,·ith 
,8~-m:crn;!,)~,ulin is ~:iso ,ai<scJ hy thi.: f.nding of seq,iL11n~ hom(J!ogy bct\.,···;1 frc::,,e two 
ci,,::i-'.~.:·'):::,.::c ¡S::2-rnicrnjol,uE;: is ;0uiít1 ít1 as::.o.::i;;.tion ,,·iii1 l1is~ocomí)otiuili1~ Gntigens 
on tl:e 5urfa.ccs. of mo:;t ccll,, antihodies of this type would rn~ate obYÍO\J'.-;, h:.;t perhaps 
unfore5ci.:n. pr9blcms. Removal of u:1w2nted spt'ciñcities must be done w~:;: ~o:id phase 
immu~o;;bsorbents to avoid artefacts arising from thé presencio'. of antibody-antigen 
complex;;:s in sera: A rnajor prohlem is hetcrophile aritibodies to céll surfaces. Whlst rnany 
of these r.2.nh~ :-e moved by absorption with membranes from ,:pp~opriate organs (e.g. liver 
-and kidney ío. anti-immunoglobulin), on occasions it i& not feasible 1.o carry out the 
appropria~e 2.bsorption. 

·The u!tima!e test forspeciíicity is a,:-L!aily to isolate the moiecule on tb .~el! membrane 
that the aniiserum combines with, and 1hen to carry out biochemical chanictcrization. This 
is po~sicik :f tl1e cell surface is first labelled with radim,,:_i · e iodir:c usi ,,;•, rhé· cr.,;;.yme 
laciop-eroxidase.21 Then the cell can be disso!ved in dissoci?.iing solvents21 or detergent.13 

Tne total raixture of radioacti\'e cel! surface molecules i; re:',,.·\( d wiíh thc lV.-'. an1ibody and 
. the resultirig precipi1ate is characterized, usually by elect,oí,L _\resis i n·polyauylamicit gels 

containing ¿;ssociating (sod:udi dodecyl suiphate) reagtms. By doing this one is not only 
recordíng the fact that an antiserum reacts with a cell bol 3\0 defining wha! 1he 2nti5erum 
reacts v.ith. { .· 

In the simplest system the antibodies are tagge.d with fluorescent or r2dioacti,·e 
mclen:ks, r,::xed \\~lh liv:ng íymphu::ytes and then visu:&:::cd on thc su¡f','.(e by 1~/cros­
ccpy. Thus th;;: pre~ence of immunog;obulin on the slnf2re of B iyrnphocy!b is iadily 
demo.r:stratcd using fluorochrome-coupled anti-immunoglohulin. 24 º25 lt is import,;.nt. to 
e;::ph::.s:ze. however, that thi~ type of c.pproach can only idrntify mokcules, and ;dení.ifica­
tion is not rigornus proof of a functionai role. \Vhen "·,1i0)e IgG antibodie~. or divalent 
(Fabh fragments are used, the surface components usually apgregate and then 'cóp· é.t one 
end of the cell (References 26-29, and F .. Loor, hereio). The process of cap formalion is an 
energy dependent phenomenon_, probably involvirig · m1crofiian:ient ac!ivity, but does 
·depend on cro~s-lin~ing of the mem~r~ne Jocated pole.cule_s· sinre_ moAiwalent (fab} 
antibody does not result in. capping. Thus capping does not occur in the cold or in the 
presence· of· such me"tabolic inhibitors as sodium azide. fa ~ddition; capp1ng is selecti,ie;­
only molecules _recognized by the antiserum or strongly associating with the target of the 
2.nriserum are capped. This finding is in agreement v..ith. the fluid mosaic model of the cell 
membrane, where _the membrane proteins are not fixed, but are free to move v.ithin the. 
pi:me of the lipid bilayer.::i0 •31 Of gréat practical,importance is the fact.that cel!s can be 
si:ree:1e9 for n,:o surface antig:er.s by using the two ~p¡,ropr:?ie 2ntisera seq¡;er:ti:.l!y; the 
first is iagged, °for example, wirh a green fluorochrome and a1iowed to cap and the second, 
ta;ged \\~t!i a red fluorochrome, is reacted under conditions \\ here capping cannot occur: 
Tne ob,fner can then record cells with green caps, red pe.ripheral staining, or both. Also 
usdu lis lh3t once a membrane component is capped by an antiserum it is lost f rom thc cell 
surface, either by internalintion through pinocytosis or by shedding ofaggregates to the 
eirerior r.iilie u .. This pr~cess, of l::'.n te7;ned modu latio~, i~ fo] !cnw·d by reim,· 0 ;;,:-,, .,f nrwly 
s.ynthe~;zed units in the mcmbrane but does give a finite pcriod of time: \\ :iéíl the cell 
~Ürface is denuded of a given mernbrane component. From the rate at which a mocu l?.ted 
.mo!ecu1e rea;:-pears on the ccl! surfoce, estimates of syn!hcüc and turnover times c,,r. he 
ga:hered. 

Vnfor.unately, ~lthougi. thc idcntification of cell surfacc components by reac~i;;g l:Yi;ig 
cells wi~h specific º,rn1iscra is undouJ"!tedly a powerful tool, thcre are major pitfall~ thz,: can _ 
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be encountertd, particubrly with lymphocyks, even wh . .:n the ~1nfüér::i aíe und,)u:;:ed!y 
C''"j ...... ;:-,.~ ':-¡,, .. fj-..;~ 1 ...... ,-! r·,~1,~· -~~.·/r-•,, "'¡.: ·:,,,-:-.-+!-."'I,.. ·=o·,"l:··1:•\.·-.·.+i1·,1~ 1--,, .q.,_; .. tt•q( .... or ·.~ ...... ~··1~' ... r~ 
..,(_(.~,:.\., l.¿;\,,, .J.~~l, (..: •. l.: ...... ...,. Cv.1,\.)U.; .> \ .• ,._.1,.1.,_4 J ... ,:,.j,, ..... l,V, ,JJ l .... J; ·~';·"" ... ··:-:~·,.., ......... , 

nece:-s.:irily menns thJt the surface compone.nt visualized is actu3li: an endoit::ous 
prodt:ct of the cells in qti~stioo. Both Band T lymphocytes can have receptors on their. 
surfaces for the fc·portion OÍ immunoglobuiins32 - 1º and it is therefore q_:¡Íte feasi'o]c for 
lymphocytes to · passively abso·rb · autologous immunoglobulii:t in 1:i¡:o or the anµ­

·_immunoglobul!n reagents used for studying the cells in virro. These probkms can te· dealt 
with by first trea.ting tht! cells in such a·way that the cell surfacé component under study is 
lost Tnis may occur simply by incubating the celfs in. i,•itro, but can also be done by 
modulation with thé antibody or by enzyme tre:itmen1. Ha\'ing allO\\;ed ~¡1fficient,.time far 

. resynthesis, the cells are then reacted. with th• cho:::e.u antibody, but inits (hi:;:: ot Fab­
fcrm in o¡·dcr to avoid p2~-~1ve uptake medic1:ed r,y Fe ré:'.cc:pt0rs. Idi?;-,1!:;·, íhe: cel1 
population used shou.id be hornogeneous. For exampie, in a mixture of cc:lis it is pcssible· 
t,., .... ~ ........ , ·0,, 0 c..,11 ""t- :. .:.- •. ,... ........ -::..·-..:,s a c..,.'"' ..... ;!1 n.:.ri-! ...... "',.. ·= - -.• ,. .. p·o .... 1 ···'- t· ( ·•·¡~- ;. - -.·-.-~-~ct -Ucll\,;u,j ••'- .... 1.Jp-.rt);i. .. ,;.::,lL\.. ,-d<.1,. [ , ... ,u:c,.,c; l.u"' C,L!l(, .,U•., .. ,~ .• ',.:,~' ·,.t~ o • 

. shed into the surroun~ing mediurh and subseq:Jently takcn up by o.ther cell types. It is onty 
· vcrj" rarely ihat such ~trin~-:rit experimental co:iditions .:,r2 fo•h:wcd ,,!1d, 2~ a rf::.íil:,. the 

literat':.lre abounds with co::f;;cting claims. 
An a1ternative approaó ~o identifying receptors for anti gen has been to ff:hibit fun;;tion 

r ¡ 1 • . ' . • 1 b 1 • 41 ·1··i . • } 1 . ,l • • o, Lle ,ympnqcytes \'v1tn ar:.:i-,mmunog o u.to. 11!~ a;•¡-,roa,n 1;;s 1 ie élu\'ar:t;:r::. t,:at 1t 
does have a functionaÍ correJate, bu·t is clearly subject to alt thc problems disctis~ed a~O\'e. 
Basically, anti-iinmunoglobu!in has ·been addc.d to almost <-ll :,yste;r:s pcssihk: from 
injecting whole animals to cttempts to inhibit the bi ,:di r._;¿ o( ,irtl i yen l:y ;~ !:1;-;~, :. :::ytc;s. 

The least ambiguous te~hriique for idt!ntifying ce!! surL:c:c proícins '-',.;:;; antibe:c:ies ~$ bi 
radío!abelling cells. In princ:ípk, the Jabelled ceHs ar¡; sr·,)ubíli:t.éd-and cell sur.2.cl': cornpo­
nents are coprecipitated by addition of apprnpriate antibody. Tñe antibody \,1!: combine 
with whatevcr structures it has specificity for, and precipitation of these ·c:omplexes can be 
effected by adding non-radioactive antigen (direcf precipitation) or ari antibody te ~}'.e first 
antibody (indirect precipitation). Fer example, when rabbit anti-mouse immunoglobulin is 
úsed wi.th labell_ed mouse B lymphocytes, precipitation can result (rom the addition of 
non-radioactive mouse immunoglobulin or goat anti-rabbit iminunoglobu li-n. The precipi- . 
tates are then washed anq the amount of radi9activity. ~h~y contai.n i_s e:cpressed _as ·ª 
fraction of the total input radioactivity in macrómoleéular maten.al (e5timated by precipi.­
tation with trichloracetic acid). Since these specific immunological precipítates invanabiy 
contain non-specifically entrapped ar· adsorbed radioactivity, it. is essential to do a 
non-specific control, with a parallel sa_mple. This símply entails the formation of an 
in~munological precipita te using an antibody lacking specificity fer any of the radioacti\'e 
components of the solubiliztd radioactive ce lis. For obvious re2sons, the mass of p:-~cipi­
tate formed in the specifi·: and non-specific systems should b,~ comparable. A!thou;:: it is 
coíl:mon prnctice to take ::1t differencc between the amounts o[ radio:1.:tivity ioun.-:: in the 

~rifi·- d ·o ;e,,~-~ ···tat th' d t .·,•·-,-·¡.,· """ ··~rn-•,•,:,.c-·ri ->t r SP--·"'-"n non-sp~c.u .. p, ... c1p1, es, .1s oesno,nec"5~~1l.):?J'c'"'n,1c ... ,co,_ .. ,,.8_eo, 
·.c.,.. ,_ .,. ... ir:..~··• 10 . Onc~ "¡ .... .,.;n ,··e S' -e, .¡,.;~ .... thr.> .:-r.,-:r ,..:ty C"c y\.- ·'7 r ..,...; .. ~ra speClt!- memuranc r,,o,,- ... ,":,,_ .. ..., "t:-"• 1 , . ITIU , 1.. ,n~.--";..J .., ... vl..!.1o.,. ., .,1:...¡-.:11~ .. 

employed. Two other i;;-1;:io,t:.int factors ,,re: rhe totai yield o: r2.iioac::v::y in ;:he s;;ccific 
prec:pi~.1tc, ~md the d~oJ:..::~ of react:rnts for t>,·. no,M¡)c:cific: con,!<': ,\fost JT:c:Tbnme 
proteins individuaily acccunt for a smJll perccntare of thl: Lnt:1! memtrane. Im:nuno­
globu!in, for c:xample, constitutes about 2% of splenic !ym~hf),·,te niembran,:5 2:cd this 
fracr:on is ~iccordir.gly ,he maximum recovery p,.i:~~itk in th(.' ·.¡.·, ~-ifk pit:.:-:pita:.::, h is r.')! 

uncom;non tu find 1 '% of the input rac.!ioactivity in non-sp;?cific' pr~c:ipi1.:1tes, :rnJ se, ;.•i1t? is. 
placed in thc posítion d ¡:~king the d:'.Terence hetwee;1 two numt);;rs cr i;1 írly sir.1iJ,:r •;::!!ue. 
1-hi.; is .)_,,v~\)U)!y a source cf ~rror. ·F·ar m,::c se!·i0,us, hO\\C\\::r, is ~!1...~ ,·31i~:~-~~ r·~-~--.-:::;..; i:; 
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:·,,:,;p1:1l ;'.·:.: iin:1:l!,lc ~cr.1 oí b:t..:rophiie ani.Í~,1..!:es to i::cll st:r:c:ci:: (01;ip(1i:enh. Stippus.e .:in 

2.:::is::rum to immun0glob~llin has a hi6h titrc of such amibodies and sur,posi:: it is re3Cted 
\\ith extr::cts of raóioac,i,·i: ce!!s ,,hich do nor have :,;_:rf2ct· i::1rn1Jno~,lobulin, but ,,·:::ch do 
h2.·;e ant;g~n<; rccognizcd oy ihc heitrophik ;rntibod:ts. ~;,:,¡, ~.ipposc that tbe non-'.>;,;cific 
rrecipi;:.i1:on 5y5tcm is onc wi1l: littk orno ht:terophiie an:ibody contenr. Tl:c ¡ ecu]~ \,it: be 
a :1ighcr !('.CO\'ery of raJioacti\'ity in tl,t specific (anti-immunoglobulin) ¡)rc.:ipitate than in 
tht non-,r~cif:c prccinitatc. In this case, hü\\'tver, the h.igher reco"ery js not-due to the 
presence of immunoglobulin on the surfaces o( the cells examined. lt_is in fact an artefact of 
the coprecipitation system. Such artefacts are more likely when direct precipita~ion is 
done, and in particular inthis case when the non-specific control system is chosen beca use 

· · of its Jow yield of radioacíivity. Tnere is in fact no truly satisfac101y control fer direct 
precipi_tation systems !hat yield relatively small amounts of ra·dioactÍ\~ty, c.g. 2% total 
r2dioa.ctivity in macromolecular material. Clearly·a precipitate formed between a rabbit 
a·ntibody and rnouse immunoglobulin will not necessarily collect the same quan1ity of 
non-specific radioactivity (i.e. not mouse immunoglobuiin) as one formed between fowl 
i;;-1.munog!oQulin anda rabbit antibody. This will depend upon-the presence or absence of 
co:itaminaring or unsuspecied heterophile type antibodies in the reagcnts. In 1:~is rtspec11 

the indirect precipitation system has a major advantage, the non-specific control c.an be 
si!TI.ilar to the specific system simply by psing normal ra bbit immu noglobulin v.ith the ~ame 
second reagent, e.g. goal anti-rabbit ikrriunoglobulin. Even this, however, is not perkc1 
sir.ce the unsuspected specificities in the rabbit antibody and norm¡¡J immunoglobulin 
sa:nples can be different. Indeed 1.he yield of radioactivity from J;,bellcd spleen cells us¡ng 
r.ormal rabbit immunoglob~!in and güat anti-rabbit immunoglobulm does vary frórr, úne 
rabbit serum to another (Abney and Parkhouse, unpubfü.hed ·work). The best control is to 
·use exactly th·e same ·reagents added in the specific system, lJUt with the addition of 
s~fficient pmified antigen to block all the combining sites of the rabbit antibody. Finally, 
andas a rc:sult of ali the abovt considerntions, the rndioacti,·i1y pn:.dpitattd hy the specific 

· system should always be char.:cterized by analysis in dissociating i:eis. 
There are two ways to radiolabel cells, externally or internally. In the first . 

procedure11 -:i3 the externa! proteins of the cell rnembrane are Jabelled with _1251 using . 
Jactoperoxidase as ·the ~talysr. A majo.r advantage 4f this pro"cedure is that the label is .· ·. · 
confined to the cell membrane. Consequently the cells can simply be solubilized and the· · . . . 

extract analysed by coprecipitation with appropriate antibodies. TI1e drawback is that a 
positive identification does not necessarily guarantee endogenous synthesis by the cell. · 
The method is in principie subject to the same problems as immunofluorescence, but does. 
_g::':e t!ie solec;.i!ar' c;haracter~z.:ticn when gel ana!ysis is .pe:-formed. 

Fot direct proof of endogerious synthesis cells must_be lábelled intemally in z:irro with · 
r2.dioacti\'e amino acids (or sugars). The problem here is that most of the cell is Jab~lled and 
that the plasma meinbrane, ,~.foch carries receptor for antigen, comprises a small percen­
tage of the total cell protein, about 5% of pig lymphocy~es~:.43 or mouse lymphocytes 
(Abney and Parkhouse, unpuhlished work). Hwe assume the receptor for antigen accounts 
for 5% at r.iost of the cell membrane, then the theoreti~l yield from internally labelled 
ce lis must bt very low. In this sítuation ir \voulci appear futilc to solubilize Japelled ce lis and 
d:rectly look for receptors by coprecipitation. Nevertheless, this has been attempte::l ?.nd 
wi~h rnme success."'~·45 } n.. order to disringuish between tha. fraction of total ce!iu 12r 

!2t1el!ed immunoglobulin ('\;j the membr;:ine as opposed to that contained within t:1c ce'I, 
ihe follo,~:ng srrategy w;1s adopted. Labelled spleen cells were incubated with or without 
2;¡ti-immu:ioglobulin, lysed with detergent, centrifugcd and thcn immunoglobulin was 
es,imated by coprecipitation. The hasis for this is lhat surface Jmrr.unoglobulin will be 
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cross-link.e<l on the cells treated with anti-imn1unoglobulin and in consequence wiU 
sedim~nt when the lysatc is Ct.'ntrifugcd. This will not occur in the control ce!! sample and. 
so in p1 incipk the Jifí:: í l'r.ce bdween the l\t'ü dek·¡·rni nations yiek:, 111c fraction of 
radiozctive immunoglobulin which i~ surface associated. 111e rem2inir.g inlr2celluiar pool 
of immunoglobulin wiii be co;;,posed of material destinc:d for the ccl! ;,,:.,tbrane and that 
which \\;n_ be active!y secreted-most lymphocytc suspensions cont.in :,ome high-rn.te 
Sccreting cells.•Apart from the fact that nón-specificprecipitation is particulariy high in this 
system, rigorous attention to controls is essential. A particular source of error is that the · 
anti-immunoglobulin bound to the cell surface is rarely saturated and, unless· specíal 
precautions ar.e folfowed, will therefore combine wit_h intracelJular imrm¡noglobulin once 
the cell Ís ly~ed.4:5 The fail_ure to saturate both. combining.sites of anti-imr.iúnoglobulin 
a.bséirbed to the·cell susp.ension is not cinly possible as a result of only one of the twq Fab 
portions interacting with surface immunoglobulin. It is also j:,ossibi"i:: far added anú-4 

immunoglobulin to interact wi¡h lympr.ocytes and macrophriges via Fe TE:-..:,';-,to!3, in wh~ch 
case both conibiningsites of the amibody would be tornily free to internct wilh intraceUular 

_ immunoglobu!in released by lysis. In view of these problerns, thf.: cí,,:n: that niitogen-. 
activaced B _lymphocytes display 10:i,...10:i times more surface immu:-n(-:,bulin than trie 
unsiimulated cell/·1 should be considered asan exaggerated stateme~:t. Asan alternative 
to u:,ing whole lysates of internally labelled cells, it is possiblc to 1~: .::paré ihe plasma 
membrane fraction from the cells and then use this as the.starting material for coprecipita­
tion . ..16 TI1e obvious disad\·antage of this procedure is th,-it it takts a k,r;f l;me, although its 
merit is tha~ a grcat deal of the 'noise' is thrown away prior to the CU/:--::¡,i:z,r:,)n step. 

3. ISOTYPES, ALLOTI'PES AND lDIOTYPES. 

The strnctura! basis of antibody heterogeneityis at the broadest levti, tht o:msequencecif 
diffe(ent heavy and light chain isotypes (classes and subclasses), each of-Í,vhich is specified 
by a structural gene for the constant region of the polypeptide chain: If? many cases there 
are allelic alternatives (allotyp~s) _at these constant gene. loci but. in an allotypically 
heterozygous animal, although both allotypes arejfound in the serum, individual plasma 
cells synthesize only one of the ·allelic alrernatives (allelíc exclusionJ. 

Isotype and allotype heterogeneíty do not, however, explain the enorrnous repe~toíre of 
antibody combíning site specificities that can be expressed by an animal. The antibody . .: 
combining site is formed by the juxtaposition of the variable region!, of heavy and light · 
chains, and therefore the uniqueness of a homogeneous antibody is the coRsequence of its. 
va_riable region amino acid sequences. It is these unique variable region sequences that 
define the idiotype. The c!onal theory predicts that a precursor lymphocyte will beai 

· receptors of one idiotype, and that its clona! progeny, _derived by antigeiiic selection, \\iU. 
secrete antibodies of the same idiotype. Xorma!ly, when an anir:i?i responds to an 
immunogen an enormous numl::-er of idiotypes with specificity to the ;rn ::~~<.::n appear in the 
serum. i.e. m:rny precursor !ymphocytes báring a r2nge of idiotypes c1re selected by 
antig.en. If spccific antibodies could be made to each idiotypic variant, the.:i they could be 
c,ed ?,~ toi::•I-:; to S!urly-tbe .senerics cf the imrnune fé''-.;')(•nse. For e:--2mp!e, what is tht! 
p;-ittern of idiotype inherirance. Jt is possihle to raise antibodies specific for the idiotypic . 
cletermina;its of a .homogencous antibody like the phosphorylcholi,1::: "t1inding mnusi; 
myeloma protein, and in this case the anti-idiotype has proved extremely m:eful sin2e the 
normal immun~ resronsc to p:10.;phorylch0line in Balb/c mice is rcmarbb!y homog~n-!­
ous. Similarly. whcn imr:111nc rcsp0nses are pauciclnn:il ami tht '.'.,~n:m ?.ntiho·.:\ i, 
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restricted in its number of idimypes, preparation of specific anti-idiotype antíbodies is 
possibk. ·111e major txampk here is the állli-idiotype antihdcly v. ith speciticily for the 
antibliliy fnrmed by mice init.ckd v,:ith ~ii l-¡-:t·. ,cocea! Grou¡1. \ cartxdn·drarc. \'c·;·y cxciting 
results h¡;ve come frtJm thi- sy~tem whicl1, with others. wi:: i>e di..;c:us~ed in detaii in lattr 
sc:cuc,ns. 

4. B L YMPHOCYTES 

The characteristic property of B lymphocytes in ali species examined is their possession of 
easily detectable surface irnrnunogiobulin. Each Jymphocyte presents about 105 irnmuno­
globulin molecules on its surface. 18 Questions of interest, therefore, are: what is the 
evidence that the surface immunoglobulin serves as a receptor for antigen and which 
clas!-es of immunoglobulin are expressed on B lymphocytes? 

That thc immuno~lobulin on thc surfáce of B lymphocytt:s acr, as receptor fr,r antiQen, 
there is absolutely no doubt The most direct evidence rnmés frnm studies on antigen 
bindi11.í! cclls (reviewed in Referencc 18). In most of these experirnents an antigen is usually 
lahelicd with 1~~1, mixed with lymphocytes and followirig a period of incuhatíon to allow 
internction bctween bntigen and cell, the cells are washed and then exarnined for Jabelkd 
cdls by autoradiography. With certain exceptions, in unimmunizcd anima Is thc: number of 
antigen-binding cells ran;e about a mean of ahout O·ú5°o of cells exami11ed. \\:ry few 
lymphocytes will bind twc, unrelated antigens, as would be expected from thc clona! 
sekcrion theory, and the frtquency of antigen binding cells increases when animais are 
immunized. The frequency of 1}05% may seem rarher high for one antigen, but this does 
not rerresent the numbtr 1)i celb specific for nne antigenic determinant, nor the numher of 
celb bearing exact.lv the sam,~ variable region pair for creation of a unique combining site 
(idi,)typd. Apan from thc lan that most of the antigem u~ed in antigen binding ~tudies 
have multiple antigenic sites le.g. bovine serum albumin), the repertoire of antibodies 
produced in response to a simple hapten is vast. By transferring limiting numbers of hapten 
(NIP)-primed cells from primed mice and then analysing the isoelectric heterogeneity of 
antibodies formed· in recipients, it is possible to estímate that CBA strain mice can 
synthesize 3000-16 000 differen.t antibodies to the one hapten.47 Toe frequ.ency of cells 
with one defined idiotypic specificity will therefore fall by 2-3 orders of magnitude, 
becoming sornewhere between 50 and 500 cells per mouse spleen. In fact, the frequency of 
mouse lymphocytes binding phosphorylcholine, an antigen which elicits an immune 
response of restricted clonality, is in this range, being about 1 in 100 000.48 Toe potential 
of the system is further expanded by the possibility of one antibody cornbining site having 
specificity for more than one antigen.49 Tnis consideration derives from the description of 
clona! antibodies which can hind twoknrelated determinants (e.g. dinitrophenol and 
menadione), and there is evidence for the occurrence of similar double specificities in the 
course of a normal imrrm,e response. 

Having shown that the,.e .are small numbers of cells which will bind antigens in a specific 
way two questions ari~.:. What structure on the cell mernbranes is binding the antigen, and 
are thc antigen-binding cel!s precmsors of those ceUs which eventually synthesize and 
secrete rl1e re!e"am anrib:•d}'.' 

The suspicion that the n.:ceptor was imm11noglobulin was clearly demonstra.ted by the 
failure to find antigen-binding cells when the lymphocytes were pretreated with anti­
immunoglobulin.~0 The rnost clcgant experiments of this type are with the pho~phNyl­
choline system.4 K Here it was po::.sible to examine individual antíg,~n-hinding cel!s and !O 
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show that they ali possessed surface immunoglobulin, lgM in fact. In addition, the 
immunoglobulin receptors for phosphorylcholinc on Il lymphocytt:s of Balb/c miée 
pos'.>eSscd the same idiotypc as 2 phosphorylcholinr~-bi:1d:ng mye!oni,: prole:n, th:reby 
dc::monstrating identic.:ii specif.city of surfacé and secretcd in11Tiunogloliulin as wel! as \he 
restrictcd náture of thi::. re.spome iü Balb/c u;ict. Funíw.r, whr:n l:ln ?.n:i-itiotypc (anti-· 
(a.nti-phosphofylcholine)) was used in' conjunction wi1h exiernciliy radiolaheliec; lympho-

. cytes it \vas found to be reacting with IgM by the stringent critcría of ísoiation and gel 
analysis.st One note of caution·relates to the tast experiment, and thát is the high yield of 

· immunoglobulin precipitated by the anti-idiotype (about 10% of total). 
Additio.nal evidence for identification of the recept.or as immunoglobulin carne from 

cxperiments based on the antibody induced caj)jJing of ·surface imrrnmoglobulin.26-29 

Using red l:ilood cells it was shown that CílpS of red bloocl cells'and surface im.munoglobulin 
were con~guous.52 Along similar lines, but with fiagc_llin as the anti gen, it was shown that . . ' . 
at least 95% of the surface immunoglobulin·of antiien-binding celi:; i~. drawn in,Ó a c.::ip 

. when antigen ís bound.5' To sorne extent the. latter experirnent -shows that all of the 
.immunoglobulin receptor ~olc:cules on the !.urface: of a lymphor-yte lia;e tht same 
specificity far· antígen. A similar condusion has !Jt..:n re?.cli.ed 1w:rt rtcc .. tiy usíng 
antí-idiotype antisera an'd chrcnic lymphatic leubemia (CLL) ce-.li~. 5~·55 Here, 2.nti­
idiotype raised against a rhonoclonal IgM from the patient's serum was found to cap al! of 
the imrriunoglobulin on the CLl cell surface. . 

Havi:1g demonstrated that B lymphocytes can bind antigen via u:ll surface immuno­
globulin, we n:ll,~t now ask whether the antigen-bincling ceJl5; der.K,,¡·,ti;::ed ir. i;itro are 
functional. In orher words, are 1hcy the prtcursors of hir!1-raic aniihody '.,·.;c:-d:~.g cells to 
the antigen they bind? One im111cdiate problem is that 1he fre.quency of antigen-binding 
cells to a given antigen is higher than the frequency of precur~or celk;, as dc-tem:ined by 
measuring the numh~r of antihody-secreting clone5 dc:,·r.ioped upon exp0sure of a mouse 
spleen to anti gen.% Of course, it is possible that th:~ differenc:é is. entí, ::Ji· thc result of 
methodological limitations, bút since there is a diff erénce it is coinforting to find that there 
is evidence to suggest tha~ sorne, at least, of the antigen-bínding cel!s are in fact precursors. 
Toe earliest experinients which bear on this isJue ha.ve been termed ··suicide' experi­
rnents, 57•58 although t,.,1ichael Sela i~ terminólogita.Uy correct to say that they should more. 
properly be described as·'murdér' experiments. In these e:Í.pe-riments.the antigen-binding · 
cells are formed using a 125!-labelled al)tigén oi very high specific acti\.ity. Toe cells are 
washed, transferred into an X-irradiated host, challenged \\ith antigens and an antibody 
response to the relevant and to control, irrelevant, antigens is measured. If the specific 

. a·ctÍ\ity of the original radiolabelled antigen is sufficiently high, then the antibody response 
is specifically abolished; the antigen-binding cell having received a leth2! radiation dose 
from the bourid radioactive antigen. Further evidence far the immunocompetence of 
antigen~binding cells comes from selective depletion or enrichment of precursor cells by 
passing lymphocytes through columns of antigen hound ·to inert supports,5~' or by 
sep3.,ation in a fluorescence activated cell sortcr following treafrnent of the cells with 

. . . 6? 
fluorescent labelled ant1gen. - , 

Sorne beautifully conceived work ,.,,ith anti-idiotype antihodies.is.apposite ,H this point. 
Sir.ict anri-idioiypcs .specifically react ,vith rhe v,,ri;:ihle region of anribpri¡t'"· frequeíltly ::it 

. or cln.,::: to the combining site, could they not mimic the action of antigen? The ;:ins\,·er is 
that they do. What is more, depending on the experimental system they can either inhib;t 
. . . f . ({'l" l ) 61--66 • 1 ~ . ' • rnducr10n o an 1mmune respor.se .)to erancc , · or sttmu ~!t': prnm1ct1on 01 ttle 

. . ¡· . "L d 67 6H u . l. l G . L h d apr;.:1¡1nate te 1otyp1c an:iL•O ~·. · sing ti:e streptococca roup A car ,,o, y ,'.l.~e sys-
:;::r., :.::.:1,i-i,~;Ot;, .. pic an,is:~¡a Wc:(;': rai~ed (iq gt:inea rig.,~ with s~e6~city fo¡:::~ ,::-:t:-Gr¡i¡¡¡:, 

. . . . 
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A c::!rbo!~yJrJte antiboJy synthesized by A/J mice.~6·67 _The ¡;uinea pig 2nti-id:otyr,e w2:; 

:;q:..!~;;td intu thL' two ,i1;!j0r :.ubcla.sses, IgG 1 and Ig,G 2 , foun<l in f_uinl·;.:. pig saum. 
\\nerc2S lhe IgG~ fraction int1ibited inductinn of the idiotypc hy the anlig,~n.t>" tht I:;G; 
ír2.crior, w¿s abi.c !0 prime B lyrnphocy!cs so t-h:.it they would respnnd vi¡::cir0u5,ly to 1he 
strepwcocc2i Group A ca:-hohydrate whe·n tcstc:d in a cdl transfer systen:.''; In A/ J mice 
responding to the Group A c::i.rbohydrate antigen about 25% uf thc antibodies react ,vith 
the anti-idiotype, i.e. the response is highly restricted. Neverthele!>s, upón priming wilh the 
anti-idiotype. essemially ali of the antibody subsequently synthesized is of the idiotype 1n 
que.stion. There· is therefore a selcctive exp¡essiorr"of the one idiotype \:,her. stimul3tion is. 
provoked by the re!evant anti-idio"type. Even more impressive was whei1 the same 
experimei:it was done with C57L mice, a strain in wllich this particular idiotype is 
_ur.detectable. Upan priming with the anti-idiotype, however, there was production of a 
cross-reacting idiotype, now in easily detectable quantities. Eichmann and Rajewsk/'7 

draw th:::ee important conclusions frorn this work. Tnat their and similar d;!Jat,,. ']eave 
ha;d]y any doubt tbat the precursors of idiotype-secreting B lymphocytes exp1 ess tl1e 
idiotype as functional receptor moiecules. Thís is close to formally proving the basic 
assumption of selective theorf es of antibody forniéition'. Toe next point comes from the 
anti-idiotyp.: provoked expan·sion of q'previously undeiectable clo11e in C57L mice. 11-iey 
p.::i:nt out that the id:otype produced ht!re is cross-reactive with the A/J mousc product (i.e. 
it is not exactiy-rhe same) and that similar cxperiments with, for tX8mplr; CB!·. mice Íé.iied 
to cause the expression of cithc:r a completdy or incompletely cro<.s-reé.ctin_i:; idiotypc'.. 
These observations 'support the \"Íew that the potential receptor répertoi,e of the immune 
system is strict1y germ !ine controiled': Toe inclusion of the word 'pot~ntial' in ihc: se ni encc 
o~ers two alternatin! interpretations: that somatic diversification is preprngrammed or 
that antibody divers:ty is carri~d in the germ lin_e. \fai:iy proponents of thc gr:ím iif:c theory 
will aimost certa¡nly 1ake sat¡sfaction from thc second interpretation 2nd pay scant. 
attention to the first. 1\kanwhile those fa,,ouring the somaiic. generation of antibody 
diversity \l.-111 point out that there is no final conclusion possible. Nevertheless, what is 

· obvious is tha; furt-l}er experimentation of this·natur~. will certainly contribute e\icience, 
perhaps decisive e\'idence, to aHow a final decisiol'l. on ·whether antibody di\'ersity is 
encoded in the germ Jine or somatically generated·. Toé third conclusion is a practica! one: 
'in certain instances anti-idiotypic antibody rnay thus serve as a ·new t)-pe of Yaccine'. 

At this point it rnight seem churlish to ask the question whether immunoglobulin ÍS·· 

acrually synthesized by .the B lymphocytes. It is, nevertheless, a question which h2s been- · 
p·Cl~ed 2!'.!d whicl:i has bccn 2:iswere(! in the affirmative. 'fhe simplesi method has becn to 
remove immunoglobulín by modulation with antí-immunoglobulin and then to record its 
re_2ppeara:1ce 2fter tissue culture (e.g. References 69 and 70). Additional evidence hós a!so 
been presen-ted whic:h is based on internally Jabelling lymphocytes in vitro with radio2ctive 
protein and carhohydrate precursors. Sµrface immunogk,hulin is then either defined by 
tre2.tment cf the cells with anti-immunoglobulin,44•45 or by isolation from a purified plasma 
membrane f raction of the Jabelled cells.46 The underlying methodology was described in 
an eadier section. Thc findi!"lg of radiolabelled immunoglohulin in the.sc cxpe;-;mems 
co:1stitt.acs unequi,·ocal prnof of synthesis by the ce lis under im·estipticn. These 2nd other 
stt.:dies 71 - 73 using ce lis ~xternally lahelled with 125I alrn provide informr1ti0n on the 
tll .. no,er of mtmbrane associated immunoglobulin. Most immunoglobulin n::k?.~:?d from 
the su.-face is found in the medium in association with fragments of plasm:t mcmbrane, 
which is why the process ·h:1s heen tcrmed shedding rather than secretion.72 Th{· an~ l~·sis of 
<-urfacc immu:1o_¡;;lnhulir, tu,.,r~,,cr is cornplicated by heten.,r,,·neiiy of ~urf:,c~ ir;;,-;i:;r,o­
g1obulin cbs<.es, fer cxampic the simultaneous prcsence of lgi\1 and JgD or· the same 
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cell.69·7" In ;1ddition thcre is a hctcrogcneity of B lymphocytes. ·nws one subpc,;:iuia.tiúr. 
consisi:ing of rdativdy brge cell:;, r.::ka~es ce!! surfacc i.mmunoglobu!i1: wíih a hú-lifo cr 
1-3 h0urs. Anothcr súbpopulatio¡¡, consisting of smalicr ce:b, rclt:ascs imrnunoglobulin at 

· 1 1 ' · 1 • ·r •· r b · 1Q '\ e · 7 ' c .. :1 2.;);)rcc~~!l.:.y ~1n\;·er r~1~t:\ t,1c n~L-11a; ,e1ng.:.. ·-.:.o iiuur=>. ·· 

Thc lymphocyte, unlike the plasma ccil, does not co,,tain the well dtvelop~d mempra:1-
ous elements that characterizc s,:;:rcting ce!ls. 'In plasma ceirs· il is now cléar th::t 
imrm:noglobulin di;;stined for sem::tion is translated on membrnn[· bound polyribo­
somes.7.i The nascent polypeptide chains are vectorialiy released from th~ polyribosomes. 
i0to the cysternal spaces of the rougli. endoplasmic re.ticulum. From there, after ~hcir 
:assem,bly into disulphide linketl H2L2 strucrures, they pass to 1he exterior milieu via the 
Golgi apparatu~. Sorne biosynthesis data obtained with. B lymphÓcytes~ 5 are consistent 
,i.ith a similar transpon route for membrane itnmunoglobulin, but the e\'idence is _by no 
mea ns condusive. In thc same series of experiments it was also possibk to bio5yn:oetii::ally 
radioTabe! cell surface irnmunoglobuiin with labelied fuco~e and g2lac1C":>e. in co:1mdic­
tion· to S0li1I.! ear!Jer work which Í::?dic~itcd that St1rfaée immun;>gbbu::~ \, :ts J~·, Gi~: 'JÚ:i;;:i;; 

.w sugars. 
There is therefore ne, doubt that the receptor fo:· ,intigen 011 i,n;r;ur.o::o:~,r-,::tent B 

lyrnphocytes · is enclogc:rluus immunoglobulin, .and th3t · a gi{·en l;ºin;)\oc.yt;; kaz:s 
immunoglobulin of only o_ne idiotype: Upon stimubtion its cional product then sccíetes 
antibodies of i:he sarne idiotype. Before passing to tb~ vexed qui:-stion of c:on~,~mt regio:1 
expression on lymphocyres, it is worth mentioning thé cu1Tent argument O\·e~ wherher the 
rcceptorimmunogiobulin a~ts as a signai to the cell when it hinds antigen. A.t fi::;'. ~ight this 
might appear to be a vcry silly quc:stion indeed."On the b;:::,i:; nf cxp::rir::.::,~:; ,,,¡fo the 
polydona! B lymphocyte ~cti\'ator, lipopolysaccharide, Coutinl:o ar:d :,1c,ii:::?5 ha~·e 
argued that the signalling sire, is not imrnunoglohulin. The immunoglohuiin .nerel·y serves 
to focus the antigen on the ccll SJJrfaci: where it then interacts with anothcr n,er.ibrane 
protein, which is postulatect and for which no concrete evidence exists...This membrane 
protein then provides the.signal which directs the cell into a state of tolerance or immune · 
induction, depending on the number of interacting si tes: just right for induction 2.nd too 
much for tolerance. The major arguments against this ·one-signal' modelare presented by 
Cohn and Blomberg in an article which also very Jairly summarizesthe·Co~tinho-}..fülier 
pojnt of view.76 The-major point is that the oñe-s.gnal model was des!gned to account for 
óbsen·ations with lipopolysaccharide \vhich is a very specialized system in that it deals with 
a polyclonal B cell activator, unlike mo.st situations of B Iymphocyte induction. There are 
therefore á number of observations which cannot bé accounted for by the Courinho­
Moller model, e.g. maintenance of B cell paralysis to self; ·brcaking of tolerance '"ith 
material that crnss-reacts\vith the tolerogen._ Challenging and thought-pro\'oking though. 
the one-signal hypot hes is ma y be, it more underlines our ignora nce of basíc mechanisms of 
imrnune induction than it explains them. Toe real Úuth is that we rea Ji y do not underst3:,d 
the dual mystery of anti.gen recognition, the rendering of the target cdl to a nor.-r::sronsi\·e 
or dif.eren i:ative event. 

. . . 

Ha\'ing s2.iJ that, it :s time to consid~r the cxpres;;ion of c(rnstant rcg.ions on 
im:nunocl>m;-,etent ct~!!s. From a number pf observatio:as, :.nd bearing in rr:;nd sorne 
a;:-;:,a,:::m e,céption\, ts it :, íH1\\' cltar that alle!ic excl{1si,.n1 occurs. Ti1·,: me-< c-0:1c!u~i\'e 
ex;:,~riments which derrn,:1strnte this are thos.e of Jones, Cehra arid Ht.:r?('r:?-,,::;:. ·- t ne_,e 
ext1erim~nts ar~ panicu!ar!y instructivc since they foilow wb:lt is c?rt,iin t0 be i! mod~I 
protoco! ,, h:c'.: -;ilkstcp'> ¡ir0b1;:::r.s duc to cytophilic antih::idy. Tiwy toot;. lyr:;"l'.":•)cyr<?s. 
fo:r:1 a:t.~¡: ¡:::::. 1\ hc!ternzyg,,u~ rJbhits, stripped ofí cndogcnous :rnd :1,,:1-e:1.:.;,,_;:-!r.üus 
i:--r: rn ~!n=-1:,~ ~-~··d·H! l: n hy l ,~,:! i. n1(~ n t ,\·i th prnl coJyric enz ymt~" i11 i·itro a nd th~n r!:,.:~d t ~~e ~en~ i:1 
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tis:-u.: cu!t:.1re in order to ~:h,w for re~yntht:~is of endogcnous membr;.:nc: proteir.s. Tnen, 
• 1 1 .J f - l ' d 'f: . 'l .. ¡· 1 • 1 Wli,1 i le;¡¡ O i1UúWC1lrüll1i.:-CüU¡:,1c: !-pee, :e antl-31 c,t·:·pe ,tntlPCí,IC:S l!iCY w.:rc 2,:-;: to 

· sort ihc cdl:;, on thc: ba~i.; of th'"ir !.uri;..cc im1mrn;i~!"h:!i!1 allotypc, b) t.:'.'-i,:g t!-.c 
filloresc·~-!1Cc acii-.atcd ccll ~nrtcr. Thc rcsults we1t· quiti' cornpl'Hin:::: l\mrh0c;::.:<- of 2 
(T~' •\ ..-~~¡('\¡ -~ ..... -: J -,, f •;· '•'•_..~ • ,;,•:' ""' ,.:_ f) •,. ,•,,·'¡.·Y- _.,~··,· • ' 1 ),·f' r- r¡-•,. •I :,¡;"t"•••,;; !..-•1. •r, 
~1\t.1.,. ""°'"' ~ v'·· \, CIJ1. 0.1 \._, l1J .. 1 ... L ll1'-l, aÍlL' ,.o, dh .. il!~e. IJ(,;,/ \l. LlJ '-'·) p". l J11:::i L ,.u .... ,. __ ~-~t:11 

:ogether wtrh i h;j_¡ re vi(:,\ ed by W ~rner, Ji< makes a pé r;,u;:~i\l: c,~sc íor ,illct) pi.: exclu:>;,,n_at 
the le\'cl of const2.nt genes on the lympho(yte surfacc. 

·rn cons;(l.::ring thc cor.stant regions cxrre~sed on B lymphocytes it would be as well to 
first define the question~ that will be discu~5-cd. For'example, does a given lymphucyte and 

· its c!onal progeny al~·::i.ys synih~'.):z.: onc· and ibc ~a:ne rni:stan! rc¡;-ion or 1::::n there be a· 
switch from one constant regían t0 an91her, eithér in ontogeny.or upan an immunog.enic 
chállengc? In the füst case, stem ceils would gi.ve -rise directly 10 lymphocytes bearing 
surface im_munoglobulin of on!y one of the known cla·sses. either Jg'.\1 or IgGÚ JgJ\ and so· . . 

?º· These, upon immur.ogenic induction, would eventuai_ly give rise to celis secreting 
exactly the ,ame isotype represente e í,.n tht origin:-1! prec.m.or ccll surfocl. 'll'1u~, j g:,l- ,md 
IgG-secreting ce l!s would derive from lymphocytes bearir.g IgM and JgG rtspecti veiy. For 
this type of situation only one V-C ger-_e íntegration event would be ft(·.cessaty. Hov. e ver, it . 
is now almost ccrtain that ,a modtl of this n¡,ture fr untcn<1ble. Snr11fwhc!C. in ti,e 
development of many indivillual B lymphocytes a change of CH gene expression occurs. 
Toe majar arguments therefore concern the sequenc(' of he.,vy ch,iir, exp:·c~sir,n in 
lymphncyres and their p;·ogeny, and whether this 'swítchinl of C11 genes is antig::-~l d;iven 
or not. f un!-ier, if exposure to a:1tigen is responsible f nr switching o( CH gc:ne:;, t)¡er· d what 
!evel of diffcre'r.t:ation <lnes it occ-ur? In an antigen indcpendent model/8 slcm et)]<; first 
develop into lymphocytes tJc:aring surface Ig.'.\f. Sorne of 1licsc cells are pu~11.1i:1ied 10 give 
rise to lyr;iphocyrcs bearing lgA via a population wiih IgG on lheir lT1é·1;1br::ne~. This 
c!eveloprr:erit2l progrcssil,n, · it is argued, occurs wiH1ont !he 11cce~~:1y [or a,,:i,_:::n;c 
irtfe¡\·c:-Hion. 2nd in\·ohes two CH genr switching steps, i.e. from Cµ. to C11 and fwa1 Cy to 
Ca. When antigen does interact "ith the cell?, they diff erentiate into high-rate antibody 
secreting celis expressing the same isotype as the original precursor lymphocyte, e.g. ceiis 
with IgG recep_tors develop in.to JgG-secteting cells. Toe niodel was originally proposed by 
Cooper, Kíncatle and Lawron to explain a series of pioneering experiments with c;hic­
kens.71.! By judicious timing of bursectomy and administration of anti-µ. chain serum in di:q 
ihey were a ble to render the animals completely agammaglobulinaemic. A suitable de lay 
in these manoe:.iwes could cither cause appearance of lgM, but not JgG or lgA_ (burs-

. ect0my at 16:....17 <l:.!ys}, or ~1;:icctíi:e· suppre:ision of IgA only (neonc.ltal b1:Jrsectcmy,. An · 
impcrtant point is that O O.Ce celJs are seeded from the bursa to the periphery !-Uppression Of 

IgG and JgA requires a very pro!onged re.gimen of anti-µ. chain.injections. Jt is therefore 
easier to inhibit the developmem of JgG expression \\·ith anti-µ when bursal B lym¡,ho- · 
cytes,' rather th3n peripheral cells, are the target of the anti-µ cha in reagent. Nonetheiess, 
chronic adrninistration of an.ti-µ chain in dvo can preven1 the appearance of all antibody, 
both in mice.and chickens,111•79 ar1d is strong e\jdence for the occurrence of CH gene 
switching in lymphocytc diff erenti:.nion. Other frequently quoted evidencc for s,,~tc-hinf is 
t~e pre·seí!<:e within one individual of myeloma protein, which is heterogeneous \\ith 
. . . b h f h . bI · 11º ~' F l · respect rn bútypc, ut omo~encous or t e vana, .e reg1ons .. ·· -or exnmp e. in o;;e c;:~e 

:he myt>!r.m3 prntein was ~b)wn lo com:ist of l_e\1, lgG and Ig/\, hut ali :bree i,,J1ypt>s 
~harcd 1!,t \cime idi()typic dcterminants. 111 

T~~king the Coopcr-Ki1~c::dc-Lawton modcl as the starting point for discu~sion, ,, e sh31l 
now po.,;e ~ornt· q:.iestions. In doing this, it should br. roíntcd out that thcir model, fi:-st 
publi~~ed in 1971,ll~ has probably stimulated more alkrnative forms tlrnn any othc::r 
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attcmpted description of I3 cell dcvelopment (cf.· Reftrence 18). Tha;; are !10 !>Crious 
objections to tl1,~ idc:Ú)f a switch in C¡¡ cxpression during ditfercntiJ!ior, ,1:1d_cc•.-elopr::~nt 
of l} mphocytcs. Thc m3jor- ultfr:,ati\'es cent1 e on 1\·hc:he:- th:.:- C1: switch i:; antigtn 
imk~·t: ll(JL:nt ,,r not, ,;nJ 11hdht'r thc: sequc::.c~ of Ig'.\í --, IgG-, lgA oc:c~rs cnli~::!y or: tht 
lymphocytc surf_::icc ~o ~h2.t :h~. receptor Jr.cl n·entu:::I !!E:Crett?d µroducl are of thc s:i.me 
i.wrv,~.!· . 

... ,.. . . 

1l1c:: original postulare O( antigcn irn.1é;pendent switching ·was b;úcd tar:. lhe bursa-
dependence of the switch in chicken, and also the fact that deliberate administration of 
antigens to chicken embryos failed to influence the developme11L "of lg~1- and IgG­
containing cells in the bursa. On the othu hand, unprimed mouse spleen cell~. which 
respond to sheep red blood cells in vivp by synthesizing IgM, IgG and JgAantibody, fail to 
do so ·iftre:itéd with .anti"-µ.. 83-i;5 Funhermore, exposure of normal spken cdls to anti-µ. 
chain ca u sed a marked suppression ofigG production by the c~l!_s wher. rested i.n an in i:it:o 
t.,,.,..n t.;;..r· .. •. t-_.., ~6Jf-h ?!"'\1""'1 .. n .. ;"it·.,,· "".3,""' .... ::i.;-;..,,lh_,. ,·~·~ .. ., U-"'r·-,...,,"\t ,,-; .. , -.-. ...,, ... :·..,. ..... ~nd..:.""',.;1,• 
1a ... S¡ ...... ~j~L\,.m, l C.u.¡.,t-.1.0~.1.t,,,. '-R1 ........ l.!1~\.,i1 ....... l.,'}\,\..: .... ; ....... 1c: .. .:1.e_ ... ,,, .. :,1. •. l\.._:--!1u .... !- .... ;-

dent way it is difücult to see how responses to IgG and lgA could be inh?bited by anH-µ. An 
alternative explanation; and or.e th~t will be di5cus::;f'ci t¡,.Jow, is_th~t lhe pr,ccur~or<i of the 
IgG c.nd IgA secreting ~ells rarely bave I;G ,rnd lg.-\ .on ihéir surh,.;.,:. · · · 

Ha\"ing s;:-i:d that, tlüs is as good as a;1y time to ::-ay that thc situ:iiion l c::g:.rdi:ig C1.1 

reprtscr.tation on the surf::ice of B _lymp!:o:::ytes is 1horoughly rnnfused; as peiUsal of th<:! 
review by Warner'>! w:ll indicate. Thcrc are three very clear rcasons fo¡ thc confusion. 
First, much of the d3ta comes from immunofluorescent staini1:1g aíld, ;¡-; poir. ,cd 01H in an 
earl?er se:::tiu'.i, there are many probk1r.., &ssociilteci. v:ith rna!"c:ri:a: ;,;r;ci:,c· ,!nou,;;, Fe 
recepte•íS, o; perhaps e ven bei:,g non-sp-::-::li:::;1i !y::: i ;o;-h.::d.· V,T!:,r i\, i, .. :- , i-:-T .. ·, c"\cf. is th;:it 
the number of n lymphocytes recordecl positive for JgG and lgA \tc:~:iily d.::n·éf:se to a, ery 
1 • ( l O' -, r,¡ ) • • . k . ' 1 1-.\ q-QII ow numoa. ,o-.) )o as tlle expenmcnk, ta ·és more can, t,; ;1w1:c í1<(:sc í"C·..1 ems. 
Second, ,1nd in pariiculaí in the mou::.e, whcn surf::ict~ .i rnmuno~loh·li'.J is e;12r?.cte6zed by· 
extern2l labeliing a-nd immunochemicai procedures there is littl-::, i:· any, I~G or TgA 
detected. 22-~~·91 Third, is the problem of distinguishing bet,vecn a precursor lymphocyte 
that has not been in contact with antigen and one that has, and, as a result, has. embarked 
upon an irreversible differentiation pathway 1,:¡ading to :he high-"rate :rnti':°dy secreti_ng 
cell. To pose an example: ~uppose a lym¡J10cyte w1th surface Jg;'.1.1 mteracts ,.,1th 
antigen and its clona! progeny" secrete IgG, as cou!d be· iñferred from data discuss.:d­
above.1s·79-~:!-R5 At sorne stage of the djffl!rentiation process the cells v,il! be gin to express 
JgG, possibly on their surfaces. If so·, are these surface JgG molecules to be regarc!ed as 
receptors for antigen? Far the purposes of this article, the answer will be in the negative. 
Nonetheless, this type of cell would be p~sitively recQgnized in an immi.mofiuor·escence 
prncedure. It ¡., also pos~irk that a cell at tr.is stage of differentiatio:1 e011ld rie stimufared 
into an 3.bnormal!y ex:cnsive clon:il expansion cnder certain experiment:!I concicions, for 
example, transf.cr into an írradiated ho5t together with antigen: and this ,,·ould create 
ob,·ious probkrns in the design and int;:'rprern.tion of experim~nts. J n this context it is also 
i:r1po~tan: to point out that ma ny IgG-secrcting moust: plasm~!cy,oma r~ lis ca ~1 i"'I:' shown tü 

b\·c su¡face immunoglobulin,"2 but here the distinctíon is clear. The surf~~e ::!ssoci:?tl!d 
. imr;;~;noglobufin molecu!.:'.'s are not functio"nal receptors for nntig~nic st:mu htinn, bur once! 
ag2i;i a.1 imrnuno!-JHoresceílce as~::iy would record :, positi·,.:: resul'.. >'0t :-,1! , 11-: B rel!:; 
stimulJ,,__,,_¡ hy an,iger, 60 on to be,ome hi.=:h-rate ;inti'.1 0.Jy-s~creting c~l!s. So:-::,., wil: be ~;:-t 

asid;? ~· \ nl~ rr,ory ce iJ:.; a nd th e n~1 ture of l hci f receptor i mn1l! n~1g!-..1:"lu Vi :1 is :;~ :, i" e ¡1 rn2L::~ r f or 
cu,:¡c..:ru;c th;1:1 inf,)~rm:d cti~cussion. Thcíe is ont! t,.:-autifui ~c:-ics of ,;::-;¡-,.:rir.:.:nt:- whid1 
dc·.?S .;u:,:g..:st that thc :sot:; pi:: of mcmor~· cc!l surfac,: imm11r.ng!0!,ulin c,,,r·?-:10nd, !0 thc 
e,·•-:"" ,J ,. )••r,·~--·-.t n··(l,..t:1·-·r •ll \.f.~¡ ....... nry c~P, '.'l~ .. ..l 1,:,.1,_, .. ,t :> ·,nt:h, .. (i\' ... C ~1""':", .... t;·~.• .... ._:j~ t".-,}~l _, ...... ?,._..,,._ ...... ! 1 ._,_ .... _ , ..... ···.•., •• c..l ••• _..,. (,\.\,, •••·•• ., -. ··'-~·-, ... ,.,_ ................ , , 
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n~ice pr:med 1-6 mo::ihs prior to ~;icrifice wcré retained onanrigl'n-c:o:,td coi u !'TI:1~. A s~.:y 
for r:-,2rno,\' v,as dl1:1c b\' tr~n,~fer ,):· thc: ct.:lis to kt11:iily i:-,aJi;!i·..:d 1t·(;,-:l·;:1 m::-e . .., ~ . . 
Prl.'tre:~tmer.t of t1,e cells \\·ith cithcr a:1ti-J;G 1 or :.:111i-I!;,G_: bdorl' r,:;ss,:r.,: t.k,-,•.n tr.c 
insoluble ·;:;n;:~cíl co!unm camcd a Sc:iectÍ\\'. 'sneakinp ih10ll!:'.h. of ,,·;r<::s\lirli:.Í Dré."C-U1,or ... ..~. ..... ' 
ci?lls for l!=-G: and lgG I synthcsis respectirely .. lmpn:ssi\l' as the cxpcrirnc;:ts are, 1:hey 
were dunc well in ad\'ance of our c~rrent appreti:nion of the tnoblcm~ arising from 
cytophilic antibody and Fe receptors. They cannot therefore. be regarded as in any way 
conclusive. 

:~t presenr we are therefore faccd with the emtiarrassment of a to1:1J Jacl; of ccr,ebtion 
between isotypes exprcsscd systemícally and on lyrnphocytes. Since the nurnber of JgG 
and igA bearirig lymphocytes is low, ir is rei~onable to a·sk whi::ther. this minor pop~ lation 
of ceils has biological significance. lt is also a matter of urg.ency to define the immuno­
globulin 011 the \'aSt majority of B Jymphocytes. 

In answer to the first question we can say that it is entirely possib!c that a smail 
popuiation of, for example, lgG bearir.g ctll$ could be rapidly expanded by c-cll di\·i·,ior1 in 
such a wav as to account for ali of ihe scrum JgG. Indeed, andas rneriliorn:d obO\c, thcre 

- . 1 

2.re cxperiments suggesting 1h31. IgG is pre~ent on thc surf2.ce of sorne, but not necessarily 
all, precursors of IgG secreti~g cellf3·º.! With the prevailing paurity üf inform,úion. 
howe, er, it is fair to ask if this is the exception rather than the rule. The situation \\ith IgA 
secrding ce!! precur::.ors is more confused. These are reporteJ to ha\C: or 1101 ío h4Yt. 
surface JgA, depcnding on the ant:serL:TJ u~ed to m;ikc tht identifir;1! :oci.0'' ,,,, ;\ p;_,si,iq: 
ident:0c3tio;, was made with a:1 anti-IgA 2Hntypr: anliseruíll (directed lOW,Pd:; the fd párt. 
of the he::wy chain:1, whercas JgA cou!d not be detected when a convcntion,.J :mii-i<.otvpe 
·:mfr;erum was used. For reasons given below, we find the resulls with lrH'. ,,n,i-1:;.otype 
an:ise:'"1.i:!"! ..,ore comincing, ;:rnd tJercfore predict that lgA v,:iJl not b<?. on íi:t' ~-m'.act of 
p,ecur~or ly!Tlphocytes cestined to secrete JgA. 

lf most immunoglobulin on B lymphocytcs is not absorbed, then wha1 is it'! For sorne 
time Ig:vt: has bcen recognized as a major component .of B lymphocyte ·membranes . 
. Externa! radiolabelling procedures. showed that surface Ig;Vl differs from the secreted 
v_ariety by being the rn~nomeric, H;J,-:!1 subuntt rather than the fully asst'.rnbled (H 2L:?}.5 
pentamer.2:!.:?J In these and other91 similar studies, neither JgG rior IgA were detecred 
(lower limit of dereé:tion about 5% of total cell surf ace immunoglobu!in). A major 
breakthrough came with the discovery that IgD was, in addition, present on m:my human·· 

. peripheral B Jymphocytes.9'·"s This was quickly followed by the demomtration of íts 
-i . . . . 1 • ,-o 70 • h \.. . .- l h . . • . . er:;..og,r.ou<; sym,1e~!S ·· anG occurrencc on. many uman_ c .. íOmc ymp. til!C ,cu;,;.::_emia 

.cel!s. Although sorne. cells expressed eirher IgM ·or JgD, on many both i,;otyp~~s were 
simu!ianeomiy present.'N.HH) Using chronic Jymphatic Jeukaemia cells·and an :mti-idiotype 
raised against their Ig'.\:1 product it was possible _to show that where the two isotypes 
co-exist on the same cell, they sharc the same idiotype/4•55 2nd bt'ncc presu;r::o.bly V 
regio ns. The simultaneous expression by one cell of two isotypes sharing the sarr.e \' reg:on 
has im;,!ications fo¡ the merhanism of V-C gene integration. Beca use of t'hc very long Jife 
oí chrnnic lyr.1phatir !eukaemia cells, it i.:eems prob2qle that in those cells p:pr-e5sin:; b01h 
Jg\·1 and JgD the ge:-;ofílc cont:líns intCf'.í<'lted genes for bolh hcJ\')' chains. lo cxrlain this. 

· · r h \' · · · · 1111 h · r ,, e · · · rcitera!1on o t, i:: · gene or a copy~cno,ce mee amsm or - gene mte~r:rnon ·1s 
required. The~c ~pecubtions are h<1sed on thc long life of chronic lymrh~:1ie kukaem;a 
cei!s, and concltisi\·c evidence (e.g. simultancous transcripticms of mR~A for 8 and µ. 

ch2ins) is bd:ing. Ha'"ing raised the pussible existence of two integrated hi:;i\·y rh3!i1 ~enes 
in !he c!ironic lymrhatic leuk;1;_·mia ccll, h0wever, it doe~ sugg_e<.1 the fo!lowing hypo,hc,i­
cal scbeme. ,\t sorne time in thc devc;.Jriment of a B-lymphotyte thcrc is ink6r3:i0n of a 
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uniquc V gene, with the cor.stant rcgion genes of al: heavy chain isnt) p·:::s. Provisio;; of 
mul:iple copies· of tlic ~:in::: V grnc evuld be g.:n1i iír!t~ dekr:nií1·~J or somaticz!llf 
gcncrakd by making a seri-:s of cop;es (i.e. copy-choice) :it the timi.: of imc_;ra:ion. Th~ 
;ici\ ;rn~;;,.b-: of Sil11Uh,rni::Ju'> integr..;rion of all C¡..¡ gt:1:cs carly ir, :!::' 0;110g::ny cf B 
lymphocyt~:.-. is th;,:¡¡ qtH:~tions íelating to isotype exprtssion would li1eí, rc\·olve entirely 
around dirkrentia! gene nctivarion and rc:pression; the rcquircrnenr 10 acco~nt for V-C 
gene integr:itio'n events.at later stages of differentiat;on·wo.uld 1,0 longtr exist. 

Th.! pauciLy of serum lgD contrasts with its high frequency on B Iymphocytés and if a 
special rolé for this class of membrane immunoglobulín i's to be entenained, then the· 

· importance oí establishing the existence of a similar mole cu le in. a:n animal species is 
ob"íous. -To date, there have been · claims for a similar immunoglobuJin in the. 
mouse '11• to::. ,oJ and sus picio ns of one in the rabb_it. 10~ . · 

In the mouse, the candidate for IgD is a disu·lphide-linked H2L:! JTF)kcuie "vhich can be 
precipitated from lysate.s of cxternálly labelled nude or normal mousc fJ iympt:ocytes wi,h 
2nti-li;;ht c~::1ins, but not r?n,iscra to :iny of the kno,,n rr.0!..isé: hti\-;-' c~,:1i;: i:-,;.Yypés, fr is 
theretore c!early an isotype hitherto unJ~scribed in rhe mouse. This candidate for IgD 
.resembles rhe humarJ co~rnterpart in hc3.\~· chai?1 sizc, :narked <;\1scer,1i!·,;!it~· t•) proteolysis, 
and in its occurrence or{ !ymphocytc surfac:-:s. In tl:c t1bsence o[ su;ur·;·1c.:: d~t:i thisne~\' 
immuno~lobulin c!ass in the moÚsc canr:ot be fo1 n;:,Jlv idcntified c:i'., i~D. Howcver, for - , o 

ea:;e in presentation, and because of the simílari1íes noted 2buve, we shall henceforward 
re fer to tbs molecule as Ig.D. In addition, the probabiÍity that sequenc:: said1cs \-.·ill confi:-rn 
this assignmcnt appears ro be very high. 

I ' 1 h 111~ d . 91 J()) I ' [ d J ' . ' .. . b n not 1 umans · an m1cc · g,v prece es gJJ ¡n ontogcny, i::·_i > <!p¡:,,·2i mg a ·out 
two w.::ei-s ::ifter birth in rnice an<l at sorne time between 3 and 4 1_non,;;;; nf ~cstii;ion in rhe 
hum:m Eariier assumprions that IgD precc>dcs JgM in the hurn:in werr: bas~d on com¡)ari­

. sons betwecn cord and adult biood"''·7º·",; and appear to be incorrccL J rr1erestingly, what 
· little we know of the amino acid sequence of huinan IgD would suggcsr that it evoh-ed 
sorne time after-the gene for µ.-chains. 106 Thus IgD appears_subsi:quint t_o Jg.\1 in boL~ 
evolution and ontogeny. 

There is a marked difference between the telative amounts of Ig~1 and IgD in murine 
spleen lyrnph nades and Peyer's patches.~1.1°1·!03: 107 By externa! labcll,ng techniques Jg..vf 
and IgD were .found in approx~mately equal am4unts _in the spleen: in lymph r1odes and 

-.. Peyer's patches, IgD actou-r.ted for 70% and 9b%, respecth'ely. of the total immi.mo­
globulin. It is important to emphasize tha,t in these studies Igi'vf and IgD are the only 

· immunoglobulins recovered. · 
Toe externa! JabelUng procedure can only give the totalyield of JgM a:-id TgD,'and nor 

their diqribution on indi\·idt.:al cells. Based on the ráritv of immunogbciulins other than - ~ . 

Ig.YI ar.d IgD ~n the surfacc of mouse B lymphocytes, fluorescent staining; '\Vas us:::.d t~ 
indica te that in ·the mouse, :is in the human, there a:e splenocytes bo::8n'.1g Ig\_í or IgD. or 
both lg:'-12nd IgD. 111 :< In those cxperiments Ig\1 was first capped wi~h :·!lodamine-labelbl 
anti-µ chain, and then suh5t:qucnt ring ~taining \\"ith flume,.;cein-lab,,;kd :in,i-Fab in the 
prescr.::-c of -;odium ni(~, wns taken as c\·idence for the pie~cnce ni ifD. Recemly. a:1 
2ntisernm ~recific for mou,c IgD has·been developed, 1' 1'' :rnd the :ibo\·e rcsult h::i:S bc:en 
confi;-r.1-~J lJ~in~ t;1is a:1i;:;~r:1m it could be shown th;n iht: m~1jori1y nf P. lyr.;-,ho:::ytes in 
lymp:i n(>cks ;rnc.l Peyer\ p::i!che~ \\'ere expressir.r; only l:.:D, althougi": ~<HI'(; c.Joub:~s lff\! 
2nd lgD, arid :i.n occ:.isinn:.il Ig\1-bearing ce!! w~rc sccn. In thc ~pkcn. howe\·cr. 2:i 1h,<:!e 

• • 11 • • • 1 • 1 • • • '1 ' • 1 c2tegcr:c< oi cc .. s w~rc prcs=nt in s1m:,ar pro¡,qrt,n:1:~. ,nspcction ol tn2- c·.:t,s :.:our- y 
~tcii::::i foí lg\f :me! Ig.D surgc'>ted a considcr:tble \·ariatiun in thc rcbi,t'. i.1:~;b:ti-:s of ti.= 
,w,, th:w,·,·:~·!11 m,:rkcr:c. su;'::,:stinJ ~ \'nriation in thc Jg\1 :ind lgD r;i~i,1 ":, 1.:-; c::ll t0 cc:l 
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This, together,,·ith :hc.obs-:r\,:tinn of thc threc ce-.·;: t\';1,'" (i.e. Jg\l. i~D ,md Ig\1-JgDJ ::rJ 
the fact that Ig.~,í precedes I_llD ín onto~eny. ,u_2~(',l" a dc,clopmental scquen·;·e cr 
!:1J11..~11.:·1giob~·1En c~~:· .. rt> ... _.:n:1 ,·_1 n B ~v·n1:1h~,~1

•• ••. • .. : (:, :'"'·· i~~.\'1 te) !~J.) '-Í:: ~¡~·¡ l;1t~.'r!r._C~:-·., ,:.:.;11 
l~T•l'. with botb ic;otq,~~- 1.hus thc E 1 :::·,;~hcc, '.,:~ (1f lymp;1 nnJc<; :iiK! i\::,-:r", k•';:;c~ 

. . ' . 
,,\-,u.·:_~ iE ~!",e r~:J:!: ,.\.·::~\:~· .. J,i.. . ~ '.: - ... 

t!:!,: f·indi11g tha1 larlt~ irnnlaturc spk.-nucyi.c ..... f:u::·~ rnic¡; ~re t."nrl~.:hcd for 1/\·L \.~·her ea~ :he 
c;¡··.·,!l ~r ,- ,¡-. -;· .. h·n~·; ..... ~. 1'~·. 1: ... ··· , .......... -............. , .. 1,· -., .. : -· ..... , 1· ~ r ·') 1 ¡:; - l!'-'•'L ::,¡.:,.u.e•) ¡f),,h.l•._yt..::-., d,,),:,:,:•t "' i!L" ,,,,._,_. .l, .. i.l,rc, u,L· L .... lJ:L,, O, ~:' . 

lr is an cxtraordinary fact that J :~ D was 11üt detecttd on B lymµL, ¡_;ytes earlicr. Howen:r, 
it is prcscnt in very low amounts in normal serum, 111 ancl thus its very ex1ensive 
repíesentatio:~ on B c~::!c: mu~t imply r speci2.li1.::?d role as r<:>Ct'¡"~O, fnr antigen. This i<: eac.y 
to say but is not panicularly illuminating. At prcsent, wc can only gu,'s~ d possibk ro:..::-; íor 
lgD. As discussed abO\'C, there may be a deveiopmental sequence. According to this, 
immature lymphocytes bearing Jg;'vf will den:lop into cells with surface JgD \·ia an 
intermediate cell type with both isotypes exprcssed. Do each of these three cell types 
C\(ª~Ci$C difc:-.·:11 i•::r,uno!r"\!ical funr!inns? D.--, aP B 1ymT'!10cytc-s. p;:is, thrl'"''.i~h these 
tlnre distingui~hab!e <;t;:iges, orare -::nme arrestec.i or diHTteo in ott1r:·r uirections 1e.i'., I~G 1 

:,_t ,1:1y ~ta~c of the ,fofrr.:ntiat:on p;.ithw:1y'.' Time, and cxpcrimer.ts \1:ith th.:- Auoíocence 
;:;criv;_i~cd Cí.";I <;'.:!'ter will ,,h1ost ccrt::;nly pnwidc ;;.11 an~\',·l:r. .-\ moq mtriguing qt:é:~t:•J'1 i-,. 
'.VhLthcr Ig~í 2rid JgIJ ~ive d:trcrtnt ~i~L~d:~ "' hl::i ~i,nul!ant":ou~ly rrc~cnt nn n~1e iy1np:-:o­
cyí"L'.. In rn:-my ways thi·; \\uu!d !:>CL·ni uniikl:h· sin,:,~ they h:,th s!,:irt". the ~,:ml? ,:-n;2.i:-k 
1·c:g:l--.n. Hm\cvcr, a kty que'ition couid be th~· tx2ct mc,dc nf ;n~tninn 0f th1:-;.: two 
ir~~:nu:1oglobuhn~ in 1:1,~ nH . .'rnbr2J~l! .. t:.g. \\·}11.:thl:r they are ~¡~t:i 1J 1 e:.·: to ::.nd/t,r c1,,~. Jc}:~:t.J 
,~.li!i the san·,~ ü! di~-1::rcr:t ccU ~urf,1cc cc,n1pont:r.~s. :l..n irnpl'rraj1t (p.i1:.sti,)r.:. i~ t.':~~ct'.:, "'.~·.::n 
igD :::.rose in ernlt:!:ic.11. ir thi·; i•"1tyµt is no~ fou:1d in, for o:;mpk eL-..;u,hr:ir.c'1 !~::::~s. 
then some cJ-:.;cs :-::s to :.he íunction of IgD might be suggested. Th,: rnari-:ed susci:pLd 1i1i:y of 
lgl.J tO proteolysis' :i cou!d w1;ceivah!v be a ciue. In L1n, ,: 1;1,:,,!el for B ly:~1pi-,(,ryte 
':i:1rn1atio~1 ·,'-·?":i.:h in~·r~rpora .. es ¡'t,.,tc\ll\'t:.:- ck:r,,il.'.l'. ot il!D as:., cru,:i:d event L:'.~ i'cen 
., ('.¡r"> t d .1 ¡~, . ... ._ 
S.i~,,.,1.:S e . 

An intcresling obsen·ation has recently been made with a line of CB.-\ mice 1CRA/~1 
which have an X-linked defect and associated failure to respond to thymus-indtpendem 
antigens. It appears that these mice have reduced but detcctabie levels of JgD, 11 ~ and 
consequemly it · is possible that JgD plays a critica! role as a receptor for thymus­
independent responses. In the experiments reponed the immune responses meas1:red 
were of the lgM variety, and so there is some conceptual difficulty in interpretation. In 
addition, there are reduced numbers of B lymphocytes in CBA/N mice and so the failure 
to respond to thyáms-independent anti gens coukl be the result of defects other than at the 
JgD leve!. 

Ex¡i,'riments in ,he rahhi: prm·ide rircurnqantia] evidence for IgD bearin? lym:,hocytes 
a~ tne precursors ,,1 l~A secrering ce lis. Ft.:yer"::- patch cc:lb \\ i::, L'. stnpped wnn a p; ,~tc:ú.y<,­
enzyme and tbl:'n cell surf ace immunogiobulin was aliowed to rcgt:nerate in i:irro. The ce lis 
wcre thcn ~ortcd in the fluorescence cell sortcr using fluorescc:nHabelled anti-µ. chain to 
give ¡;. -negati\'C ami 1.i -positive subpopulations."'~ llpon minsfer or stimulation with 
pokeweed mito¿!en in ri:ro, the µ-pnsiii, e cclls dc\·e!oped p.rimarily into an J¡:\í sccreting 
population. The µ-negative cclls. which c¡,nt,.ined lymphocy1e<:; staincd with anti-light 
chain hut m,t hc:tc:mk:gous anti-CI chair1. c,·,:1;,ined precur~nrs of Jg:\ SCC'.t"t;,\2 ~'ells; it is 
reasnnah!e t(1 assumc th,1t thc precursor-.,._.::.: the li¡¿ht chain heuing CtiÍ!-. I:: ,1llútrer 

pul..,iic.:1tion,';1 it was claimcu thai -..urf ace r g.-:, 1 e gt.:neratei..: :, ¡,011 C\iJillre of thc- c .. :!~ i11 L't··;) 

3fter enzymicstripping. For idcntification cf J~A an anti-ailc1tyj'c antiserum th~'UL:ht to be 
,p,..:cif,c for th:.: IgA class v,::~ n~.c::. '.'Jo funct1onai studics wcrc Jc,nL" \\1th thc I:,:.-'.-p.:,~iti,·e 
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popub.tion. N~\ertbeless, the authors conch:ckd thal precur~ürs of lgA -5-.::crc,iog celis 
have IgA on the:r surfaccs. H:)\\'ever, whcn untreatc,3 rabbit Pey~r\ p'.ltch cells wcre 

1 · • • '· • 1 l.,..- T , • . 1 , , • • , , t>..tcrn;:.,;y ::i~:.¡,:•;;c-:..: '-\'lti1 --.t 1 ?n:~ ~mn1unogJcrn.1,¡n Jt:(/JVtrtC rt::-.;-,!\·ei" 1 ! ,:_.__ Lt~;c~ cun;~·~J-
ncnts aftl!r r~.iuction and 3lk) :::.:ion. 111~ TI1e major cornponents c:orrtspüi,d.:d toµ and ó 
chain, and in addition there was a minar fraction ""hich appeared to be a chain. 
Unfortunatcly, the presumptive 8 chain was· not taken into consideration in· these 
experiments. Furthermore, the radiolabelling was cond\,-lcted on untre2ted Peyer's patch 
cells and these ;!re known to bear cytophilic IgA. Two control:; .ne suggestel~. First the . 
specificity of the anti-allotype antiserum should be checked by tl-.e stringtnt c,;Leria ºof 
.external labelling and subsequent immunochemical ánalysis; the ce lis íor labelling shou!d 
-of COt.i.fae be first stripptd \vi!h ~nzy¡~1.-: and thtn allowe~ to :rtgl!;-i:;,·2,,:; cdi ·s·t.:rface 
components in vitro. Second, the same pópulation of cells should be fra::tionatec.l \\ith 

· appropriate anti-immunoglobul!n reagents and the subpopul;11io:-i~. s!.!brn:n::c to func­
tional t.esting. \Ve predict th,H when this is done thc majorit)' of i g.A prec1lí~Oí c-ells will be 
found ro express IgD on tl)eir 5urfaces. · 

Finally, any modd of ~ lymphocyte differentiation rnust be superimrosed ·Jpon the 
majar two surface immulioglobulins, Jg;\1 and lgD. Whet_her orno! i~G ~cCít,i.-:g cells 
derive from a small popu!atiun of IgG bearing lymphocytes, theirorigi:· i:-. ,1 l:nc'i t ~~rtainly 
a cell with Ig~1, IgD or both. Furthermore, ex~nession üf surfa:.:c l::if > Í0• Íí:d·.:-r~~.,dem of 
h . ,¡ l 1rn · · l ¡q · R t ym1c · · or ant1gen¡c · 1r.,i1Jc::nce. 

Is there anything that Ji:-ti;:guishes mcmlirane-hound from secreted ini.,:uno_,;,lobulin? 
At fi.st sight therc: are two ckar differences. first, <,nrface Jg\1 is as:;e,rii.:kd ~::; Üi.í as the 
H:L:· monomer, whereas secreted Ig'.'v! is polymeric, consi;;ting of five dis~ 1ir.idl! iinkd 
monomer subunits. Srcor.d, a !:irge pro¡:iortion of lyrnphocyte a:-s0:::;2t.'.:,: :,.,,r:~~c·globu!in 
is IgD, an isotype which is a ...-ery minar component of serum. Tl,est: ciitferer,.::,;:s do not, 
howe\·er, immediately afford an unden,tanding o~ the mode of mt:mbrane insertion. Thus 
monomeric Ig\1 can be secreted in certain situ;:itifns 11 ~·' 1s. and so this particular subunit 
structure <loes not necessarily guarnntee insertioli into the inembrane. In addition, and 

· although the coinparison cannot be made for IgD, the known sequence of Jg\1116 does not 
suggest a C-terminal region of marked hydrophobicity. A~ noted above, there is confusion 
over whether surface-associated and secreted Ig!\:l. differ in thcir relative amounts Óf 
carbohydrate.4'1..is However, while small carbohydrate differences cannot be ruled out, it 
does seem that surface immu:1oglobulin does possess some, if not ali, of the fucose·and 
galactose incorporated into secreted lgM. ~imi!arly, other- small structu¡al differences 
between surface-associated and secreted_ immunoglobulin -cannot be di.;miss~d. Or.e 
possibie ]:ne of enquiíy would be ro ask whether membrane bound :mmun(1,;;lobulin heavy 
chains do or do not ha\"::: the extra N-terrnina! sequence of about twenty amino acids found 
in the intracellular precursors of secreted immunoglobulins. 117 It is n0t inconcei,·able th::it 
this c;equencc, norma!ly e lea ved from immunoglobulín polypeptide chains rrior to secre­
tion, could be a featurc'. of surface imrnunoglobulins. The actual integrntior: of 1mmun0~­
lobuli:-:~ :nto the membra:1e ~tructure is ano~her intriguing unkr:own. th:: S'.Ú!ti::-:-n oiwhich 
could wdi h:n~ imp!icaticrns for thc mech;inism of antigenic stimubtion. 

5. T l.Y'.\lPHOCYTES 

Ir': l't:·~ :\ .... ~--~··.~ !i::~,.: r!1"· c1::--1:.;·-;,·:-r--;) :-.i..·.~r r~: iT'1·~, 1.~~:.: .. ;~ n:~~~:;·~ ,~! ~h.; -r ..:~<! :- .. _-.:-::i:..~¡ f,·<· 
anti;en wi!I ;i!mo,t c~rt:iinly h: sr-olveu by extens;in:1 ,)f rect:nr stud:.:::; ::· :,'.:~ ,,:,:i-i.Jioty;~ 
~nti,t:::!. 1·1,,.:r~ is th·~rcf<)re :;o ti\C'Íul f)tt~l,sc in a dct:-ii!..:'J reY!-~'.v e:;· r:-i,: ~r;(,r~ ~~.r:·J 
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~:1-:ccs~~s in th¡s ¡.:xir:iordiri:i.rilj1 mt:,ky :ir~·.:. In~,,;::d, thi~ ,cct:on w:11 b.: bri-:: :.:r.d. a~ a 
re~ult. :nC0!1~plet:::. For a, o!,1rnino:.;~ accl)uíli of the m:,ny a¡,pr,,:>.chi.:s by v:hich ;::~!c:mpts 
b;~,·i.~ r,c:cr: rn::dt:-son1~ 2p~¡~;-~·::1~y ~i.j\,.(C~~rL!: ~nd o:hcr~ •"i•:i!rndi,:tt)!Y···-1··; \~~-;~· ... ::¡;,:r<.11c 

immur,,::.globi.llin 0n T celb, the rec.~er is refencd to W::rnL:r\ cxccllcni re:,·i•.:\1,.-. ::-. At the 
0Ubct wc sl:nuld liké to draw atte:-.tion lo 1h.:.: fact tha1 for ~·,~;1rs Sirnon~,c:-, )-;¿, :::c:Íntairied 
·cons.isieni ~ccptici_sm towards t~c iJea tht conn:ntiom:l ::nmunoglouuiii~ i~ ih.:: T-cell 
antigen receptor. 11 =-· 119 There is now íncr~a:;ing evidence to j_Listif y his sccpticism. 

To st::rr wi;h the least contentious point~: it can be assened that T lymphocytes do not 
genern!ly express high density immur.og!ubul:n dcterminants on their membr::! ::es: rhey do 
not.sr.iin when treated with fiuorochrnme rnupled anti-immunoglobulin. F~rthermore, in . 
inost systcms where immunog?obulin has been demonsi.rated on the surface ~f T cells, 
when appropriate cxperi.ments have been carried out the immur.oglobuÍin can be shown to 
be exogen0usly derived. For cxampl':.'., chickens depriveci of D lymphocyles by bursectomy 
and anti-µ. chair1 treatmení. do not form rosettes wirh sheep red biooó cells unless 
pre\iO:.!siy injected with an anti-fr1cep red biood cell serum obtained fro;-r1 z norrnal: 
. . . b' d J 'r, s· · ¡ r ' ' d . , 1 l" ' ' • 1. 1 · .. . . . 1mmur.izeu ir . - iffij ::ir.1;, tne ic,w er,s¡ty :aoei!rng o; cn1ci-.en . c:e1¡~ c::::,s,-,,:':b i.!!:-mg 
radiol;;bellcd anti-chicken ii.t)n cha;n d:sappears when :he ~ource of seruru anti::--ody, the B 
ccils, is remo\'ed by bursecto;ny. m Therefore in chickens ihcre is exccllent r;\idence for an 
zbsence of endogenous_imrnunoglotdiin on the surÍélce of l lymphocy;e.,. fo mz,m¡-na;s too 
there is good evidence for T cells with exoger.ously derivcd imi11unoglohu:in. Tni;s using 
alíotvt'iC' markcrs ít has beer. con\·ir.~iiidv d:::r.ionstrated tkJ1 Tcdls in ,he t~:oraóc i:kct of 

. -,~, . . ¡,3 . • . . .. . 1 \.. 1· ,. h . . 
rm.ce · -- a:1G í:-!ts - pa~swe :y 3cquirc ir.,munog.OL·Ll 11;. 1· ¡ ,·m t .ese expci ! !·. :t ,1ts H «;·~·can. 
that acfr,ated T cells acquire more surface immunoglobulin than resting T cells, 2lthough 
in both sítuations it seems likely that the up1ake is dueto Fe receptcw;.··,~-;o 

Of the many reports that anti-immunog.lobulin can inhíbit various rnanifestations of 
cell-mediated immunity, there are certail)ly an equivalent number of cGr:t,Gdictory 
fi ,. ¡:, llR n: 'h d" d J h · I' ' J r d 1 nmngs. · . YVe ave 1scusse at engt. in an car 1er section t1e sorts üi unwante . 
speciticities .that can occur in poorly characterized anti-immunoglobulin antísera and agree 
\\ith an explanation off ered by Simomen: 1 :~ namely that positive findings are thc result of 
contaminating antibodies to cell surface structures other than ímmunogiobulin consrnnt 

~~ . ·¡ . 
An enormous amount of work has been devoted to antigen-binding T lymphocytes,18 

and in many cases it has been inferred (through the. use of anti-immunoglobutin) that 
anti gen is bound to T lymphocytes via immunoglobulín.· However, as Símonsen points .. 
out; 1 lb control absorptio~s of the test anti5erum with T lym;::hocytes a~c r:ew::r den e; :'.l. fore 
recer,~ studies usir.g the synihetic rnrolymer (T;G)-A-L indicate major difkrcnces in the 
specificity and nature of anti1'.en-binding by T and B Jymphoc)1es. 1=o1-i:,,; The differences 
are in fomperature requirements, metabolic state, susceptibiÍity to anti-histocoi7!patibility 
antisera and specificity .. Antigen-binding to T ce lis oc:curs more efficiently ar 37 ce than at 
4 ºC, so rh2t more anti.;en-binding ce lis are observed at thc higher temr,·~·;,:ure. Conse­
q-:Jen:1y more or Jess antigen-binding T cells can be obtained simply by shif~ing the 
temper2iUre up or clown. The re,·crc:ible nature of this phenomenon could be i:-~:i::ii~ed by 
add;tion of a metabnlic i~hib;tor h·1,:'it!m azide). Thus if T rrlls we,e incub:-y:: ;:;~ 3-:; º'C 2:1d 

then shiftcd.to 4 ce in thc presence of z7ide, the frequency o! anrigen-binding ceJ:s was the 
same as th?.t observen at 37°C. With B cells, on the othcr han~, equ:::l r:ur.1t,c;s of 
2:iti6en-hinding cel!s are found at either temperaturc. Anothcr dificrcíice W::!S rh:lt 
p:et,c~1trncn1 with ,rntiscra ~1g;!inst the K or O !ocus of H-2b aholished thé'. f0rm~:io:1 of T, 
h:t not B. antigen-hir.dinz. cc:!ls. Finally, the specific:ty of anti:~en-h!nt~i:-:g w;;<, quite_ 
dif.eTe::t for T a~d 13 cells. \Vhereas binding oí (T, G)-A-L to B cells W3: i:1hib:tcd by an 
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excess of tH, G)-A-L or (Phc, G)·-A-L, this was n~t th: case for Te:-'::. Th:: ~: :;ip!t:sr 
conclusion from this seíics 0í experimt::nis demonsir:.Jting mukcd d1;'.uenc:;>s in the 
characraistics of anúgcn l)¡¡;Jing by B and T lyn-,pb(h·y1es is that thi: r:,<:..: t<.:li ¡;nes bear 
dificrent structup:s for an:igcn recognition. Thi:. i~ 1hc: :,;-:me as saying th;:!t i;:,:,;;~1¡~·.ag¡obulin 
is not_ the :rntigen receptor on T ceils. Those who wish lo quarrc:l with tbt co,,ci..isiori can 
assert that there is ímmunoglobulin, ánd argue that the observed differer,ces in antigen­
binding characteristics are a consequence of differcnces in membraae organization 
between B and T cells. · 

The most _elegant expcriments desi!.\,'led to demonstrale_ the ·ímmunoglooulin r~ture of 
the receptor on antigen-binding T ceJls· are those of Roebnts and his rn;kagues.127; 128 

Basically they showed that pretreatment of T lymphocytes with anti-immunoglobulin· 
caustd ~apping of th.! radlol:ibe!!ed antigen subs..-quintiy hound rnT ce:!!:; Tr: o,: S'.l,c t!ia: 
thty -...,:ere not dealing with an artefact resulting Jiom. cytophiiic <!r.tibociy rhey uscd 
1Jriimnrnnized mice, and in,:.:ubated rhe ~ells in vi1ro aftcr the trc2:.r:10:::I ,i.it~ 2nti-

- immunogloou!in. Under· t:,cse conditions the receptor for antigen \\';~,, .. d:: be: lost by 
intemafaati.on and, or, she9ding as a result of thc: an1i-immunoglobulin .. i,1clu.:ed capping. 
Aft~r a suitable time ir. t·i1ru endogenous rccept0rs wou)d be synthesi1,''.·'. :,r.d :c!,;·.tTted 
into the cdl membrnne. Thc prc:diction then is that at short times ( 1 hoi.ll j aíkr ,rea,menr 
,,ith a:-:ti-immunoglobulin there would be no antigen-binding T ct::l:s, ;;r,d 2t lo~ g times 
'(6-18 hours) t1'crª \\'OU1',j b-'· In fart tl1e ohL,¡;1'\"'.•l¡()\"'~ W"r,._-. ;, ... -¡ o,, ,,,c.r·,'1"''.'"'!' \'..¡:.;_, t!-1"' 

- I ,. "A'"'• ... ...... O .. , .. , O O •.l., o 4- \,. l 1 '·:.·'•o._. \. :1.. • --~ 1, ... 

prediction but the experi.ne:1ts are nonet'hs!lt'.,~ ~ul,j,~c1 tó rin: n1¡;:;<::,i r,·Í.,-:.d ~b,J,e 
concerning the specincity and use of anlisera. Tt is cx,ictly this ryp(;'. ,.,r ~i:u~:;:ion that 
demands b!ochemical characterization of the material on thc: cell surÍ2C':i, ':"'.,tc;;ng with the 
an!!serum. Furthermore, rhe experiments were. with unf ractionated pe>p 1-1\1t! 1J,:<, of lym-

h (' ' . ·~ ¡' ) . I f ' l - ' -' 1 ' p ocyte\ 1.e. c0nta1rnng D <.:t:ds anu so an arte act t!ltt: to t ie cont;ir:·"¡:,:,i,:-,g b ~::npno-
cytes cannot be strictly rnku out. 

By far and away the most compelling e"idence for ímmunoglobulíns on T cel!s appears 
to com~ from ~xternal \abelling. studies. Usin~. thel Jactoperoxidase-c::it2'.ys~d f:ocedure 
for rad1olabellmg cell surfaces, 1mmunoglobuhn Ms been recovered in s1milac- or even 
greater1: 9 yields from thymocy·tes as B lymphocytes. TI)e forma grou¡/2 has extended 
their observation to other sources of T cells D0-! 3! with similar findin5!.S, but others ha\-e 

· failed to confirm their observation with thymocyte or peripheral T lym~hocytes.133- 141 we· · 
shall not discuss here the presence or abseñce of im.munoglobulin on T cell lym- -
phomas132•1*l since this type of ceil is malign~nr and rherefore not necessarily_ a precise 
model for an immunocompttent T lymphocyte. 

Th1s situat:on is disrnrbing and almost wiihout prccedent. Here w.: .::.íe dealing witn 
precise biochemical techniques including gel ·analysis of the labelled ccll sur:·:i.ce ma,er::d 
reactir.g with anti-immuno~lobulin. On the one hand, it is claímed ttlat thy~,~,cyres and T 
cells ha\·t imn:rnnoglobtdi:1 which is a disulphide-linked 7S ·J~;-.·1-like· rn,·'.,:cuk. \\'har is 
more, in these studies tl:c yield of 7S ·Ig:\·1-like' _molecule is com;,:!ral.-ik wkn either 

· norm?.l thymocytcc; or spknocytec; from nude micc are l;:ibelkd_.2: Or: :1,.::- ütt-,:r h2r.d, 
howe\er. u~:r.g ;.;:mi!:>r k,.:hniqucs thi¡; obsen arinn cannot he rcprodt!,:..::' t)·,; :1 :~1.!1: :·:'í 0f 
díf.e¡e~t i;.,·eq;?<llors. The oniy possiblc conclusion thnt can be d~~,, ni,; th,n o::e í)! tt"t: 

two groups of r:-otognni:-i~ i:, ti.~ rnntnwersy is wrong. \Ve taki." thc ,·ie\'.' tr::it 1;1~--~· i, í'G'.:, 

di-;ulpr:;dc:-linktd 7S ·Jg\í-!il-,.c m0!:.:cuk' on thymocytes ~nd T lyr'!"lp\ '<- it:~. Thi-:, fh):r:, d 
,·ic,,· h~" b.:<.::n aaived 2.t f,ir a 11:1:nbcr of n~;.sor.s, other than tl1e i:.-,.:pr,,:~u.::hili¡y üf r'.-!-= 

Ir:::.~· ~;--·t ¡1~·..:.:~...:. ~:1 r-1.~¡~c v~· ·::-..: ·_'.\r:~,:~ª·:¡·,=,:·; ,:. i1·.:r-:: íS ·Jt:\t-~:~._ ... . :11,.·:~_;:~--~_.:..> .. <~~::=:1 i~:-.. , 
c;:en i,0 ;1J:..:d f~om r:idioi:1h(:!k;1 T lym¡,ho.:yte~ han: !bree cru::i:i.l ,:-:_1;,,r:1::. :-.::,·:1 ~kr..:. 
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11,e fii-st is ro sel! if the anti-imr.rnnog!obulin doe:- ordoes not pr1.:cipitate the put:::.tin: T cell 
rt'ceptor when co!d immunoglúbulin is adJd to bhKk 1he combining sit('.s of i!.t' firs!" 
:mtiboJ y t!'-C:U in a1i índirccr (Yiprec:pi 12tion t~,t. As d i~russ<.:d in d::-1:.ii l in 2:1 c;,rl:::r s.t cticm, 
this is thr.:: mosi exa::t co;itrnl for r.c.1~1-specific pri:cipitation, 'f hc 5,econd is to ab:icirb the 
aaü-immunoglütl,:~::. wiú1 ú;yr.-ic;c~--¡~~ priüf 10 the cupre;c1pilaiirn1 :,iep. ·¡ l,<: 1L:i..: ¡r,:;)ur­
tant control is .to analyse the radioaciivc immune coprecipitatt:s on di~i,oci:::ting gels 
without a píior chémical reduction. Any rai.!ioactivc material tlitr; appeáríng in the. 7S 

. region oí the gel shoüld then be eluted, reduccd and submitttd for a f urther gel ,rnalysis to 
show that the radioactivity. now migrates in the predicted po~ition~ of hcavy and light 
chains. \Ve predict that the íS ;IgM~like molecule' on T ly111phocytes will not stand úp to 
examination by these controls. Of panicular relevance herc, is the finding that anti-mouse 
immunoglobulins· antisera can contain ar.tibodies reactive with a compónent of the 
thyrp.ocyte surface which co-electrophoreses with ?S JgM: in g~i eiectrophore~is. '.i:, This 
high molecular weight material, however, is certainly not im!Tiunoglobulin since ir éoes not 
ciissociate inio hea,·y and ligh1 chains upon chemical reduc1ion. Funhermore, ir is not 
recognized by specific anti-irnmunoglfbulin reagents. · . 

Another rcason for doubting thar unmunoglobulin is ihe receptor for antigen on T 
Iymph9.cyte comes from rtl'enJ work onT cell helpfr 14"1 ,mci suppr.-:ssor1"~ factors. Both 

' ' l ' h 1 ' b ' . 1 . '1 . . 1 • • • ·-·· lypes Oi :rw:ccu es nave . ce~ snown 10 e oto ogtC<.1 y acti'-·c éHJC ;,,ntifcP ~-:·,ec;J¡c J nty 
re2ct with anti-la antisc-ra but not with anti-immunoglohulin reagents. 

Toe foal pertinent po:nt is that the molecules 011 T lympl1ocytes recogni7f·G by 
anti-idio¡ypic re¡¡gents (see belov,:) have been characlcrizcd and are clcarly ;-;ot -,s 
T \. ,., • l~f, I ~ ' . 1 • • l d . 1 • • 1 . • ·,g_ 1-1:Ke. nste:-:.u, Rí!O w1t.10ut cne:m1cé: re uci;nn, t:1t, rnaJOí rr.:1:ena1 ,,;,1"·,m, lO J·;~ve. 

a molecular weight of about 3.5 000, alihough a 50 000 mo\:cular wciiht rnrr!pOnfnt '-;:as 
also prese:,t. · 

);ow we come to the recent excitement gene~ated by thc usl~ of ant:-idiotypé ?.n!:sr~r2 for 
the ch::iractc:rization of antigen receptors. The conclusion that will be drawn i::. th,ü 1 2nd B 
lymphocyres with specificity towards the same antigen have rccognition muctures t_hat 
share rhe same idiotypic determinants. However, such indir,.itions as there.are, suggest that 
on T cells these idiotypic determinants are not associated with conventional immunog­
lobulin molecules. These conclusions come from two independent lines of study. One­
using dassical anti-idiotype arÍtisera in the mouse67 and the other with an anti-idiotypé 

.. ,.,. h h l~n . ~y5tem ;)íorll1e'-:! .y t ,e rat. · 
_The simplest system to describe is in the mouse, and this has heen considered earlier in· 

relation to stimulation of B Jymphocytes with anti-idiotypic antibodies. In thes~ experi­
ments·the crucial .reagent was the IgG1 fraction of a guinea pig anti-idiotype directed 
towards a monoclonal anti-~freptococcal Group A carhohydrate antibody formed in the 
Aj] strain of mice. The critica! obse:'vation was that.mice injected with small arnourm of. 
this reagent were subsequently found to have generated .'helper' T ce lis with specificity for 
the Group A carbohydrate. Since B ce lis were also sensitized to Group ,\ c3rbohyd~::-ite 
\\ith the anti-idiotype, the cbvious conclusion is that in thís rcstricted systcm both B 2nd T 
lymphocytes recognize the streptococcal antigen via structures displaying rhe a;;tigenic 

• d~termin:1nts Jeñncd t,y the a1~ti-idiotype. 
Jn the r:~t sysi~:n th:: anti-idiotyp:c antibodies were r;iiscd :igainst anticod:cs to the 

m2jor histocompatihiiity Ag-13 c!crdmin:mts. Thc principie ,.,·;,s based on c:!rl1cr o1'·,cn·a­
tions in mic~P7 and rnts,¡.:s ar.d th!~ will be presented in a general, rathcr th:in e ~;1cci11c, 
way. Asc;umc an F1 hvbrid is deri\·ed from the two parental straiñs A and B. \\'i:hin ,he F1 
hybrid there will be mi1tual toler:1nce to hi~tocompatibility :rnrigcns of hflrh p:>,('.r-tal 
s~::1in~. Or~ tn s2.y :~ ~h~ orhcr ,s:1y rn 1-1rid. f~cfic; of e1!:1~r p;ir:·'"¡f .1~ ryp,.:: \;·lth !r".::-:1·.:~ 1)l0~ic:.1l 



rc..ictiúty to,\·ards the othcr half represenwJ in the F I hybrid will be dektcd. Thus, far 
examp:,:,, A str:iin ce!ls c:.ip::ible of recognizing B sfrain cclb will be absent. Jf we now make 
the rt::.:sonabl<.! a~sumption that rc?cognition takes place through ~urface Jocatctl rcceptors, 
then receptor molc:rnks of th¡s ::ipcci:icity must also be abse:it. Th.:!~efcirt.?, shüi.:ld su~h 
rece¡:-:,):·:; b::? introduceL\ i•1to 1h~· F1 hybriú, tlH:y :;hould be Í!IHnt:Ji<-kly rt<'uf!nized as 
ftJrc'igP 3íH.t ~ccun:.::~1r.Jv. ar: inI:nunl! rt~t)(\n~c- to\,·o:-d~. 1Ltn~ ~houid rc~u::. i·lu'-:;~.:vt.:r, t:-;~· 

foreign antige:iic dcte:-minar:ts in this situalÍon can only he related to 1h:1t part of the 
mokc:.ile which compines with thc antigen (i.e. the iJiot:,:pic ddermin3nt)L .i.nd thus the 
humor;,i.l immltne response must be the production of anti-idiolype an1ibody. To pme a 
ºsimple example: the general structure· of B lymphocyté antigen receptors is the sáme, it is 
immunoglobulin. T'nus the majar structural disparity bctwecn thí:: various. receptor 
immunoglobulins of different clones is in the· idiotypic dercrminonts. Jn princi¡:,le, the:-e­
fore, it should be possible to use F1 hybrid animals 10 makc anti--idiotype reagcnts. wüh 
specificity for recognition structures expressed in eithcr parental strai:-1, but not the F1 

bybrid. i.e. anti-{receptor of those strain •A lymphoc:ytes which recognize B strain 
1,·,n:,l, '1.·,·•es'· ...,,.,,;_(r"•~~ .. vo .. "'1 t'hose s•¡r"Íi' R lt-f:l":110('\'t"'S \\"1-,;,-i:, r-.. ~·,,,,,:.,., s··¡'"''I;._· -\ 

~•t ,_..,\...'-_' L ,l, Uo1l1 \ .... "-""'i),. J \... J ..,..., , ) • t'' ., '- 1.1., ••• ....,,..,.,_.::··.,··'"' 1, ... ,J"' 

1ymph)cylc:!)). Il !)hould abo be pos~ible rn design the immunization schedu!cs so that the 
·• anti-id.iotypes are direcrcd eit~,er towards ihc immun::.,;:lúbulin rece;,tor_r,r ih-:: 2ppropriate 

B lvmohocvtes or che recogrütion unit exp:esser! b,· T ly:rnr,hoc-.·::~s úf thc. c:ho~en 
.- • .. I -' • J 

specif:.city. Having 2chie\ed this, then the ::ir.ti-idiotypic reagcnts can l;c 1.;sed a~ probes fer 
amigen receptors of B arid T lymphocytes. 

An,i-idiotype directed tuw2rds the T cell rectptor was niade by injecti ng r;arental 
periphtral T lymphocytcs (A} into F1 hyhrid ,mima!~ (A.P.). Tht r~sultin; antiserum 
(whic;-; should be antí-(A anti-B), hound to the ~urfocc nf T lyrn;:•l1oc-y!t::, ,:.f fr:t ,,:,prc,priati:: 
paren:al strai!l (A), but not :ü cdlsfrorn tht oth:?r half 1'< :lle F/l!) or,•¡-,¡ni\'f;;_:l<'.ly chosc:n 
third p2.rty COniroJs. tVlorcO\ºCf, Che anti-idiotype would 3J50 speciñca!!y bind 10 immuc10-

g!obuiin carry;ng rhe re!evam idicrype: m:i.de, for example, by injtc:in_r,, n str;:,ir; cells in!o 
A s~rz,.in ani;-nais and purifying the. a!loantibody, i.e. A anti-8. Thus rec~:p,.:)rs lowards the 
same a.ntigtnic determir.2.::ts, whether expr~S!'-t:d by T or 8 cti:s, share lh:: ::-tlmt ioiotypes. 
Using ,his type of anti-idiotype it was possibk to inhibit graft versus hust r~actions or 
mixed lymphocyte responses, in an appropriately spe~ific way, and thereby to deduce a 
functional receptor role for tbe idiotype-bearin~ ¡r lymphocytes. Ii was al_so possible to 
.directly \isualize those T and B lymphocytes it.iearing the idíotypic determinants by 
· im:nunofluorescence. In ali of the studies appropriat~ specificity controls were included. 
\Vhen used in conjunction with radiolabelled T lymphocytes the anti-idiotype appeared to 
recognize a single chain molecuie with a molecular weight of 35 000; some material \\-Íth a· 
molecular weight of 50 000 was also recovered. \Vith radioactive B íymphocytes, the 
indications were that immunoglobulin was selected by the anti-idiótype. · 

The:-e are theref0re !WO different lines of evidence to suggest that bo~h B and T 
· Jymphocytes sharc the same idiotypic determinailtS when they are dire.cted row::irds rne 
samc: antigen. In one c::ise the anti-idiotype was prepared agJinst semrn a:1tibody, and in 
rhe other it was raised against the T cdl receptor for anti~en. Preliminary char::icterization 
of the rr.atcri::l on T lymphocytes suggcsts rhat it is not com·enrional in1i1lu:1oiiohu!i~ .. -\ 
com:-::on imerpretati1Jn of the data is that the T ée!! a;itigi.:1 recertor m1y consisr of an 
imrr.unog.lobulin v::iriah!c region gene intcgratcd with a poiypeptick cod,~J for by a gene 
for gt::1c.s'i in t!J~ m::i_ior hiqocomparihility 10,us. The ¡.m~bkm h.:rt is !ha: i:iere i~ no 
K:10\'.!': 1inkaf~ betw..:cn genes spc:cifying immunot1 lohu!in and the hs:~1;:-,.1:n¡iati!::iEry· 
locus. This could m::an a suhset of V genes c,:clus;n~ly for T ccil~. Ho-.,·ever. 3:,y 

sp.::,u:::~!.~:, o:. ih::; p,iir.1 ¡., of very littk ,·alue sincc it ;::; qui:i..: clca. th::: r.:0s, c1f r::c~:! 



.-\,:;;ruaci, '.\ ro rec:epturs filr ,:r. :i-.,:t'I: ,_¡,~ IJ ,111cf T ly111pho,ytcs 

··r ~ .. ,_ ..... - .... • .,•: .i.,., ... :-,. !., j:..._, . .- 1 •• ! 1 { l, ,. ·:i, ·,.., -·,--:r1· ;, ·i·. • ·--·· .: •··-· 
,.;,;,,.'L·._,J __ , ·,,.;, =:-u1..;[1.J) ¡,~ I-"'-~~=-; .... ,l.;l:Í'.'hU,)l. 1) t.\¡ 1(;flí1,l'J:,.:.:L.·,).1 1..l L.,~ l)J:'~~ \,t ~-.. ~~:.;::.!). 

di:;cusscJ ,,bore. 
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A key question in biology is regulation of gene expressi.:m following inter-
Bc.ti 1:r: of. ...-~tlls \;!.th h .... -.. "':i;:0ue~, ci:-ugs, P.ntigens ó!i¿ G::.ht:r Cf-:1.ls. :n ri.:.s;: 
casE<s the cr.itical event is combination between the biologically active 
effeccors and speci.fic receptor molecules in the cell membrar,e. It is 
therefcre cf utrnost importance that suc.:h receptor mclecules be isolated a:-,:; 
identified, the long ter'r.-. aL, being to explain in molecular teros the 
alteration of cell phenJtype following receptor-ligand i.nteractions. Alt:.o·~gh 
th'" studies outlined bclow e.re confined to cells of the ly:nphoid series, 
the rr.ethodology is of general application. 

The d.ivision of lymphocytes into thymus-derived (T) cell s a~d burse­
equi.•;a lent-derived (B) cells is well established. In the mease, the t:'.ajor 
Ig pre.sent on B-lymphocy::es has been thougI-.t to be lg!-! (Lisowska-Ber::StE~~ ét 
al, lS/73; Xa.rchalonis & Cor:E: 1973; Vitetta & Uhr 1973) but, as .;ill :.e 
deir.or.strated below, this is not entirely correct. The prE<sence or absE:nce 
of Ig on thymocytes is contrcversial. Using thc lactopercxidase-cetalysed 
procedure for radio-labelling cell sur faces, sorne workers h;we pre pared 
comparable amounts of radi.oactive Ig from thymocytes and B-lymphocytes, 
(XP.rchelonis and Cene, 1973). Others, (Grey et al, 1972;lisowska-Rerr:s:e.i~. et 
1973; Vitetta and Uhr, 1973), as well as ourselves, have failed to repeac 
this work. In view of tlte ro!.e of T-lymphocytes in cellular iDllllunity and 
imrr.une surveillance, it is crucially important that this controversy be 
resolved, 

l:1ETHODS 

Spleen and thymus cell suspension were labelled internally by culturing in 
the presence of 3H-leucíne (Parkhouse and Askonas, 1969), or externaily ~ith 
125! using lactoperoxidase (Marchaloniset al, 1971), Frorn thé léucine-labelle 
cells a plasma membcane fraction wa·s isoláted (Crurnpton and Snary, 1974), 
which wa$ solubilized in 1% (~/v) sodium deoxycholate. 125!-labelled cells 
were directly solubilized by a variety of procedures. In all cases, Ig .;as 
p,_¡rj ~iP.d f:--on, the st=lt1~le extrRct hy precipi tation "·:i t}: :-a.bbit ar'!ti-(""T-út1~i: 
lg) (i:';;rkhouse ancl Askonas, l.9ó9), and then chan,cterized by e lectrophores is 
in so<l!um dodecyl sulphate-polyacrylan:ide gels (SDS gels) (Sumrners et al, 
1965) with addition of an internal 131I-labelled Ig ir.arker. 

Purified mouse IgM (myeloma MOPC 104E) and IgG (myeloma Adj PCS) were 
labelled -wirh 131! (Hunter and Greenwood, 1962) and totally reduced to heE.,y 
and light chains (2mM dithiothreitol -2% (w/v) SDS-0.0SM sodiur:1 p~osphate, 
pH 7.0; 15min, 100°). The Ig!-1 -was partially reduced to contain cisulphide­
linked µ21.2 and µL subunits (lmM dithiothrdtol -0. 05!-! sodium phosphate, 
pH i.O; l hour at róom tem;,.). Reduced samples were alkylated by the 
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aJ~ition of a three fold molar ixcess of iodoacetamide. In all of the SDS 
~el profiles pres~nted, the top of the gel is to the left, che profile of 
125!-cell surfdce material is given by the salid line, and the 1J1I i~:ernal 
mar~er is given by the dotted line. 

RESULTS 

T-lymohucytes, We have been unable to demonstrate Ig on the surface of 
thymocytes or peripheral T-lymphocytes (Julius et al, 1973) when the cells 
were labelled externally with 125!. The cella were extractad with 1% (w/v) 
Nonidet 1'40, 1%(w/v) sodium deoxycholate or 9M urea -1.511 acetic.acid. In 
all cases, essencially all uf che radiuactivicy incorporaced i~to che cell~ 
was recovered in soluble form after addin5 the extractant. Removal of low 
molecular weight material by dialysis resultad in excellent recovery of TCA­
precipitable material in detergent lysates, but aggregation caused highly 
variable yields (10-8Q%)when acid-urea lysates were dialysed. Addition of 
of a variety of anti-(mouse Ig) reagents (with specificities to all known 
classes of heavy and light chains) to dialysed lysates failed to precipitate 
detectable amounts of mouse Ig. Ig was also absent when inhibitors of 
proteolysis (Trasylol, phenylmethylsulphonyl fl~oride, iodacetamide and 

~-aminocaproic acid) were added at the moment of cell lysis and during 
the isolation procedures. These results contrast with those we obtained 
with splenic lymphocytes, where Ig was readily detectable; Nonidet 1'40 
gave best results, sodiurn deoxycholate was satisfactory and acid-urea was 
erratic. Because Marchalonis and Cone have emphasised that thymocyte Ig 
is not solubilised by Nonidet P40, the pellet obtainP.d after centrifu5ing 
~:onidet P40 extracts of labelled thymocytes was extracted with acid-1.;:ea, 
but result3 were again negative. 

The controversy of whether thymocytes do, or do not, possess surface Ig 
has resolved around methodol,1gical issues, in particular, choice of extract­
:.ng solvent, choice of antibody used for purification of surface lg a:1d the 
;:,ossibility of proteolys ls of surface !g. Bearing in mind that T cell 
surface Ig has been characterized as a disulphide-linked µ212 rnoltcule 
(~archalonis and Cone, 1973), we designed an experiment where these nethod­
ological variables could be ign~r~d. Cells labelled with 125! were extra~­
ted for 3 min at 100º with 4% ( .. /v) SDS -0.lM 'iodoacetamide - 0.05}1 sodium 
phosphate, pH 7.0. The extract ,~as dialysed (or two hr (2% (w/v)-SDS -
5Cirr:M iodoacetamide - 0.05!1 sodium phosphate, pH 7), mixed with sorne partially 
reduced 131!-IgM and then directly applied to'.an SDS gel. Three cell 
populations were examined: normal spleen cells (Fig. la), "B splo=en" cells 
(thymectomized at 2 weeks of age, lethally irradiated at 2 month~ of age 
(85/Jr) and recons':i.tuted with foeta1 liver cells) (Fig. lb) and thymocyt~s 
(fig.lc). Witn the UlI-im:,;,rnal markc:r as a refo:,;,ncc:, e~,.,, µ212 ro::6 ian .:¡f 
each gel was eluted with 2% (w/v) SDS -2mM dithiothreitol -0. 05M sodium 
phosphate, pH 7.0. The eluate was heated (15 min, 100º) to ensure co!:'.plete 
reduction, alkylated (lOm.'1 iodoacetamide) and electrophoresed once ct::ore. It 
was therefore possible to determine whether 125!-labelled cell surface 
C!laterial with the expected mobility of µ2L2 could be resolved into heavy and 
light chains. 1 

When the second gels were analysed, it was clear that the internal. mar1<er1 
(l31I-µ2L2) had been reduced toµ and L chains. A considerable portion of ¡ 
the 125! cell surface material from normal and "B spleer/' cells co-migrating 
•,.;ith 131!-µ.212 ;,,as also sensitive to reduction, yielding a distinct peak J 
corresponding to µ chains (Fig. 2a, 2b). The comparable- fraction obtained ; 
frcm chymocytes was not s,,nsitive co reduction (Fig. 2c). Thymccytes there- ¡ 
f:,-:·f: ,!,1 .,o: p•.)"'f.-35 -~~u"'Llc~ i:~:, -;l.::-:i.l:-tr r.-~ d.tsulpliiri2.-~i.rik~d .u2!_2, ....... h:r~ ! 

can be revealed by external labelling. The matc:rial present of che s~rface 
cf mouse thymocyt•,s which co-migrates with µ2J.2, and which is presE!t in 

1 
i 
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, 
Fig.1. SOS extraction o~ surface 
lai,elled cells. Normal 'spleen 
cells (a), "B spleen cells (b), 
and thymocytes (e) were labclled 
wid: 125I and run on 4. 2% gels 
with an internal 1311 marker. 

.2¡ 
,-

A>,l: ¡,_ 
.., :., 

J, . 

Fig.2. Reduction of labelled 7S 
~ial trom normal spleen cells 
(a), "B spleen" cells (b), and 
thymocytes (e). The portien of 
the ge1.s sho .. ·r. in Fig. 1 cor:tü:,­
ing the l31I-µ2L2 interr.al .,¿rk~r 
was eluted, reciuced and ai.'.-:ylated 
and applied to 4.2% gels. 

relatively high amounts (Fig.lc), does not ~ave a counterpart in splee:1 ce:ls 
and may therefore be a surface protein unique to thyi,,ocytes 

If Ig was present on thymocytes, but inaccessible to iodination, then 
this should be revea]ed by int.,r:1al iabelling. Accordingly, thymocytes we,e 
labelled in vitre with JH-leucine f0r 4-24 hr and their plasma membranes ~ere 
prepared. However, we were unable to detect Ig in these plasma membrar.e 
samples ·(detection limit, 0.1% of total radioactivity), although similarly 
prepared plasma membranes from spleen cells contained easily demonstrable Ig 
(3% of total radioactivity). When internally labelled spleen cells were 

Y added either to a gross excess of unlabelled spleen cells or thymocytes, the 
plasma membranes prepared in both cases contained similar amounts of Ig. \.;e 
are therefore confident that our negative data for thymocytes is not dueto 
proteolysis. 

The experiments descrí.bed above argue against the presence of Ig on the 
surface of T-lymphocytes, and we suggest that an explanation for previous 
positive findings be sought in 1) Selective purification and, or, labelling 
of contamínating B-lymphocytes in thymocyte suspensi.ons. 2) The presence cf 
material in thymocyte membranes with mobility similar toµ chain on poly­
acrylRmide gels. Such material, alchough not Ig, would he fortuitously pre­
cipitated by che antibody used for purification. 3) The Ig on T-lymphocytes 
is hitherto undescribed class composed of unique heavy and light chains and 

,r which is not covalently assembled to the H2L2 form. 
Should T-lymphocyr.es be conclusively demonstratE>d to lack any fonn of lg 

subuni.t, polypeptide chain or fragment, then a new system of receptor rr.ole­
cules must be present in order to ex~lain the specificiry of T-cells. One 
possibility is che Jr gene product (McDevitt, 1972). 

B-lymphodytes. Althcvf,h the original discov,:,ry of human lgD is P.]r.10st ten 
years 01 -nrowe and f'.;h,·y, 1965), it is only recently that a P"~~i.ble f~ncti0n 
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Eor this class has b.,en suggested. Presenc in normal humo.r. S":rum in very 
small amount., (Spii::gelberg, 1972), IgD is found on the surface of relatively 
large numbers of h.iman pi:riµiieral lymphocytes, in particular thoseohtained 
from cord blood and cases of chronic lymphatic leukaemia (Van Boxel et al, 
1972¡ Rowe et al, 1973a and 1973b; Fu et al, 1974; Kubo et al, 1974). 
Interestingly, IgD is frequently associated with IgM on the same cell (Rowe 
et al, 1973b;Fu et al, 1974; Kubo et al, 1974). Thcse findings suggest ~ 
fundamental role for IgD, perhaps as a primitive recognition unit or for 
regulation of the immune response. Were this to be so then IgD would be 
expected in species other than Man. \.le now ·present identification of a mole­
cule similar to IgD on the surface of mouse B-lymphocytes. 

Radioaccive surface 15 prepared fron1 Nonidec 1'40 extracts of externally 
labelled spleen cells was analysed on 4.2% SDS gels. As has been previously 
described (Marchalonis and Cone, 1973; Vitetta and Uhr, 1973), we found a 
major portion of the radioactivity in that part of the gel corresponding to 
the µ.212 subunit of IgM (Fig.3). In addition, however, there was a signific­
ant component running very slightly in advance of the µL subunit, but which 1 
contained heavy and light chains (see Fig.4b) and must therefore be an HL 1 
subunit. Following reduction and alkylation, both the H2L2 and HL subunits I 
were shown to contain two distinct species of heavy chain. Appropriate 
sections of the gel shown in Fig. 3 were eluted and reduced and alkylated as 1 
described above, and then applied to 10% gels in order to resolve the heavy 
chain components. Under these conditions the 131I markers in the first gel 
are also extracted and reduced, th.ere by providing internal lnarkers for µ. and j 
L chains in the second electrophoretic separati,)O. Upon fraction_ation of the ¡ 
10% gels it beca:ne obvious that the heavy chain .:as heterogeneous, there ! 
being one component with the rncbílity (and therefore si.ze) of the internal · 
131!-µ chain marker, and another which migrated f3ster than µ chain, but 
slower than 7 chain. The proportion pf rddioactlvity found in t~e smaller 
(faster migrating) heavy chain was lower in H2L2 (Fig. 4a) than HL (Fig. 4b). 
Surface Ig of murine spleni e lyr.1phocytes· is therefore :iot homogeneous but 
consists of two species of h~avy chains, one the size of µ. chain and the 
other significantly smaller. We discount the possibility that the hetercgen­
eity results from the presence of T-lymphocytes since similar results were , 
obtained when spleen cells from nude mice were analysed by the same technique~ 
In addition peripheral T-lymphocytes purified by passage of spleen cells l 
through nylon wool columns (Jul:ius et al, J973) did not contain d~tectable j 
amounts of suríace immunoglobuli.n using tpe Ptethods described above. j 

The heterogeneity of surface Ig does not result from precursor-product 1 
relationships, degradation of µ. chain-containing material or variable glyco­
sylation of µ chains. Instead, the small heavy chain appeus to be a new 
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.4. Heavy chain heterogeneity of surface Ig, Segrnents of the gel shown 
¡q'g, 3 containing the µ2L2 and µ.L cornponents were extracted, reduced, 
rlated and analysed on 10% SDS gels. (a) Reduced µ2L2. (b) Reduced µL. 

·y chain class, since it is not precipitated by anti-µ., anti-r or anti-a 
ents, but is precipitated by polyspecific anti-Ig. 
The rnost obvious surmise is that it corresponds to the human IgD class. 
upport of this suggestion we may note the similar mobility on sodium 
cyl sulphate-polyacrylarnide gels of human J chain (Spiegelberg, 1972), 
the novel heavy chain of mouse lymphocytes described above. This newly 
ribed rnouse irnmunoglobulin, which we shall now refer to as IgD, is also 
lar to human IgD in its marked susceptibility to proteolytic degradation 
,A. and R.M.E.P., unpublished observations). A similar conclusion has 
been drawn by others (Vitetta and Uhr, personal c011D11unication). 

~ontrary to our espectation, however, was the finding of µ. chain, but not 
1in, in foetal liver (16 day ernbryos) and neonatal spleen and liver. In 
:ion, splenic lymphocytes of 6 week and 6 month old mice contained a 
ar amount of S"°chain, the ratio of µ.:S being about 3:2. This could mean 
the expression of IgD in the mouse is subsequent to the appearance of 
If this is not the case, then IgD-bearing lymphocytes must arise in 

s other than spleen or foetal liver. Perhaps relevant to this point is 
inding that IgD constitutes the major imrnunoglobulin class present on 
e lymph node cells, where the µ.:~ ratio was found to be 1:3.5-4. 
t is certainly intriguing that spleen and lymph node cells differ mark­
ln terma of the relative amounts of µ. and 6chains present on their 
:es. In this respect we may note that spleen cells, but not lymph node 
, respond to lipopolysaccharide (Janossy and Parkhouse, unpublished work) 
1at spleen cells secrete largely IgM, whereas the major product of lymph 
:ells is IgG (Parkhouse, 1973). However, the presence or absence of a 
.onal relationship between these separate observations remains to be 
.ined. Whether the molecular heterogeneity of total cell surface Ig is 
ted in a similar pattern on individual cells is not known. Nonetheless, 
tionship between this observed heterogeneity and regulation of the 
hocyte response to antigen is suggested. 
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Tl:e crucial event in immune responses is recc-gni "':.icn of anti­
;·.::,,1 by lJ'r,1phocytes. A massive bcdy of evidence_ h&.s esté.~liiJ:eñ that 
·.:.fe n,c.lecule responsible for antige:1 binding by B-l;ym¡úocytes is 
:::.7ot.rnoglobulin. Curio1.1sly, there is littl0, if ,.r-:.?, Ir.;G en "che sur­
::'.::-~e (¡f B lyf.l:::hocytes. Instead, the ¡:iajc-r cl1::sses of Ip; fcur.d a1·e 
:::~:.; and i::.n Ig thought to be IgD (1,2,3). The prese:--,cf! c-f !g on 
.::-:!.;:¡:¡,phocytes ls not conclusively proved. Using fr,e lactcper-c:dd­
:.:::1= catalysed pr0cedure for r::.diolabelling cell sur-faces, sc:~e 
,··:2··1.er·s l".&ve prepared similar ( l¡) or e:ven great.~r (5), e.:;10,;r:t.s :.:,f 
!·::.c.ioae:ti ve Ig f!'·om thymocytes as B-lymphocytes. 0t'he::-s ( 6, 7, 8) 
a1; weH as our~elves (9), have failed to repeat this w0rk. 1,,;e can, 
hc,·:ever, de:r.onstrate a component cf thymocyte rnemb'!"anE;s which beh­
,:;.-,,~s like µ-chain en elcctrophoresis, but i•:hich is not iíft'T!Uncgl:::b­
t:li:l in nature. 

METHODS 

Sple(;n and thy~s cell suspensions were label:..ed i~:t~r~ally 
in -:he pr·esence of .lf!-leucine (10), or exterí!ally vith c'.)I t:sir:g 
l;ae:topercxidase (11). From the leucine-labelled ceiis, a plas!T:a 
r:;e:-,brane fraction was isolated (12), which was · scl·.Jbilii::ed in 1% 
I • lr,' 
\ w/1) sodiu.r.i e.eoxychole.te. Cells le.belled wit!", i::~I M;ré solu'oilis-
ed :)y a variety oí' procedures. In all cases !g was purified frcm 
t!,e soluble e:xtract by precipitation with rabbi} ar.ti-(rncuse Ig) 
z::1d gc,at anti-(rabbit IgG) (10), and then chr,,ra.cter:'..::ed by e~F:ro­
;.::c~·esis in .SDS-gels (i3) w:ith the _acdition cf a~, :i.r:ternw. J_.,_I­
lé.b~iled marker consj sting oí' Ig and Ig subt;.rü ts ( 1 :, • 

Rabbi ts were immunhr:,d ,-:1 th purified f·'.OPC 104E Ig;·.¡ ( )\1 ) or 
Fab portian of Adj :FC5 ( y 2aK) (l'+). Hter pai:::ca[E: tt::-oug:1 
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normal mouse Ig coupled to Sepharose 4B (15), the an-':.i-Id·: pre­
cipitated µ>..;L. (MOPC 104E) and µK (TEPC 183), but wa~ negative tow­
ards r1K (MOPt; 21), r2 K (Adj PC5), r2bK (r:OPC 195), "( f &~PC 21) 
and a.x 2 (MOPC 315)in ~ sensitive rad10-immuno-assay (3 2-'I-myelo.:1a 
proteins (5-10 ng) mixed with test serum (10 µl) and then precipit­
atlon of tbe rabbit Ig with goat anti-(rabtit Ig). ':":-se ar:ti-Fé:.b 
reagent precipitated all classes of immunoglobulin b~t no other 
serum protein. The IgG. fractions of both antisera \o:e!'e prepared, 
coupled to fluorescein isothiocyanate, and conjugates with fluores­
cein-protein ratios of 2-3:1 were selected by chromatograp~y on 
\~ñatman DE 52 (16). A goat antiserum .specific for rabbit IgG was 
simllarly treated to yield a rhodamine conjugate. Ra':)bit antisera 
specific for other mouse heavy chain classes were also prepared as 
indica ted above. 

RESULTS 

B-lymphocytes. Spleen cells labelled with 125r were lysed in 
l.% ( w/v) Nonidet P40-0. lM iodoacetamide-lrru~ KI-lmM pr..enylrr.ethyl­
sulphonyl fluoride-PBS, centrifuged and the supernata~t. containing 
at least 95% of the acid-precipitable material, was passed over 
Sephadex G:25 equilibrated with the solution used fo!' cell lysis. 
All operations, including precipitation of Ig, were carried out in 
the cold in order to minimise proteolysis. \·.'hen radioactive surface 
Ig precipitated with polyspecific anti-(mouse Ig) was analysed on 
SDS gels, the predomimz.nt component obser-ved was a d:sulp:üde-link­
ed H2L2 structure, similar in size to mono:r.eric IgM. Sorne Hl sub­
úni ts \':ere also present but nei ther IgG nor 19S IgM ~-:ere observed. 
Furthermore, on using antisera specific for. mouse heavy chain 
classes, we were unable to detect IgG or IgA. With a::iti-µ chain, 
ho~·1ever, sorne, but not all, of the surface Ig was precipitated, 
and on reduction yielded a heavy chain the same size as authentic 
(secretea) µ cha in. Th'e Ig remaining after precipi tation ,-:i th anti­
µ cha in was isolated bYl addition of anti-K chain, but in this case 
reduction revealed a he~vy chain of size intermediate bet-..:een µ and 
y. Thus in addition to'monomeric IgM, there exists en the surface 
of mouse B-lymphocytes an Ig class which does not react with a..~ti-µ, 
anti-O: or anti-Y chain sera. Because of similarities in heavy chain 
size, susceptibility to proteolysis, and location (i.e. fcund on 
lymphocyte surfaces), we· have concluded that this Ig class is t.~e 
murine homologue of IgD. The size of the heavy chain excludes the 
possibility of it being IgE. 

This candidate for IgD is a major cell surface c~:r.po~ent, com­
prising 40% of surface Ig from splenic lyrnphocytes ar:d 70p of sur­
face Ig from lymph node cells. Remaining Ig is enti~ely accounted 

1, ,:. ,. 
,· 
'·· 

for as Igl..'1. '!he difference between spleen and lympt. =-iodes mñ.;y- reflect 
the presence of a more mature population of B-lymphocytes in the 
latter location. Interestingly, t.he ratio of Igi'1:Ig:;) Nas :.he same 
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in spleen cell o:; from r.ormal, 6 ~¡eek old, CBA rnice and nude mlce. 
Expression of IgD on the cell surfp.ce is therefore independent of 
T-lyrr:pnocytes. Furthern1ore, using the sarr.e methodology we never 
recovered ei ther I~V¡ or IgD fror.i thyrnocytes ar peripheral T-lymp­
oc;;:es. In foei.al lher or 1'!€:'0l"ls.te.l splE:en a:-id liv<::r, however, 
onlf IgM was found. 'i:"nus Ig¡V: precedes IgD in embryological de•,el­
op:nent in the mouse, as would be expected if, as seems the case, 
IgD appears subsequent to IgM in evolution (17), Earlier assump­
tio!'.'.s that I¡;D precedes IgM in the human were based on comparisons 
between cord and adult blood (18,19), and appear to be incorrect (20). 

T'ne distribution of Ig¡·1 and IgD on individual cells was studied 
by staining live cells with fluorescent antibodies in an experiment­
al design based on the radiolabelling experiments described above. 
The crucial assumption, which is supported by the labelling data 
(1,2) is t:-:.ct IgM and IgD are the majar Ig classes present of lympho­
cyte surfaces. The possi~ility of very low numoers of IgG-b~ari~g 
cel.ls or the pres~nce of v,ery small amounts of surface IgG will r.ot 
inflvence the experirr:e:.tai approach. Since Igi,1 and IgD cap indep­
endently on human lymphocytes (18,19), our protocol consisted of 
first capping IgM using rabbit anti-(mouse ~1 chain) and rhodamine­
labelled goat anti- ( rabbi t IgG) . The cells were then reacted wi th 
a polyspecific fluor·escein-coupled rabbit anti-(mouse r2 ,,K Fab) 
under non-capping conditions (0.03M sodium azide, 0°). For reasons 
given above, ti:1e green rings visualised by the second reagent must 
represent IgD. Using this double staining_ procedure, splenic lymp­
h'Jc:,-tes from 6 week old, SPF, female CB.4 mice could be classified 
in:.o three groups. A large riUmber (31-41% of total Ig-bearing 
cells) which were capped with anti-µ subsequently stained peripher­
é.lly wüh anti-Fab ( i. e. surface IgM and IgD sinrultaneously present). 
::~e remaining stained cells were divided between those showing only 
caps (i.e.surface Igi11 only) (17-29% of Ig-bearing cells) and those 
r!lmdng only green rings ( i. e. surface IgD only) ( 37 -45% of total 
:g-bearing ce1ls). In the doubly stained cell population there was 
co~siderable variation in the relative intensities of the two fluo­
:rochromes, suggesting a variation in the IgM to IgD ratio from cell 
:o cell. Complete capping of IgM occurred in the first stage, since 
:lu~rescein-labelled anti-µ failed to reveal ring staining of cells 
pre·,iously capped in the first staining step. 

i 

The biological significance of these subpopulations of B-lym­
;~ocytes remains to be established. However, the fact that IgM pre­
eedes IgD in ontogeny does suggest a developmental sequence. 'Ihus 
::-_e :S-lymphocytes, originally expressing only IgM, matures to a 
2 €-~!. expressing only IgD via an intermedia te cell type wi th both 
~l,,:ses of Ig on its surface. 

The simultaneous expression of two Ig classes on the cell sur­
~'icce has implications for II switch" and· V - C gene integration mech-

;i 
·.\ 
\'. 
., .. , 
4. ,· 

,· .. 
.. , . ,; 

1 
¡ 
¡ 

.:. 

[ i 

'· 
'· 



376 E.R. ABNEY ANO ?.}A.E. PAHKHOUS:: 

anis~S. ~·n1.ile it is quite p1'Jt;Sj!JJ.c that é.n e:,:ol.snr._t.,:.:~ª be SOU~ht 
ia the balf'-lll'e of r.1HNJ\ for µ é.r:d 6 cCiains, i~t. is ~~--:ri¡;-:..1.:'..ng ~o 
consider that thcre is simul té:.neo:.:s transcription .of :.'~e g1:::1es for 
the two heavy chains. Were this to be so, then the ~')ssib:..lity of 
simultanecus integration of all CH genes with VH geni;:s is raised. 
Based on the probability that a given lymphocyte exp:-~sses only one 
VH gtne (21), then simultaneous integr·atior:. of all C;: genes wo1lld 
require a copy-choice mechanism (22) for V - C gene ·::1tegrstiún. 
The advant~ge of simul t,meous integration of all CH ~enes early in 
the ontogeny of a B-lymphocyte is that questions rels.-~ing :.o Ig 
class expression. would then revol ve entirely aro·.md c.ifferential 
gene activation and repression; the requirement to accou..~t far a 
V - C gene integration event at this stage of differentiation 
would n? longer exist. 

T-lymphocytes. We have been unable to demonstra::e Ig on the. 
surface of thymocytes or perip~~Sal T-lymphocytes (23) when the cells 
were labelled externally wi th I. Th.e cells 11:ere e:;.:tracted wi th 
1% (w/v) Nonidet P40, 1% (w/v) sodium deoxycholate O!' 9M urea -
1.5M acetic acid. In all cases, essentia,lly all of the radioactiv.:.:.y 
incorporated ir.to the cells was recovered í~ soluble for~ ~rt~r 
adding the extr~ctant. Removal of low molecular weignt m':.teritl 
by dialysis resulted in excellent recovery of TCA-précipitable mat­
erial in detergent lysates; but aggregá.tion caused h:ghly variable 
yields (10-80%)when acid-urea lysates were dial:¡·sed. Add:.tion of a 
variety of anti-(mouse Ig) reagents (·.-:ith specificities to all 
kno\'m classes of heavy and light chair.s) to. dialyseci. lysates failé:. 
to precipitate detectable amounts of rr:ouse Ig. Ig ;,;as also absent 
when inhibí tors of proteolysis (Trasylol, phenylmetr:: . .-lsul;::honyl 
fluoride, iodoacet<=-mide and E -amirtocaproic acid) we::-e ad.c.ed at tr.e 
moment of cell lysis and during the isolation procec.·_¡res. Túese 
resul ts contrast wi th those we c,:)tained wi th splenic lyn1,~·wcytes, 
where Ig was readily detectable; Nonidet.P40 gave best resul ts, 
sodium deoxycholate was satisfactory and acid-urea 't:::s er!"'at:!.c. 
Because Marchalonis and Cone have emphasised that tr:::moc~;te Ig is 
not solubilised by Nonidet P40; the pellet obtained after centri­
fuging Nonidet P40 extracts of labelled thymocytes ;-:;.s extracted 
with acid-urea, but redults were again negative. ¡ . 

\ 
If Ig was present on thymocytes, but inaccessible to iodina­

tion, then this should be revealed by interna! labelling. Accordin;­
ly, thymocytes were labelled in vitre with 3ti-leuci::e fe!' 4-24 hr 
and their plasma membranes were prepared. However, -..:e were unable 
to detect Ig in these plasma membrane samples (detection Iimit: 
0.1% of total radioactivity). althoug,.~ similarly pr€?ared plasma 
membranes fróm spleen cells contained easily demons-:rable Ig (3% 
of total radioactivity)~ When internally labelled S?leen cells 
were added either to a gross excess of unlabelled spleen cells or 
thymocytes, the plasma membranes prepar·ed in bot..h. cases contained 

t. 
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::::::.i:~!' a:c,::..::1ts of Ig. He are thercfore confident that our nf:¿::.tive 
d;:.:a :cr :.h~-::ocytes is ri.ot due to proteolysis. 

e:·:~~.::--1.::-e:·~ts ¿;_b·)vt: a!..,¿:H: ag2.inst thc pre~ence of Ig '::-! ~y~~ 

s:.:!':'::..:e c.;f -:::::;;.,1T.ccytes. In or-der to corr.plete ou1· stFdy, we t·.i:··r.-sd 
to -:te s~·ste:n of "metabolic relense" (24). 

'"5 ?.ere, i~ I-labelled thy:nocytes are incubated in vitro for 2-4 
:-.o:.::rs and -::~e medium is used as a source of cell surface protei::1S. 
Us:ng tr..is ;;¡ystem it has been claimed (24) that Ig is relea.sed from 
:h~;.1ocytes ar~d is cytophHic for rnacrophages, 'I'he Ig was charé:.cter­
ised :a.S a. polypeptide ,,,J.th the mobility of a µ-chain on SDS-gels. 
In ~H.:!' expE:rir..e;nts, surface labelled thymocytes were cul tured in 
vi t!'o fer 4 :hr. ~ne culture medium l>ias dialysed c.gainst cold F3S 
ar.e. di.vided fato three portfons: (a) Control, no treatment, (b) 
::~r-.s;;!;c:f::.c: ;Jrecipit3.ti~~:-1, normc .. l rab~i·c ~gG plü.s goz.~ ar/ci-:-ia".::ii-~ 
=~G (~) kt:.-Ig precipitation,. r·abbit e,nti-(mouse 16;,¡ ( )\ 1 ). !gA 
(A/, ::gJ, (K), IgG (K), and free K chains) plus goat anü­
(r2.:.::>:.t IsG:·. The p~icipitates were removed and the supernatr,n-:s 
;·:e:'e ir..cuo~ted .,;ith fr:acrcphage:s (peritor:eal exude.te cells fro::i r.:ice 
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::~.~. Absorption of material released from labelled thymocytes --=--:.:-_ v:'..-:ro to macrophesc:s. Analysis on 4.2% (w/v) SDS gels of red-
·,:s<:d Sé.~pl€s. r-:acrophages incubate-d in (a) Control med:i1;m (b) 
?:.s.i·,.:.::-: é:.f"'.:.e!' removal. of non-specific ~g~Ag precÍ~S°:ate ( e) Med_::.um 
~:~er re~oval of ant1-(mouse Ig) prec1p1tate. 131surface laoell-
~c ~~~erié:.l is represented by the soltd line and I-labelled 
:.:-.-_'2::;:-·:-.~l rn&.::--·i.ers by the dotted line. 
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gi ven 1 ml 2% proteo.se peptone intrape:?."i toneally J.;_ clays pre·; ::.~us :: 
sacrifice) for 90 min at Oº. T'ne incubation ccnditions '::eré sucr. 

¡:: 

that 2;-5 x 10:J rnacrophages were mixed with rele:2.se".i material :ror:! 
2 x 10° thymocytes. The cells w.-:1·e pelletecJ, W[cE:-.ed i:-: ?ES ~~,d 
applied to sis gels with or without reduction in dithicthrei:Gl. 

Comparable amounts of radioact.ivity (about 4% total inp:.;.:) \>:~s 
absorbed to rnacrophages when all three sarnples were tested, On g<.:l 
analysis of reduced se..lJlples, most of the absorbed material was fo;;:,d 
to migrate in the same position as µ-chain (Fig.l). Ho:-:ever this 
cor.iponent was found when the cells were incubated ;'iith all tt:?."ee 
sources of cell surface material. Since one of the sá.!'!'!ples .... :~s 
absorbed with polyspecific anti-(mouse Ig) (Fig.lc), the rad:oact:,e 
material in the µ chain position cannot be irr.::nrrLoglobulin. ?urthe:?."­
more, when the samples were not reduced prior to gel anaiysie, the 
me.jo!' pf·é!k in thE; ~t-chain posi tion persist.ed in ti:e abs~nce cf a 
radioactive component in the position of monorr:eric IgM. It :s 
pos:dble, but not conclusively preved, that this m::lecule has pr~·:­
iously been mistaken for immunoglobulin. 
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Location of Nucleotide Pyrophosphatase and Alkaline Phosphodiesterase 
Activities on the Lymphocyte Surface M~mbrane 

By ERIKA R. ABNEY, W. HOWARD EVANS* and R. MICHAEL E. PARKHOUSE 
National Institute for Medica/ Research, Mili Hill, London NW11AA, U.K. 

(Received 5 May 1976) 

1. Isolated mouse spleen lymphocytes hydrolysed UDP-galactose added to the medium. 
Nucleotide pyrophosphatase activity that accounted for this hydrolysis was enriched to 
a similar extent as alkaline phosphodiesterase and 5' -nucleotidase in a lyinphocyte 
plasma-membrane fraction. 2. The cell surfaces of mouse spleen and thymus lymphocytes 
were iodinated with 125I by using the lactoperoxidase-catalysis method. Detergent extracts 
of the cells were mixed with a purified anti-(mouse liver plasma-membrane nucleotide 
pyrophosphatase) antiserum and the immunoprecipitates analysed by polyacrylamide-gel 
electrophoresis. Only one major radioactive component, similar in size (apparent 
mol.wt. 110000-130000} to the liver enzyme, was observed. 3. Electrophoresis of an 
iodinated spleen plasma-membrane fraction indicated peales of radioactivity, including 
one of apparent mol.wt. 110000-130000. 4. When detergent extracts of spleen lympho­
C}tes were passed through a Sepharose-bead column containing covalently attached anti­
(nucleotide pyrophosphatase) antiserum, the nucleotide pyrophosphatase actMty was 
retained by the beads, whereas protein and leucine naphthylamidase activity were eluted. 
5. The results indicate that nucleotide pyrophosphatase and alkaline phosphodiesterase 
activities are due to the location of the same or similar enzymes at the outer aspect of the 
lymphocyte plasma membrane. Sorne possible functions of enzymes at this location are 
discussed. 

>Jasma-membrane enzymes whose active sites 
-e the externa! medium rather than the cytoplasm 
,e been designated 'ectoenr¡mes' (De Pierre & 
movsky, 1974a). lt now appears that a number of 
mm.alían plasma-membrane marker enzymes can 
classified as ectoenzymes (De Pierre & Karnovsky, 
'4b; Trams & Lauter, 1974) and that theseenzymes, 

-en located in dilf erent tissues and organs may 
;sess similar properties (Riemer & Widnell, 1975). 
cleotide pyrophosphatase was shown to be an 
oe~"'}'Ille in hepatocytes (Evans, 1974; Bischoff 
,z/., 1976), and in various cultured cell lines (Seta 
11., 1972; Deppert et al., 1974). The present studies 
,w that the enzyme activity present in Jympho-

-e plasma membranes occupies a similar position. 

..perimental 

...jmals 

,pecific pathogen-free mice 8-12 weeks old of the 
,red strain CBA/Ca (equivalent to CBA/H) were 
.d as· a source of normal spleen and thymus 
1pbocytes. Mice were deprived of thymus-derived 
1phocytes (T-lymphoc}tes) by being thymecto-

=red as young adults and subsequently irradia ted 
ireconstituted witb syngeneic foetal liver (Miller & 

To whom requests for reprints should be addressed. 
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Mitchell, 1969). Toe lymph nodes and spleens ofthesc 
mice [(CBAxC57) F1 hybrids] had 70 and 80% 
immunoglobulin"bearing cells (B-!ymphocytes) res­
pectively. Also, spleen lymphocytes from these mice 
contained less than 5 % of cells with the antigenic 
detenninant Thy-1 on their surface; this antigen 
has been shown to be a marker for T-lympbocytes 
(Reif & Allen, 1964). A lymphocyte plasma­
membrane fraction was prepareú froro male mice, 
6 months old, of the CBA/Ca strain. 

Preparation of antiserum 
Nucleotide pyrophosphatase was purified from 

a sarcosyl extract of mouse liver plasma membranes 
by rate-zonal centrifugation in sucrose/sarcosyl 
gradients, followed by gel filtration (Evans et al .• 
1973). Polyacrylamide-gel electrophoresis and chemi­
cal analyses indicated that the enzyme was a 
sialoglycoprotein of apparent mol.wt. 120000-
130000. Antiserum, raised in rabbits against the 
purified enzyme suspended in Freund's complete 
adjuvant (Difco Labs., Detroit, MI, U.S.A.), was 
purified as a ¡,-globulin fraction by (NH4)2S04 
precipitation and gel filtration on Sephadex G-200 
columns (120cmx2.5cm) (Gurd et al., 1972). 
Antiserum was concentrated by Diafio filtration 
on UM 50 filters (Amicon, High Wycombe, Bucks., 
U.K.)toSmg/mlandimmunoelectrophoreticanalyses 
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indi~ted one cornponent. _The antiserum was saline (130mM-NaCl/4mM-KCl/10mM-N:a2HP04, 
covalently coupled to CNBr-activated Sepharose 4B pH7.4) and then lysed for IOmin at 4ºC in 1 % 
as recommended by the manufacturers (Pharmacia Nonidet P40 (Shell Chemicals, London W.C.2, U.K.) 
Fine Chemicals AB, Uppsa1a, Sweden). in phosphate-buft'ered satine containing 1 mM· 

· · · ·· · - phenyimethylsulphonyl fluoride- and lOmM-iodo-
Pr~paraJion of lymphocite cell suspensi<?ns . . acetariüde (recrysta1Iized; ·added·1o timitproteolysis). 

Lymphocytes were teased froni minccd mouse The lysate, after centrifuging at 30000g for 15min, 
spleens int-0 a phosphate-buffered satine medium. . was passed over. Sephadex .G-25 equilibrated in the 

· (12~hmi-Na0 / 4m.'.f-K0 / 2mM-KH2l'04 /8mM· solution used forlysis of the cens; Úptake of 125I by 
Na2HP04), · pH7.4, and were separated from. the cells was 30-40% of added radioactivity, and at 
erythrocytes and damaged lymphocytes by layering · least 95 % of the trichloroacetic acid-precipitable 
ontoacushionoflsopaque/ficollsolution[l4%(w/v) radioactivity was recovered in the supernatant after 
Ficoll (Pharmacia),'32.8% (w/v) metrizoate (lsó- centrifugation of the cell lysaté. Radioactivity 
paque-). solution: ·.(Nyégaard · ánd:- Co;'·A.S;j 0$10:¡' ··- dctenmned·'in ·the exeluded' peak from. the 0:25 -· .. , ·· 
Norway) (12:5, v/v)] and centrifuging with rapid columnwas70-90%trichloroaceticacid~precipitable 
acceleration in plastic tubes at 20ºC for 1Smin at and accounted for 10-15% of the total radio-
2000g (Davidson & Parish, 1975). The lymphocytes activity applied. A 'non-speciflc' immunological pre-
present ·· at the interface were collected, and resus,. cipitate was first formed in the radioactive sample by 

'pended .. _in phosphate-bufferéd satiné, pl:i7.~ con-·· additión or".normairabbit serum (10µ1) a:nd a ·goat 
taining lOmM-glucose. They were then divided into anti-(rabbit immunoglobulin G) senim (100µ1}. 

··two equal pol'tions-, one af which was -homogenized- The -tesulting precipitate was removed by centri-. 
in a small tight-fitting homogenizer, and the break- fugation, and then f urther precipitation was effected 
down of UDP-galactose determined irnmediately as by addition of rabbit anti-(mouse plasma-
described · below. membrane nucleotide pyrophosphatase) antiserum 

Prtparation o/ plasma membranes 
. A plasma~membrane fraction was prepared Jrom 

washed spleen lymphocytes of 70 mice. Spleen cell 
suspensions were prepared by mincing the organs in 
a Moulinex parsley mincer with Hanks gelatin 
(Dresser & Greaves, 1973), that was adjusted to 

.~.Pll 7.4 b)'., ~ddi!ion_ of. NaHC03. ~IJs. were washe~ -
twice j.n Hanks gelatin and once in lOmM-Tris/ 
0.14M-NaCl, adjusted to pH7.4 by addition of HCI. 
Cells (approx. 7.4xl09) were ruptured-by a· single 

. passage through a Stansted . disruption · pre~ (Stll!l­
. sted Fluid Power, i3éntfield Road; Stansted, Essex, 
U.K.) operating at a disrupting valve pressure of 
138.kPa (Crumpton & Snary, 1974). A low-speed 
pellet was collected by· centrifuging the cell 
homogenate at 5000g for 15min. An intermediate­
speed pellet was collected by centrifuging the super­
natant at 31000g for 30min. This pellet was resus­
pended in 10:rn.M-Tris/HCI, pH7.4, and re-centri­
fuged at 31 OOOg for 30min before resuspension in 
10ml of 37% (w/v) sucrose/lOmM-Tris/HCl, pH7.4, 
and overlayed with 25 % (w/v) sucrose/lOmM-Tris/ 
HCI, pH7.4. After centrifuging overnight (18h) at 
97000g (Beckman SW27 rotor) a plasma-membrane 
fraction was collected at the 25-37 % sucrose inter­
face; the pellet at the bottom consisted mainly of 
endoplasmic reticular membranes (Crumpton & 
Snary, 1974). 

125 / labelli11g of membrane proteins 
Lympbocyte cell suspensions were labelled with 

125I by using lactoperoxidase (Marchalonis et al., 
1971), washed once in ice-cold phosphate-buffered 

(120µg) and, after 30min, goat anti-(rabbit immuno­
globulin · G) ·serum (100µ1); The immunological 
precipitations were performed .at. 4ºC, . Sp~ific_ 
precipitates were washed · three times with ice-cold 
0.5 % Nonidet P40 in phosphate-buffered satine 
(see above for composition), once with 50mM-sodium 
phosphate, pH 7, and then dissolved by heating at 
lOOºC for lPmi~ in 5Qm.\1-Na2HP04/NaH2P04, 
pH7.0,containlng2%(w/v)sodiumdodeéylsulpbate. 
When the samples were reduced, the solvent also 
included · 1 mM-dithiothteitol · · and- · iodoacetamide 
was added (final conco •. lOOmM) after. the heating 
step; . tof non~reduced sampies íodoacetamide was 
present J.at lOOmM. Intemal 1~11-labelled markers 
(Abney · & Parkhouse, .1974) were added. to the ·· 
samples, which .. were then · resolved by sodium 
dodecyl sulphate/polyacrylamide-gel electrophoresis 
(Summers et al., 1965). After electrophoresis the gels 
were sliced into 1 mm segrnents and radioactivity was 
determined by using a gamma counter (Packard 
model 5230). 

Lymphocyte plasma membranes washed in 0.15M­
NaCl/5 mM-Tris/HCI buffer, pH7.4, were iodinated 
by using lactoperoxidase, and a glucose/glucose 
oxidase enzymic system was used to generate H202 
(Hubbard & Cohn, 1973; Evans, 1974). Approx. 
1 mg of lymphocyte plasma membranes was 
iodinated with 0.5 mCi of 1251 in 0.5 mi of phosphate­
buffered saline/lOmM-glucose, containing 65µg of 
lactoperoxidase (Sigma Chemica1 Co., Kingston­
upon-Thames, Surrey, U.K.) and 100µ1 of glucose 
oxidase (from Aspergillus 11iger; approx. 100 units; 
Sigma). The membranes were washed several times 
in phosphate-buffered saline before dissolution 
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in 1 % sodium dodecyl sulphate/5 mM-mercapto­
ethanol/lOmM-Tris/HCI, pH7.4, by heating at 90ºC 
f or S min for polyacrylamide-gel electrophoresis 
(Evans, 1974). 

Enzymic determinations 
5'-Nucleotidase, alkaline phosphodiesterase, leu­

cine naphthylamidase activities and protein were 
determined as previously described (Evans et al., 
1973). 

Nucleotide pyrophosphate was assayed with 
UDP-galactose as substrate as described by Sela 
et al. (1972) and Mookerjea & Yung (1975). Enzyme 
activities of disrupted lymphocytes and plasma 
membranes are determined at pH 8.6, since maximum 
hydrolysis of sugar nucleotides occurred at alkaline 
pH (Sela et al., 1972; Evans et al., 1973). However, 
comparison of the enzyme activities of intact and 
disrupted lymphocytes was made at pH7.6 when 
cells remain viable and about 50 % of the activity 
is measured (Sela et al., 1972). The complete 
incubation mixture contained in 100µ1: 10-SOµg of 
protein; 3µmol of cacodylate buffer, pHS.6, or 
Sµmol of KH2P04fNa2HP04, pH7.6; 2nmol of 
UDP-galactose (105c.p.m.); 0.5µmol of MnCl2; 
5µ1 ofa 10% solution ofTriton X-100 (used in pHS.6 
incubations only). Enzymic activity was measured 
at 37ºC for 15min and stopped by adding 100µ1 
of ethanol and 50 µ1 of acetic acid. Particulate material 
was removed by centrifuging the reaction mixture 
at 3000rcv./min for 5min, and applying a portion of 
the supematant to Whatman 3MM paper. Reaction 
products were separated by descending chromato­
graphy for 18h in a solvent system containing 
ethanol/lM-sodium acetate buffer, pH3.8 (15:6, 
v/v), and monitored by scanning in a Packard 
radiochromatogram scanner model 7201 before cut­
ting out strips corresponding to the peak areas for 

determination of radioactivity by scintillation count­
ing in a toluene-based scintillant [4g of 2,5-
diphenyloxazole and 0.1 g of 1,4-bis-(4-methyl-5-
phenyloxazol-2-yl)benzene dissolved in 1 litre of 
toluene]. By using the appropriate standards, it was 
found the UDP-galactose was hydrolysed initially to 
galactose 1-phosphate and then to galactose, the latter 
reaction occurring especially with isolated plasma 
membranes. 

Results 

Although 5'-nucleotidase is a well established 
lymphocyte plasma-membrane marker (Crumpton 
& Snary, 1974), there is little information available 
on the subcellular location of nucleotide pyro­
phosphatase and alkaline phosphodiesterase acti­
vities. Table 1 shows that all enzymes were enriched 
in a lymphocyte plasma-membrane fraction, relative 
to the cell homogenate. The hydrolysis of UDP- . 
galactose to UMP and galactose 1-phosphate by 
nucleotide pyrophosphatase is the first of a two­
step reaction that proceeds further, catalysed by a 
monoester phosphohydrolysis activity, to yield free 
sugar and nucleosides. This two-stage enzymic 
hydrolysis of sugar nucleotides has been examined in 
detall by Sela et al. (1972) and Deppert et al. (1974) 
in cultured cell lines. Further details of the range of 
substrates hydrolysed by the nucleotide pyrophos­
phatase of lymphocyte plasma membranes have yet 
to be established, but a similar general specificity 
towards the pyrophosphate bands of NAO, A TP. 
etc. as in hepatocytcs (Evans et al., 1973) is to be 
expected. 

The most direct method of demonstrating a loca­
tion on the externa) face of the plasma membrane 
of an enzymic activity .. is to show that substrates 
impermeable to cells are rapidly hydrolysed when 

Table 1. Distribution of lymphocyte-membrane en..rymes 

Toe enzymic activities of spleen lymphocytes, cell homogenates and subcellular fractions were detennined. Toe 
preparation details and the incubation conditions are described in the Experimental section.: Values in parentheses indicate 
specific activity relative .to that of cell homogenate. 

Protein 
Fraction (mg) 

=lntact cells 
Cell homogenate 240 
7SOOOg-min pellet 200 
900000g-min pellet 5 
900000g-min supernatant 11 
Plasma membranes 2 
Endop\asmic-reticulum 3 

membranes 
Vol. 159 

Alkaline UD P-galactose pyrophosphatase 
5'-Nucleo- phospho-

tidase diesterase Galactose 1-phosphate Galactose 1-phospbate 
(µmol/h per (µmol/h per and galactose produced and galactose produced 

mg of protein) mg of protein) (c.p.m.fhpermgof protein) (c.p.m./unit cell number) 

0.90 (1) 

16.3 (18.1) 

0.35 (1) 
0.31 (0.97) 
3.4 (9.9) 
O 9 
7.3 (20.7) 
1.6 (4.6) 

23170 
6800 (l) 32658 

102700 (15.1) 
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Fig. 1. Characterization of lymphocyte surface proteins immunoprecipitated after addition of a anti-(mouse /ioer plasma­
membrane nucleotide pyrophosphatase) antiserum 

(a) Normal spleen lymphocytes, (b) lymphocytes from spleens from eight mice, (e) and (d) thymus cells. Lymphocytes were 
isolated and labelled with 1251 as described in the Experimental section, and specific immunoprecipitates were either 
unreduced (a-e) or reduced and alkylated (d), and then resolved in 7% (w/v) polyacrylamide gels (--) that also contained 
the followiag reduced and alkylated interna! 1311-labelled markers (----): immunoglobulin Ms (IgMs) (µ2L2), 

µ-chains (µ), y-chains (y) and light chains (L). The anti-(mouse liver plasma-membrane nucleotide pyrophosphatase) anti­
serum immunoprecipitated 0.32, 0.26 and 0.52% of the total 1251 radioactivity precipitated by addition of trichloroacetic 
acid to lysates of Iabelled normal spleen lymphocyte, spleen lymphocytes from B mice and thymocytes respectively. 
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added to tbe mertium. Table 1 indicates that washed 
spleen lympboc.ytes and disrupted lymphocytes 
bydrolysed UDP-galactose. However, De Pierre & 
Karnovsky (1974a) and Trams & Lauter (1974) 
have shown that this approacb to demonstrate 
ectoenzymic activity on cell surf aces is fraught with 
technical difficulties and can yield equivoca! results. 
In the present case, the diff erence between a pH 
optimum of 8.S-9.0 of nucleotide pyrophosphatase/ 
alkaline phosphodiesterase activities (Evans et al., 
1973; Sela et al., 1972) anda pH of7.4-7.6 necessary 
to maintain lymphocyte viability and hence the 
permeability of the cell membrane towards added 
substrates, compounds these difficulties. To circum­
vent such problems, advantage was taken of com­
bining techniques for enzymically iodinating cell­
surface components with the availability of an anti­
serum raised against the purified mouse hepatocyte 
enzyme to investigate whether the enzyme, if 
iodinated on the lymphocyte surface membrane, 
could be immunoprecipitated. In addition, this 
technique yields inf ormation on the molecular size 
oftheenzyme. · · 

Lactoperoxidase-catalysed iodination of lympho­
cytes (Vitetta & Uhr, 1973) and erythrocytes 
(Hubbard & Cohn, 1973) results mainly in the 
labelling of tyrosine residues exposed to the medium. 
The nature of the labelled molecules on the lympho­
cyte surf ace membrane was studied directly by 
extraction of 1251-Iabelled cells with the detergent 
Nonidet P40, which, in the present experiments, 

o~~~~-~-~-~-----' 
150 100 70 50 30 20 

10-3 x Apparent molecular weight 

~ig. 2. Polyacrylamide-gel e/ectrophoresis 1251-radioactivity 
,rofi/e of enzymica/ly iodinated lymphocyte plasma 

membranes 

.fhe. plasma-membrane fraction was prepared and 
abelled with 1251 by using the lactoperoxidase/glucose 
,xidase catalysis method described in the Experimental 
ection. The apparent-molecular-weight scale was ob­
-ained by using a series of reoviral protein markers of 
nown molecular weight, 

'ol. 159 

Table 2. Rete11tion o/ alkaline phosphodiesterase actlvity 
on a Sepharose 4B column containing covalently bound 
liver anti-(plasma-membrane nucleotide pyrophosphatase) 

antiserum 

Approx. 2mg of anti-(mouse liver plasma-membrane 
nucleotide pyrophosphatase) was attached to 2g of 
CNBr-activated Sepbarose 4B. Washed spleen lympbo,; 
cytes (2.6x 108 cells) were extracted with 2ml of 0.5% 
Nonidet P40 in pbosphate-buffered saline and added 
to the column, followed by 10ml of a phosphate-buff'ered 
saline; pH7.4. Approx. ten 1ml fractions were collected. 
Protein and leucine aminopeptidase activity were present 
in fractions 4-6. For other details, see the Experimental 
section. 

Leucine 
Phospho-, napbthyl~ 
diesterase amidase 

Protein activity activity 
(mg) (µmol/h) (µmol/h) 

Addition to column 5.1 2.28 0.72 
Recovery from column 5.3 0.336 0.503 
Recovery (%) 104 14.7 70 

solubilized >90% of the radioactivity present in 
washed lymphocytes. Addition of a mouse anti-(liver 
plasma-membrane nucleotide pyropbospbatase) 
antiserum to detergent extracts of lymphocytes 
resulted in an immunoprecipitate, that, when 
analysed by polyacrylamide-gel electrophoresis, 
contained only one major peak of radioactivity of 
apparent moJ.wt. 110000-115000 in non-reducing 
conditions (Figs. la-e) and 130000 under reducing 
conditions (Fig. ld). Toe iodinated protein was 
present on both B and T classes of lymphocytes 
(see tbe Experimental section). The extremely close 
correspondence of the molecular weigbt of the 
iodinated immunoprecipitated product to that 
of the mouse Iiver plasma-mernbrane enzyme 
strongly suggested that nucleotide pyrophosphatase 
was iodinated, and thus located at the outer aspect 
of the lymphocyte plasma membrane. 

lodination of isolated spleen Iymphocyte plasma 
membranes showed that one of the peales of radio­
activity present was of apparent mol.wt. 130000 
(Fig. 2), in agreement with other reports (Ladoulis 
et al., 1974; Juliano & Behar-Bannelier, 1975; 
Anderson et al., 1976). A component of similar 
apparent molecularweight to the immunoprecipitated 
peak is thus available for iodination in isolated 
plasma membranes. Since isolated lymphocyte 
plasma membranes consist mainly of closed vesicles 
of a right-side out configuration (Allan & Crumpton, 
1970; Misra et al., 1974), this result can also be 
interpreted to suggest a location for nucleotide 
pyrophosphatase on the outer aspect of the plasma 
membrane. 
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To demonstrate a direct combination of the 
mouse liver plasma-membrane nucleotide pyro­
,>hosphatase antiserum with the enzyme in lympho­
cytes attempts were made to demonstrate antigen­
antibody interaction. Passage of Nonidet P40 
extracts of spleen lymphocytes through a Sepharose 
colurnn containing covalently attached antiserum 
against mouse liver plasma-membrane nucleotide 
pyrophosphatase indicated retention of enzyme acti­
vity, whereas protein and leucine naphthylamidase 
acthitywererecovered(Table2). This resultsuggested 
a direct combination between the liver anti­
(nucleotide pyrophosphatase) antiserum and the 
enzyme of lymphocytes. 

Discussioo 

Enzymically catalysed iodination of perfused Iiver 
and isolated hepatoc:,tes showed that nucleotide 
pyrophosphatase is a sialoglycoprotein of apparent 
mol.\\1. 130000 located at the outer aspect of the 
rat and mouse hepatocyte plasma membrane 
(Evans et al., 1973; Evans, 1974; Bischoff et al., 
1975, 1976). Previous observations (e.g. Bischoff 
et al., 1970) showing that various nucleotides were 
rapidly hydrolysed when added to the isolated 
haemoglobin-free perfused liver were thus explained. 
The purified nucleotide pyrophosphatase of mouse 
liver (Evans et al., 1973) and rat liver (Bischoff et al., 
1974) were shown to hydrolyse a range of substrates 
containing a nucleotide pyrophosphate bond, and 
also to behave as an alkaline phosphodiesterase, 
hydrolysing the artificial substrate thymidine 5'­
monophospbate p-nitropbenyl ester. Toe predictions 
of Touster et al. (1970), based on similarities in the 
kinetics of hydrolysis of the physiological and artificial 
substrates by the Iivet plasma-membrane enzyme, 
were thus conñrmed. However, although more 
direct e,·idence for activity towards nucleotide 
pyrophosphate and phospbodiester bonds in the 
case of lymphocytes must await the purification 
of the eilZj me, the results strongly argue that the 
present enzyme has a similar location and substrate 
specificity in lymphocytes. Isolated lymphocytes 
hydrolysed UDP-galactose, and this enzyme was 
f ound to be increased in specific activity (relative to 
tbe homogenate) in a plasma-membrane fraction to 
an extent similar to that shown by alkaline phospbo­
diesterase and 5'-nucleotidase activities. An anti­
serum raised against the purified mouse hepatocyte 

-plasma-membrane enzyme immunoprecipitated a 
-single iodinated component that was of similar 
-molecular size in extracts of lymphocytes that 

were previously surface-Iabelled with 1251. By studying 
-the inhibitory properties of an antiserum raised 
-against mouse liver plasma membranes towards the 

5'-nucleotidase activity of mouse and rat liver and 

pig lymphocyte plasma membranes, Gurd & Evans 
(1974) showed that there are strong antigenic 
similarities between plasma-membrane ectoenzymes 
that cross not only tissue barriers, but also species 
barriers. Riemer & Widnell (1975) showed that a 
S' -nucleotidase partially purified from a number of 
rat tissues showed similar properties. The present 
results then add to the picture that there are classes of 
glycoproteins with enzymic activity on mammalian 
cell surfaces that show common antigenic and mole­
cular properties. Indeed, studies of cells of disparate 
function, e.g. lymphocytes and platelets (Tanner 
et al., 1914), seem also to indicate that polypeptides of 
similar molecular-weight classes are iodinated by the 
lactoperoxidase procedure. 

The present demonstration of nucleotide pyro­
phosphatase/alkaline phosphodiesterase activity on 
the outer aspect of the lymphocyte plasma membrane 
adds to the list of cells in which this activity has been 
similarly located, e.g. hepatocytes (Bischoff et al., 
1970) and a variety of cultured cell lines (Deppert 
et al., 1974; Sela et al., 1972). Monneron (1974) 
also showed histochemically that UDP-galactose was 
bydrolysed by thymocyte plasma membranes. 
Since glycosyltransferases are also claimed to be 
present on the lymphocyte cell surface (Cacan et al., 
1976), the presence of two categories of ectoenzymes 
that may compete for the same substrate should be 
borne in mind in devising models [see Shur & Roth 
(1975) for a review] invoking cell-surface glycosyl~ 
transferases to explain cell recognition and adhesion. 
Ectoenzymes hydrolysing A TP were shown to be 
present on a variety of eukaryotic cell surfaces by 
Trams & Lauter (1974) and De Pierre & Karnovsky 
(1974a,b), and nucleotide pyrophosphatase activity 
ma.y accountfor at least part of this hydrolyticactivity. 

Toe exact function of a nucleotide pyrophosphatase 
residing on lymphocyte and other mammalian cell 
surfaces is not fully understood. The enzyme may 
function to e¡icclude the entry of nucleotides into 
cells e.g. RNi-degradation products, or may serve 
to conserve t:ellular nucleotides, by ensuring, in 
conjunction with nucleotide phosphohydrolases. 
(e.g. 5'-nucleotidase}, their hydrolysis in the plasma 
membrane to nucleosides. Specific mechanisms exist 
for the transport of nucleosides into cells (Berlin & 
Oliver, 1975). Liberation of adenosine into serum 
by lymphocytes could cause vasodilation (Dobson et 
al., 1971), thus ensuring movement of these cells 
through narrow blood vessels. Clearly, knowledge 
of the topography of plasma-membrane enzy.mes is 
a first step towards determining their possible im­
plication in the transport and metabolism of 
nucleotides by mammalian cells .. 
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ldentification of a high molecular weight protein on the 
surface of murine thymus and thymus-dependent cells · 

Rabbit anti-mouse Jg reacted with mouse thymocytes resulting in the forma­
tion of caps which were shed into the medium and subsequently injected into 
rabbits. The antiserum from these animals (AMTP) reacted strongly with thymo­
cytes and peripheral T cells and weakly with B cells. The antiserum did not react 
vía the Thy-1 ant¡gen and could be made specific for T lymphocytes by absorp­
tion with B lymphocytes. By surface labeling of lymphocytes with 1251, it could 
be shown that the major T lymphocyte antigen recognized by AMTP was one, 
or possibly two, large, single chain molecules with a molecular weight of approx­
imately 200 000. This molecule was not lg and, furthermore, the AMTP diu not 
react with cell surface lg of B lymphocytes. The implications of this finding for 
previous reports on the existence of immunoglobulin on T lymphocytes are 
discussed. 

[1 1311] 
1. 1 ntroduction 

pondence: Nina Wedderburn, Royal College of Surgeons, 35-43 
n's Ino Fields, London WC2A, GB 

During a previous investigation into 1he possible presencc of 

L .. 

viation5: AMBA-0: Anti-mouse brain-associated thcta antigen 
: Anti-mouse thymus protein BM: Bone marrow FCA: 
:l's complete adjuvant GAM-TRITC: Rhodamine-coupled goat 
ouse Ig GAR-FlTC: Fluorescein-coupled goat anti-rabbit lg 
nmunoelectrophoresis IF: Immunofluorescence RAMlg: 
t anti-mouse Ig TCA: Trichloroacetic acid 

an immunoglobulin-like protein on the surface of murine 
thymus cells the observation was ma.'e that certain polyvalent 
rabbit anti-mouse immunoglobulin (RAMlg) sera, exhaustivcly 
absorbed and diluted, retained the ability to stain living thymo· 
cytes by indirect immunofluorescence (IF). After incubation 
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Is for JO min at 37 ºe, the stained moleculei- moved 
ne of the membranes and formed small caps, thus 

-g that they might be homogeneous in structure. Enzy­
:1.tment of normal thymocytes prior to staining re-
ese molecules, which reappeared after 20 h of culture . 
)]. 

~sent paper, further studies on the nature of the anti­
ecules stained by an RAMig serum on the surface 
s cells are described. lt was observed that after in­
-stained thymocytes for 2 h at 37 ºe, these cells were 
fluorescent, presumably because the caps had been 
the medium. Therefore, cell supernatants containing 
is protein complexed to antibodies in the RAMlg 
re used in the production of a speci.fic antiserum in 

-he activity of this antiserum against lymphoid cells 
)US organs in mice, was then studied by indirect IF. 
n, the nature of the protein molecules specifically 

-ed by this antiserum was investigated by lactoperoxi­
yzed radioiodination of the lymphoid cell mem-

-1ls and methods 

'lice, 4-6 weeks old, were used in most experiments. 
1 mice (B mice) for absorptions were (CBA x C57)F1 

'hese mice had been thymectomized, irradiated, re­
d with fetal liver, and their lymph nades and spleens 
d 80 % B cells, respectively. 

era 

t anti-mouse lg (RAM!g) serum was raised in rabbits 
njections, given at weekly intervals, of 1 mg of par­

.fied whole mouse Jg. This lg was prepared as follows: 
Juse serum was adjusted to contain 30 % saturated 
n sulfate, and the precipitate was then dissolved in 
buffered saline and reprecipitated a further four 

he first injection the antigen was emulsified in 
:omplete adjuvant (FCA) and given intramuscularly; 
subsequent injections, the antigen was diluted in 
injected intramuscularly and intravenously, respec­
: animals were bled 7 days after the last injection . 

....J/Íng for clot retraction, the serum was separated 
l at 57 °C for 30 min. Absorptions to avoid non-

-tining were carried out as described previously [ I ]. 
e µ-chain was raised in rabbits as previously de-

e thymus protein (AMTP) serum was raised in rab­
nmunogen was prepared as follows: 12 x I O 7 thy­
ireviously treated with the absorbed and appro­
!uted RAMig serum for 30 min at room tempera­
thoroughly washed with TC 199 medium until no 
otein was found as estimated by absorbance at 
the washing fluid. The cells were then incubated 
for 2 h at 37 ºC. After centrifogation, the super­
found to contain protein at a concentration which 

, the different batches of cells !1etween 0.14-0.2 
, (1 cm, 280 nm) units. The supernatants were 
>philized and stored at -30 ºe until used. They 
1sed asan immunogen. Rabbits were immunized 
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according to the following protocol: they received four 
monthly intramuscular injections of the immunogen, each 
containing 0.2 absorbance units in 1 mi. In the first injec­
tion, the immunogen was emulsified in Freund's incomplete 
adjuvant (FIA); in the others, the immunogen was in saline. 
Saline alone or supernatants from untreated thymocytes 
cultured at 37 ºe in medium alone for the same length of 
time (2 h) were injected into control animals. One week after 
thc last injection the animals were bled and their sera were 
heated at 56 ºe for 30 min. Both the anti-thymus protein 
serum (AMTP) and the controls were examined by double 
diffusion in agar gel and by immunoelectrophoresis (IEP) 
against normal mouse serum. No precipitation lines were 
seen. 
Anti-mouse brain-associated theta serum (AMBA-0) was 
produced in rabbits using the technique described by Golub 
(3]. 

2.3. Co¡tjugates 

Goat anti-rabbit lg coupled to fluorescein orto rhodamine 
(GAR-FITC or GAR-TRITC) were produced as previously 
described (4]. Goat anti-mouse lg coupled to fluorescein 
(GAM-FITC) was batch no. 21-272, purchased from Nordic 
Immunological Laboratories (Tilburg, Toe Netherlands); it 
did not stain thymocytes or T lymphocytes. 

2.4. Cell suspensions, indirect IF tests and microscope 

These were as previously desctíbed [ 1 ]. The tissues examined 
were thymus, lymph nodes, spleen and bone marrow. Bone 
marrow cells were obtained from the femurs by flushing the 
marrow cavities with cold buffer. Peripheral T lymphocytes 
prepared by the nylon wool procedure [5] contained less 
than 5 % of surface lg positive lymphocytes. 

2.5. Doub)e-Jabeling immunofluorescent tests 

Lymphoid ceils from the thymus, lymph nodes or spleen 
were first treated with the AMTP serum for 30 min, washed 
three times and treated with the conjugate GAR-TRITC for 
a further 30 min. Toe cells were again thoroughly washed 
and counterstained with GAMlg-FITC, to identify B cells. 
Finally, the cells were washed twice and prepared for exa­

mination. 

2.6. Radioiodination of membrane proteins 

Cell suspensions were labeled with 1251 using lactoperoxidase 
[6], washed once in ice-cold phosphate buffered saline (PBS) 
and then lysed for 10 min at O ºe in 1 % (w/v) Nonidet-P40 
in PBS containing I mM phenylmethylsulphonyl fluoride 
and 100 mM recrystallized iodoacetamide. The centrifuged 
lysate (30 000 x g, 15 min) was passed over Sephadex G-25 
equilibrated with the solution used for lysis of the cells. Up­
take of 1251 by the cells was 30-40 % of input, and at least 
95 % of the trichloroacetic acid (TCA)-precipitable radioac­
tivity was recovered in the supernatant after centrifugation 
of the cell lysate. Radioactivity in the exclusion peak from 
G-25 was 70-90 % tCA-precipitable and accounted for 
I 0-15 % of the total radioactivity applied. A "nonspecific" 
immunological precipitate was first formed in the radioactive 
sarnple by addition of normal rabbit serum ( I Oµ]} and a goat 
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bbit [gG serum ( 100 µl). Thc n:sulting precipita te was 
:el by centrifugation, and then further precipitation 
·ected by addition of various rabbit antisera (l O µl) 
ºter 30 min. goat anti-rabbit lgG serum (100 µI). The 
1ological precipitations wcre performed at O ºC. Spe­
·ecipitates were washed three times with ice-cold 0.5 % 
fonidet-P40 in PBS, once with 50 mM sodium phos­
pH 7, and then dissolved by heating at l 00 ºe for 
in ~O mM sodium phosphate, pH 7.0, coniaining 2 % 

odium dodecyl sulfate. When the samples wcre reduced 
vent also included 1 mM dithiothreitol, and iodoaceta­
•as added to l 00 mM after the heating step; for non· 
j samples iodoacetamide was present at 100 mM. In-
311-labeled markers [7] were added to the samples, 
Nere then resolved by sodium dodecyl sulfate-poly-
1ide gel electrophoresis [8]. Following electrophoresis 
; were sliced into l mm segments, and radioactivity 
.ennined. Values were corrected for cross-channel 
d plotted with the top of the gel to the left-hand side 
ºigure. 

lts 

action of polyvalent RAMlg serum with thymocytes 

·eatment with the polyvalent RAMlg serum, over 
· thymocytes stained by indirect IF and formed very 
-1ps. The fate of these caps was investigated by incu­
;tained cells in TC 199 medium at 37 ºe and then 
,amples for examination every 30 min. It was ob­
hat the small caps were progressively projected at 
of a pseudopodium-like structure provided by the 
1em brane of the living thymocytes until their final 
)n into the medium (Fig. 1 ). By the end of 2 hin-
n, virtually no cell remained fluorescent. This finding 
' suggests that thymocytes dispose of this aggregated 
on their membranes by shedding rather than by pino-

Thymoq1cs stained with RAMlg and GAR-FlTC. Details 
1 2.5. and in the text. 
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3.2. Reaction of the AMTP serum with lymphocytes 

Thymocytes indirectly stained with AMTP serum and GAR 
FITC displayed strong fluorescence which was visible in a 
cap pattern if the cells werc incubated at 37 ºe for I O min 
(Fig. 2). The majority of peripheral lymphoid cells in the 
lymph nodes and spleen showed sorne degree of positivity 
which varied from faint to strong fluorescence. The ratio 
of cells staining strong!y (like thymocyies) to those staining 
weakly was 2: 1 and 1: 1 in lymph nades and spleen, respec­
tively. Thymocytes were not stained with sera from rabbits 
that had received satine or supernatants from thymocytes 
not pretreated with the RAMlg serum. Bone marrow (BM) 
cells were negative. 

Figure 2. Thyrnocytes stained with AMTP and GAR-FITC. Details 
in Section 2.5. and in the text. 

3.3. Specificity of the AMTP serum 

Since the animals used for immunization with the thymus 
protein/RAMJg complexes were rabbits, the antiserum pro­
duced (AMTP) should contain antibodies directed mainly 
to the mouse thymus protein(s). The complete absence of 
staining of BM cells indicated that nonspecific antibodies, 
ü present, were in a low proportion. However, to ensure 
specificity, the antiserum was absorbed on different sets of 
cells, and its activity after the various absorptions controlled 
by indirect IF. As shown in Table 1, absorptions on BM cells 
and brain tissue did not alter the staining of unabsorbed 
serum. Absorptions on spleen cells from T-deprived mice 
(B cells) abolished the weak staining found on part of the 
peripheral lymphoid cells. Absorptions on thymocytes com­
pletely abolished the staining of all cells. 

Double-labeling experiments were then carried out to in­
vestigate whethe- Ig-bearing cells also had thymus antigen(s) 
on their membranes. The AMTP reagent was absorbed on B 
cells prior to use. Peripheral lymphoid cells from lymph node 
and spleen were first labeled with AMTP/GAR-TRITC and 
immedialely counterstained with GAM-FITC. The great ma-
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Immu noíluorescent stuining of lymphoid cells of BA Lll/ e 
:h :;n anti-mousc thymus ptotein serum3> 

Tissue 
oed with Thymus Lymph node Splcen 

.g 100 93 87 
1arrow 100 92 88 

100 93 88 
100 63 42 

s o o o 

-uspensions were prepared and stained by indirect IF with un­
d and absorbed AMTP, as described in Section 2.5. and in the 
6-t least 200 cells were examined in each group, and the figures 
1ted represent the percentage of cells which were positive. B . 
,ere spleen cell suspensions from T-deprived mice. 

• cells which were stained by the first antiserum were 
1ed by the second, i.e., cells which fluoresced strong­
:he AMTP serum had no "easily detectable" surface 
ever, a small proportion of lymphoid cells in the spleev 
,) was found to be strongly double-labeled. The signi­
)Í this observation will remain obscure until appro- ' 
•>ntrols to evaluate the role of cytophilic antibody and, 
:ceptors are carried out. 

)f sorne similarities in the staining p~ttern of the 
-nd the AMBA-0 sera, identical absorptions were also 
,ut on the latter for comparison. After absorptions on 
me, a striking difference became apparent: while the 
lf the AMBA-0 serum had completely disappeared, 

•he AMTP remained unaltered. In addition, unabsorbed 
-') serum gives a substantial degree of nonspecific stain­
d cells. 

-1unochemical characterization of the thymus cell 
-ace protein 

~rial on the cell surface reacting with the AMTP was 
ized using lysates of 1251-surface-labeled cells. Rab­
ira were added to the radioactive samples, and sol­
plexes of antibody and radioactive antigen were 

-ted by the addition of goat anti-rabbit lgG, counted 
characterized by electrophoresis in polyacrylamide 

2 is presented the recovery of radioactivity using a 
"ic control (normal rabbit serum), anti-mouse µ-

-1 AMTP. It is clear that radioactivity precipitated 
ti-mouse µ-chain from thymocytes and peripheral 
>cytes is at the level of the nonspecific control pre­
. With spleen cells, on the other hand, there is a 

-il. difference, which is accounted for by the known 
of lgM on the surface of B lymphocytes. With these 
s, therefore, there is no evidence for lgM on thymo­
,eripheral T lymphocytes. The AMTP precipitated 
tly more radioactivity than normal rabbit serum 
nocytes, but not from peripheral T lymphocytes 
cclls. However, in the case of peripheral T lympho­
re was a significant difference when the radioacti-

~>itated by anti-mouse µ-chain and AMTP was com­
is simply indicates that there is variability in non­
recipitating systems, sorne rabbit sera giving high 
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Table 2. Coprecipitation of radioactive cell surface moleculcsªJ 

Cells Antiserum Total radioactivity Rad ioactivity 
X 10--a in precipitate 
(cpm) (%) 

Thymocytes Normal rabbit serum 1.70 0.16 
Thymocytes Anti-mouse µ-chain 1.70 0.12 
Thymocytes AMTP 1.70 0.50 

Periph.T. Normal rabbit serum 1.87 0.17 
Periph.T. Anti-mouse µ-chain 1.87 0.08 
Periph.T. AMTP 1.87 0.23 

Spleen Normal rabbit serum 1.41 0.29 
Spleen Ant.i-mouse µ.·chain 1.41 1.55 

: Spleen AMTP 1.41 0.36 

a) Lymphocytes were labeled externally with 1251, lysed, and precipi· 
tation with various rabbit sera was performed as described in Section 
2.6. Total radioactivity in macromolecular material was given by pre­
cipitation with 10 % (w/v) TCA, and the radioactivity recovered in 
the washed antibody-antigen precipitates is expressed as percentage 
of the total radioactivity of the original sample. 

values and others, low. lt is consequently always essential 
to define the molecular composition of these coprecipitates 
by gel analysis. 

Results obtained by gel analysis with the three different cell 
populations are presented in Fig. 3. lt is important to em­
phasize that these gel profiles, obtained from samples re­
duced with dithiothreitol, were unchanged when the samples 
were not reduced prior to electrophoresis. Thus, for example, 
the high molecular weight component present in thymocytes 
(Fig. 3 A), which co-electrophoreses with the interna! marker 
of IgMs (7 S lgM), is a single chain molecule. lt is certainly 
nota disulfide-linked multichain molecule similar in struc­
ture to immunoglobulin, although it could be mistakenly 
identified as such if the sample were analyzed without re­
duction. 

72 
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Figure 3. Characterization of surface proteins reacting with AMTP. 
Thymocytes (A), peripheral T lymphocytes (B) and normal splecn 
cells (C) were labeled externally with 1251 and precipitations with 
Al\fTP were peñormed as described in Section 2.6. The precipitates 
werc reduced, alkylated and applied to 4.2 % (w¿v) polyacrylamide 
gels with thc addition of an interna! marker of 1 11-labeled proteins; 
(-) 1251 cell suñace material,(· - -) 1311 internal markcr. The com­
ponents of the 131 I interna! marker are indicated by the arrows on 
each gel profile. 
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re are two immcdiate conclusions from the data presented. 
t, in no sample is there radioadivity corresponding t0 a 
tain component, and thus the AMTP js without anti-lgM 
vity. Second, in ali samples there is a radioactive peak in 
position of r-chains. However, since the component in 
-y-chain position is also precipitated by control (e.g. nor­
rabbit IgG and goat anti-rabbit lgG) systems, it is not 
:ifically recognized by AMTP and will be discussed no 
·her. 

s the majo1 components of the thymocyte surfacc re-
1ized by AMTP (Fig. 3 A) are single chains with apparent 
--ecular weights of about 200 000 and 60 000. These mole­
r weight assignments are approximate, and based on the 
that the larger molecule co-electrophoreses with lgMs 
the smaller is intermediate in size between µ and -y-chains. 
, the larger of these two is found ori the surface of peri-
·al T lymphocytes (Fig. 3 B) and in lower yield ( 40 % of 
recovered from thymocytes). The profile of radioactivity 
the spleen cell sample (Fig. 3 C) was similar to that given 

!he nonspecific, normal rabbit serum, control. Thus the 
c:nce of the 200 000 molecular weight component, known 
~ present on splenic T lymphocytes (Fig. 3 B), is obscured 
ackground "noise", and we may conclude that this, as 
as the 60 000 molecular weight molecule, must be absent 
uesent in very low amounts) from B lymphocytes. This 
:lusion was confirmed by direct analysis of spleen cells 

-1 a nude mouse. Finally, careful inspection of the 200 000 
icular weight peak (Fig. 3 A) suggests the presence of at 
two components. ' 

~scussion 

-1 t1arlier report we described how, using an indirect IF 
:tique, we found that not only pure anti-light chain and 

=IgM antisera stained thymocytes, but also that sorne po­
ent RAMig sera had the same effect. The molecules 
ed by the latter were removed with pronase and were 
shown to be resynthesized by the cells in culture. 

major observation reported here is that the reaction be­
n a rabbit anti-mouse lg and murine thymocyte surfaces 
-rred via surface material which was not lg in nature. This 
iilusion is based on the fact that following interaction be­
n the rabbit anti-mouse lg and thymocytes, complexes 
ed on the cell surface were shed into the medium and 
then immunogenic in rabbits to give an anti-mouse thy-

-l)rotein (AMTP) reagent, which did not react with mouse 
was not possible to raise sera with similar properties by 

!!fion of supernatant from thymocytes which had been 
~d with normal rabbit serum instead of RAMlg. The pro­
on of the specific antiserum AMTP could be related to 

-1ct that thymocytes, unlike B lymphocytes, largely form 
over the pole of the cell distal to the Golgi region [9]. It 
isible that shedding, rather than pinocytosis, is a conse­
ce of this type of capping pattem. 

-\.MTP reacted with all thymocytes when tested by fhor­
ce. However, the basis of this reaction was not Ig on 
ocytes. Thus lysates of surface-labeled thymocytes d;d 
ontain Ig~f ( or lgD; Abney and Parkhouse, manuscri¡, t 
itted) under conditions where lg was readily detectable 
leen cells (see Table 2). Furthermore, when these radio-
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active lysates were reacted with the AMTP reagent, there was 
no evitlence farµ or L-chains (see Fig. 3). lnstead, the major 
component reacting with the antiserum was a single chain 
molecule with a mobility very similar to lgMs (7 S lgM) and 
thus having a molecular weight of about 200 000. There was, in 
addition, a component with a molecular wtight of 60 000. 

These findings raise two interesting questions: the first is to ~ 
' explain the activity present in the AMTP, and the second has ,· 

implications for the sometimes claimed presencc of Ig on T 
lymphocytes. The simplest explanation to the first question 
is that the original anti-Mlg contained antibodies to the thy­
mocyte surface proteins that we have characterized. Treat­
ment of thymocytes with the anti-Mlg then caused shedding 
of these thymocyte surface proteins which, on subsequent 
injection into rabbits to raise the AMTP, elicited the forma­
tion of relevant antibodies. Presumably, therefore, these sur­
face protein(s) are shed in vivo and are consequently present 
in the blood. We may then raise two points in relation to the 
second question. These are: is it possible that anti-Mlg rea­
gents used by other workers positively to identify Ig on T 
lymphocytes similarly contained antibodies to non-lg mole­
cules, and could this high molecular weight protein have 
been mistakenly identified as 7 S lgM? Unfortunately, it is 
impossible to answer these questions, but we raise them be­
cause they do create doubt. 

There is now little doubt that Ig can be found on the mem­
branes of sorne T lymphocytes [ l 0-13], but the critica} 
question is whether they are in fact synthesized by these 
cells. Apart from two 'laboratories [14-18], who have con­
sistently maintained that lg exists endogenously on thymo­
cytes and T lymphocytes, there are several others who have 
convincingly failed to confinn this point of view using simi­
lar techniques [ 19-28]. In an elegantly designed series of 
experiments which sought to prove synthesis of lg by anti­
gen-hinding T lymphocytes (29, 30], the criticism still exists 
that there was no biochemical characterization of the T cell 
receptor. Instead, the effect of anti-mouse lg on subsequent 
binding of antigen was studied. Moreover, the experiments 
were conducted in the presence of B lymphocytes, and thus 
cytophilic antibody cannot strictly be ruled out. Further, the 
finding in 1•itro that thymocytes and T cells bear receptors for 
lgG (31, 32] and also lgM (Santana, V., manuscript submitted 
for publication) adds to the difficulties. 

The high molecular weight (200 000) antigen(s) defined on 
thymocyte membranes was present on peripheral T lympho­
cytes, but absent from B lymphocytes. Absorbtion with brain 
tissue clearly indicates that this molecule does not correspond 
to the Thy-1 antigen. However, it does seem quite possible 
that the material we have described is similar, if not identical, 
to the 200 000 molecular weight protein(s) noted as a char­
acteristic component of T, but not B, lymphocyte mem branes 
[33]. The 60 000 molecular weight component, present on 
thymocytes and absent from peripheral T lymphocytes, could 
conceivably be a thymus-specific antigen, but that remains to 
be demonstrated. 

Finally, it is worth drawing attention to the fact that the 
weakly staining cells of spleen and lymph nades disappear 
when the AMTP is absorbed by B lymphocytes (Table l). 
Whatever the molecular basis of this weak staining, it is not 
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1l1e11 thc results of surfacc labeling are ex.amincd. 
lle explanation is thcrefore traces of antibodics to 
~ components, perhaps shared by B and T lympho-
1ese circumstances the cell surface labeling tech-
ld not be expected to detect the antigens involved. 
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iate for immunoglobulin o· 
t on murine B lymphocytes 
,H thc original discovcry of human lgD is almost ten 
1, it is only very recently that a possiblc function for 
; ~f imrnunoglobulin has been suggested. Present in 
uman serum in \'ery small amounts2, lgD is found on 
ce membrane of relatively large numbers of human 
i l) mpho.:::- 1es, in panicular 1hosc obtained from cord 
d the circulation of patients with chronic lymphatic 
-13••• lgD is frequently associated with lgM on the 
•·7 and this, together with the fact that the frequency 
:aring lymphocytes is higher in cord blood than adult 
suggests a fundamental role for lgD, either as a 
recognition unit or for regulation of the immune 
Were this to be so, then clearly lgD would be expected 
in species other than man. Here we present the 
ion of an immunoglobulin present on the surface of 

=enic lymphocytes which is not lgM, but which has the 
characteristics of lgD. 
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urface immunoglobulin of murine splenic lymphocytes. 
!ll suspensions of 4-6-weck-old female CBA mice were 
with m¡ by the lactoperoxidase catalysed procedureª, 
mee in phosphate-buffered satine (PBS) and thcn lysed 
·n at Oº C in 1 ~~ (w/v) Nonidet P40 in PBS. The centri­
sate (4,000g x I O min), containing 95 % of the total 
cipitable radioactivity, was dialysed against 1 % (w/v) 
P40-PBS in the cold. Surface-labelled immunoglobulin 
ipitated by the addition of a polyspecific rabbit anti­
serum (10 µI) foJloy,ed by goat anti-rabbit lgG (100 µ[). 

-ipitate was washed three times with ice cold 0.5 % (w/v) 
-P40 in PBS, twice with ice cold PRS, and then dissolved 
N/v) sodium dodecyl sulphate (0.1 M iodoacetamide) 
um phosphate, pH 7.0, by heating at 100º C for 5 min. 
= of mouse myeloma MOPC 104E lgM was labelled 
·reí. 16), partially reduced to µ2L2 and µL by treatment 
nM dithiothreitol for 60 min at room tempera­
ylated with 10 mM iodoacetamide, and then added 
Iated m1-cell surface lg to serve asan interna! marker 
!l analysis (4.25 ~~ (w/v) polyacry!amide gel conraining 
v) sodium dodecyl sulphate\9• Followingelectrophoresis, 
was sliced into 1 mm segments and radioactivity 
:d. Values were corrected for cross channel spill, and 
ith the top of the gel on the left hand side ofthe figure. 
incorporated into cell surface Jg; - - - , 1311-labelled 

interna! marker. 

:ell suspensions containing more than 95 % viable 
-m blue exclusion) were labelled with 1251 by the 
idase-catalysed procedure8, and the surface immuno-

-is prepared and analy!>ed on sodium dodecyl sulphate 
9 with addition of an interna[ marker (131 1-labelled 
ally reduced to µ 2L2 and µL). As has been previously 
•12, we found a major portien of radioactive ce!I 
nunoglobulin in that part of thc gel corresponding 
.1s (µ 2L2) subunit of IgM (~ig. 1 ). In addition, 
1ere was a si1mificant radioactive peak mnning very 
advance of the µL subunit, but which contained 
light chains on reduction (see Fig. 2) and must 

e an HL subunit. 

Following reduction anti alkylation both the HiL 2 and HL 
subunits were shown to contain two distinct spccies of heavy 
chain, there bcing one component with the mobility (and 
thercfore size) of the interna! 131 1-µ chain marker, and another 
which migrat'!d faster than µ chain, but slower than y chain 
(Fig. 2). Thc proportion of radioactivity found in the smaller 
{faster migrating) heavy chain was lower in the sample of 
reduced 125 i-surface H~L 2 (Fig. 2a) than the reduced 1251-surface 
HL (fig. 2b). 

We discount the possibility that the heterogeneity of surface 
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Fig. 2 Heavy chain heterogeneity oí surface immunoglobulin 
of murine spler.ic lymphocytes. Sections of the gel shown in 
Fig. 1 containing the H2L2 and HL components were eluted 
with 2% (w/v) sodium dodecyl sulphate (2mM dithiorhreitol) 
0.05 M sodium phosphate, pH 7.0. The eluate was heated for 
i 5 min at JO()· C in order to ensure reduction of all disulphide 
bridges, and then alkylated by addition oí iodoacetamide to 
10 mM. The resu!ting material was then applied to 10% (w/v) 
polyacrylamide gels containing sodium dodecyl sulphate to 
resolve the heavy chain components. In these conditions the 
131l-µ 1L2 and µL originally added as interna! markers for the 
first gel are also extracted and reduced, thereby providing 
intemal markers for µ and L chains in the second separation 
in the 10% acrylamide gels. The gels were fractionated, counted 
and plotted as given in the legend to Fig. 2. The position of y 
chains was assessed by running a mixture of totally reduced 
1311-Iabelled mouse TgM (MOPC 104E) and lgG2a (Adj.PC5) 
on a parallel gel. a, Reduced, suñace Iabelled HtL1 ; b, reduced, 
surface Iabelled HL. --, m¡ incorporated into cell-surface 

lg; - - - , 1311-labelled intemal marker. 

Ig results from the presence ofT-lymphocytes in the spleen cell 
suspension as similar results were obtained when spleen cells 
from nude mice were analysed by the same techniques. In 
addition, peripheral T-lymphocytes purified by passage of 
spleen cells through nylon wool co!umns13 did not contain 
detectable 11.mounts of surface immunoglobulin using the 
methods described above. 

Reconstruction experiments were performed to check for 
degradation of µ chain-containing material during the prepara­
tion of labelled surface lg. BÓth 1151-labelled µ 2L 2 and µL, 
prepared by partial reduction of MOPC 104E lgM, could be 
recovered unchanged when added to spleen cells and then 
carried through the procedures outlined above for isolation of 
cell surface immunoglobulin. The HL subunits found on the 
surface of splenic lymphocytes, therefore, do not result from 
reductive depolymerisation of µ 2L2 during isolation. Reduction 
of the recovered 115I-µ 2L 2 and 125I-µL yielded heavy chains 
entirely corresponding in size to untreated µ chain. We are 
therefore confident that the observed heavy chain size hetero­
geneity of c.ell surface immunog!obulin does not result from 
degradation of µ chain during the isolation procedure. 



ssible explanation for the heterogcneity of surface 
globulin is that thcre is a prccursor-product relation­
wccn thc \'arious species observed. Such a relationship 
i1hcr rdk-:1 a bios1ntiiclic padmay ór met;;bolic 
· of mcmbrane-associated immunoglobulin. In the first 

HL subunit would be an intcrmediate in the bio­
; of Hzlz, and the small heavy chain would be a 
glycosylated ~l chain requiring the addition of further 

sidues for completion. In the alternative situation, the 
1 would be expected to be towards degradation of H2L2 

nd proteolysis of the heavy chain. We have ruled out 
ossibility by culturing surface-Jabelled spleen cells 
for 0-12 h. The absence of any form of precursor­
relationship was clearly indicated by the fact that the 
H2Li to HL and large heavy chain (that is, a µ chain) 
heavy chain determined at time zero remained the 

cell surface and released immunoglobulin recovered at 
-s of incubation. This experiment demonstrated also 
half Jives of ali the immunoglobulin-species present on 
;urface are similar, a value of 10 h being determined. 
,en pursued the possibility that the small heavy chain 
ved from a class other than lgM by using antisera of 
·.lass specificity for isolation of surface immunoglobulin. 
ies specific for yl. y2a and a chains did not precipitate 
globulin from detergent-solubilised, surfacc-labelled 
ymphocytes. On the other hand, specific anti-µ chaih-

[ 
l 

Jl 

\ 
a 

L 

l 
16 

--
e 

X 

e: 
c. 
¿¿ -

r ). 
1 . ' \ 

40 
"' 

b 
-

20 

~ ... , ___ _ 
( 1 

----, -----:::1 _________ ¡ 
l(i 20 JO 40 50 

Fr~1.:1i,m 11<1. 

\vo diiferent heavy chain classes present on the surface 
•e splenic lymphocytes. Spleen cells were labelled with 
lescribed in the legend to Fig. 1. They were washed 
Eagle's medium containing 10% foetal calf serum, 

ded in the samc medium at 2x 107 cells ml-1, anti then 
d al 37º C in an atmosphere of 5 % C0 2 in air for 6 h. 
od of the incubation period, the cells were 95 % viable 
Jlue exclusion). The medium, containing releascd cell 
immunoglobulin. was separated from the cclls by 
a1ion (4{)()g. 10 min). adj1Jsted to contain 1 °,,~ (w/v) 
P40. and dialysed against I o/~ lw/v) Nonidet P40 in 
e buffcred saline. To thc non-diffusate was added a 
•abbit anti-fmouse µ chain) serum (10 µ]) and goal 

•bit JgG) serum (100 µI). The resulting prccipitate was 
by centrifugation, and the supematant was further 

with polyspecific rabbit anti-(mouse lg) 150 µI) 
by the appropriate amount of mouse lg (40 µg) to 

Jmplcte precipita:ion of mouse Tg. Both precipitates 
,hed and analysed in 4.2 % (w/v) polyacrylamide gels 
bed in the legend to Fig. 1. The H 2L2 containing 
,f both gcls were eluted. reduced and alkylatcd, and 
on 10~~ (w'v) polyacrylamide gels as described in the 
Fig. 2. a. Reduced cell surface H,L, precipitated with 

1ti-lmouse µ chain): b. reduced cell surfacc H 2L2 

from the supcmatant of thc precipitation with rabbit 
JSe µ chain) by addition of rabbit anti-(mouse lg). 

incMporated into cell-surface lg; - - -. 1311-labelled 
interna! marker. 

precipitated H~L2 and HL contarnmg heavy chain corres­
ponding only in size to authcntic, secreted µ chain (Fig. 3a). 
This material may thcref ore be idcntified as µ cha in with 
certi!Í!ity. When thc supL·rr,Jlant from thc anti-µ píecipitation 
was further reacted with polyspeciflc anti-(mouse lg), hoy.·ever, 
the H2L2 and Hl species precipitated were predominantly 
composed of the small heavy chain (Fig. 3b). We may therefore 
conclude that there is prescnt on the surface of murinc splenic 
lymphocytes a heavy chain larger than the y chain, yet smaller 
than the µ chain, which is not precipitated with antisera to ·¡, 
u or µ chains, but which is reactive with a polyspecific antiserum 
to mouse lg. As the small heavy chain was not precipitated by 
anti-(µ chain), the possibility that it is an incompletely 
glycosylated µ chainu is ruled out. 

The inescapable conclusion is that this heavy chain, which 
accounts for about 40% of heavy chain isolated from surface­
labelled spleen cells, represents a hitherto undescribed class of 
immimoglobulin in the mouse; the most obvious surmise is 
that it corresponds to the human lgD class. To support this 
suggestion we note the similar mobility on SDS-poly­
acrylamide gels of humanó chain2 and the novel heavy chain 
of mouse lymphocytes described above. This newly described 
mouse immunoglobulin, which we shall now refer to as lgD, 
is also similar to human lgD2 in its marked susceptibility to 
proteolytic degradation (E.R.A. and R.M.E.P., unpublished). 
A similar conclusion has also been drawn by others (E. S. 
Vitetta and J. W. Uhr, unpublished). 

Contrary to our expectation, however, was the finding of 
µ chain, but not ó chain, in foetal Jiver (16 d embryos) and 
neonatal spleen and liver. In addition, splenic Jymphocytes of 
6 week and 6 month old mice contained similar amounts of 
ó chain, the ratio of µ :ó being about 3 :2. This could mean that 
the cxpression of lgD in the mouse is subsequent to the appear­
ance of IgM. If this is not thc case, then lgD-bearing lympho­
cytes must arise in organs other than spleen or foetal liver. 
Perhaps relevant to this point is the fact that JgD constitutes 
the major immunoglobulin class present on murine lymph 
nodt cells, where the µ :ó ratio was found to be 1 :3.5-4.0. 

It is certainly intriguing that spleen and lymph node cells 
differ markedly in terms of the relative amounts of µ and ó 
chains present on their surfaces. In this respect we may note 
that spleen cells, but not lymph node cells, respond to lipopoly­
saccharide (G. Janossy and R.M.E.P., unpublished), and 
that spleen cells secrete Iargely lgM, whereas the major product 
of lymph node cells is JgG 15• The presence or absence, however, 
of a functional relationship between these separate observations 
remains to be determined. Whether the molecular heterogeneity 
of total cell surface Ig is reflected in a similar pattern on 
individual cells is not known. Nonetheless, a relationship 
between this observed heterogeneity and regulation of the 
B-lymphocyte response to antigen is suggested. 
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l. Introduction 

HETEROGENEITY OF SURFACE Il'1f\Tu'NOGLOBULIN ON MUiUNE 
B-LYMPHOCYTF,S 

R.M.E.Parkhouse and Erika R.Abney 

National Institute fer Medical Research, Mill Hill, 

London NW7 lAA 

The distribution of IgD in Man has aroused considerable excitement recently. 
1 . 

Present in normal human serum in very small amounts, IgD is found on the surface 

membrane of relatively large numbers of human B-lymphocytes~,3,4,5,6,7, It is 

therefore hardly surprising that a special (but as yet unknown) role fer IgD has 

been the si..::;ject of Spéc¡;¡lation. In these e:ircu::-.sté:.nces the importanr:f: cf estab­

lishing the existence of IgD in an animal system is obvious. To date, there have 

been two independent reborts of an IgD-like molecule in the mouse 8•9•10, and we 

may confidently predict similar results in other mammalian species. An interest­

ing question will be whether.IgD occurs in vertebrates other than the marrunals. 

The results that we8 obtained in the mcuse were strictly in agreement with 

the work of others9•10 and may be summarised as follows. L)ll!phocytes from spleen 

or lymph nodes were externally labelled with radioactive iodine using lactoperox­

idase, and labelled immunoglobulin was selectively removed by precipitation with 

specific antibody to mouse Ig. When characterised by electrophoresis in diss­

ociating gels, the surface Ig was predominantly a disulphide linked, H2L2 structure, 

althoug.½ sorne HL subunits were also present. There was no 19S Ig. Using anti­

sera specific for the mouse heavy chain classes we could not detect IgG or IgA. 

Precipitation with anti-µ chain accounted fer sorne, but not all, of the cell 

surface Ig. The Ig remaining sfter precipitation with anti-µ chain was isolated 

by addition of anti-K chain, and after reduction yielded a heavy chain of size 

intermediate between µ and y. We may therefore conclude that there are two 

heavy chain classes expressed on the surface of mouse lymphocyte. One is IgM 

and the other, since it does not react with anti-µ, anti-a or anti-r, appears 

to be a homologue of IgD. This candidate for IgD in t.½e mouse resembles the 

human counterpart in heavy chain size, marked susceptibility to proteolysis and 

in its occurrence on lymphocyte surfaces. It is too small to be IgE, We dis­

count the possibility that the heterogeneity of surface Ig results from the 

presence of T-lymphocytes in the cell suspensions since similar results were ob­

té:.ined wi tb spleen cells from nude n.ice. In addi tion, peripheral T-lyr..pi:ccytes 
11 purified by passage of spleen cells through nylon wool columns d1.d not contain 

Ig using the same methodology. 

In the absence of sequence data this new Ig class in the mouse car.nct be 

forr.ially identified as IgD. However, for ease: in presentation, and because of 

the similarities noted above, we shall henceforward refer to this molecule as 

IgD. 

SI 

~ . 



g spleen cells from 6 week old CBA or nude mice, we found 6o% of the 

Ig as IgM; the remainder was IgD. Expression of IgD on the cell surface 

fc~e not dependent upon the presence of T-lymphocytes, In foetal liver, 

tal spleen and foetal liver, however, only IgM was detectable, indicating 

the mouse Is,lvl precedes IgD in embryological development. This finding 

reement with recent results in the human12 . Earlier assumptions that 

~des IgM in the human were based on comparisons between cord and adult 

, and appear to be incorrect. Interestingly, the amino acid sequence 
. 13 . 

IgD is more homologous to IgE and IgG than IgM , which would suggest 

evolved sorne time after formation of the gene for µ chains. Thus IgD 

subsequent to Ig.lvl in both evolution and_ ontogeny. 

1triguing observation was the marked difference between B-lymphocytes 

in spleen and lymph nodes, Although IgM and IgD were the only Ig classes 

both populations, the ratio of IgM/IgD was 1,5 in the spleen and 0.3 in 

1 nodes. This, taken together with the fact that IgD arises later than 

1togeny, suggests that the B-lymphocyte population in the lymph nodes 

more mature population than that present in the.spleen. In this respect 

ite that spleen cells, but not lymph node cells, respond to lipopoly-

ie (G.Janossy and R,M,E.Parkhouse, unpublished), and that spleen cells 

argely Ig¡'l, whereas the major product of lymph node cells is Iga14• 

ixperiments described abcve lndicate heterogeneity of total immunoglobulin 

gD) found on the surfaces of murine B-lymphocyte populaUons. An obvious 

is the distribution of these two immunoglobulin classes on individual 

ytes, In order to answer the question in the absence of specific anti­

~rine IgD, we have based our strategy on the results of our 125I-labell­

·iments. The crucial assumption, which is supported by the labelling. 
8 9 10 urselves and others' , is that IgM and IgD are the major immunoglobulins 

n lymphocyte surfaces. We are aware that claims have been made for the 

of IgG on the su~face of B-lymphocytes in the mouse, but these will be 

das artefacts due to·the specificity of the reagents used, Asan 

f one possible artefact we cite recent experiments in the human15. 
number of peripheral blood lym9hocytes, which were positive for IgG 

scent staining with whole antibodies to Ig was dramatically reducéd 

uorescent F(ab) 2 antibody was used·. The authors conclude that most 

arently positive for IgG are in fact lacking in membrane Ig but do have 

:>rs. We do not exclude the possibility of very low numbers of IgG 

=lls, nor the presence of very small amounts of surface IgG. 'lllese 

ties, however, will not influence the experimental approach. 

~perimental design depends on the known fact that Ig.1'v1 and IgD cap 

1tly on human lymphocytes3•5. The protocol consisted of first copping 

a rhodamine-coupled anti-µ chain system and then reacting the cells with 
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a poly-specific, fluorescein-coupled anti-mouse Ig under non-capping conditions. 

Since we assume an absence of immunoglobulin other than I~~ or IgD, the green 

rings visualised by the second reagent must represent IgD moieties on the cell 

surface, To control for capping of all IgM molecules in the first step, sorne 

cells were treated with fluorescein-coupled anti-µ chain instead of the poly­

specific reagent, The approach is therefore identical to that used in order to 

identify IgD by radioactive labelling techniques, 

2, Materials and Methods 

Rabbi ts were immunised wi th purified MOPC 104E IgM ( µ), ) or the Fab portian 

of myeloma protein Adj PC5 (r2aK) as previously described 15,17, The anti-IgM 

was absorbed by passage through Sepharose 4B coupled to a 7S fraction of normal 

mouse serum18, On Ouchterlony analysis, the absorbed anti-MOPC 104E precipitated 
1 

MOPC 104E (µ~ 1) and TEPC 183 (µK) .IgM proteins, but not MOPC 25 (r1K), Adj PC5 

(r2aK), MOPC 195 (r2bK) or MOPC 315 (a>. 2), In order to exclude traces of anti­

body activity towards immunoglobulin subunits other than µ chains, the absorbed 

anti-MOPC 104E was tested by a more sensitive radio-immuncprecipitation procedure, 

Myeloma proteins were labelleé9 with carrier free 125r at about lµCi/µg, The 

radioactive protein (5-10 ng) was mixed witn the test antiserum (10 ~1) and after 

30 min, at room temperature, sufficient goat anti-rabbit IgG was added to ensure 

precipitation of the added rabbit Ig. When this was done, the absorbed anti-MOPC 

104E was found to be negative for reactivity towards IgG1, IgG2a, IgG2b and IgA 

myeloma ·proteins. For brevity, this antiserum will henceforth be referred to as 

anti-µ chain. The anti-Fab reagent was polyspecific reacting against IgM, IgGl' 

IgG2a, IgG2b and IgA, but not other serum proteins, on Ouchterlony analysis and 

immunoelectrophoresis. The IgG fraction of both antisera was prepared, coupled 

to fluorescein isothiocyanate, and conjuga.tes w,ith fluorescein: protein ratios 

of 2-3:l were selected by chromatography on Whatman DE 5220• 
16 A goat antiserum specific for rabbit IgG was similarly treated to yield 

a rhodamine conjugate, 

Spleen cell suspensions from six week old specific pathogen free, female CBA 

mice were prepared in veronal-buffered saline (Oxoid Ltd,) containing 1 mg/ml 

of bovine serum albumin (VBS-BSA) and the living cells were stained and prepared 
21 for examination as described by Raff Cells were incubated far 20 min. at 

room temperature with rabbit anti-µ éhain or rabbit anti-Fab, washed x3 in VBS-BSA, 

and then suspended in purified, rhodarnine-coupled goat a11ti-rabbit IgG (20 min. 

room temperature) . The two antibody layers were used in order to ensure maximum 

capping. Samples were washed and then examined directly cr transferred to 

VBS-BSA-0.03M sodium azide-20% (v/v) normal rabbit serum, far treatment with 

purified, fluorescein-coupled-anti-µ cha.in or antj-Fab (20 min,, Oº). After 

three washes with VBS-BSA-0.03M sodium azide, cells were mounted in V13S-BSA-0,03M 

sodium azide, and examined under ultra-violet light with a Leitz Orthcplan research 
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microscope fitted with Ploem illuminaticn. At least 6o stained lymphocytes weré 

assessed for the presence of rhódarnine and, or, fluorescein. All reagents were 

centrifuged (50,000 xg, 6o min.) on the day of use. 

3. Results and Discussion 

TABLE 1 

Heterogeneity of surface immunoglobulin on murine lyrnphocytes 

Experiment Total Cells Cap Green Ring Red Cap-Green Ring 

1 240 23 (22) Y) (37) 43 (41) 

2 717 79 (29) 109 (40) 85 .(31) 

3 135 11 (17) 30 (45) 25 (38) 

4 318 38 (27) 52 (37) 49 (35) 

Legend to the Table 

CBA spleen cells were treated with rabbit anti-mouse µ chain followed by 

rhodamine-labelled goat anti-rabbit Ig under capping conditions. The cells weré 

then treated with fluorescein-labelled rabbit anti-mouse Fab in the cold and in 

the presence of azide. The figures in parentheses express the number of cells 

observed as a percent of total stained cells. 

Based on the double-staining protocol outlined above; lymphocytes with surf;;.::?e 

Ig could be ciassified into three groups (Table 1). A large number (31-41% of 

total Ig-bearing cells), which were cappedi with anti-µ, subsequently stained 
1 

peripherally with anti-Fab under the non-capping conditions (i.e.surface IgM 

and IgD simultan~ously present). The remaining stained cells were divided 

between those showing only caps (i,e. surface IgM only) (17-29% of Ig~bearing 

cells) and those showing only green rings (1,e. surface IgD only), (37-45~ of 

Ig-bearing cells). Inspection of the doubly stained cells· suggested a consideraole 

variation in the relative intensities of the two fluoreséent markers, suggesting 

a variation in the IgM to IgD ratio from cell to cell, Our assumption that 

peripheral staining with anti-Fab following capping of IgM is dueto the presence 

of IgD, and not IgG, determinants is reinforced by the high numbers of peripher­

ally stained lymphocytes observed. Also, the results agree with our general 

finding that the numbers of cells staining with anti-µ (25-30% total splenic 

lymphocytes) is always less than the numbers of cells staining with anti-Fab or 

anti-K (35-45% total splenic lymphocytes, Further, complete capping of IgM 
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in the first stc.ge was evident since fluorescein-labelled anti-;.i fa::.:.ed. to reveal 

:;~,ndi t:lc:ns. One, pos:::ible obj.:.ction, that t.he doul>lcd. st.aii,ir,g ü: :iu:: .• i!ltE:1·­

action of the fluorescein-coupled anti-Fab reagent with Fe receptors, is ruled 

out by two ccntrols. ·First, addition of aggregated hum&.n IgG (5 mg/¡:¡:; failed to 

inhibit the second staining·step with fluorescein-labelled anti-Fab. Second, 

cells capped with anti-Fab and rhod&.!Tline-labelled goat anti-IgG ~:ere r.ot subseq­

uently stained with the fluorescein-coupled anti-Fab. 
"% ~ 

Our findings in the mouse therefore, mirror those in the huma.~/·). In the 

mouse, there are fewer cells bearing both IgM and IgD, with corresponaingly 

hi~her numbers of cells with exclusively IgM or IgD. The bic]cgicel s:g:1if:car:ce 

of these subpopulations of B-lymphocytes, althoug..11 at present obscure, may now 
. 8,10 be revealed in the mouse system, Certainly IgM precedes IgD in ontc¿eny 

and thus a develoJ.nental sequence is suggested. 'llius, the B-lympl:ccytE:, originally 
j 

expressing only I~, _matures to a cell expressing only IgD via an inte~rr.ediate 1 

cell type with both classes of imrr:unoglobulin on its surface. Cr.e r.:ig:-,t there- \ 
!, \ 

fore expect to find memory cells in the more mature cell type. 'l'r,e s:.rr:ultaneous' 

expression in one cell of two heavy chain classes sharing the sé:..e va~iable regions 
22 r-:,: 

suggests a copy-choice model for·V - C gene integrationc/, and esta:::shes a 

precedent fer an Ig class switch by lyrnphoid cells, 

If 1·1e accept that simul taneous expression of two heavy cha in classes occurs 
1 

at the level of transcription, then there is no rea.son not to postula:e simultan-

eous integration of all heavy chain constant genes early in the cntog,¡,ny of a 

~-lyrnphocyte or its precursor. Questions relating to Ig class expres;ion would 

then revolve entirely around differential gene activation and repression, and the 

requirement to account fer a V - C gene integration event at this stage of diff.:. 

erentiation would no longer exist. 
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There is no doubt that immunoglobulin is the 
receptor far antigen on B lymphocytes, but there 
is certainly sorne confusion regarding C¡¡ gen:e 
expression at the level of the lymphocyte surface. 
There are three very clear reasons for this confu- . 
sion: First, much of the dat'a comes from immuno- · 
fluorescence, · a technique plagued with technical 
problems, e.g., material binding ··nonspecifically 
or tbrough Fe receptors. What is clear, h~wever, 
is that the number of B lymphocytes recorded posi­
tive for lgG and IgA steadily decrease to a very low 
number {1-3%} as mor~car~s~.t9.-ª..v_gig_~~~l)..e _ 

_ pr~!J1:r.:is (Jones rt,,ªJ.: 1975;JKurnick et al. 1975; \ 
Lobo et al. 1975; Win~ester et al. 1975}. Second, 
particularly in the mouse, when surface immuno­
globulin is characterized by externa} labeling and 
immunochemical procedures, there is little, if any,. 
IgG or IgA detected (Vitetta et al. 1971; Marcha­
lonis et al. 1972; Abney and Parkhouse. J974). 
Third, there is the problem of distinguishing be­
tween a precursor lymphocyte that has not been in 
contact with antigen with one that has, and, as a 
result, has embarked upon an irreversible differ­
entiation pathway leading to the high-rate anti­
bod.y-secreting cell. Indeed, there is evidence for a 
class of "triggered" memory cells within a few 
days of boosting (North and Askonas. 1976), and it 
is possible that a cell at this stage of differentiation 
could be stimulated into an abnormally extensive 
clonal expansion under certain experime~tal 
conditions, for example, by transfer into an irradia­
ted .host together with antigen. 

·At present, therefore~ · we are faced with the 
embarrassment of a total .lack of correlation be­
tween isotypas expressed systemically and on 
lymphocytes. Since the number of lgG- and IgA­

·oearing lymphocytes is low, it is reasonable to ask 
whether this minar population of cells has biological 
significance. It is also a matter of urgency to define 
the hnmunoglobulin on the. vast majority "of i3' -·- . 
lymphocytes. · 

Ir:. answer to the first question we can say that · 
it is entirely possible that a small population of, 
fer example, IgG-bearing cella could be rapidly 
expanded by cell division in such a way as to account 
for ali of the serum JgG. Indeed, there are experi­
ments suggesting that IgG is present on the surface 
·of some, but not necessarily all, precursora of IgG­
secreting cells (Waltcrs and Wigzell 1970; Herzen-

,,/ 

.. .,,---·---...... 
.,.-:-.r*'':° ~-

/ 1 1 g~~ 

~,~,. 
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If most immunoglobulin on B lymphocytes is not 
found in serum, then what is it? For sorne time IgM 
has been recognized as a major component of B­
lymphocyte membranes. External radiolabeling 
procedures showed that surface lgM dilf ers from 
the secreted variety by being the monomeric (H2L1) 

. subunit rather than the fully."assembled (H2L2)$ 
pentamer (Vitetta et al. 1971; Marchalonis et al. 
1972). In these and other (Abney and Parkhouse 
1974) similar studies, neither IgG nor IgA was 
detected Clower limit of detection about _5% of total 
cell-surf ace immunoglobulin). A rnajor break­
through came with th_e discovery that lgD was also 
present on many human periphera~B 1 mphocytes 
(van Boxel et al. 1972; Rowe et al. 974b) This was 
quickly followed by the demonstra 10n · o its en­
dogenous _synthesis (Knapp et al. 1973; Rowe et 
al 1973ª) and occurrenc~ on many human chronic 
lymphatic leukemia cells. Although sorne cella 
expressed either IgM or IgD, on many, bqth isotypes 
were simultaneously present (Knapp et al. 1973; 
Rowe et al. 1973ª; Fu et al. 1974; Kubo et al. 1974). 
Using chronic lymphatic . Ieukemia c~lls artd an 
anti-idiotype raised against ·their lgM product, 
it was possible to show that where the two isotypes 
coexist on tbe same cell, they share the same idio­
type· (Salsano et al. 197 4; Fu et al. 1975), and.hence, 
presurnably, V regions. The simultaneous expres-. 
sion by óne cell of two isotypes sharing. the same 
V region has. implications for the mechanism of 
V-C gene integration. Because of the very long life 
of chronic lymphatic leukemia cells, lt seems prob­
able that in those cells expressing both IgM and 
IgD, the genome contains integrated genes · for 
both heavy chains. To explain this, reiteration of · 
the V gene or a copy-choice ·mechanism for V,C 
gene integration is required. These speculations 
are based on the long life of chronic lymphatic 
leukemia cells, and conclusive evidence (e.g., 
simultaneous transcription of mRNA for a and µ. 
chains) is lacking. However, having raised the 
possibility that two integrated heavy-chai~L genes 
exist in the-chronic lymphatic leukemia ceI}1,1t does 
suggest th_e following hypothetical scheme. A.t sorne 
time in the development of a B lymphocyte there 
is integration of a· unique V gene along with the 
constant-region genes· of all heavy-chain isotypes. 
Multiple copies of the same V gene could be deter­
m,ined by germ line or somatically generated by 
making a series of copies (i.e., copy-choice) at the 
time of integration. The advantage oí simultaneous 
integration of all C8 genes· early. in the ontogeny 
of B lymphocytes. is that questions relating to iso­
type expression would then revolve entirely around 
differential gene activation and repression; the need 
to account for V-C gene integration events at later 
stages of differentiation would no longer exist. 

paucity of information, however, it. is f"afr to ·~1:3k 
if this is the exception rather than the rule. Toe 
situation with IgA-secreting cell precursora is even· 
more corúused. These are rcported to have or not 
have surface lgA, depending on the antiserum used 
to make the identifir.ation (Janes et al. 1974; Jones 
and Cebra 1974). . .. _ .~ .. _ 
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The paucity of serum lgD contrasts with its high 
frequency on B lymphocytes, and if a special role 
for this class of membrane immunoglobulin is to 
be considered, then the importance of establishing 
the existence of a similar molecule in ari animal 
species is obvious. To date, there have been claims 
for a similar immunoglohulin in the niouse (Abncy 
and Parkhouse 1974; Melcher et al. 1974; Vitetta 
et al. 1975b)1and suspicions of one in the rabbit 
(Craig and Cebra 1975;.Pernis et al." 1975). · · · 

In the mouse, the candidate Cor IgO is a disulfide­
linked H1L: molecule which can be precipitated. 
from lysates of externally labeled nude or normal 
mouse B-lymphocytes with anti-light chain but 
not with anti sera to any of the known mou~e heavy-

. chain isot-ypes. It is therefore clearly an isotype 
hitherto undescribed in the mouse. This candidate 
for IgD resembles. the human counterpart in heavy. 
chain size, inarked susceptibility to proteolysis; 
and in its occurrence on lymphocyte surfaces. In 
the absence of sequence data, this new immuno­
globulin · class in the mouse cannot be formally 
identified as IgD. However, for ease in presentation, 
and because of the similarities noted above, we 
shall henceforth refer to this molecule as lgD. In 
addition, the probability that sequence studies will 
confirm this assignment appears to be very high. 

Both in humans (Vossen and Hijni.ans 1975; 
Cooper et al., this volume) and .in mice (Abney and 
Parkhouse, 1974; Vitetta et a,l· 1975b), lgM pre­
cedes IgD in ontogeny, IgD ·~ppearing about 2 · 
weeks after birth in mice.and sometime between 3 
and 4 months of gestation in. humans. Earlier as­
sumptions that lgD precedes IgM in humans were 
based on comparisons between cord and adult blood 
and appear to be incorrect. Interestingly, what 
little we do know of the amino acid sequence of 
human JgD would suggest that it evolved sorne time. 
after the gene for µ, chains (Spiegelberg 1975). 
Thus IgD appears subsequent to lgM both in evolu-
tion and in ontogeny. . 

• · There is a marked difference.between therel¡ative 
amounts of lgM and IgD in murine ·spleen, lymph 
nodes, and Peyer's patches (Abney and Parkhouse 
1974; Melcher et al. 1974; Vitetta et al.· 1975a,b). 
By extemal labeling techniques, IgM and JgD 
were found in approximately equal amounts in 
the spleen; in lymph nodes and Peyer's patches, 
IgD accounted for 70% and ·90%, respectively, of 
the total immunoglobulin. It is important to ern­
·phasize that, -in these studies, IgM and IgD are 
the only irnmunoglobulins rec~vered. ----···-- ___ _ 
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The externa! lab.eling procedure can only give the 
total yield of IgM and lgD, not theit distribution 
on individual cells. Based on the rar~ty of immuno­
globulins other than IgM and lgD on the surf ace 
of mouse B-lymphocytes, fluo·resceht staining was 
used to indicate th3t in the mouse, as in the human, 
there are splenocytes bearing either IgM or IgD 
or both IgM and IgD (Parkhouse et al. 1976). In 
those experiments, IgM was first capped with rhoda­
mine-labeled anti-µ chain, ·and. then subsequent 
ring staining with fluorescein-labeled anti-Fab 
in the presence of sodium azide was taken as evi­
dence for the presence of IgD. Reéently, an anti­
serum specific for mouse IgD has been developed 
(Abney et al. 1976a),ynd the above result has been 
confirmed. Using this antiserum, it could be shown 

. that the majority of B lymphocytes in lymph nodes 
and PeJer's patches were expressing mostly IgD, 
although sor.ie obvious doubles (IgM and lgD) and 
an occasional IgM-bearing cell were seen. In the 
spleen, all three categories or cells were present; 
and the considerable variation in. relative intensi­
ties of the two fluorescent maikers in doubles sug­
gested a variation in IgM and IgD ratio from cell 
to cell. This; together with the observation of the 
three cell types (i.e., IgM, IgD, and IgM-IgD) and the 
fact that IgM precedes IgD in ontogeny, suggests a 
developrnental sequence of immunoglobulin ex­
pression on B lymphocytes from IgM to IgD via an 
intér:nediate cell type 'hith both isptyp¿s. Thus the 
B lymphocytes of lymph nodes a0:d Peyer's patches 
would, for the most part, be a· more mature popula­
tion of cells. Of interest in this context is the finding _ 
that large splenic lymphocyte_~ thought to be more 

=-t~e: -~~~~:1_rich:__r:~~~~~~~~~ -~l." __ . 

~~- availability of an antiserum specific for 
mouse lgD has facilitated an enquiry into its bio­
logical role. In this paper we discuss the evidence for 
a structural homology betwean mouse ánd human 
lgD, our failure to demonstrate IgD on memQry B 
cells, and sorne preliminary data relating to ·-Jg 
class expression by developing lymphocytes .. The 
last study is ~n ongoing collaboration betweep M. b. 
Cooper, J. F. Kearney and A. R. Lawton. 1 

. \1 
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l..abeling and digestion of ~urface Ig. Cell 
suspensions were prepared ·and labeled externally 
with 11~1 or fluorescent ant~bodies. Radioactive ·cell­
surface Ig was precipitated from Nonidet P-40 
lysates with antibody and characterized by SDS gel 
electrophoresis using an interna! marker of 131 I-
labeled proleins. · 

For the d1gestion experiments, trypsin was added 
(final cene., 40 µ.g/ml) to lysates of radiolabeled 
cells for various times at room temperatura or 37ºC. 
At the end ofthe incubation period, the sample was 
adjusted to contain a .iivefold excess of soybean 
trypsin inhibitor, 1 rnM · phenylmethylsulfonyl 
fluoride, and 10 mM iodoacetamide. The proteolytic 
cleavage products of surface immunoglobulin were 
isolated .using goat anti-rabbit IgG and sequential 
additions of rabbit antibodies to mou.se K ·chain, 
µ. chain and 6 chain. Precipitates were then sub­
mitted to SDS gel analysis with or without a prior 
reduction step. In sorne experiments, and in order 
to reduce the complexity of gel patterns, radfoactive 
cells lysates were passed through Sepharose-linked 
anti-µ. or anti-6 prior tó treatm~rtt with · trypsin. 

These procedures have already. been described 
in detail elsewhere {Abney and Parkhouse 1974; 
Abney et al. 1976a; Parkhouse et al. 1976). . . 

Memory cells. \Ve u.sedan a_nti:DNP clone (clone· 
5A of Klaus and Willcox 1975) 9-15 months after 

· its original isolation. The clone was taised in CBA 
mice against DNP-ovalbumin by the procedure of 
Askonas et al. (1970) and consisted of three main 
spectrotypes, as deterrnined by the method of 
Phillips and Dresser (1973); the most acid was 
IgG 1, the adjacent one was IgG2a, and there was a 
poorly resolved lfalkaline" collection which was 
largely IgG2a. 



Transfer and inhibition· of · the clonal response. 
Waehed spleen-cell el.ispensions from clona! cell 
donors (40 x 1()8 cells per ml) were incubated for 
20 minutes at room temperature with rabbit anti­
mouse lg antisera of various specificities in HEPES­
buffered Eagle's mediurri containing 5% fetal calf 
serum (FCS). They were washed twice and then · · 
incubated for 2 hours at 37ºC so as to give maximal 
shedding or endocytosis of capped surface Ig. The · 
cells were t,hen pelleted, washed once, cooled in an 
ice bath, and counted. They were then adlusted to 
the same cell concentration. Viabilities viere also 
checked and were always above 9Q%. Samples were 
taken befare and after the 37ºC incubatiori and 
stained with rhodarnine-conjugatéd goat anti-rabbit 
IgG to confirm the absence of cell-surfa~e Ig. AH 
class-specific rabbit antisera gave a strong pre­
cipitin line when tested against homologqus Ig at 
1 mg/ml by Ouchterlony · analysis. TlÍey also 
brilliantly stained relevant, but not irrelevant, 
mouse plasma cell tumors. When incubated with 
mouse lymphocytes, the antisera were diluted so 
that the final concentration of antibody was 50-150 
µ.g/ml. 

The clona\ cells (10-15 x 108 cella per ml) were 
next incubated with DNP. tetanus toxoid "ctet.tox.), 
20 µ.g/ml, for 1 hour· a·t 4ºC in 10% FCS in ·199 
medium., They were then washed twice, and 2.5 X 

106 were mixed with 10 X 106. washed sp!een cells 
from mice immunized with tet.tox. and transferred 
intra?eritoneally (i.p.) to recipients that had been 
irradiated (600 rad) 6 hours previously. The re­
sponse was measured by isoelect.ric focu~ing and ., 
Farr methods. The carrier (tettox.)-primed mice • 
were immunized with 7 L.f. alum-precipitated tet:1 )-· 
tox., boosted 4 months later with 0.7 L.f. aqueous · 
tet.tox., and used 1-3 mont.lls later. A11 of these 
procedures have been described in detail elsewhere 
(Abney et al. 197Gb). In previous work, the cell 
type responsible for transferring responsiveness 
after binding the antigen was shown to be thé B 
cell, since it was depleted by neither anti-Thy-1 
serum and complement, cotton wool columns, _nor 
carbonyl iron. The proportion of dead cella in the 
suspension also made very little difference, al­
though much of the bound antigen is on dead cells. 
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RESULTS 

Enzyme Digestion of Surface Ig: Similarity 
between I-Iuman IgD and Its Mouse Ana.log 

These experiments were suggested by the unique 
susceptibility of human lgD to trypsir.. Although 
unlike other Ig classes, human IgD is nydrolyzed 
to Fe and Fab very rapidly, further incubation with 
the enzyme results in degradation of F.:ib but not 
Fe. Moreover, the Fab fragment is degraded to a 
molecule ccmsisting essentially of V H and e~. 
which are disulfide.linked (Jefferis 1975). 

Digestion of mouse IgD _with trypsin follows. a 
similar course. After 10 miriutes at room tempera­
ture, the IgD is almost entirely cleaved to Fe and . 
Fab. Surf ace IgM, on the other hand, is not degraded 
by tlús and·even longer (l~hr) periods of digestion 
at room temperature. Afl.er 5 hoúrs at 37º0, how­
ever, IgM is converted to Fab:z, Fab, and Fe. Under 
similar prolonged digestion conditions, most of 
the IgD Fe is undegraded.·The IgD Fab, on the other 
hand. is part]y. degraded to give a heavy-chain 
fragment of molecular ·weight 15,000, which, by 
analogy with the data of Jefferis (1975), we assume 
to be an extended S·chain V H· These studies clearly 
confinn the immunoglobulin nature ofthe molecule 
tentatively identified as IgD in · the mouse. In 
addition, the striking similarity in susceptibility 
to trypsin of human IgD and its murine counterpa:rt 
is circumstantial évidence for a structural ho­
mology. 

Receptors on Memory Cells 

As discussed in the introduction, the paucity of 
lymphocytes with surface lgG contrasts with the 
high number of _cells bearing IgD and IgM. This, 
and the fact that IgM precedes IgD in ontogeny, has 
led to speculation that the precursors of sorne. (or 
all) of the IgG-producing cells may have IgD re~ep­
tors, although their ultimate origin is probably 
from IgM-bearing cells. A convenient way to ix~ 
amine the heavy-chain class of memory B cellslis 
the selected antibody-forming ce11-cloning systtm 
(Askonas et al. 1970). Such clones have the ad- . 
,;antage thay they produce the same antibody 
species for many months (in response to antigen), 
which contrasts sharply with the heterogeneity and 
variability of com1entional responses. We have 
therefote measured the re~ponses elicited by brief 
expcsure of thl:! cella to antigen in vitro. Preincu­
bation with appropriate anti·Ig, followed by capping 
and stripping, was done in order to selectively mod­
ulate a given Ig dass with rninimal, nonspecific 
effects upon antigen·binding by a second class. 
FoJio,,.,;ng modulation with anti.Jg and exposure to 
antigen in vitro, the cells were transforred to ir· 
radiated recipients. Although the clone was raised 
against DNP-ovalbumin, in order to restrict anti­
gen-binding to DNP·teactive cells, the carrier for 
pre&entation of DNP in vitro was tetanus toxoid. 
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Exposure to antigen in vitro boosted the IgGl 
and the "alkaline" clones efficiently, whereas the 
IgG2a clone responded leas vigorously (Table 1. ,.1 

Fig. 1). These responses were not affected by pre- ~·,,,." 
treatment with . .-·~·nÜ-"f:f~,t\J'Aerüm:··wñereaif"po1y.: 
epecific anti-Fab ·stiruñí' greatly suppressed the 
responses of all three clones, The eff ects of specific 
anti-µ serum were atriking: there was an almost 
complete suppression o_f the IgGl, and probably 
also of the IgG2a, clones, but only a partial in­
hibition of the alkaline ones . 

.. 

1 -v .... - ,¡ 

\" rl5 A .~/ 
1...__,_-~_,...J 

I ¡ 

Table l. Blockade of Clonal Receptora· with Anti-µ. and Anti-Fab Antise~ ___ J 

Anti-DNP _antlbody l"1!Spo115et 

Antigen ~ª~~oABU~ Group Clona! cells" Pretreatment in vitro day 27 .t\BC~ day 34 I.E 

4 spleen +· 39.2 (1.2) . 590. (1.65) 4/4 
1 spleen . 11nti-HSA + 63.7 (1.7) ·473 (2.8) 3/4 
2 spleen anti-µ. + 4.7 (1.35) 99.5 (1.5) 4/4 
3 spleen · anti-Fab · ·+ o.a Cl.9) · 46.6 (2 .. 21.__ _jjj._ 
5 spleen O.lt?i)-·· . . .....,G.811.75)- · - 3/5 · 
6 l. n. \ + 7.9 2.6} 419 (3.9) 3/3 
7 l. n. .\ 0.1 (1.0) 16.~ (2.1) 3/4 . 

Prot-Ocol: Splee~ or lymph-node cell suapensf~ns fro~ third traru,fer generation clonal donora ware preincubated with the appropri 
antisera under capping conditions, waahed, and then i~cubated at37'C fcir 2 hr: The)'. were then W8.'Jhed and incubated at 4ºC with 20 µg 
D.N1',.tet.t.ox. for 1 hr and washed agai1_1. They were then ~i~~ w.ith}1pl~~ ~l!s f!.ºll!~t:t?~·t>!Í.!11~.n.!ice (lO'~r-~~ip_ie??;) a!!dJr! 

, Cerred i.p. to irradia~ mice, which were bled on days 10 and 19. They were ooosted witli 1 µg aqueous 'Dli.'P tet.tox. on day 20 añcfl 
• Clona( cella: 2.5 X 10• s;,l~n; 2.5 X lO" l. n. (lymph ·node). · · 
• ABC lanti¡cen-binding capacities) of re<:ipienta' aera measured in Farr assay versus 1>{11•I]-P-DNP,Lyi1. ABC (IIIM/ml X 10"1) expree 

u geometric mean e: standard deviation). 
• (Number of mice)/{total in group) ahowing IgGl and I_gG2a clones on isoelectric focusing U.E.F.) .. 
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with the isoelectric focusing (I.E.F.) patterns (Table 
1). The overall suppression after treatment with 
anti-µ serum was about tenfold, but the effect on 
the lgGl clone was still greater: if' we compare 
undiluted sera in this group with sera of the posi­
tive control grot:.ps diluted 1:7, there is still a large 
difference in hapten-bincling intensity on I.E.F. 

· (see Fig. 1). Evidently there was a selective efiect 
of the anti~µ serum on the lgG i clone. 

These antisera almoet certainly acted by block­
ing or removing receptors and not by crudely 
killing B cella; when the recipients in thie experi­
ment were booeted with antigin in vivo on day .20, 
the anti-Ig and anti-µ pretreaied groups responded 
even better .than the controle. initially given no 
antigen at aH(group 5, Table 1). Thie confirme that 

· the anfüera can~ot have killed all the clonal ce1ls. 
lt also euggeste that the antigen in vitre may have 
·given a:-very limited stimulus even to the anti-Ig 
pretreated cella, ae theee eventually responded more 

. ' 
strongly than group 5. Iri other¡ words, the blockade 
may not have been complete. ·,,- . 

Finally, the-strong IgGl clan.al response of the 
lymph node cells to the in vitre boost (Fig. 1, Table 
1) makes it unlikely that macrophagee were playing 
an eesential role in binding the antigen in vitro, 
since such cell suspensions contain low numbere of 
macrophagEs. 

In other experimente, cella were preincubated 
with anti-yi, anti-y2~, and imti-6 antisera. In this 
case, however, only the polyspecific anti-Fab and 
the anti-µ sera blocked; again, the · eff ect of the 
anti-µ. was selectively on the IgG 1 and lgG2a clones, 
whereas that of the polyepecific anti·Fab was non­
selective. 

Separate aliquots of the anti-µ arid anti-Fáb 
¡ pietreºated cella weré allowéd to resynth~si~e ihéir ·. 
receptora in vivo before they were exposed to anti­
gen¡ antigen chaUenge was delayed until two days 
after transfer in the!!e groups. As expected, neither . . 

the anti-µ. nor the anti-Fab had any effect in this 
situation, confirming that "the aritisera were not 
eimply killing all the cella. As a further confirma­
tion of the specificity of action of the anti-µ eerum, 
sorne of it wae absorbed on an IgM·Sepharose 
column; after that, it no Iongf!r blocked the IgGl 
clonal response significe.ntly. 

Immunoglobufü:i Class Distribution 

In collaboration with M. D. Cooper, J. F. Keamey 
and A. R. Lav.-ton, we have· begun a eyetematic 
study of heavy-che.in claes expree!!iOn in the mouee. 
Several majar points worthy of comment have al· 

. ready emerged. · 



First, and as might have been expected from the 
already exii;ting da.ta, lgD-bearing lymphocytes 
must arise from cells expressing surface IgM. This 
conclusion is derived from the absence of lgD­
posilive cells in mice treated from birth wilh anti­
µ.-chain antibodies. In normal mice, however, lym­
phocytcs with IgD, as well as those with JgG and 
lgA, begin to appear in the first week after birth, 
whereas lgM is detectable in the 16-17-day fetus. 
Unlike ali .other Ig classes, plasma cells conlaining 
IgD could not be found after an extensive search in 
normal and lipopolysaccharide · (LPS)-activated 
mo.use lymphoid tissue. This finding, while not de­
fining an exact role, emphasizes the unique associa­
tion of IgD wit.h the lymphocyte membrane. Fur­
thennoreL upon stimulation of B lymphocytes with 
LPS, lgD disappears fróm. the membrane; mean­
while, for an individual cell, th.e Ig located in the 
cytoplasm, be it lgM or lgG, _is also displayed on 
the cell membrane. · 

Perhaps the most interesting. results relate to 
the ma_ny cells with at least two different classes 
expressed in the membrane. lt is by analysis of 
these cell types that the ontogeny of. surface Ig 
v..ill probably be defined and understood. At present; 
it is clear than in 2ddition to IgD, cells expressing 

. IgG and lgA. are derived from precursors bearing 
lgM (reviewed in Lawton et al. 1975). 'Í'he question 
to be consicered, the.refore~ is, the developmental 
sequence among all thes~ cla,'!:;ses at the level of 
the lymphoqte and its ·prog~hy. One interesting 
point is that surface IgG is in'variably associated 
with _lgM in young mice but can oCClir together with 
IgD in older mice. Thus IgG~ and IgA-bearing ceUs 
rnay well develop directly from cells bearing IgM, 
but, under certain. conditions, there may be an 
inten·ening cell type expressing IgD. 

DISCUSSION 

At the óutset we should confess that the role of 
IgD.;fo lymphocyte responses remains undjfined. 
Indeed, the very experiment designed to ~mon­
strate a role for IgD, far from achieving this, in­
stead iniplicated IgM as· the functional receptor 
for antigen on memory B -lyinphocytes. Further­
more, in a series of experiments of the "try it and 
see" variety, our antibody to IgD failed to influence 
the fate of normal or' antigen-stimulated spleen 
cell cultures (R. Maizels, unpubl.}. 

An extremely crucial point was thé observation 
that, in young rnice, IgG-bearing lymphocytes also 
have surface IgM, but not IgD. Although lyrnpho­
cytes of older mice can have IgG and !gD coexisting 
on their membrar.es, it seems as if the switch from 
Ig::\i to IgG does not necessarily proceed via a cell 
that expresses IgD. At least this observation can 
be reconci!ed with the fact that anti-µ., but not 
anti-8, inhibited the antigen-stimulated differentia~ 
tion of memory cella to IgG-secreting cells. 

It is possible that the sequence of C~-gene ex­
pression on lymphocyte surfaces is influenced by. 
antlgen. For example, the switch to IgG is via IgD 
when antige:i-driven, but the ·necessity to expresa 
Trorn ;,.. ""'"" n~~c-nrl ;"" "'l.1""'+;,..,..º""-'Tl"O!'it)J"rl&ln.t ,1iff'J:llrPn+;.Q .. 



Let us now consi.der the experiments done in the 
cloned memory-cell system in more detail. The basic 
observation of inhibition wi th anti-µ. argues strongly 
that receptors of the IgM class are rnaintained on at 
least sorne memory cells committed to differentiate 
into lgGl and IgG2a secretion. The lack of effect 
of anti-11, anti-y~. and anti-c5 is also strikirig and 
points to the sarne conclusion. Our evidence cannot 
rule out a minority population of IgG or ·IgD re­
ceptors in addition to the IgM, but thecompleteness 
of the suppression by anti-µ. indicates that most 
of the functional receptor was IgM. If the clones 
we have studied are representative, we can rea­
sonably conclude either that memory B cells have 
no receptor lgD at all, or that it does not mediate 
their reactivation. Therefore, our results clearly 
rule out any simplistic model in which IgD is 
uniquely associated with ántigenic triggering, 
whereas tolerance is induced .via IgM receptors · 
(Vitetta and Uhr 1975). 

However, not every clone necessarily behaves 
like the IgGl and IgGa clones; since a fraction of 
the alkaline clones clearly behaved differently. 
They were apparently only partially suppr~ssed 
by anti-µ. pretreatment, whereas t.hey were much 
more completely and cotisistently suppressed by the 
anti-Fab serum. Hence sorne of their memory-cell 
receptors cannot have been IgM. If they were in­
deed a mixture of severa! ·clone~,' bearing Ig of 
different classes and subclasses, an antiseru·m to 
any one of these by itself would not have given a 
significant suppression. To achieve that, one would 
need a combination of anti-y. or anti-6 antisera 

_plus anti-µ. · . 
Heterogeneity among B cells may help to resol ve 

the apparent disagreement between other results 
(Walters and Wigzell 197:o; Herzenberg et al., this 
volume) and our own. U is possible that, in these 
other systems, · a minority subpopulation could 
have been overlooked or, conversely, constituted 
the major subject of the study. For exámpJe, recent 
priming can elicit a more tenninally differentiated 
memory B cell with class restricted receptqrs and a 
short life-span (Pierce et al.. 1972a,b; Nqrth and 
Askonas l.976). This type of cell could have been 
continually generated in the experiments ofWalters 
and Wigzell, where priming of memory cells was 

· effected by giving antigen in a depot of adjuvant. 
Th"ese considerations raise a major point that we 

would like to stress: there is likely to be more than 
one type of memory B cell, and the developmental 
sequence between antigen-triggered cells and their 
secreting progeny probably contains cells ex­
pressing a variety ofig classes on their membranes. 
In the face of this, it seems absurd to be dogrnatic 
and insist on Ig class restriction for all antigen­
sensiti ve lymphocytes. More important is to define 
the control and evolution of Jg expres9ion in the 
population, an objective which is feasible through 
experimental rnanipulation of selected antibody­
forrning cell clones. 
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CONCLUSIONS 

Evidence for a structural homolo~ between 
human IgD and its presumed mouse counterpart 
has been provided by the remarkably similar pro­
files of fragments resulting from tryptic digestion 
of the human and mouse proteins. ¡,1ore definitive 

. homology awaits sequence determination .. 
'The memory cells oí two antibocy-forming cell 

dones had receptors of the IgM class, even though 
the clones had been producing IgGl or IgG2a 
anti-DNP antibodies for 9-15 months previously 
(on antigenic stimulation). 'Thus a phenotypic 
switch in heavy-chain constant region evidently 
occurred after reexposure of these memory cells to 
antigen. These conclusions were drawn because 
removal of lgM, but not IgG or_lgD, from the mem­
ory-cell population inhibited antigen tecognition 
and subsequent differentiation to IgG-secreting 
cells. 'Thus surface IgM cannot be solely responsible 
for tolerance induction; neither can IgD be the 
unique triggering receptor for antigen on memory 
B cells. Instead, thére may be a heterogeneity of 
!g receptors on memory (and other) B lymphocytes 
which reflects the presence of subpopu]ations 
arising in the presence and absence of antigenic 
seb .. 1.ion. Prelimi!'lary evidence· does suggest that 
the immediate precursors of IgG-bearing cells may 
express either IgM or IgD .. 'Thus IgG expression 
can occur independently of IgD, which would be in 
accord with our finding that at least sorne memory 
B cells recognize antigen via surface IgM. The 
details of the conti:o1 and evolution of Ig expression 
remain to be elucidated, as does a defined role for 
IgD. The ceI1s which bear IgD, however, are cer­
tainly denved from IgM-positive precursor lympho­
cytes, and the high frequency of Jymphocytes 
expressing two Ig classes·has profound implications · 
for the mechanism of V-C gene integration.. 

! 
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_gure l. Blockade of clonal receptors with-anti-µ and anti-Fab antisera. Isoeleétric-fo,."Using patte~s of anti-DNP anti­
tdies of 18:day sera of recipients in the experiment summarized in Table l. Individual sera were loaded, at the dilutions .( 
own (undiluted or 1/7), on pH 4-8 gels, in the arrowed positions. A.fler focusing, the gels were overlaid with o-[mIJ-P- , 
!li?-Lys, washed, and autoradiographed, to revea! anti-DNP antibodies. Protocol and group nutnbers are the same as in 
1b!e l. · _ · . . . . • 
c.t-HSA, a-µ, a."'ld a-Fab refer to pretreatment of clona] cells with anti-HSA, anti-µ., and anti-Fab sera, respectively. 
Lyrnph node ce11s (l.nJ and spleen cells are both from clonal donors; marker serum C1D ia from third transfer generation 
me-bearbg mouse. · · 
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D!'l'P.ODUCTIO~l 

Studies of mouse B-lymphocyte receptors by isotopic labelling techniques 

[f'!Oi·:ed l:!.ttlc,. if any, I¿;A or' IgG. Instee.d, tl:.e surface irr.r.;unoglobulin 

(Ig) consists of monomer:ic I~'i (Ig¡'.~s), and an Ig ,·:hich hes been described 

as the rr.urine equivalent of the hwnnn IgD(l, 2 , 3, 4>. In .order to confirr:i 

this assumpf..ion, ,,,e comp..1.red, in the preser,t paper, the susceptibility 

to tryptic digestion, and the tryptic products of the sm'face Ig, to those 

1 

uniquc susceptibili ty of hu.";izrt IgD to trypsin (S). Unlikt3 other classes, 

hu::12n IgD is hydrolyscd to Fe and· Fab very rapidly; fur~:1er· in~ubaticn 

with the enzyme results in der;radation of Fi.'!.b, but not Fe. Further::'!o:-e 

· tr,a Fab fr:!.s::;ent is degraded to a molecule ccnsist:!.nr; essentially cf 

VH and CL which are disulp!1ide-linked, 'J'he striking sir:ülari ty in 

susceptibili ty to trypsin of hu'Tian IgD and i ts murine counterpart t.l:at 

WE'!S observed is circumstantial evidence for a structural ho::10lo5y. In 

adc.i tion, thc extremely rapid enzy:ne hydrolysis ofthe r:mrir.e I¿p e~ui vdent 

( ' 1Ie;D") suggest.s a possible unique role for cell surface IgD, namely 

the elicitation of anti-idiotype responses which play a crucial controlllng 

role in the genesis of the irm::une response. 
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2. g/\'rEHIALS Mm fv'J:'J110DS 

2.1 Prcparation of iodfoated membrnne lysate 

Splcen cell suspensions of Ji - 6 weel( old CBA mice v-:ere labelled wl th . 
125 '6) 

I by the lactopercx~•dase ca tul y sed procedure \ , \·/D-Shed once in 

phosphate buffered saline (PBS) and then lysed for 10 minutes at OºC in 

1% (w/v) Nonidet.PllO (Sh~ll) in PBS. This lysate ,-,as passed over Sephadex 

G25 equilibrated with the same solution and then centrifuged (12,000g.x lOmin 

2.2 RC::-:iov,~1 of I[J.:s c.,r ''Jr::D" r:1olecules · 

The "IgD" .r:10lecules \·:ere removed by specific precipi tation •,,;i th a purified 
,, 

ir..munoglobulin fraction of rabbi t anti mouse & chain ( 4) follc:·,ed by goat 
i 

irnrr.unoglobulins ·e purified fraction) anti rabbi t i:r.:rn1r:0globulir.s ( the 

respective final concentrations ,,:ere • 2 mg/1:ll ar.d 2 n:g/!7!1). 

Alternatively, Igi-1 molecules were removed prior to trypsin treatcent by 

passage of t..rie raciioactive cell lysate through a colurr..n of purified 

rabbi t anti mouse µ chain antibodies coupled to sep~arose 4B(7Y. 

2.3 Trypsination and isolation of the tryptic fragments 

To the IgD or IgM-depleted lysate was added TPC'.ri: (L-1-tosyl-a:nido-2 phenyl­

ethyl chlorometh~rl ketone) treated Tr~•psin (Worthington) ( fina_l concentration 

of .1 mg/ml). After the ti.mes and temperatures indicated, soy bean trypsin 

inhibi tor, phenylmethyl-sulfonyl fluoride and iodoacet? ... ':'lide were added 

to final concentrations respectively of 1 mg/ml, 2 rr.M and 20 m:,1. 'Ihe 

sample was centrifuged (12,000g x 10 min) and tryptic products were isolated 

by precipitation with specific rabbit antisera (anti-µ chain, anti-ó chain 

or · anti-k chain) and goat anti-rabbi t Igsen:inThe precipi tates wcre washed thre 

times with ice cold 0.5% (w/v) Nonidet pl¡o in PBS, once with PES and then 

dissolvcd in 50mM sodiu:n phosphnte, pH 7 ,- 2% (w/v) sodium dodecyl sulp.l-in te. 



.4 Analysis of the tryptic frar:;ments 

Direct analysis was performed in 4.5% (w/v) polyacrylamide gel containing 

0.1% (w/v) sodiu:n dodecyl sulplw.te(B). Altertiatively samples 

were réduced in 2 1rJ·l di thi ocrythri tol - 50 m.f<.1 sodium phosphn. te, pH 7 - 2% 

(w/v) sodium dodecyl sulphatc (Sigma) at lOOºC for 10 r:iin, aH:ylated 

by addition of !:! iodoacetamide to 100 rrl1 and then resolved on 7.5% (w/v) 

polyacrJ¡lamide gels containing 0.1% (w/v) SDS. Various internal 131r­

labellei9) rnarkers ,-:ere added: A = unreduced mouse Ig (150,000); B = reduced 

transferrin (80,000); C = reduced bovine serum albumin (63,000); D = reduced 

creatine phosphokinase (40,000); E= reduced h1..l.r.1an wyelc~a Achain (24,000); 

F = reduced cytochror.ie C (12,000). After electrop::oresis the gels \o;ere 

sliced into 1 m'il segments and radioacti vi ty \-!as deter:::ined. Val u es ,:ere 

corrected for cross-channel spill and plotted with the top of the gel on 

the left hand side of the figure·. 'I11e proteins used for molecular ,,;~ig..'tit 

stand.ards h'ere reduced by trea tment wi th 2 Ir1M di thioerythri tol in 50 li':·1 

sodium phosphate, pH 7 - 2~ (w/v) sodiur.: dodecyl sul~tate (10 r.1in, 100º) and 
. i. 

then alkyla ted by addi tion of M iodoicetar.iide to 100 r.f·l. 
1 



3. RESULTS 

3.1 Cleavar,e of surface IgM 

At room temperature even 5 hr ipcubation with trypsin resulted 

in little orno conversion of IcMs to Fe and F::!b, and at 37°c 

several hours (3 - 5 hr) were necessary to complete the tryptic 

cleavage of IgMs. Digestion for 5 hr yielded three fragments, 

designated !\, M2 · and My Fragment M1 was precipitated with M2 

by an anti L chain serum (figure la), and witl1 M) by antiµ cbain serum 

( figure lb). Using the superna tant of the anti µ cha in precipi tation, 

it was possible to precipitate M2 alone by the anti L chain seru,:1. The 
1 

reduction products cf th1 isolated M2 were MF2 · and ViR.4 ( figure le). 

Similarly r,s alone was prbcipi tated by the anti µ cha in serurr: .f"rom 

the anti L supernatant. Reduction of the isolated f,i3 yielded fravr,ent 

MR3 (figure lf). It was then possible to deduce t!;.2t the redu~tion 

products of f'\ are ViIU and MR.4 ( figure lb and ld). J;ete-minaticn of 

the molecular \·;ei¡;ht by using internal markers, and the specific 

recognition by the anti L chain and anti µ chain sera, allm-:ed an 

identification cf the fragm~nts by comparison ,-ü th the tryptic 

. (10) 
products of human IgM ( Ta.ble I). Thus M1 , M2 and _l·1J ,-:ere F( ab 1 ) 2 µ., 

Fab11 and Feµ respectively (nomenclature from ref. 22). 

3.2 Cleava6e of surface IgD 

The surface IgD was, on the other hand .• markedly susceptible to tryptic 

digestion. An 80% conversion to Fab and Fe. occurred in 20 min 

et Oº, and 10 min at 25º was sufficient for complete digestion~ producing 

fragments D1 (!igure 2a) and D2 (figure 2c), wh1ch were precipitated by 

an anti-L cha1r. and an anti-H chain of Ig.D (" l, ") respectively. 'l:hus 
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n1 and D2 are Fab S and Fe o respece-e"tively. 'fue rcduction products of 

Fab (D1 ) were DIU (FdÓ) o.nd DR3 (L cho.i?), but whcn cleavage was 

continucd for sevcral hours at 25°0 an additional fr~:g;;;ent (DHl~) was 

obtained ( figure 2b). The reduction of n2 produced fragment DR2 ( fisure 

2d). These results, and an estimation of the molecular wei¿;ht of the 

fragments, clearly showed a similarity with th~ results obtained following 

tryptic cleavage of human IgD(S) (Table I). In addition, fragment DR4 

has a r:iolec'.llar wei¡;ht (15,000) similar to that of a tryptic fr&GTJent 

obtained fro~ human IgD digested for several hours at room te~perature(S). 

f 



TABLE 1: Analysis of the tryptic products of mouse inuntmoglobulin receptors 

(b) 
Tryptic fragmenta Precipitated by Molecular weight 

a) 

b) 

e) 

a L chain 
( D. 

a H chain 

M1 + + 125,000 

M2 + - 50,000 . 

M3 - + -----=.50-,.000 

Dl + - 55,000 

D2 - + 55,000 

An anti µ chain is used for fragments Ml, M2 end M3 
e.nd an anti !:, chain for · frag.":lents Dl and D2. 'l~nese 
sera do not recognise thc VH and CHl domains 

Molecular weie;hts determined in 4.5% SDS polya.crylamide 
gels wi th a pre e is ion of 1 0% 

!-íolecular weights determined in 7 .5% SDS polyacrylamide 
gels with a precision of 5% 

Human Red~ction 
(e) 

Hur.:e.n 
cquivalent pro ucts 

Molecular weight equivalent 

( d) 

(Fab') 2 µ 
MRl 44,000 Fd'µ 
MR4 23,000 L 

(d) 
MH2 34,000 Fd µ 

Fab µ MR4 23,000 L 

(d) . 
Feµ MR3 27,000 reduced 'Fe µ .. 

Fab1 
(e) DIU. 33,000 Fd¿ 

DR3 22,000 L 

Fe J (e) 
DP2 28,000 . reauced Fe f. . . 

d) Human Ir;M tryptic fragr.¡ents ootained at.37ºC 
Nomcnclature t:or (Fab' ) 2µ and Fub frc,,1 
reí'er. 22 µ 

e) Hum~n IcD tryptic fragrr.ents obtained at 
room ter.1perature 
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DISCUSSION 
JllO\IS'I? 

y 
Diffcrent fragments were releascd from Ic;M.and "IgD" r:iolecules by 

tryptic cleavage 8.nd a considerably higher proteolytic susceptibili ty 

of the "IgD" was observed: in 10 minutes an 80% split at OºC, anda 

complete cleavage at 25ºC were obtained, whereas to cleave Ig;1 , digestion 
s 

for several hours at ;;7ºC was necessary. The tryptic susce~tibility of 

the mouse Ig¡'-1 and "IgD" is 
s 

. (10) 
comparable to that of hu,':'lan IgM ar.d 

IgD(S) respectively and the fragments released have a similar rr:cilecular 

weight in both species (except for the pentameric Fe released fro:::i 

the 19S human IgM, which has a prop_ortiona.11:t hig:;.er molecular weié}'lt). 

- 'Iherefore, the tryptic digestion patterns obtained are thcse expected 

from I¡j-1 and IgD molecules, and are different fro:-:i those of I¡;G, IgA_ 
s 

and IgE molecules (ll, 12 ' 13). It is \'/Orth emphc:.sis:!.ng that ur.der prolcnged 

diees tion condi tions the IgD Fab is partly deg:-a-:led to gi ve a heavr chain 

' fragrr:ent of molecular weisht 15,0QO, which by 2.nalogy wit.~ the data of 

Jefferis for human IgD(S), we assume te be an extended ó-chain VH frag.-::ent. 

remarkably similar profile of tryptic digestioc !'ra.;r::ents frcm human 

IgD and its preslL~ed human counterpart is, therefore, evidence far a 

structural homology. 

Our resul ts emphasise the exceptional susceptibil:!. ty of IgD molecules 

to be cleaved into F~b and Fe fragrnents, and it is reasonable to propose 

that the biochemical properties of the IgD and IgM immunoglobulins are 

related to their respective roles. "rt has been proposed(l4) that 

proteolysis of IgD on the cell occurs after interaction with the antigen 

(Ag) and produces thc exposure on the Fe fragment, of a site nccessary. 

for ccllulo.r triE;gering. · An ·alterna ti ve hypothesis is the.t the Fab-Ag 
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complex liberatcd by the clcavage plays the main role. T-cells could 

recognir;e not only the antie;en on this comple:<, but also the idiotypic 

determinants carried by the Fab· fragment. 'Ihen the effcctor molecule 

( activating or suppressj_ng) eventually proo.uced by the T-cclls \·:ould 

recognise the cells bearing those idiotypes. Tnis allows recognition 

of a cell able to produce a specific antibody not only by its 

~ntibody properties, but also by its antigenic (idiotypic) deter:ninants. 

Such a system must favour the synthesis of antibodies with cross­

reacting idiotypes, even if those molecules are directed to~·;ard 

different determinants of the same antigen, orare not specific far 

the antigen. Caze:1.ave and colle2.zues four2d such ::10:!..ecules i:"1 the 

serurn(lS,l6,l7) and on lymphocytes(lB). It has been suggested(l9,20, 21) 

that IgD and IgM on t.'11e surface of one cell bear the same variable 

regions. It is then conc!;!i vable tha t \·íhile the IgD allo~·;s the production 

ofthe Fab-Ag complex, the IgM maintains the presence on the cell surface 

~ 
of the idiotypes recognised by th~ T-cell factor. 'f."le majar r"ole of 

IgD then vmuld be the elicitation of a regulatory anti-idiotype 

response. 
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LEGEND TO FIGURE 1 

Tryptic productscf mouse surface IgM. Spleen cell suspensions were 

labclled with 1251 by thc lactoperoxidase _Pl'ocedure e.nd the surface 

IgD.was removed by precipitation with rabbit anti-mouse IgD and goat 

o.nti-rabbi t IgG. 1li1e remaining Igi"'1 W<lS di5ested by trypsin (5 hr, 37°C). 

Tryptic pr_oducts were then isolated by specific precipi tation using 

anti-L or H-chain a..~tisera and analysed by polyacrylruuide gel eiectrophores!s. 

Samples were analysed unreduced on 4.5% (N/v) gels (a ande) or reduced 

on 7 .5'/, ( w/v) gels (b, d, e and f). 131 Internal I-labelled ~arkers 

were included ,,:ith the test sample and are indicated en the figure by the 

arrows (A, unreduced mouse IgG, mol.\•:t. 150,000; !3, reduced tré:.nsferrL11 

mcl.wt. 80,000; C, reduced bovine serwn albu.min, mol.,·,t. 68,COO; 

D, reduced creatine phosphokinase, mol.Ht. 40,000; E, reduced hu.r;;an 

myelomaA cha.in, mol.Ht. 24,000; F, reduced cytochro:r.e C, mol.• .. ;t, 12,COO.) 

Other details es in materials and methods. 

a) IgM tryptic produ.cts precipitated at OºC fro:n 200 µl of lysate 
5 1 

{frorn 107 cells), by addition of rabbit anti mousc L chain serum 

(10 µl) and goat anti rabbit Ig seru.~ (100 µ1). 

b) Reduction of the precipitate described in (a). 

e) Ig?-15 tryptic products precipitated at OºC, from 200 µl of lysate, 

by addition of rabbit anti rnouse µ chain seru.~ (10 µ1) and goat 

anti rabbit !g serum (100 µ1). 

d) Reduction of the precipitate described in (e). 

e) Rcduction of the isolated M2 fragment. 

f) Reduction of the isolated M3 fragment. 
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LEGB.ID TO FIGTJHE 2 

Tryptic products of surface "IgD". Procedure as described in Fit.11re 1 

wi th t."1c following modifications; the "IgD" molecules were not ·removed. 

Instcad, the IgM molecules were removed prior to trypsin treatment by 

passage of the radioactive cell lysate throug1 a colwr~ of purified 

anti mouse µ chain antibodies coupled to Sepharose 4B(7). The tryptic 

digestion was performed at 25ºC for 5 hours. Samples were analysed 

unreduced on 4.5% (w/v) gels (a ande) or reduced on 7.5% (w/v) gels 

(b and d). Other details as in Materials and Methods and the legend 

to figure l. 

a) "IgD" tryptic products precipitated at OºC, from 200 µl of lysate 

byadditian of rabbit anti mouse L chain serum (10 µ1) and goat anti 

rabbit Ig serur.i (100 µ1). 

b) Reduction of the precipitate described in (a). 

e) "IgD'.' tryptic pro.ducts precip~ tated at OºC, fro!!'l 200 µl of 

lysate by addi tion of rabbi t ~nti mouse " O " cha.in serw/ 4) 
1, 

(10 µ1) and goat anti rabbit Ig serum (100 µ1). 

-d.) Reduction of the precipitnte described in (e). 



StWHARY 

'lhe two mouse irnmunoglobulin receptors (IgM and Ig.D-like) were individually 

digested by trypsln. Their tryptic susceptibility, and the products 

released, were similar to those of their human counterparts, Evidence for 

a structural homology between hwnan IgD and i ts presumed mouse counterp.r·t 

has been provided by the ;emarkably similar profile of fragments resulting 

from digestion. More definitive homology awaits sequence determination. 

The extreme susceptibility of surface IgD to proteolysis contrasted with 

the resistance of surface IgM, We therefore propase that the wajor role of 

IgD is to release a fragment (FabS) following· exposure to a:itigen and then 

elicit a regulatory anti-idiotype response which acts through recogniticn 

of the protease resistant IgM idioty-pe remaining on the cell surface. 
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Heterogeneity of surface immunoglobulin on murine B lymphocytes 
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Summary. Surface JgM on murine s,P.lenic lympho­
cytes was capped using a rhodamine-toupled anti-µ 
chain system. The cells were then r~acted with a 
polyspecific, fluorescein-coupled anti-mouse im­
munoglobulin (lg) under non-capping conditions. 
A largc number (31-41 per cent of total Ig-bearing 
cells) which gave red caps with anti-11 subsequently 
stained green peripherally with anti-Fab under the 
non-capping conditions. The remainíng stained cells 
were divided between !hose showing only red caps 
(17-29 per cent ofJg-bearing cells) and those showing 
only green rings (37-45 per cent of lg-bearing cells). 
These data are interprcted by assuming that most of 
the staining with the second reagent (fluorescein­
coupled anti-mouse Ig) is due to the presence of 
surface associated JgD. 

INTRODUCTION 

The majority of normal (Knapp, Bolhuis, Rádl and 
Hijmans, 1973; Rowe, Hug, Forni and Pernis, 1973) 
and leukaemic human B lymphocytes (Fu, Winchester 
and Kunkel, 1974; Kubo, Grey and Pirofsky, 1974) 
simultaneously bear both JgM and lgD on their 
surfaces. There are in addition sorne cells which 
appear to be restricted to either lgM or JgD. 

Recently, we (Abney and Parkhouse, 1974) and 
others (Melcher, Vitetta, McWilliams, Lamm, 
Philips-Quagliata and Uhr, 1974; Vitet1a, Melcher, 
McWilliams, Lamm, Philips-Quagliata and Uhr, 

Corre~pondence: Dr R. M. E. Parkhouse, National 
lnstitute for Medica! Research, Mili Hill, London NW7 IAA. 

1975) have provided evidence for the presence of an 
immuQoglobulin similar to IgD on the surface of 
mouse B lymphocytes. By surface labelling of 
splenic lymphocytes with radioactive iodine and 
subseqlient immunochemical procedures, this candi- \ 
date for IgD in the mouse was found to account 
for 40 per cent of thc total recoverable surface 
immunoglobulin. The remainder was JgM, and 
JgG was never found in detectable amounts (Abney 
and Parkhouse, J 974; Melcher et al., 1974; Vitetta 
et al., 1975). An obvious question is the distribution 
of these two immunoglobulin classes on individual 
B lymphocytes. In order to answer the question, in 
the absence of a specific antibody to murine JgD, 
we have based our strategy on the documented 
absence of immunoglobulins other than lgM and 
lgD on the surface of murine B lymphocytes 
(Abney and Parkhouse, 1974; Melcher et al., 1974; 
Vitetta et al., 1975). We are aware that claims have 
been made for the presence of lgG on the surface of 
B lymphocytes in the mouse, but the frequency of 
such cells is low. We do not exclude the possibility of 
very low numbers of lgG-bearing cells, nor the 
presence of very small amounts of surface IgG. 
These possibilities, however, will not influence the 
experimental approach. 

MATERIALS AND METHODS 

Preparation of antisera and fi11oresce11t conjuga tes 
Rabbits were immunized with purified. MOPC 
104E JgM (¡,i.1) (Parkhouse and Askonas, 1969) 
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Fab portion of myeloma protein Adj PC5 
(Knopf, Parkhoust: and Lennox, 1967) as 

1sly described (Parkhouse and Askonas, 
The anti-lgM was absorbed by passage 

1 Sepharose 48-coupled to a 7S fraction of 
mouse serum (Axen. Porath and Ernback, 

On Ouchterlony analysis, the absorbed anti-
104E precipitated MOPC 104E (11l1) and 

183 (11K) IgM proteins, but not MOPC 25 
Adj PC5 (¡,2aK), MOPC 195 (;v2bK) or 
315 (21.2). In order to exclude traces of 

!y activity towards immunoglobulin subunits 
1an µ chains, the absorbed anti-MOPC 104E 
sted by a more sensitive radio immuno­
.ation procedure. Myeloma proteins were 
1 (Hunter and Greenwood, 1962) with 
free 1251 at about 1 µCi/µg. The radioactive 
(5-10 ng) was mixed with the test antiserum 
and after 30 ruin at room temperature, 

1t goat anti-rabbit IgG was added to ensure 
ation of the added rabbit Jg. When this was 
he absorbed anti-MOPC 104E was found to 
ative for reactivity towards IgGl, JgG2a, 
and IgA myeloma proteins. For brevity, this 
1m will henceforth be referred to as anti-µ 
The anti-Fab reagent was polyspecific, 

~ against IgM, JgGl, JgG2a, lgG2b and 
1t not other serum proteins, on Ouchterlony 
;. The JgG fraction of both antisera was 
d, coupled to fluorescein isothiocyanate, and 
.tes with fluorescein: protein ratios of 2-3: 1 
kcted by chromatography on Whatman DE 
,ra and Goldstein, 1965). 
at antiserum specific for rabbit JgG (Park­
.nd Askonas, 1969) was similarly treated to 
l rhodamine conjugate. Rabbit antisera 
for :1., 71, y2a and y2b heavy chains were 

d by injection of purified myelorna proteins, 
i by absorbtion with appropriate myeloma 
; coupled to Sepharose. The sera were 
as monospecific by the criteria described 

tion and staining of ce// suspensions 
cell suspensions from 6-week-old specific 
:n-free, female CBA mice were prepared in 
-buffered saline (Oxoid Ltd) containing 
1 of bovine serum albumin (VBS-BSA) ami 
ng cells were stained and prepared for 
1tion as described by Raff (1970). Cells were 
ed for 20 min at room temperature with 

rabbit anti-µ chain or rabbit anti-Fab, washed 
three times in VBS-BSA, and then suspended in 
purificd, rho<lamine-coupled goat anti-rabbit IgG 
(20 min at room temperature). The two antibody 
layers were used in order to ensure maximum 
capping. Samples were washed and then examined 
<lirectly or transferred to VBS-BSA-0·03 M sodium 
azide-20 per cent (v/v) normal rabbit serum, for 
treatment with purified, fluorescein-coupled-anti-µ 
chain or anti-Fab (20 min at Oº). Aftcr three washes 
with VBS-BSA-0·03 M sodium azide, cells were 
mounted in VBS-BSA-0·03 M sodium azide, and 
examined under ultraviolet light with a Leitz 
Orthoplan research microscope fitted with Ploem 
illumination. At least 60 stained lymphocytes were 
assessed for the presence of rhodamine and a 
fluorescein. Ali reagents were centrifuged 50,000 
g for 60 min) on the day of use. 

RESULTS ANO DISCUSSION 

The experimental design depends on the known fact 
that IgM and lgD cap independently on human 
Jymphocytes (Knapp et al., 1973; Rowe et al., 1973). 
The protocol consisted of first capping JgM using a 
rhodamine-coupled anti-µ chain system and then 
reacting the cells with a polyspecific, fluorescein-

Table l. Het~rogeneity of surface immunoglobulin on 
murine lympho'~ytes 

'l 
1, Red 

cap-green 
Experiment Total cells Cap Green ring ring 

1 240 23 c::i 39 (J7) 4> (41) 
2 717 79 (29) 109 (40) 85 (31) 
3 135 11 (17) 30 (45) 25 (38) 
4 318 38 (27) 51 (37) 49 (35) 

CBA spleen cells were treated with rabbit anti-mouse JI 
chain followed by rhodamine-labelled goat anti-rabbit Jg 
under capping conditions. The cells were then treated with 
fluorescein-labelled rabbit anti-mouse Fab in the cold and in 
the presence of a:zide. Deta ils in the text. 

The figures in parentheses express the number of cells 
observed as a percentage of total stained cells. 

coupled anti-mouse Jg under non-capping conditions. 
Since we assume an absence of immunoglobulin 
other than JgM or IgD, the green rings visuaiized by 
the second reagent must represent TgD moieties on 
the cell surface. To control for capping of ali JgM 
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mokcules in the first step, some cells wcre treated 
with fluoresccin-couplcd anti-µ chain instcad of the 
polyspecific reagent. 

Based on the double-staining protocol outlined 
above, l)'mphocytcs wi:h surfilce lg could be classit1cd 
into three groups (Table 1). A large number (31-41 
per cent of total Ig-bearing cells), which were capped 
wíth anti-µ, subsequently stained peripherally with 
anti-Fab under the non-capping conditions, i.e. 
surface JgM and IgD simultaneously present. The 
remaining stained cells were divided between those 
showing only caps, i.e. surface IgM only (17-29 
per cent of Ig-bearíng cells) and those showing only 
green rings, i.e. surface JgD only (37-45 per cent of 
Ig-bearíng cells). Inspection of the doubly stained 
cells suggested a considerable variation in the 
relative íntensities of the two fluorescent markers, 
suggesting a variation in the lgM to JgD ratio from 
cell to cell. Our assumption that peripheral staining 

1 

with anti-Fab following capping of Jg?vV is dueto the 
presence of lgD, and not JgG, det'erminants is 
reinforced by the high numbers of peripherally 
staincd lymphocytes observed. Also, the results agree 
with our general finding that the numbers of cells 
staining with anti-µ (25-30 per cent total splenic 
lymphocytes) is always Jess than the numbers of cells 
staining with anti-Fab or anti-,c (35--45 per cent 
total splenic lymphocytes). Furthermorc, staining 
wíth specific rabbit antibodies to mouse cr., y1, y2a 
and i'2b heavy chains revealed very few positive cells 
(0·5-1 per cent of splenic Jymphocytes). 

Complete capping of lgM in the first stage was 
evident since fluorescein-Iabelled anti-Jl failed to 
revea! ríng staining after the cells had been treated 
with the anti-µ under capping conditions. 

One possible objection, that the doubled staining 
is due to interaction of the fluorescein-coupled 
anti-Fab reagent with Fe receptors, is ruled out by 
two controls. First, addition of aggregated human 
lgG (5 mg/ml) failed to inhibit the second staining 
.step with fluorescein-Jabelled anti-Fab. Secondly, 
cells capped with anti-Fab and rhodamine-Iabelled 
goat anti-JgG were not subsequently stained with 
the fluorescein-coupled anti-Fab. 

Our findings in the mouse therefore, mirror those 
in the human (Knapp et al., 1973; Rowe et al., 1973). 
In the mouse, there are fewer cells bearing both 
lgM and IgD, with correspondingly higher numbers 
of cells with exclusively JgM or lgD. The biological 
significance of these subpopulations of B lympho­
cytes, although at present obscure, may now be 

revcaled in the mouse system. Certainly in the 
mouse lgM precedes IgD in ontogeny (Abney and 
Parkhouse, 1974; Vitetta et al., 1975), and thus a 
developmental sequence is suggested. The sirnultan­
eous expression in one cell of two heavy chain 
classes sharing the same variable regions (Salsano 
et al., 1974) suggests a copy-choice model for V-C 
gene integration (Williamson, 1971), and establishes 
a precedent for an Ig class switch by lymphoid cells. 
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:ion and characterisation 
iserum to the 
ndidate for immunoglobulin D 
,r mouse B-lymphocyte surface immunoglobulin 
·topic labelling techniques reveals little, if any, 
i. I nstead, the surface Ig consists of monomeric 
in Ig similar in physicochemical pr<1perties to 
y-3• In the absence of sequence comparison 
1man IgD and its assumed mouse counterpart, 
1ent is tentative. With this proviso, however, and 
:e 0f clarity in presentation, we refer to this 
bulin as IgD. During development, !gM-bearing 
e first to arise and the ratio of IgM-lgD deter­
labelled adult lymphocytes is higher in the spleen 

1ph nodes or Peyer's patches1-•. These fmdings, 
ve the total yield of the two Ig classes and not 
ution on individual lymphocytes. On the basis of 
of immunoglobulins other than IgM or lgD on 
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the surface of B lymphocytes, wc indicatcrl the prcsence ·or 
cells bearing lgM or lgD, or JgM and !gD in mouse splcen 
cell suspensionsº·". In these experiments, IgM was first 
capped with rhodamine-labellctl anti-µ and subsequcnt ring 
staining with fluorescein-labelled anti-Fab in thc presence 
of sodium azide was takt:n as evidence for the pre,encc of 
lgD. We report here the preparation of an antibody specific 
for mouse IgD, and its use in the characterisation of mouse 
B-lymphocyte surface lg. 

Plasma cell membranes were prepared from the spleens 
of 1,750 BALB/c mice (wet weight 160 g) to yield 130 mg 
of protein. The memhranes were dissolve<l in 25 mi of 
phosphate-huffemi saiine (PBSJ containing 1 % (w/v) 
Nonidet P-40 and 1 mM phenylmethylsulphonyl fluoride, 
centrifuged at 103g for 3 h, and then passed successively 
through three columns of Sepharose 4B: (1) normal rabbit 
Ig (6.0 mg)-Sepharose (3.0 mi); (2) rabbit anti-mouse µ 
(3.6 mg)-Sepharose (1.8 ml); (3) rabbit anti-mouse Fab 
(5 mg)-Sepharose (2.5 mi). The rabbit anti-mouse µ was 
prepared by applying a specific rabbit anti-µ serum to lgM 
(A1) (MOPC 104E)-Sepharose, and then eluting the anti­
body with molar acetic acid. Anti-Fab was prepared 
similarly and was a mixture of the following acid e!uates : 
rabbit anti-whole IgG1(K)(MPC 21) retained by IgG~a(K) 
(Adj PC5)-Sepharose, rabbit anti-whole IgG~,(K)(Adj PC5) 
retained by lgG1(K)(MPC 21)-Sepharose and rahbit anti­
whole IgM(K)(TEPC 183) retained by IgG~a(K)(Adj PC5)­
Sepharose. Purified antibody was coupled to Sepharose' to 
give high capacity immunoabsorbants. After passage of the 
sample, the colurnns were .washed with pho~phate-bufft:red 
satine (PBS), eñrnlsified in complete Freun<l's adjuvant and 
injected into rabbits•. Each column was divided between two 
rabbits. Serum from a rabbit receiving the third column, 
the anti-Fab, was passed over lgGta(K)(Adj PC5)­
Sepharose and then IgM(K)(TEPC 183)-Sepharose. The 
absorbed serum was tested by radioimmunoassay• and found 
to be unreactive with 125l-Iabelled IgM(K)(TEPC 183), 
lgM(~1)(MOPC 104E), IgA(r.d(MOPC 315), lgG1(K)(MPC 
21), IgG~iK)(Adj PC5), IgG~b(K)(MOPC 195), lgG3(FLOPC 
21), X:¡ chains (RPC 20), K chain (MOPC 41) and mouse 
a~-ma~roglobulin. The radioimmunoassay will detect less 
than l µg of antibody in l mi of serum. 

When used in conjunction with rhodamine-lahelkd goat 
anti-rabbit Ig (ref. 10), the absorbed antiserum stained11 

Fig. 1 Surface immunoglobulin of murine splenic lymphocytes. 
Spleen cell suspensions of 3-6-month-old, specific pathogen­
free, female CBA mice were labelled with 125I by the lactoper­
oxidase-catalysed procedure18, washed once in ice-cold PBS 
and then lysed for 10 min at O ce in 1 % (w/v) Nonidet P-40 in 
PBS containing .1 mM phenylmethylsulphonyl fluorille and 
100 mM recrystallised iodoacetamide. The ccntrifugcd lysate 
(30,000g x 15 min) was passed over Sephadex G-25 equilibrated 
with the solution used for lysis of the cells. Labelled IgD was 
precipitated at O "C by addition of rabbit antibody (10 µl) anda 
goat anti-rabbit Ig (100 µI). The precipitate was removed by 
precipitation and the supernatant was further reacied with 
rabbit anti-mouse µ chain (10 µ!) and goal anti-rabliit lgG 
(100 ~tl). Both precipitates were washcd three times with ice 
cold 0.5 1~ (w/v) Noniuet P-40 in PBS, once with 50 mM sodium 
phosphatc, pH 7.0, and then dissolved in 50 mM sodiurn rhos­
phate, pH 7.0, containing :! % (w:'v) sodium dodecyl sulphate 
(SDS) and 1 mM dithiothr.:itol. The prccipitates werc h.:ated 
at 100 ºC for JO min, and then iodoacctamide was added to 
100 mM. Interna! 131l-labelled19 markcrs wcre added lO the 
labelled cell surface Jg samples, which were then rcsohed by 
SDS-polyacrylamide gel elc:ctrophoresis1• After electrophoresis 
the gels wcre sliced into 1-mm segments and radioacti\ ity was 
determined. Valucs wcre corrected for cross-channel spill and 
plottect with ti,c ll)n of the ~·:1 on ,:-,e lcft h::uv:I side ,,f tl~e f~ur·.:. 
Rcduced ccll surfa~e lg precipitated with the anci-lgü (a añct e) 
and snbscquently anti-µ (b and d) \,ere clectrophlm~sed on 7 .5 ~'~ 
(a and b) and 4.2 ~~ (e and d) polyacrylamide gds. ----. 1 ~·;1 
incorporated into cell surface lg: .... , m1-l:1bellcd intanal 

markcr. 



Tahk 1 Frcquency or lg\1 and lgD-bcaring cclb in rnouse lymphoid tis~ue 

Single staining Doublt: staining 
Organ Anti-lg Anti-~1 Anti-o ~l p+o o 

Peripheral nodcs 14.9 .U I0.5 0.7 ! .5 8.1 
l\kscn1eric nodes 14.4 4.1 10.5 1.1 1.8 7.2 
Pe~c:r"s p;11chcs 23.l 8.5 26.8 1.6 8.5 19.3 
Spleen 35.6 19.1 23.8 .12.1 13.8 12.6 

2 Pcripheral noJes 15.6 3.1 9.1 0.5 2.7 11.1 
i\ ksenteric nodcs 14.7 3.6 12.6 o.s 2.8 11.6 
P.:~c:r"s patches 23.2 9.4 22.5 0.8 8.2 14.0 
Spken 32.2 17.8 25.9 8.7 11.9 14.3 

nsit,ns ,,ere prep:ired from 7-month-old, spccitk patlll)gen-free, femalc CBA mice by leasing the organs with ,eronal-buffereJ 
l), c,intaining bm ine scrnm albumin ( 1 mg ml- 1) (VBS-RSA). and the living cclls ·,,ere stained anJ prepared for C\ilmin:.tion as 
IL'.P'. P.:riphc1·;tf node,; ..:,,lkcted 11~r.: superficial ccn'il:als. a\ilbr~. brachi:tl an,l inguinal. For single st:1ining !he cclls 11 crc in.:u­
min at room temperature 11ith rabbit anuserum, wash.:d thre.: times II ith VBS-13S,-\ :rnd 1h.:n su~p.:nded ir; rh0da111ine-iabcikd 

,bit !gG (20 min, room temperature). Samples were washed, and then mounted in 50~-~ (11, v) glyc.:rol in (PBSJ-0.03 M sodium 
)uble siaining, ce!I, were trcated wilh anti-mouse ígD and tluorc,cein-!abelkd goat anti-rabbit ígG as described above. The two 
'i.'i,Cn..ia.l to ensure capping of ali the lgD positive cells. The cclls were then incubatcd in the cold for 20 min with rhodamine-bbellcd 
,ouse µ ~·hain and 11·ith sodium azide at O.OJ M. After washing with coltl VBS-BSA-0.0J M sodium azide 1he ccll; 1\erc mounted 
d undcr ullr.11-iolel light 11ith a Lei1z Onhoplan rcsearch microscopc tittcd wi1h Ploem illumina1ion. At Icast 500 lymphocvtes 
J for staining and the results are gi,·en as percentages of total ly111phoid c.:lls obsen·ed. AII reagents were centrifuged (50,0ÓOg 
ne day uf use. On the basis of the double siainin~ protocol, lymphocyl.:s could be classitied into three gr0ups, those with grce~ 
~i:i,e). those 11ith peripheral red staining (!g~1 pos1t1\'e) and those with green caps and red rings (lg\l and lgD positi,e). The rnbbit 
~ 11:is prepared by i111111unisation of rabbits with the Fab port1on of 111ydoma protein Adj PC5 ( y2aK> (rcf. 20) as Jescribed before• 
s¡,ecitic. reacting against lg'.'vl, lgG ,. lgG 2 ,. lgG2b• lgG :1 and lgA (but not other serum proieins) on Ouchterlony analysis. R:ibbit 
ch:iin 11as prepared by imrnunisation 1\ith myeloma protein !'VIOPC 104E (µ).,)!' and absorbing the scrum with a 7S fraction of 
e serum coupkd to S.:pharose 4-B. The resulting scrum prccipitatcd lgM on Ouchterlony analysis. but did not reac1 with any other 
ss II hcn tested by radioi111111unoassay :igainst 12'·1-labellt:d immun,lglobulins (see the te\t and ref. 5). Preparation of rabbit anti­
dc;.:ribed in 1he text. Fluorochrome conjuga1es were prepured us1ng DEAE-puritied lg fractions. and conjugates \\Ílh fluorochromc: 
; of 1.5-2.5 were selected by chromatography on DEAE1º. 

of CBA strain splecn cells, but not thymocytes 
C:'iiBL. DBA 2. C3H, AKR anti B . .\LB c mice. 
. the antiserum was also negati\'e for peripheral 
>ared by the nylon wool method1z. 

e\;duati::d the antiscrum b,· tcsting with "'T­
·lled ~pleen cells as describcd- befare'~ and found 
precipitated corresponded to lgD (Fig. la, ref5 

ilar rrofile re~ulted when 100 µ1 of normal mouse 
incubated with 10 µI of the rabbit antiserum (30 
1emperature) h.:fore additi::m of thc rndioacti,·e 
.is circulating lgD is likely to be present in \'ery 
nts in the mouse. Reco\ery of lgM was possible 
.1pernatant of the first precipitation by addition 

•Fiiz. 1 bl. Thc radioacti\'e material \\ hich runs 
after the µ and o chains also occurs in non­

'.cirit:ites. Furthermore. the higher molecular 
erial largely Jisappears when kss con~entrnted 
1ide gels are used (Fig. le and d), and thus rnay 
ri aggregation artefact. The disad\'antage of the 
trated polyacrylamide gels is that there is no 
,etween the µ and o chains. \Vhen unreduced 
cell surface lg were electrophoresed on 4.2% 
cr~ la mide gels, the material then coincided with 
!-linked 7S lg\[ interna] markcr'. 

-1sis of these results. we were therefore confident 
1ti~erum was specific for rnouse IgD, and thus 
;tudies using fluorescent reagents prepared by 
Jmatography1º to stain li\'e ce1ls11 • \Vith 1-2-
8 . .\ rnc1u,c splcnocytes. wc were unahle to find 
numbers of cells reacting with the anti-lgD, 
i-mouse Jl chain re,·calcd 8-14% of the cells as 
lls he.iring lgD were, howe\'er, readily apparent 
1, of 6-\\eek-old micc (-20~{, total lymphocytes). 

of the anti\erum with foetal li\'a cells 
~lh per ml of ~erum) did not remol'e its capacity 
th \pleen ccll~. whcn:as ahsorption II ith adult 
did ( 1.9 x J()'" cclls per mi of serum). The finding 
,r(..:-:dcs 1 gD in ontogeny"' is therdore con-

detamined thc distrihution of Tg"t\:f and lgD on 
; frnm n1riou~ lymphoid organs (Table 1 ). Single 

staining was done by the indirect proceclure. Double stain­
ing was achie\'ed by capping TgD with a fluorcscein-labelled 
system followed by staining for Ig1[ with a rhoJamine­
lahelled rahhit anti-mouse µ chain under non-capping 
conJitions. From the single staining re~ults it is immediately 
clear that TgD constitutes the ma.ior cell surface immuno­
globulin of lymph nodes and Peyer's patches. as would be 
sug~csted by hiochemical im·e~tigations1-4. Douhle staining 
of lymphocytcs from thesc organs not surprisingly revealed 
rnost :ºf the Tg-positi\'e cells as having only TgD, altho't1gh 
sorne 'doubles (Tg}.I and lgD) and occasional cclls posith-e 
for Tg~1 alone were also prcsent. In the spleen, however, 
ali thtee categories of cells were reprcsented in similar 
proportions. 

Our findings in the mouse therefore mirror those in the 
humanu.H In the rnouse. there are fewer cells hearing both 
lg7\·I and lgD, with curr6pomlingly highi:r nltmbers 0f cells 
with exclusively lgM or lgD. These stu<lies in the human. 
however, have been rnade with peripheral blood and so the 
comparison is not necessarily valid. The biological 
significance of these subpopulations of B cells should now 
be open to investigation. Since lg\1 precedes lgD in 
ontogeny, we · farnur the idea that in B-lymphocyte 
maturation there is difkrentiation from cells expressing 
only lgM to those expressing only IgD (ref. 5). An inter\'en­
ing cell type expresses both Ig classes. Thus the 'B lympho­
cytes of lymph nodes and Peyer·:s patches would in the rnain 
con~titute a more mature population. possibly enrichcd 
\\ith memory cell~ and prccurs0r, of cells de,ti¡,,:J tt.' 
secrete IgG and lgA. The finding that lgA precursor cells 
of rabhit Peycr·s patchcs are lg:\I anJ IgA ncgati\·c, but 
ccrtainly do have surface immunoglobulin", suggests that 
thcse cclls bear the rahhic cquivalcnt of TgD 

Thc simultaneous cxpression of two lg dasses lin thc 
ccll suríacc has implications for '·switch"' and V.-C !.!ene 
intcgration mechanisms. For examplc. the two .:-nn;tant 
region genes for µ. and b chnin, are kmmn to share thc 
samc 1 · rcgiun'', and if tlli~ rdkct~ 1h..: simult,t;i..'uu, 
prcsence of two intc~rate<l genes (that is l"f/--Cµ. an-l 1"11-
Co). thcn a copy-choici:: mcchanism for 1 ·-c gcne integrn­
tiún" is suggcstcd. 
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lmmunoglobulin M receptors on memory cells of 
immun9globl"lin G antibody-forming cell clones 

stitute for Medica! Research, 
The memory cells of two antibody-forming cell clones had receptors of the 
IgM class, even though the dones had been producing IgG 1 or lgG 23 anti-2 ,4-
dinitrophenyl antibodies for 9- 15 months previously ( on exposure to antigen). 
Thus a phenotypic switch in heavy chain constant region evidently occurred 
a/ter re-exposure of these memory cells to antigen. 

To show that, we first removed the clona! cells' surface immunoglobulins by 
"capping" and "stripping", with class- or subclass-specific antisera. Then, to 
assay their remaining receptor activity, the ceUs were incubated with antigen 
in vitro, washed and transferred (together with carrier-primed cells) to irra­
diated recipients, and their antibody responses to this in vitro boost were 
assayed by isoelectric focusing. Pretreatment with anti-µ serum, as well as 
with anti-Fab(K), prevented the responses of the lgG 1 and lgG2a clones to 
an in vitro boost, while anti-r 1, and anti-r2a antisera had no effect. An anti­
serum to the putative mouse lgD also had no effect. The anti-µ serum failed 
to react with the lgG 1 and lgG23 clona! serum antibodies in the test tube. 
Sorne other contaminating clones were suppressed completely only by the 
anti-Fab serum. 

This result strongly suggests that switching in class commitment may occur 
during the differentiation of memory cells to antibody producers, and may 
therefore be antigen-dependent. It also implies that sorne apparently naive 
cells with surface lgM may, in reality, be B memory cells. 

.ion 

y, ontogeny and in the development of single B 
here is very frequently (or perhaps always) a 
early production of lgM to the later production 
s of other classes such as lgG or lgA ([ 1-7], re­
, 9]). However, in the vast majority of cases, 
,nly secrete antibodies of one class at any one 
O]). Hence, though the precursors of these cells 
, be uncommitted with respect to heavy chain 
y must subsequently become restricted to the 
im:-nunoglobulin of a single class. 

inding of a relatively high proportion of B cells 
l\1 and IgD on their surface strengthens this evi­
tching in the class, and therefore of the constant 
e immunoglobulin product. Moreover, such cells 

[I 1382] 

css: Unidad de Biología Experimental, Facultad de 
.A.~1., C.U., Apdo. Postal 70343, Mexico 20, D.F., 

:e: Nicholas Willcox, Depart!llent of Anatomy, Medica! 
niversity, Newcastle upon Tyne NEl 7RU, GB 

: ABC: Antigen-binding capacity B cell: Bone marrow­
ocyte BSA: Bovine serum albumin DIP-DNP-lys: 
o-4-hydroxyphenacet y l)-E-N-(2,4-dinitro phcny 1)-L-
: 2.4-Dinitrofluorobenzcnc DNP: 2,4-Dinitrophcnyl 
ic mean HOP-DNP-lys: o:-N-(4-Hydroxyphenacctyl)-E­
ph·.cn:;!)-!.-lysine !ISA: llur.ian scrum albumin IEF: 
u,ing i.p.: lntr:sp.:rironcally l.n.: Lymph nodc LPS: 
.aridc OVA: Hen cgg ovalbumin PBS: Phosphalc 
i SD: Standard dt'viation SRBC: Sheep retl blood cell(s) 
5-processed lymphot:}1~ tet. tox.: Tctanus toxoid 
f ~¿rum 

occur in the mouse* [ 1 1, 12] as well as in man (e.g. [ 13-15 ], 
reviewed in [ 16]). However, there is probably no concomitant 
switching in the variable region, since the lgM and lgD appear 
to share the same idiotype [ 17] and combining specificity [ 18]. 
Earlier work on rabbit idiotypes [2] and on patients with 
double myelomata [3) likewise showed that the same variable 
region's might be shared between immunoglobulins of different 

classes,J 

I 

The lgD-bearing cells appear relatively late in development 
[l 1, 19] and therefore do not seem to be primitive B cell 
progenitors. Their high frequency contrasts sharply wirh the 
low incidence of cells bearing surf..lce IgG and is grossly out 
of proportion with. the relative serum concentrations of IgG 
and lgD. Furthermore, estimates of the frequency of surface 
lgG-bearing cells have recently decreased to about 5 % or less 
owing to technical refinements (e.g. [20, 21 ]). Most B cells 
can, in fact, be assigned to one of three populations of rough­
ly equal size (in mouse spleen) which have either lgM, or 
lgD, or both, on their surfaces [22, 23]. Ali these considera­
tions have led to speculation that the precursors of some (or 
ali) of the lgG-producing cells may have JgD receptors, and 
may ultimately originate from lgM-bearing cells. 

An obvious question, therefore, is the position of B memory 
cclls along thcse pathways of differcntiation: in other words, 
what is the heavy chain class of their reccptors for antigen? 
A convenient means of exploring that is the selected anribody­
forming cell cloning system of Askonas, Willi:imson anJ Wright 

"Thc mous~ c:mdidatc for !gD rcs•'mb'.·:, its lmmln ~'-'linter~::rt in 
hcavy t:hain molecular weight, mark,•d su~ceptibility to prot:olysis 
anda selcctivc location on B lymphocytcs [11, t:!J but, in the ab­
scnce of scqucncc cornpari;;ons with J111rr:an lgD, the assignmenl is 
provisional. Neverthelcss, for brcvity, wc sh:111 r.:frr to this mousc 
immunoglobulin as lgD. 
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,u.:h "clones" can be propagated in vivo and can be iden­
'.)y ;he ch~:-acterdic boelec1 ric spcct;·;,: (''s¡:,~ctrotypc~") 
r antibody products. They have the advantage that they 
;e the same antibody species over many months (in re-
to antigen) - which contrasts sharply with the hetero­

.¡ and variability of conventional responses. Also, muta­
o yield variant products must be rare, if they occur at 
. h;1ve studied the receptors of such cloned cell popula­
,y measuring the responses elicited by brief exposure 
cclls to amigen in 1•itro - the in i·itro boosting system 

'1 by Mitchison [25). The cells make antibodies after 
g and transfer to irradiated recipients. Preincubation 

-1ti-Ig antisera, either in the cold [25, 26 J or under capping 
ions(this paper), blocks this response, and we now report 
of such experiments on clones using appropriate class-
; antisera. We. have used the "capping" and "stripping" 
[27) because receptors of a given.class can be selec­

·emoved with mínima! nonspecific effects on antigen 
t by other receptors. 

~rials and methods 

Jimals, immunization and irradiation 

. CBA/Ca mice, bred under specific pathogen-free con­
' were used throughout at 4-6 months of age. Carrier-
donors were irnmunized with 7 Lf. alum-precipitated 
toxoid (tet. tox.), boosted four weeks la ter with O. 7 Lf. 
s tet. tox., and used 1-3 months Iater. Recipients were 
ed with 600 r from a 6°Co source. 

tigens, iodinations 

-1 tet. tox. was kindly provided by P.A. {(night, Well­
.aboratories, Beckenham, Kent, and was dinitrophenyl­
the method of Benacerraf and Levine [28), but using 

'trofluorobenzene {DNFB), to yield a preparation with 
(2,4-dinitrophenyl) groups per 140 000 Daltons. 

-Hydroxyphenacetyl)-e-N-(2,4-dinitrophenyl)-L-lysine 
tNP-lys) was provided by Dr. P.C. Montgomery and 
thesized as described in [29). lodinations were per­
by the method of Hunter and Greenwood [30). 

ti-immunoglobulin antisera 

paration of specific rabbit anti-mouse lg, and goat 
bit Jg antisera has been described previously [22). In 
1e anti-mouse µ-chain serum was raised against purified 
· 04 E lgM (A) myeloma protein [3 I ], was absorbed 
~ mouse Ig coupled to Sepharose 4B, and wa~ found 
inreactive with lgG 1, lgG2a, IgG2b, JgG 3 and IgA mye­
oteins, in a sensitive radioimmunoassay. The anti-Fab 
m (raised against an lgG2a (K) protein) precipitated 
ese proteins including lgM. The subclass-specific anti-
·e raised against mouse myeloma proteins, and ab~orbed 
oluble myeloma proteins of different classes and sub-

•,md their specificity was confirmed by radioimmuno­
•he prep1ration and characterization of the spccific 
1ti-mouse ó-chain antiserum has also been described in 
.3 ]. 

-human serum albumin (HSA) antiserum was kindly 
-1 by Dr. J.H. Humphrey, and had been raised by im-
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munizing rabbits with three injections of 12.5 mg purified 
HSA in Freuncl's complete adjuvant. Ali a.ntisera wen: thus 
preparcd using the same adjuvant, and befare use ali were 
absorbed thrice with I 08 normal mouse thymocytes per mi 
of serum . 

Sorne of the anti-µ antiserum was absorbed by passage over 
a column of purified MOPC I 04 E myeloma protein coupled 
to Sepharose 4B. An IgG fraction of the goat anti-rabbit IgG 
serum \\•as couph:d with tetramethylrhodamine isoilüocyanate, 
anda conjugate with a rhodamine-to-protein ratio of 2: I was 
selected [32). · 

2.4. Antibody assays 

Farr títrations were performed as described by Mitchíson [33), 
using the radiolabeled DNP hapten D125 IP-DNP-Iys at 10-8 M. 

Antigen-binding capacities were calculated as in [33 J. Isoelec­
tric focusing {IEF) was done as described by Williamson [34 ], 
using D131 IP-DNP-lys to overlay the gels befare they were 
washed and autoradiographed. 

Far the indirect precipitation assays (Section 3.3.1.), 50 µI 
1251-labeled DNP 17 BSA {bovine serum albumin) at 2 µCi/µg, 
diluted to 0.5 µg/ml in 1 % (w/v) BSA in phosphate buffered 
saline (PBS), was incubated with 2-5 µI of test clona! serum 
at 37 ºC far 30 min. Then enough class-specific rabbit anti­
mouse lg serum was added to give maximal binding and in­
cubated at 37 ºC for 30 min. Soluble immune complexes 
were then precípitated with polyspecific goat anti-rabbit 
lg serum for 30 min at 37 ºC followed by 1 h at 4 ºC. The 
precipitates and supernatants were counted after centrifuga­
tion, and the percentage precipitation determined. 

2.S. Cell transfer experiments 

2.S.l. The SA clones 

Toe origin of this clona! cell line was described by Klaus and 
Willcox [35). In the present work, donors from the positive 
control groups in the experiments described in Sections 3.4. 
and 3.5. of[35] were used 9-15 months after the clone was 
originally raised. They had been immunized exclusively with 
DNP-hen egg ovalbumin (OVA) and were boosted 4-8 weeks 
befare use. 

This "clone" was not homogeneous. The subclasses of the 
three main spectrotypes seen on IEF were determined by the 
method of Phillips and Dresser [36]; IEF gels were overlayed 
with DNP-sensitized SRBC and subclass-specific developing 
anti-Ig sera (kindly provided by Dr. D.W. Dresser [37]) and 
complement were subsequently added. lt was clear (Fig. l) 
that the very acidic spectrotype was lgG 1, the adjacent one 
was lgG2a, and the antibodies with high isoelectric points 
were predominantly lgG 23• These will henceforward be called 
the "lgG 1 ", "IgG2a" and "alk.aline" spectrotypes, respectively. 
The alkaline spectrotypes focused poorly, even when the mo:.t 
alkaline gradients were used, and were probably heterogeneous . 
They appeared to represent large amounts of low-affinity 
antibodies and only appeared in response to antigen: they 
were therefore neither "background" antibodies nor artefacts 
dueto hapten binding by hemoglobin. 
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-~H 8-0 

-pH 6·0 

:-PH 5·7 

(a) (b) (e) (d) 
anti- anti- anti- anti-

Fab l9G1 lgG2a l9G2b 

ermination of subclasses of 5A component clonal anti­
:tion by overlay of IEF gels with haptenated SRBC, fol­
class-specific developing antisera and complement. 

-le same clona! serum were focused in parallel on five 
gels (pH 5-9), which were then overlaid with DNP-Fab­
BC, and developed by adding various subclass-specific 
umented in [37]) and cornplement. On a control plate, 
-ieveloping serum, there was no lysis. The anti-Fab serum 
1 lgG ¡ and IgG2a antibodies. Antisera were kindly pro­
,D,\V. Dresser. The weak bands apparently devdoped by 
e probably artefactual, as nonnal serum may yicld similar 

'ng and stripping with anti-Ig sera [27] 

en cell suspensions from clonal cell donors 
:lis/mi) were incubated for 20 min at room tem­
h r.1bbit anti-mouse Ig antisera uf vario us spc:-:i-

•0-150 µg of antibody* /mi) in HEPES-buffered 
um containing S % fetal calf serum (FCS). They 
ashed twice and incubated for 2 h at 37 ºC so as 
mal shedding or endocytosis of capped surface 
were then pe!leted, washed once, cooled in an 
counted. They were then adjusted to the same" 

ration. Viabilities were also checked and were 
! 90 %. Samples were taken befare and after the 
ition and stained with rhodamine-conjugated goat 
y to rabbit lgG (38), to confirm the absence of 

ation with antigen 

ells ( 1 O x 106 - 50 x 106 ce!ls/ml) were next in-
1 D\'P-tet. tox. (20 µg/ml) for one h at 4 ºC in 
199 medium. They wcre then washed twice, 

.vashed splecn cells from mice immunizecl with 
x l 06/r~dpicnt), :mct tr:msforred i.p. to recipicnts 

:eption was the anti-ó. antiscrum which, for obvious 
no, be titrated in this way. 

which had becn irraciated with 600 r 6 hin advance. The 
doses of clonal cells are given in the table or figure legends. 

In previous work the cell type responsible for tr:msferring 
responsiveness after binding the antigen was shown to be the 
B cell, since it was dcpleted neither by anti-0 serum and com­
plement, nor by cotton wool columns, nor by carbonyl iron 
[39]. The proportion of dead cells in the suspensions :.ilso 
made very little difference, although much of the bound 
antigen is ondead cells [40]. 

3. Results 

3.1. Experimental protocol: the in vitro boosting system 

In ali experiments, spleen cells from clone-bearing mice (pre­
viously immunized exclusively with DNP-OV A) were pre­
treatecl with class-specific anti-lg sera under conditions pre­
viously found to give maximal capping and subsequent clear­
ing of surface lg, and minimal secondary effects on antigen 
binding. They were then washed and incubated in the .;old 
with DNP-tet. tox. and, after further washing, were mixed 
with tet. tox.-primed spleen cells (not incubated with anti­
gen), and transferred i.p. to irradiated recipients, which were 
bled subsequently. Thc clona! anti-DNP antibody responses 
to the antigen bound in ~·itro were measured by IEF and Farr 
mcthods (Section 2.4.). The carrier chosen was tet. tox. rather 
than OVA, in order to restrict binding to DNP-specific cells 
and minímize any potential attachmcnt to OVA-reactive ones. 

3.2.1. Effect of anti-µ serum on clona! receptors 

Exposure to antigen in vitro boosted the IgG 1 and the 
"alkaline" clones efficiently, while the lgG2a clone responded 
less vi!íorously (Table 1, Fig. 2). These responses were not 
affected by pretreatment with anti-HSA serum, whereas poly­
specific anti-Fab serum greatly suppressed the responses of all 
three clones. The effects of specific anti-µ serum were striking: 
therc w1s 1n almost complete suppression of the IgG 1 :md 
probably also of the lgG2a clones, but only a partial inhibition 
of the alkaline ones. 

The titers of anti-DNP antibody correlated well with the IEF 
patterns (Table 1 ). The overall suppression after treatment 
with anti-µ serum·was about ten-fold, but the effcct on the 
lgG 1 clone was still greater: if we compare undiluted sera in 
this group with sera of the positive control groups diluted 1: 7, 
there is still a Jarge difference in hapten-binding intensity on 
IEF (see Fig. 2). Evidently there was a selective effect of the 
anti-µ serum on the lgG 1 clone. 

These antisera almost certainly actcd by blocking or removing 
receptors, and not by crudely killing B celJ3; when the reci­
pients in this experiment were boosted with antigcn in 1•ivo 
on day 20, the anti-lg and anti-µ pretreatcd groups responded 
even bettcr than the controls initially given no antigen at ali 
(group 5, Table 1). This confirms that the antisera cannot 
have killcd ali thc clona! cclls. It also suggests that the antigen 
in vitru may have given a very limitcd stimulu, even Lu ril¿ 
anti-lg pretreated cdls, as thesc eventua!ly responded more 
strongly than group 5. In other words, the blo.:kaJe may nor 
have bt:t!n complete. 
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Figure 2. Blockadc of clona! receptor~ with anti-µ and 
anti-Fab antisera. IEF patten:is of anti-DNP antibodies 

• • • • • 

of 18-day sera of recipients in the experiment summa­
rized in Table l. Individual sera were loaded, in the ar­
rowed positions, at the dilutions shown (undiluted or 

eatment áµ c1Fab 

!rumdil~ 1L 1 
1,. 

7 "' 1 
1, 

1 
1,. 

7 
Group 6 1 2 3 4 

,nal~ls 
-0- -'í} "Ír ...¡")o. :'Ír l.n. spleen 

x1 2•5 2·5 

fockade of clonal rcceptors with anti-µand anti-Fab antiscraa) 

) 

1/7) on pH 4-8 gels. After focusing, the gels were over­
!aid with D131IP-DNP-lys, washcd, and autoradiographed, 
to revea\ anti-DNP antibodies. Protocol and group num­
bers same as in Table l. O:HSA, 0tµ, etc. rcfcrs to pretreat­
ment of clona! cells with anti-HSA, anti-µ sera, etc. 1.n. = 
Iymph node cells; spleen = spleen cells - both from clonal 
donors; M = marker serum from 3rd transfer generation 
clone·bearing mouse. 

Clonal cells 
(2.5 X 106) 

Pretreatment Antigen ¡ Anti-DNP antibody responses 
1Day 10 ABCb) Day 27 ABCb) Day 34 IEfc) in vitro 
GM ci SD) GM (~ SD) no. positive/total 

Splecn + 39.2 (1.2) .590 (1.65) 4/4 
Spleen anti-HSA + 63.7 (1.7) 473 (2.8) 3/4 
Spleen anti-µ + 4.7 (1.35) 99.5 (1.5) 4/4 
Spleen anti-Fab + 0.8 (1.9) 46.6 (2.2) 4/4 
Spleen 0.14 (1.7) 16.6 (1.75) 3/5 

Lymph node + 7.9 (2.6) 419 (3.9) 3/3 
Lymphnode 0.1 (1.0) 16.9 (2.1) 3/4 

n lymph nodc ccll suspcnsions from third transfer gcneration clona! donors were preincubated with the appropriate 
under capping conditions, washed, and then incubated at 37 "C for 2 h (see Section 2.). They were then washed and 

ed at 4 "C with 20 µg/ml DNP4tet.tox. for 1 h, and washed again. They were then mixed with spleen cells from tet.tox­
mice (107 /recipient) and transferred i.p. to irradiated mice, which were bled on days 10 and 19. They were boosted with 
Jeous DNP-tet.tox. on day 20, and bled again, 4 mice/group. Same group numbers as in Fig. 2. 
recipients' sera measured in Farr assay vs. 012.~IP-DNP-!ys.ABC expressed as mM/ml x 10-s. GM (1 standard deviation}. 
· of mice/total in group showing IgG1 and IgG23 clones on IEF. · 

-1e strong lgG 1 clona! response of the lymph node 
e in vitro boost (Fig. 2, Table l) makes it unli.kely 
)phages were playing an essential role in binding 
n in vitro, since such cell suspensions contain low 
,f macrophages (see also Section 2.5.3.). 

•k of effect of subclass-specific antisera 

d experiment, additional batches of cells were pre­
with anti-r 1 and anti-r2a antisera. In this case, 
mly the polyspecific anti-Fab and the anti-µ sera 
:hile the anti-r 1 and anti-'Y2a sera had no effect 
,.e lgG 1 clone (Fig. 3A). Again, the effect of the 
selectively on the IgG 1 and lgG 23 clones, whereas 
: polyspecific anti-Fab was umelective. In this ex­
the contribution of the "alkaline" clones to the 
,n~e was so great that only the anti-Fab serum af­
Farr titers (data not shown). ~·he anti-µ serum re-

11 only marginally - which confirms its selective 
:he lgG 1 and lgG 23 clones. 

Separate aliquots of the anti-µ and anti-Fab pretreated cells 
were allowed to resynthesize their receptors in l•ivo before 
they were exposed to antigen; antigen challenge was delayed 
until two days after transfer in these groups. As expected, 
neither the anti-µ nor the anti-Fab had any effect in this situa­
tion (Fig. 3B), confirming that the antisera were not simply 
kílling ali the cells. As a further confirmation of the specificity 
of action of the anti-µ serum, sorne of it was absorbed on an 
lgM Sepharose column; after that it no longer blocked the 
lgG 1 clona! response significantly (Fig. 3A). This was also 
ronfirmed in the next experiment. 

3.2.3. Repeat experiment 

A third experiment confirmetl the above findings, in that 
anti-µ serum again seleclively blocked the JgG 1 and lgG 23 

clona! responses to an in vitro boost, and the anti-Fab im­
partially inhibited ali the clones. The subclass-specific anti­
sera, and t!:e anti-µ serum absorbed with lgM, again had no 
effect. Also, the anti-µ and anti-Fab pretreatment had no ef-
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ockade of clona! receptor~ with anti-Ig antisera. IEF patterns of anti-DNP antibodies of 25-day sera of recipients of 
1ent described in Section 3.2.2. Sera all loadcd undiluted. Focusing and dcvelopment as in Fig. 2. Protocol in prin­
·able 1: clona! spleen cell suspensions (5 x 106 cells/mouse) from third and fourth transfer generation donors were 
vith the indicated anti-lg antisera. They were then incubatcd with 20 µg/ml DNP-tet.tox. (part A) or with medium 
B), washed, and transferred together with carrier-primed ce lis (107/recipient). The mice in groups 8-1 O were boosted 
aqueous DNP-tet.tox. on day 2 (to allow the treated cells to resynthesize their receptors). The cclls for groups 1 and 
, and 3 and 8, were each pretreated together as a single batch with antisera. Anti-µ abs: anti-µ serum absorbed with 
na protein coupled to Sepharose 4B. N.B. Toe dark zones closest to the arrows represent binding of labeled hapten 

CÍHSA CiiJ c!'!ba cty1 

1 3 4 6 

invitro 
(dayo) 

(A) 

t 

c!.y28 CÍFab 

7 2 5 

c!.¡.i 

10 

ÓHSA 

8 

-invivo-­
(day4) 

(B) 

-pH 5.7 

1ckade of clona! receptors with anti-Ig sera. IEF patterns of anti-DNP antibodies of 25-day sera of recipients in the 
;ummarized in Table 2. Sera all loaded undiluted. Focusing and deve!opment as in Figs. 2 and 3. Group numbers 
1ble 2. 

responses to an in vivo boost on day 4 (Fig. 4, 
e clona! responses were somewhat variable in this 
, as rather weak donors had to be used. 

y, in this cxperimcnt, pretreatment with a putative 
ó-ch:1in antiserum [23] had no cffect 0n responses 
in vitro oran in viv._o boost. This rcsult has been 

n one othcr cxperiment with these clones, in 
nt:-Fab (though cxceptionally not thc anti-µ) 
:ccssfully in parallcl groups (not shown). 

l experiments 

-re of anti-µ to bind to the clona\ serum antibodies 

,eriments were done to test whethcr the anti-µ 
-reacts (e.g. vía idiotypic dctcrminants) with the 

clona! serum antibodies in the test tube. Sera from selectcd 
recipients showing predominantly either thc lgG I or t he lgG23 

clona) antibodies were thcrefore chosen and were preincubatcd 

with 1251-labeled DNP-BSA. The coinplexes these antibodies 
formecl with this antigcn werc then prt!cipitatcd with appro­
priatc (rabbit anti-mousc) class-spt:cifo.: auti-lg :llltiscra, fol­
lowed by polyspecific goat anti-rabbit lg scrum. 

The results (Table 3) show that the anti-µ scrum failcd to pre­
cipita te a significant amount of antibody in tht! clona! sera, 
whereas it did precipitate the lg\1 antibodics clicited by DNP­
Ficoll as efficiently as did thc anti-Fab serum. The clona! 
antibodies were instcad prccipitated by thc appropriatc sub­
cl.1ss-spe.::ific :rntisera. l!i :1 furthc:r cxpcrimcm, p,1.:in.:ubation 
with anti-µ scrum also failed to block thc binding of antigen 
by the lgG 1 clona! antibody, as subsequcntly detectcd by pre-
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·et of class-specific antisera on responses to in vitro or 
inga) 

'retuatment 

nti-HSA 
nti-Fab 
nti-µ 
nti-µ (abs.)b) 
nti--0 
mi·--Y1 
nti-)'2a 

nti-HSA 
1ti-Fab 
1ti-µ 
1ti-Ó 

Antigen 

in vitro 
day o 
day o 
dayO 
dayO 
dayO 
dayO 
dayO 

in viro 
day 4 
day 4 
day 4 
day4 

~1ti-HS.A , None 
,:-',l(i,~,_-,.:-~":· •.. , ......... . 

Anti-DNP response 
ABC day 10 

(GM ! SO) 

12.8. 
0.6 
3.3 
9.6 

10.1 
11.7 

6.8 

(1.4) 
(1.7) 
(1.8) 
(1.1) 
(1.7) 
(1.3) 
(2.5) 

sin Table 1, (Footnote a) and Section 3.2.3., except that 
-re from fourth transfer generatíon, and the clonal spleen 

1as 10 x 106/recipient. Also groups 1 and 8, 2 and 9, 3 
-ind 11 were each pretreated as a single batch: they were 
vided, half of each being incubated with antigen in vitro, 
1alf only being given antigen in vivo 4 days after transfer 
P-tet. tox./mouse i.p.). Same group numbers as in Fig. 4. 
= anti-µ serurn absorbed with lg.M rnyeloma protein 
Sepharose"4B. 

th anti·)'¡ antiserum, whereas the anti-µ serum 
~ lg\1 anti-DNP-Ficoll antibody (data not shown). 

· conclude that the very anti-µ serum that blocked 
of the lgG 1 clone memory cells did not bind the 

-luct of their progeny dctectably and therefore 
with idiotypic determinants. 

-nti-Ig pretreatment affect total amount of antigen 

·ble that the anti-lg acts by preventing antibody 
.::dls (e.g. macrophages or dead cdls) from bind­
n, rather than by selectively blocking the me­
!ptors. The resulting decrease in the amount of 
j would indirectly reduce the boost to the clona! 
r, a final control experiment, using 125 1-labeled 
showed, in this case, that neither antiserum sig-

of anti-µ to bind clona! serurn antibodies in test tube 
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nificantly affected the total amount of antigcn bound by a 
spkt:n ce\l suspension preparcd from clona! donor mice 
(Table 4). 

Table 4. Lack of effcct of anti-lg sera on total amount of 1251-labelcd 
DNP-tet.tox. bound by clonal spleen cell suspensionaJ 

Prelreatment 

anti-HSA 
anti-µ 
anti-Fab 

Antigen bound , 
(%) 

0.63 
0.54 
0.71 

a) Clona! spleen cells (107} were pretreated with anti-Jg sera as in 
Section 2.5.2. and then incubated with 20 µg/ml 1251-Jabeled DNP­
tet.tox. (1.6 µCi/µg} as in Section 2.5.3. After standard washing, 
the cells were counted in a Packard autogarnma c:ounter, and the 
counts were corrected for cell recovery. 

4. Discussion 

The results we have presented argue strongly that receptors 
of the IgM class are maintained on mcmory cel!s of some 
clones, even severa! months* after the differentiated clona! 
cells have begun producing IgG 1 or lgG23 clona! antibodies. 
This argues that re-exposure to antigen causes a switch in 
heavy chain constant region. Before accepting this conclusion, 
we should briefly answer sorne possible objections to the 
evidence. 

We have already presented control data (Section 3.2.) showing 
that our anti-lg sera were not simply cytotoxic, and that the 
anti-µ serum was acting specifically (Figs. 3 and 4). Also, tho:: 
anti-µ serum failcd to bind a2-macroglobulin (which is present 
on B cell membranes, [ 42]), when tested in a sensitive radio­
immurioassay (not shown). Furthermore, cross-reactions be­
twcen ~he anti-µ and thc IgG 1 or IgG23 clona! antibodies 
appeado be an unlikely explanation (Section 3.3. l.). \Ve 
have a!§o shown (Section 3.3.2.) that the anti-µ and anti-Fab 
antisera did not significantly decrease the gross amount of 
antigen bound by the donor cells, and thereby reduce the 
slimulus tho::y might rective from antigtn nonspc:cificaily 
adsorbed to macrophages or dead cells. 

* A slow turnover of surface lgM [ 41] is unlikely to be the sole expla­
nation of its persistence on these clona! mcmory cells, in view of 
this very long time lag. 

.,, .. ,.,.,, •. ,.. - . ., "':'·h••· . ··125 , .. '• ,-.•~::a 
-fest mouse anti-DNP antibodiesll) Anti-DNP % precipitation of DNP-BSA Habeled · ·: 

ABcb} anti-µ anti-'y1 anti--y23 anti-Fab 1 

gG 1 + lgG23 clopal spectrotypes 
lgG23 clonal spectrotypes 

>ll serum 

5.8 
8.5 

0.2 

2.6 19.4 
5.0 5.0 

30.3 13.8 

10.7 
77.7 

12.9 

31.2 
80.0 

1 28.6 

.ntisera were preincubated with 125[.Jabeled DNP-BSA: soluble antigcn·antibody com­
hcn precipitated with the indicatcd rabbit anti-rnousc class-spccific antisera, followcd 
fic goat anti-rabbit Ig. Low-titer clona) scrn (A) and (B} were choscn bc:causc thc:y showcd 
ly :he lgG 1 or l¿G10 .,pl"ctr0typcs. A subtraction of 8 % has b~t'TI mad~ for bin<lir.g by 
,e serum. 
ned by Farr assay vs. 0 125 JP-DNP-lys. 
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ossibility is that somc of the anti-µ antibodies might 
e helper cells and thereby prevent them from recog­
carrier. This seems extremely u.ilikcly for many 
g. because of the experimental design (see Section 
use the anti-µ serum had relativdy little effect on 
e clones, and because this anti-µ serum failed to 
M-like molecules in solubilized membranes of thy­
r peripheral T lymphocytes [ 11, 43]. 

1ard to escape the conclusion that the lgG2a and 
y the lgG 1 clones had mostly ór entirely lgM re­
their memory cells. The lack of effect of anti--y 1, 

d nnti-ó anti~era is also striking and points to the 
lusion. Our evidence cannot rule out a minority 
1 of lgG or lgD receptors in addition to the lgM 
but the completeness of the suppression by anti-µ 
ut of four experiments) - even of very strong.re­
indicates that the bulk of the functional receptors 
· the clones we have studied are representative, we 
:1bly conclude either that B memory cells have no 
D at ali, or that it does not media te their reactiva-

t is possible that the lgG I and lgG2a clones were 
1 in this respect, especially as the alkaline clones 
::in thereof) clearly behaved differently. Apparent­
·e only partially suppressed by anti-µ pretreatment 
2, Figs. 3 and 4), whereas they were much more 
and consistently suppressed by the anti-Fab serum. 

Jllik of their memory cell receptors cannot have 
f they were indeed a mixture of severa! clones, 
,f different classes and subclasses, an antiserum 
of these, by itself, would not have given a signi­
ression. To achieve that, one would need a combi-
1ti--y or anti-& aniisera plus anti-µ. 

y of B cell subpopulations is now becoming ob­
t is quite like\y that the clones we have studied 
·esentative of only one of these subsets: it will 
1g to see how great is their heterogeneity and 
>n. Diffe.rent subpopulations are being defined 
J their Fe or C3 reccptors (e.g. [ 44 ]), and their 
pon~ivt:ness [ 45, .:J.6 J as wdl as rheir lg product, 
yet clear how these classifications are interrelated. 

)ne of the great advantages of the cloning system is 
1 use it to isolate members of different subpopula­
udy their properties in a series of experiments over 
ths. 

ty among B cells may also help to resolve the 
;_agreement between previous results [ 47, 48) and 

-ilters and Wigzell [ 47] found that the primed pre­
:G 1 or lgG2a antibody-forming ce lis could be se-
ventcd from binding to ahtigen columns by the 
subclass-specific antisera; and Hcrzcnberg et al. 
that the 1 % of B ce lis bearing surface IgG in­

ally ali of the lgG memory cells*. In either system 
11 receptors might have been present in addition 
ty that was not tested - or, altcrnatively, a mi­
>pulation of, say, 20-30 % of IgG precursor, 
"1 receptors might havc cscaped detection. It is 

son, D.W.,J. Exp. Jlfed. 1976. 143: 1122. 

also possible that these systems may have been assaying a 
different cell type from ours. Far example, Walters and Wigzell 
used donors primed with antigen in Freund's complete adju­
vant, after which there may continually be a high propoition 
of recently activated and more terminal B cells present which 
may differ from the memory cells we have studied. lndeed, 
there is independent evidente for the appearance of such 
"triggcred" memory cells within a few days of boo·sting [ 49], 
and it would therefore be interesting to study the class of 
their reccptors, which may more usually resemble the final 
product in class. 

Thesc ideas might also cxpl:iin the so mewhat si::lilar results 
of Pierce et al. [ 4, 5]. They showed that in vitro primary lgM, 
lgG and lgA responses to SRBC could be blocked by the ad· 
dition of anti-µ to the cultures, which they confirmed was 
acting on the B cells. Early after priming there was a phase 
in which the lgG 1 and lgG23 'responses could only be blocked 
by anti--y1 or anti--y2 a, respectively, whereas later on anti-µ 
again blocked them. Finally, the lgA response, aithough 
small, clearly rernained suppressible by anti-µ at ali times 
tested. Here again, the recent priming may have elicited a 
more terminally differentiated B memory cell with class­
restricted receptors, and a short life span. It therefore ap­
pears entirely possible that many resting memory cells will 
be preved to have lgM as their surface receptor for ant_igen, 
and conversely that a proportion of the apparently naive B 
~ell population with membrane lgM may, in fact, be quiescent 
memory cells. 

These results strongly reinforce the concept of an antigen­
dependent switch, as, indeed, do those of Kearney and 
Lawton (e.g. [SO]) who showed that LPS-induced JgG re­
sponses can be inhibited by anti-µ antibody, although, as 
Lawton et al. point out [8], antigen-independent switchlng 
also remains plausible. Our results do nothing to salve the 
challenging problem of the function of the cell surface lgD 
The results with the anti-o antiserum may have been negative 
for technical reasons, or beca use the IgD is confined to dif­
ferent B cell subpopulations or stages of differentiation, or 
conceivably because the memory cells have a mixture of lgD 
1 . 

~nd other classes. Whatever the reason, it is clear that a po-
sitive method of isolating Lhe IgD-b<!aring cells is required 
to identify their functions, and also that selected antibody­
forming cell clones will provide invaluable raw material. 
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Thc carlicst B cells to appcar during devclopmcnt cxpress only lg:\1. 
The appearance of othcr Ig classes in their progeny inYoln's sequential 
cxpression (switching) of C11 genes. There is no concomitant switching of 
Yariahle region or light chain genes. Thus malignant clones of B cells 
synthesizing more than one class of immunoglohulins may he rcstrictcd to 
one unique V11 an<l light chain, and a similar situation is also observed 
in clones of normal B cclls [5, 12]. Thc clearest demonstration that ali B 
lymphocytcs are ultimakly deriYed from Jgl\1-hearing cells is proYidcd 
hy c:xpcriments involving blockade with anti-µ antihodies [13, 14, 16]. 
The most useful approach to solving thc ptoblems of the responsible 
genetic mechanism, regulatory factors and hiologic significance of the 
Ig-class switch is likely to come frorn rletailed study of alterations in 
expression of Ig cfass during the early stages of B-cell deYelopment. 

SEQUENTIAL EXPRESSION OF Igl\I, IgG AND IgA 

More is known ahout the orderly cxprcssion of µ, y and o: chains, and 
wc will hricíly revicw this information before concentrating on the dcve-
l oprnen tal acquisition of IgD. · 

In mammals, Igl\1 is initially cxprcssed in thc cytoplasm of large lym­
phoicl precursors of small B lymphocytes hcaring membrane-associatcd 
lg)I, which appcar l:tlc-r. Thc inkn·al hdW<'l'n the two Jcye]s of Ig:Vf 
expression is 3-5 days for thc mousc cmhryo (24] and appcars to be around 
two wceks for human foctuscs [7]. Lymphocytes bearing surface(s) IgG or 
slgA are dcvclopcd later than slg:!\'1 + cells (7, 15, 29). All of the slgG+ 

Manuscrit re~·u le 15 juin 19í6. 
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and slgA + lym phocytes in young human and mouse foetuses also express 
slg:'.\I (unpublished ohservations). 

In hderozygous rabbils slgi\1 has bec11 found on 1.l1e surface of plasma 
blasts or plasma cells synthesizing cytoplasmic(c) IgG of the same \'11 

allotype [20). Surface JgM may also be observed on mouse splcen cells 
induced by lipopolysaccharide (LPS) to uegin clgG2 synthesis [10]. These 
observations indicate at a cellular level the direct conversion of synthesis 
from slgl\1 to smf ace and then cytoplasmic synthesis of other Ig classes, 
and are supported by evidence that anti-µ antibodies can inhil.Jit difTe­
rentiation of unprimed precursors of IgG- and IgA-secreting cells 
in vilro [21]. Thus under normal circumstanccs switching of immuno­
globulin class synthesis occurs at the leve] of the B lymphocyte rather than 
in more mature antibody-secreting cells. B cells which express more than 
onc Ig dass fall into two categories: small lymphoeytes lJearing two ciasses 
of sig and more mature cells containing cyioplasmic Ig of one class and 
slg of anothcr. l\lature plasma cells simultancously synthesizing two classes 
of clg are rare. [3efore expanding this concept, we will discuss the eYidence 
ihat cxpression·:of non-µ immunoglobulins on I3 lymphocytes is relc,·ant 
in terms of receptor aciivity. 

Because sigG and slgA are found on small percentages of B lympho..: 
cytes by immunofluorescencc, and generally are noi Jetectecl by immuno­
chcmical analysis of radioiodinated membrane proteins, clouht has heen 
raised as to wheiher or not these iwo classes of antibodies existas functional 
receptors on B lyrnphocytes [28]. The problcms of cytophilic lgG and 
unwanted antihcdy contaminations of anti-y ancl anti-z preparations have 
been raised as possihle sources of artifaciual clemonstration of sigG and 
sigA [30]. Howevcr, several Jines of cvidence unambiguously demonstrate 
that B lymphocytes can produce the surface IgG or IgA which they hear 
and imply that ihese may serve as functional antihody receptors, at least 
on primed B cclls. (1) Treatmcnt of chick embryos or of rnice from birth 
with anti-oc antihodies or of mice with anti-y antibodies will suppress the 
deve]opment of cel1s making the corresponding class of immunog]ohu­
lins [13, 14, 16]. (2) IgG antibody responses of precursor lymphocytes from 
the spleens of recently-primed mice are inhibitahle by anti-·r antibodies 
but not by anti-µ antibodies [21]. (3) In rabbit Peyer's patches, the lym­
phocyte precursors of IgM-producing plasma cells bear slgl\I, while lym­
phocyte precursors of IgA-producing plasma cells bear sigA and not 
sigl\I [9]. (4) Memory cells sclected on the basis of expression of an allo­
type, Ig-lb, of the IgG2ª class of mousc immunoglobulin serYe only as 
precursors for antibody-forming cells of that class [8]. (5) :!\falignant clones 
of B lymphocytrs from seleclC'd patients with chronic lymphocytic leuke­
mia (CLL) haYe heen shown to produce thc sigG which thcy bear; similarly. 

C = cytoplasmic 
CLL = cl1ronic lymphocytic Jeukemia 1 

LPS = lipopolysaccharide 
s = surfacc 
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rarc patients with CLL have malignant cJones of slgA-producing lympho­
cytes [27]. Occasiunally, IgG or IgA accumulates as crystals in the cyto­
plasm of CLL lymphocytes hraring the corresponding class uf slg (127J and 
unpublished observations). 

The fact that Ig-dass heterogeneity is generated initially at the B-lym­
phocyte level and prior to further B-cell maturation is clearly illustrated 
by observations in individuals with panhypogammaglohulincmia due to 
an arrest in B-lymphocyte difierentiation: despite their lack of mature B 
cells, the B lymphocytes in such patients frequently display sig of ali 
classes in percentages indistinguishablc from normals [ 4, 27]. 

Clearly, antigens and helper T cells regulate the dilTerentiation of 
B lymphocytes to mature plasma cells. Since T-cell help is especially 
imporlant in antigen-induced responses of IgG- and IgA.-producing plasma 
f·tlls, many have considercd an1igens ancl T cells to be essential rcgulators 
for thc switch from expression of Igl\1 to lgG and IgA. Since the changes in 
t>Xpression of C11 genes are already apparent at the precursor B-lymphocyte 
stage, it seems more pel·tinent to question the role of antigens and T cells 
in thc initial surface ex¡lression of non-Ig:.\I classes. \Vhile a role for antigens 
and T cclls in development of Ig-class heterogeneity at the B-lymphocyte 
lewl cannot he exclude1l, severa! obscrvations mitigate against this possi­
hility. First, normal proportions of Ig:M-, IgG- and IgA-bearing B lympho­
cyli:s nn· developed vcry early in human foetal life [7, 15}, and are present 
in gcrm-frec [13] and congcnitally athymic mice [3] and humans [4]. 
Seconcl, prccursors for cells synthesizing IgG and IgA dewlop in cultures 
of rnouse foetal livcr estahlishcd well befure T cells could havc hccn seeded 
to this site (17, 18]. 

~ext wc turn to the cxpression of the various classes of Ig during the 
terminal difierentiation of sJg+ lymphocytes to mature B cells producing 
large amounts of cytoplasmic immunoglohulin for secretion. Using sensitive 
immunoíluorescence techniques to dctect surface Ig most cells producing 
cytoµlasmic Igl\1 can also be shown to bear slgM. In malignant clones of 
Igl'l1-producing cells, as in paticnts with Waldenstrom's macroglobulinemia 
and in certain IgM-producing malignancies of mice, representatives of the 
malignant clone show persistent difierentiation from slgl\I + lymphoid 
cclls to mature cells simultaneously expressing surface and cytoplasmic 
Igl\1 [23]. All of these observations are consonant with the anti-µ-mediated 
inhibition of hoth primed and unprimed normal precursors of lg::\I-producing 
cells. 

Igl\I rnay also he found on the surfacc of normal and ahnormal clones of 
JgG-sccreting cells [20, 27]. This may reíle.et the fact that « Yirgin » pre­
cursors of JgG-plasma cl'lls continue to cxpress sigM and are thus inhihitahle 
by ,tnti-¡.¡. antibodi(·s. 111 nl'whoru mouse spleeus, n small proportiou of 
sig:'.\1' cclls also hear sJgG 2, and all of thc sigG 2 + cells also stain for slg}I [ 10]. 
When cultures of such cells are stimulated with LPS, the proporlion of 
sigG/·, sigM+ douhlcs drops drastically over the first 3 days in culture 
and thc nmnhers of slgG,+ e( singles,, hcgins to risc. l\Iany of the later 
cclls also hrgin to rxprcss cytoplasrnic IgG 2 • This corresponds with thc 
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Joss of inhibition of clgGi ce lis by anti-µ trcatmcnt af ter the third day of 
culture. The existcnre of a population of B lymphocytes expressing hoth :1· 
aml y reccptors at thc initia lion of culture suggcsts that in this system 
s,ülching rnay involYc thc loss uf lg1I-synthdic l:apacity lJy cr·lb aiready 
precommitted to IgG synthesis rather than the development of IgG-syn­
thetic capacity by cells bearing only slgM. 

Two alternatc pathways havc been proposcd for the s\\·itch from lg:\I 
precursors to cells expressing IgA: a direct switch from Ig:\I to IgA and 
an intermediate stage of IgG cxpression. The following findings are compa­
tible with the first possibility. (1) In most expcriments, anti-·: treatment 
only inhibits development of IgG-producing cells [13, 16]. (2) A.JI of the 
sigA + cells in human foetuses and ncwborn mice also bear slg:\I (unpu­
blishccl). (Unfortunately, so far sJgG has not heen sought on these cclls). 
(3) Ig:\1,. has heen ohserved on a nrnlignant. population of plasnrn cells 
containing IgAi, [27]. (4) In a single patient Ig:.\1- and lgA-mydoma com­
poucnts in the serum were shown to share .light cha.ins, idiotypic dder­
minants and idcntical amino acid sequences for thc first ftw :\"-terminal 
amino acids (31¡]. Evidence compalihlc with an intermediate stage of IgG 
expression iuchi<lcs thc following. (a) In one of seYcral experinlt'nts, anti-y 
tn.:atmcnt of young micc caused profound suppression of IgG synthesi~ 
in half of the recipicnts; those mice which were supprcssed for lgG syn.;. 
thesis wcrc also suppressc<l for IgA. In other expcriments it has not bccn 
possihle to achieve complete suppression of JgG synthesis (13]. t_b) During 
ontogeny in humans, mice and chickens, IgG+ l:ells are dcYeloped i>tfore 
IgA + cells and, in the chicken, cells connnitkd to thc synthesis of IgG are 
secded from thc bursa hefore cclls c.apable of Ig.A synlhesis [11 ]. (e) In a 
CLL patirnt, dual populations of lymphocytcs hearing cither IgGK or Ig.h: 
were associated with a single serum monoclonal IgG of the same idio­
type [26]. Surface IgG was found on cells with either cytoplasmic IgG or 
IgA, whercas surface IgA was prescnt on cells with cytoplasmic IgA hut 
not on those with cytoplasmic IgG, thüs suggesting that the direction of 
the switch was from IgG to IgA synthesis. 

DEVELOP!\lE::--¡TAL RELATIO!>:S OF IgD 

Although poorly represented in serum, IgD is present on the surface 
of a large proportion of B lymphocytes, where it has heen postulatcd to 
play an important role in antigen triggering of B-cell maturation [2, 19, 
25, 28]. So far slgD, or its homologue, has been clemonstrated on B Iym­
phocytcs only in man, monkey and the mouse; mature IgD-sl'crcting 
pl:-isma cclls haYe }w{'n fmmd only in mnn. Thc ,·ast rnajori1y of I~n scrmn 
proteins in man, but not of sigD molecules, ha\"C i. light chains. Sl.'Yl'ral 
years ago, it was shown that most slgM+ lymphocytcs bear sigD ancl Yict 
versa, hnt thc dewloprncntal, rclationships betwcen slgD and othcr classes 
of Ig have until rccently remainerl unclcar. 

Since the monkey lacks sernm JgD, ancl anti-human ~ rcatls with slgD 
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on monkey lymphocylcs, Pernis and associatcs werc ::ihle to test the 
cfTccts of anti-~ antiserum on monkey lymphocytes [19]. Following the 
injertion of nn1i-hnm:rn IgD, monhys responcled with an increasc in srrum 
Ig:M which was followed ahout a weck later hy a 5 to 10-fold incrcasc: in 
serum IgG. The increasc in serum immunoglobulins was associated with 
the prescnce of antibodies against the serum proteins of rabhits, thc species 
in which the anti-a antibodies were made. The simplest interpretations of 
thcse results are tbat (1) antigens and anti-o antibodies synergistically 
triggcr the rnaturation of appropriate clones of B lymphocytes, and {2) 
IgD is prcsent on the precursors for hoth Igl\:I and IgG responses. 

Using difTerential _immunofluorescence, we have begun to examine 
these relationships ata ccllular level in humans [7] and mice (unpublished 
obserYations). Such studics in mice ha\-c heen made possible by the success­
ful isolatim1 uf suffic:iCJ1t sJgD to produce a spl'tific anti-o antiserum in 
rahbits [1 ]. These investigations are still in progress, but the preliminary 
results appear to be of sufficient interest and potential importance to 
recount here. 1 Surfacr IgD first appears on a small proportion of slg:\I • 
Jymphucytes in 12-weJk human foetuses (i. e., more than 2 weeks after 
slg:if + cells appear) and1 in newborn mice (i. e., appro::<lmately 5 days after 
sig:'.\I-i- cells appear). (2) B lymphocytes bearing eithcr slgG or slgA appt>ar 
at ahout the same time as those bearing slgD. In fact, B lymphocyts 
bearing slgG3 and sigG 2 in mice and slgG in humans may precede the 
appearance of sigD+ cclls. (3) Whereas all sigG- and slg.-\-bearing lympho­
cytes in vcry young human foetuscs and neonatal mice also hear sig:\L 
wry few of the sigG+ cells in newborn rnice bear detectable sigD. ff) Lakr 
in human and mousc dcvelopmcnt slgD can he found in comhination 
,rith sig of all other classes. (5) The percentage of µ-, y- and (/.-hearing cclls 
that also express slgD varies not only with age but with tissue distribution 
of B cells. Even in adult mice and humans, a relatively small proportion 
of slg:\1 + hone marrow cells are slgD+ (approximately 30-60 %), while in 
peripheral tissues usually more than 80 % of the sig:\1 cells bear sigD. 
(6) .\'o IgD-containing plasma cells wcre found in the mouse. (7) ~o sigD-;­
cells werc detectable in mice treated from birth with anti-µ antihodies. 
Other results indicate that stimulated B lymphocytes and maturing B 
cells containing cytoplalnnic IgM, IgG or IgA ce.ase to express slgD in 
significant amounts. For examplc, mouse spleen cells induccd by LPS to 
synthesize large amounts of these cytoplasmic immunoglobulins no Jonger 
hear slgD. As anothcr example, virtually all of the many sigA + cells in 
the highly-stimulated Peyer's patches bear neither slgl\1 nor slgD in detect­
able amounts. 

Complemcntary observations have hren madc in monoclonal human 
lymphoid malignancies (re.viewed in l 5 ]). CLL cells vcry often expn:ss hoth 
slg::'11 and sigD. In Waldenstrom's macroglobulinemia, the lymphoid 
members of the cloné bear hoth slgM and slgD, whercas the mature Ig:\I­
secrcting cell memhcrs continne to express slg:\1 in easily detectable 
amounts but littlc orno slgD [19 A]. In examples of both types of mali­
gnancies the slgD and slgM have been shown to bind the same anti-
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gens (19 A] orto havc idiotypic identity (61, In the cases we studied, IgG­
and IgA-producing dones of CLL cells or of malignant cells rcsernbling 
thosc in patients with Waldenstrom's macroglobulinemia lackcd detectable 
sigD (l22] and unpuhlished obscrvations). Howenr the apparent combi­
nation of sigA and sigD has becn observed on CLL cells from one patient 
(S. Kanner and D. Bull, personal communication) and that of y and o chains 
on cells from a patient with y chain disease (unpublished ohsen·ation). 

TENTATIVE MODEL OF B-CELL GE:-.:ERATIO~ 

OF lg-CLASS DIVERSITY 

Taken together, these ohservations suggest a tentative model for the 
developmcnt of lg-dass diversity within B-ccll dones in mammals. The 
first stagc of B-ccll development begins with expression of Ig::\I at a cyto­
plasmic leve! to he followed later in devclopment hy surface expression of 
Igl\1. (It seems lfkely that clona! diversity of V-region genes will prove to 
he gcnerated duUng the stage of clgl\1 cxpression only). The slg:\1+ cells 
give rise to cells committed to synthesis of Ig:.\I, IgG and IgA classes. 
All of thcse cells express their commitment to thcir respective Ig classes 
and suhclasses by synthesis of the appropriate surface immunoglohulins 
while continuing to express slg:\-1. .Around this time, sigD as an additional 
antigen receptor hegins to he expressed on the sürface of all subclasses of 
B lymphocytes. \Vhen triggercd hy antigens, T-cell help andjor B-cell 
mitogens, thc stimnlated B cells are induced to hecomc maturc plasma 
cells or to divide and give rise to memory cells. Duriug thcsc proliferative 
and maturational processes, sigD appears to be lost, sig:'.I synthesis 
may or may not be continued, depending upon the number of cell divi­
sions, and continued synthesis of surface and cytoplasmic immuno­
globulins will reílect the primal)' Ig commitment of the activated B 
cell. 

Thc role of slgD-antibody receptors thus would appear to be exerted 
primarily during the initial triggering of the unprimed B lymphocyte, and 
to a lcsscr cxtent, if at all, at the memory cell stage. 

A genetic model wherehy multiple copies of the selected V-region 
gene are made and insertcd in front of each C,. region and the switch in 
Ig-class cxpression determined hy a programmed regulatory mechanism 
may he the sirnplest hypothcsis to explain thc intraclonal switches 
in C,. -gene expression. This is especially attractive in view of the instanccs 
in ,vhich two or more Ig classes with the same specificity are exprcssed_ by 
thc samc r<'ll. Asan altermitiw, s1ahlc mRNA could a<'count for rontinnrd 
synthesis of Cµ or Cy after transcription may have switched to Cy or C:x 
rcspectively. For all of these classes, a single copy of the V11 gene could 
suffice if sequential translocation occurred. This Iatter possihility invoking 
thc expression of a single V,. copy per chromosomc does not casily ~xplain 
the apparent simultaneous and continued synthesis of C i> in concert wilh Cµ. 
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and perhaps Cy ancl Coc as ,vell, unlcss the IgD is tran5cribed from the 
· homologous chromosomc. 

KEY-WORDS: Immunoglobulin, IgD, B lymphocytc, Immunogcnetics; 
Developmental relations, Ig-class diversity, Switching. 
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