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RESUMEN 

En esta tesis se incluyen dos trabajos acerca de la natura-­

leza bioquímica de la reacción antígeno-anticuerpo. 

En el primero de ellos se hace un~ evaluaci6n·experimental -

indirecta de la hipótesis de rnultiespecificidad de los anticuerpos. Para 

ello se determinó la frecuencia con que ocurren reacciones con cierta --

afinidad cuando un hapteno se enfrenta a una muestra grande de inrnunoglo 

bulinas. LOs resultados obtenidos concuerdan con las predicciones hechas 

por un modelo teórico de multiespecificidad y por lo tanto, apoyan la 

idea de que los anticuerpos son multiespecíficos. 

En el segundo trabajo se presentan una serie. de experimentos 

tendientes a investigar la presencia de cooperatividad en la fijación de 

hapteno a anticuerpos anti-hapteno bivalentes. Nuestros resultados apo­

yan-'.la idea de que la fijación de antígeno a algunos anticuerpos bivaleri 

tes· ocurren. en forma· cooperativa '_(al menos en a_lgunos sistemas). 
/ 

,. Se incluye una discuslón general acerca de la interacción -­

antígeno-anticuerpo. 



ABSTRACT 

This thesis includes two. works about the biochemistry of 

the antigen-antibody interaction. 

In the first one, the hipothesis of multispecificity of anti­

bodies is experimentally evaluated. For this, we detennine the frequency 

with which reactions with certain affinities ocurr when a large sample of 

immunoglobulins are assayed against a single hapten. Anti-DNP activity 

was found in normal human immunoglobulins with affinities and frequencies 
. . 1 

that correlate well with those expected from multispecific binding si tes. 

Therefore, our results support the idea that antibodies are multispecific. 

The other work deals w.ith cooperativity in the binding of 

univalent hapten to bivalent anti-hapten antil:x>diés. The binding of 

DNP-lysine by heterogeneous and by tw6 homogeneous anti-DNP antibodies 

was studied by fluorescence quenching. Scatchard plots of the titrations 

of héterogeneous and of one homogeneous antibodies showed ascendi.ng 

lirobs, which are diminished or abolished when Fab f~agments were assayed. 

The results are consistent with cooperative binding. 

A general discussion al:x>ut sorne aspects of antigen-antibody 

interactions is included. 
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Introducción 

La reacci6n de asociación entre un determinante ar.ti 

génico" y el sitio activo de un anticuerpo es de fundamental importa..i­

cia en la Inmunología. Esta reacción tiene lugar en puntos críticos ·­

de la red de event()s cuyo fin t1ltimo es la eliminación d·el antígeno -

del organismo. 

~- ..... ' . J ... 
El-estudio rigu~oso de la naturaleza bioquímica dé -

esta reacción es importante:tanto para obtener una visión clara de al 
,, ~ 

gunas ideas en que ~e sustenta la inmunología como disciplina, así co 

roo por la gran potencialidad que tieneh los anticuerpos como herra---. . . 

mienta diagnóstica y terapéutica, 
·. 

En esta tesis se incluyen dos trabajos sobre dos as­

pectos de la reacción antígeno-anticuerpo: la especificidad y la pr2-

sencia de interacciones. E.stos dos t;i::abá.jos forman parte de un esfi;er . . . . . 

zo que se lleva a ·cabo en el D,epartamento · de Inmunología del Insti t:1.;. . ':""".. ., ~ 

r ; . 
to de Investigaciones Biome~:i.cas, UNAM, para comprender mejor el f~.-

cionamiento bioqu!mi.co d.é ;l~s anticuerpos en particular, y del fené::ie . 
no de reconocimiento molrcular en general. 

Es bien;conocida 

inmun~ (Landsteiner, 1945; Kabat, 
i . 

de como la capacidad .del suero de 

la.al;ta especificidad de un suero -
,. (.{..·~ 

1§76f. Esta especificidad se entien 
t ·, : 
' . 

reáccio .. nat Únicamente con el antíge , . 

no que indujo su formabión y ocasioñalmente· con sustancias parecidas-



estructuralmente al antígeno original, A partir de estas observacio­

nes, se ha inferido que los anticuerpos constituyentes de ese suero­

son igualmente selectivos para.el antígeno que indujo su formación.­

Este paradigma surgi6 de la idea de que para que un anticuerpo reac­

cionara con un determinante antigénico debía existir entre ambos una 

complementaridad eslructural perfe,cta, 

. La idea,dé anticuerpos-monoespecíficos (capaces de­
; ' 

reaccionar con un solo determinante antigénico),·resulta insosteni-­

ble cuando se considera el- nGmero total de determinantes antigénico: 

distintos que pudieran existir (cas·i infinito) y el n-úmero total de­

anticuerpos con sitios activos diferentes que un individuo es capaz­

de sintetizar (limitado por el número qe clonas linfocíticas quepo­

see), Si cada especie de moléculas de ant;i.cuerpos fuese capaz de 

reaccionar con un solo determinante antigsnico (o con unos pocos pa­

recidos entre sí), no podría explicarse el hecho de que un animal 
. . 

sea capaz de produqir anticuerpos contra casi cualquier sustancia 

(aún contra sustancias arti~iciales . .) cu?-ndo se le inmuniza adecuada­

mente. Por ejemplo, el ajolóte, ·que solo posee alrededor de 106 lin-
.. 

rocitos, es capaz ·de montar una respuesta.específica contra el hapt~ 

no 2,4 dinitrofenol (DNP} (Haimovich y Du Pasquier, 1973). Estos r.e­

,,sultados, y otros similares (Will:i-amson, 1973; Quattrochi, 1969) ne­

se pueden explicar fácil{nente supon~en'!:° que los anticuerpos son mo-

noespecíficos: no hay suficientes clóna,s ·para responder a todos los-
/ . . . ' . . 

antígenos diferentes·cón que un individuo'pudiera l}egar a estar en-

.. 
c;ontacto, 



Talmage, en 1959, propuso que los anticuerpos d~ber. 

~er multiespecificos, es decir, capaces de ~eaccionar con un nú.~ero­

grande de sustancias diferentes entre sí. De acuerdo a Talmage, ~~ra 

que ocurra una reacci6n antígeno-anticuerpo no es necesaria una com-

plementaridad estr_uctural perfecta. Un complejo estable se forma.!."á -

siempre que entre las dos moléculas puedan establecerse interacc~onés 
\ 

no covalentes que disminuyan la energía libre del sistema. El grado­

en que la interacqión disminuya la energía libre estará ·reflejac.0 er . 
. .. 

~ . ;-

la constante de a:Éi11ida4. :·Ahora bien, la multiespecificidad de los -

anticuerpos no disminuye la ~lta especific~dad de un suero inmur.e. v~ 
·' _¡ 

suero inmune contiene una mezcla de anticuerpos diferentes que son -

capaces de reaccionar con ei antígeno con diferentes afinidades. Ya­

que las afinidades son diferentes, los sitios activos de cada fa=ii--
·. 

lia de anticuerpos sqn di~erentes,. y por lo tanto es lógico pensar -

que el conjunto de antígenos con los que cada familia puede reac=io­

nar sea diferente, Esto trae como resultado que las reactividades -­

contra otros antígenos quedará diluída a niveles imperceptibles, y -

la reactividad común contra: :el antigeno inmunizante predomina (Figu-

, 

La hipótesis de Talmage ha encontrado apoyo experi­
-~ 

mental. Estudios sobre. ra estructura tridimensional de algunas i~--nu-

noglobulinas homogéneas .con un hapteno fijado -(Segal et al, 1974; ~-. .. . ~ 
Poljack et al, 1974), demuestran cla:-arne~té que el requisito de per-

. ' . . . 

fecta cornplementaiia.aq estructural es in~e?esario, y que bastan esta 

·blecerse algunas interacciones atón'lic.as pa~a que un ligando se fije-
. 

al sitio activo con ;afinidad considerable, Esto puede verse esquerná-
. ' ! 



(10) 

ANTI-A CON DISTIN- NUMERO DE INTER~CCIONF.S ENTRE EL SUERO 
., 

\DOS DE HETEROGENEIDAD Y ANTI-A v DISTINTOS ANT ~E1rn~ ("A ~ .. n 
~MA CONCENTRACION DE ANTI ·A B e D E 'p G H I J I< L M ' -

~Gv~GvQ) ++ + + + + + + + + + + + + 
G · I K M· ++ 
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++ 
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ft+ . ++ ++ B B D F ft+ 
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i 1 1 2 

~Q>WWW H-+ ++ ++ o 

fl-+ ++ ++ e e e e -1-+ ++ ++ 
l 1 1 1 1 

1.- Especificidad de un suero inmune con distintos grados de hetero-
d. -

2, 3, 4, 5 y 6, molécula_s distintas de anticuerpos mul tiespecff i.cos. To 
as reaccionan con el antigeno A, p~ro las ·especificidades adiciona-= 
M) son diferentes para cada ~na. si el ~uero inmune anti-A est§ - -
.uido por distintas clases de inoléculas, las reacciones con los gru--
1 implicarán pocas interacciones y serán imposibles de detectar. A -
que la.heterogeneidad del antisuero disminuye, el número de ipterac­
·con antígenos distintos de A aumenta. Si el suero inmune es .homogé­
onocer& a los antígenos By C tanto como a A .. Así, es claro que la­
icfdad aumenta con la hete~ogeneidad dado que haya un limite de de--
dependiente del número de inte·racciones en cada sistema. . . . 

sólo una representación ~squemática; tanto el número de especies de 
rpos que reaccionan con un mismo antíg~no,como el número de determi­
antigénicos diferentes con que una especie de anticuerpos puede reac 
se crée que son mucho m?-yores ( 13, 30~ < · 

• 



ticamente en la Figura 2, Tambi~n se ha demostrado experimentalmente 

que un sitio activo puéde reaccionar con ligandos diferentes (Edmun~ 

son et al, 1974; Rosenstein et al 1972), y mgs importante aún, que -

las reacciones de diferentes ligandos con un mismo anticuerpo pueden 

desencadenar funciones biológicas efectoras tales como fijación de -

complemento,: o proliferación y diferenciación de linfocitos B . (Ca.-:.e-
\ 

ron y Erlanger, 1977; Varga _et al, 1973) . 

. .. 
r .•. 

Inman (~9;4,1978), basado en las ideas de Talmage,-

h~dado una descripción cuantitativa de la hipótesis de multiespeci~ 
.• ,¡ 

ficidad. En base a-ésta desarrolló un modelo probabilístico de la -­

frecuencia con que ocurrirían reacciones con cierta constante de afi 

nidé~d,_ si se probase una inmunoglobulina contra un conjunto grande -

de haptenos diferentes. 

-
El modelo probabilístico·de Inman es importante Pº.!:.. 

que hace predicciones sobre .el grado de .multiespecificidad de las i!:!_ 

munoglobulinas, y porque en :base a ~este roo.delo,. Inman demuestra mate 

mgticamente que; a) anticuergos muÍtiespecíficos pueden constituir -

sueros inmunes altamente ·.específico;¡' b) la heterogeneidad de un su~ 

·ro inmune es en gran parte responsable de su alta especificidad-a rn~ 

yor heterogeneidad mayor·especificidad-, y c) con un número· relativa 

mente pequeño de sitios ~ctivos multiespecíficos diferentes (entre 
' 

105 y 106), un individuo puede aseg~ra¡:_s~ capacida~ de responder a-
• t. 

cualquier deterrnin!n~é;antigénico que se '~e:presente con un grado de 
,. 

~specificidad adecuado: 

• 



.. 

. . . ..... ·.·.···.··········•:i···;::::;¡i:¡¡¡1:¡11~1 '.f< 
--..- . -:·.i<>::t{I}'.¡}l:\ \:: ~ 

·' ., ,. 

F~gura 2! Representfci5n esquemática de Idos '.haptenos, cuyas estructuras 
y forma tri~itnensional son <;li~tÍJ;).~as, unid~s a un mismo sitio 
activo·de un ~nticuerpo. 

' 

• 

.f 



, 

En el artículo I (Natural DN~~binding Irnmunoglobu~ins 

and Antibody Multiespecificity) se hace una evaluación experime..a~ta~ --. 

del modelo de Irunan, Se determinó la frecuencia con que ocurren re~c--

cienes con cierta afinidad cuando un hapteno (DNP) se enfrenta a u:.a -

muestra grande de inmunoglobulinas (de sueros humanos). Los res~lt~jos 

obtenidos concuerdan con el modelo de Inman y por lo tanto, apoyan la­

" 
hipótesis de multiespecificidad de los anticuerpos. 

Los anticuerpos cumplen su función biológica 

la fijación del determinante antigénico al sitio activo desenca~ena -­

una serie de $ventes condu~entes a la eliminación del antígeno, ta::s-

' 
como activaci6n del sistema·del complemento, degranulación de célu:~s, 

f_agocitosis, e.te. Los mecanismos moleculares responsables de és::os· ---

-
efectos no se conocen. con precisi~n, aunque se sabe que están ir:voL,--

crados los dominios constantes de las;cadenas pesadas (porción Fe). 

Existen. algunos estudi.os· recientes que empiezan a .:.e­

linear más exactamente las :iegione-s involucradas (Pérez-Montfort y )•!etz 

ge.r: ,· ;t.982) . pado que la rea:;ción én el sitio activo provoca reaccio:-.es 

·~ediadas por la porGiÓn y~, los antituerpos pueden considerarse pro~eí 

nas alostéricas (Hoffrnann, 1976). Los mecanismos por los cuales se - -
; 

transmite la señal del sitio activo a la parte Fe se desconocen. Se ha 

'visto que la reacción an,tigeno anticuerpo produce cambios conformac:o-. 
nales en el anticuerpo (Lancet y Pecht/ ~916;.Vuk-Pavlovic et_ al, 1974; 

f . 

Kaivarainen ~ al,I 1981). Es muy probabli que estos cambios traigan --
' ~ , 

_consigo ·1a· aparición de las funcion:~s· ~ eféctoras . 

• 



Los anticuerpos son moléculas que poseen dos sitios 

de combinación con ~1 antígeno, los que se presume sean cstr~ctural­

mente id~nticos. Por lo tanto, existe la_posibilidad de que al ocu-­

rrir la fijación de un determinante'antigénico a uno de los sitios -

activos, el calllbio conformacional producido se transmita al segur:co-
. . \ 

sitio activo, aumentando su afinidad por el antígeno (cooperativicad), 

o reduciéndosela (interacción negativa). 
· ...... 

Aunque existen algunas evidencias de coo?~ratividad 

en la reacción antígeno-arib~cuerpo, ninguna de ellas es totalmer,te 

concluyente (ver introducción al artículo II: Cooperativit:{ in tt~e -

Reaction of DNP~lysine.With Anti-DNP Antibodies). Fenómer.os ~oopera­

tívos han sido.reportados.en gran núme~o de sistemas de fijación co-· 

mo: hemoglobina-oxígeno (Perutz,. 1968,; 1970); enzima-sustrato - -

(Levitzky y Koshland, 1972); receptor-hormona (Hope y Walti, 1975);­

DNA-proteína (Alberts y -~rey, 1970); etc . 

. . 
La cooperat:iv'idad'. ·ha sido vista como un fenómeno mo 

lecular que da a los si~t~mas de fiJáción la capacidad de regularse­

por la concentración de ligando (Gabler, 1977). El hecho de que haya 
·; 

tantas moléculas con características de fijación cooperativa, sugie-

re que este fenómeno del?e'traer consigo alguna ventaja adaptativa. 
. 

(Koshland, 1976). La cooperativida4 poctrÍa'ser importante para el 
f. . • 

funcionamiento de 1los anticuerpos, tpmando;en cuenta que para la ac-
. . .. . ·, ~ 

/, 

.tivación de las funciones efectora$ eµ .necesario que los dos sitios-

. ' 
activos hayan reaccionado ~on el antf.,geno. 

. ! 



En el artículo II se presentan una serie de experi­

mentos tendientes a investigar la-presencia de fijaci6n coopera-tiva-

de hapteno (DNP) a anticuerpos anti-DNP·bivalentes. Nuestros resulta 

dos apoyan fuertemente la idea de que la fijación de antígeno a al~ 

nos anticuerpos bi~alentes ocurra en forma cooperativa (al menos en-

algunos sistemas). 

:. ~ 

·;-

. I 

• 
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NATURAL DNP-BINDING IMMUNOG(OBULINS 
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(First re,·cii>t•cf 30 Ja,:uary 1984; "cupted i11 ret1is,:J fim11 ~ ~ay 1?84) 
. . . 

Abslract-·Anti-DNP activity was found in normal human immunoglobulins with average affiinities 
(lif-10~ limC'lc) and frequencies ( 15-2~~) that correlatc well with those cxpec1ed from multispccific .bíñding 
sitcs. 

INTRODUCTJOS 

Antibody multispecificity is defined as the ability of 
2n individual immunoglobulin to bind alternatively 
at its active site two or more distinct antigenic 
detcrminants. Multispecificity is of theoretical intcr­
est becausc it exp!ains how a limiled repertoire of 
antibody combining sites would be capable of reac­
ting with, and discriminating among, an immense 
number of antigenic determinants (Talmage, 1959; 
lnman, 1974: Richards and Konigsbcrg, 1973). In 
fact, Talmage (1959) explains the higher specificity of 
an antiserum compared to that of is constituent 
antibodies on the basis ofmultispccificity and hetero­
geneity. 

The idea of antibody multispecificity is supported 
by sorne experimental observations. The clearest indi­
cations come from studies using myeloma immu­
noglobulins binding different hapte0ns (Richards et 
al., 1974; Eisen et al., 1970; Tolleshang and Han­
nestad, __ 19~5. Rosenstein. et al., 1972) but there is 
evidence indicating that normally raised antibodies 
also are multispecific (Varga et al., 1973: Michaelides 
and Eisen, 1974; Cameron and Erlanger. 1977). Also 
in favor of multispecificity is the frequency with 
which myeloma immimoglobulins hind conventiónal 
haptens such as r:JNP.t phosphorylcholine and a 
series of carbohvdr;te moietieis (Potter,.1977) ... - . Jn this paper we present observations of a different 
nature thaJ support the idea of antibody. 
multispccilicity. The observations deal with the 
prohability of encountering an association const:mt 

. greater than ,1 given value in a set of normal immu·­
noglobulins whcn tested with a given hapten. DNP­
lysine in our c-ase. The results approximate to ln­
man·s (1978J the~retical predictions ve.y closely; so 
close fü fa1:t that his phy;;ical modd of the active 

ªTe, whom corrcspond.:ncc should be atldrc:ssed. 
fAbbrc:\'iati,,ns: [)!',:P. 2.4-,timtrophcnnl; DNP-lysine, 

c-(Nll:l·:!,4-dinitrophc:nyl-lysinc:; DNl':,BSA. ho\·inc 
sc:rum alhumin with ::!J moks of D~l':molc of protl"in: 
DNHS, ::!.,l-di111troh~n1cnsulfúni, ,Kili ·s(ldium Silll; PIIS, 
0.01 M N:111:l'O,-Na:lll'O,, O.IS .H N11Cl, pll 7.4; 
IISA, burnan scrum 11lllumin. 

site-hapten intcraction and the very import~nt cÉin­
clusion derived from it-that a given hapten wil! be • 
capable of reacting v.-ith about l~-~ of all iJ:nJnu­
noglobulins with afiinity ccnstants equal to or greater 
than 104 1/mole-appear essentjally \·alid. 

MATERIALS AND :\IETHODS 

Experimemal design 

Two diffcrent methods were employed in the deter- · 
mination the mean association constant (K.) for the 
DNP determinant: one was employed in a large and 
the other in a small sample of normal human sera. In 

: the small sample, K0 was detcnnined by directly 
! assaying by fluorescence quenching the affinity with 

which DNP-binding immunogiobulins purified írom 
each serum bound DNP-lysine. The cumulative fre­
quency distribution of K0s found in this sample \HH 

compared to that predicted by lnman (1978). In the 
: large samp!e, K. was estimated indirectly by assaying 

the antÍ-DNP activity in ~he serum by hemag­
glutination (HA) of human erythrocytes coupled with .. 
DNPJ~HSA. The HA titer was then expressed as the 
6.K0 bctween sera by use of the linear ~orrelation 
be~ween HA titer, antibody concn and K., as built 
with purified sheep anti-DNP antibodies. Thc.n. the 
final K0 corresponding to each titre was assigncd by 
fitting the curve of frequencics of..1.K0 to that of the 
frequencies of K0 as estimated by florescence quench-
~~ .. 

This design is based on the assumption that the 
pool_ of different immunoglobulins in our sets of 
normal sera constitules a represcnlative sample of the 
entire immunoglobulin repertoire of the donor (hu-· 
mah) species (lnman, 1974; Williamson, 1976). 

Purificatio11 of DNP-binding immunog/obufins from 
normal human sera 

A set of 36 seta from healthy donors were used to 
purify DNP-binding immunoglobulins. Bctween 5 
and 7 mi of each serum were p:isscd through a 5-ml 
column of Sepharose 48-DNP-lysine immu­
noadsorbcpt prepared by the mcthod of March et C1l. 
(1974). The column was w:ishcd with PUS unKI the 

.i 

. :. -. 

r. . . 
.. .. . 
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eluate containcd no protein (0.D.2~0 < 0.02). Eight 
millilitrcs ofDSP-OH (IQ- 1 M) were passed through 
the column, and the eluate was directly chro­
matographcd in a 10-ml column of Dowex 1-SX, to 
eliminate DNP-OH. Fractions (2.5 mi each) were 
collected and thosc: containing protein were poolc:d 
and concentratcd to 2 mi final vol (Minicon D-15, 
Amicon Corp.). IgM and IgG concns in each sample 
were thcn determined . with LC-Partigen radial 
immunodiffusion plates (Behring) using human IgM 
and JgG standarás (Hyland). 

K0 of p1!rlfi'!d DNP-bi11di11g imrnunoglobulins from 
humaru ' 

K0 were sequentia.lly cluted from the immu­
noadsorbent with a discontinuous gradicnt of in­
creasing DNP concn. This was carried out by incu­
bating thc immunoa.dsorbent with an equal vol of 
DNP-OH (Merck) (stock solution 0.1 M in 
0.1 M NaHC03), diluted to a gh·cn concn with PRS. 

· for I hr at room temp. with occasional stirring. The 
DNP concns used in thc discontinuous gradient 
ranged between 10 and 10- 1 M. After each incu­
bation the mixture was filtcred on a sinti:rcd gh1ss 
funnel and washed once with 25 mi of DNP-OH at 
the same concn. ~ch filtrate was concentratec! by , 
ultrafiltration (Amicon mcmbrane XM 100) to an 
approx vol of JO ml. To remove free DNP each _conc . .' 

The K.s of purified human DNP-binding immu;; filtrate was passed through a Dowex 1-8X (Sigma 
noglobulins for DNP-lysine were determinecf'by Chemical Co.) column (2q ml). ·- , .... , .. ~, ·- · 

• . tl1•1•· · ' - .. " • • .. .. .. . 
,!luorescence quenching in an !--tnincó-Bowrhan · · . . , . . 
spectrophotofluorometer at 25'C. Excitation wave- Kº 0! pur!fied sheep a,w-D1' P antibod,es ~ ,-
iength was 295 nm; emission wavelength, 345 nm. The K0 of each antibody fraction for DNP-lysine 
Ligand concns ranged from 10- 7 to 10-4 M. Thc ~{ was measured by fluorescence quenching as descri.bed 
quenching values were calculated by correcting each for human antib0dies, except that: (a) ligund concns 
fluorescence value for solvent fluorescence, dilution · ranged from 2 x 10-s to 2 x 10.-4 M; (b) the molar 
and non-spccific quenching, and normalizing · the cenen of binding si tes was cakulaced from the protein 
resulting value, taking initial fluorescence as 100~1~- concn [determined as dcscribed by Lowry et u/. 

•Correction for non-specific quenching was done using (1951)), assuming a 160,000 mol. Wi and valence of 2;-. 
-the titration of a soluticm of DL-tryptophan (Sigma) and (e) the value of Qma, was obtained at high ligand 
.under thc same conditions. concns (Q:n.i, = 40). The· K0 of each fraction was 

The molar concns of binding sites were calculated obtained from Sips' plots. 
lfrom tbe lgM and IgC concns determined, assuming 
iQ 900,000 mol wt and valence or I O for lgM and a 
•150,000 mol. wt and valence 2 for lgG. 

Calculations were made using a Qm .. -value of 50 
·or all the sera, because, due to the low affinities, 
.aturation could not be reached with the hapten 
;oncns used. Higher concns are not. recommended 
;ince the correction needed is too Iarge [see Eisen and 
vlcGuigan (1971) fór a complete description of the 

-nathematical treatment of the data). K0 was calcu-
-ated from Sips plots of the data. 

>urific:ation of sheep ami-DNP antibodies 

Antiserum against DNP was obtained from. a 
•beep that had been hc'rierimmunized with DNP-BSA 
,ora period of over ;years using Freund's complete 
djuvant (DIFCO) on a nutnber of -occasions. 
>NP~3BSA (5 mg/ml PBS) was injected intra­

-4uscularly and 7 days later the animal w:is bled from 
.1e jugular \'ein. The anti-DNP :intiserum was sepa­

-1ted from the clot and the ;-globulin fraction was . 
"btained by precipitating 3 times with 33~·~ 
•JH,hSO~." . 
Anti-DNP antibodies were isolated from the 

-globulin fraction using a Sepharose 48-DNP-lysine 
-nmunoadsorbent ·(March et al.. 1974). Thc .· 
-globulin fr:iction ( l :!00 mg in 30 mi) was incubated 

Seruiti:::ation of erythrocytes 

Human O Rh- blood was obtained from the blood 
bank of the Centro Medico La Raza (Instituto Mex­
icano del Seguro Social). After the erythrocytes had 
been separated from the blood by centrifug:ition and 

, had been washed 4 times with-PBS they were fixed by_ 
incubation in a 1% solution of glutaraldehyde 
(Merck) i,n PBS for l hr at room temp with gentle 
stirring. After incubation, the erythrocytes were 
washed 4 times with PBS. 

One haJf of the packed ce lis (fixed but unscnsitized) 
were then resuspended in an equal vol of PilS and 
were used either for adsorption of the test human sera 
or as controls in the HA assay (see later). The tther 
half of the packed cells were sensitizcd v:ith 
DNP~2HSA which had bccn prepared from 1-lSA 
(Sigma Chcmical Co.) and DNBS (Eastman KoJak 

- Co.) as de!.cribed by Eisen (1964). A 5~-~ suspcnsion 
of cells._was incubated in a solution of DNP1~HSA 
(12 mgjml) in PBS for 18 hr at 4 C with slow stirring. 
The cells were then washcd with PBS 4 times and 
resuspended in a equal vol of PBS. The cclls were 
stored in PBS with 0.02~·~ sodium azide at 4 'C until 
used. 

The cells were not agglutinated by anti-A. anti-B or 
anti-D commcrcial antisera _(Johnson & Johnson} 
either before or after cithcr treatment. ·ith :!5 mi of immunoadsorbent· for 18 hr at 15 C and · 

1en the mixture was tiltcred on a sintercd gl:iss 
mnel and the immunoadsorbent thoroughly washed HA a.tsays 
ith PBS to remove protr:ins not sp·cc11ically ad- HA assays wcre pcrformcd on Microtiter V platr:s 
,rbed. Anti-DNP antibody frm:tíons with dilfcrcnt . (Cooke Laboratorics lnc.) using 0.025-ml mic;o-

.- ' 
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pipctles and microdilutors. To test the specificity for 
thc DNP hapten in the positive reactions. the f ollow­
ing criteria were appli~d: ( 1) the serum should not 
agglutinatc fixcd, unscnsitized cells; and (2) the agglu­
tination of sensiti1cd cells should he inhibited by 
soluble DNP32HSA but not by soluble HSA. There­
.fore, each serum was assayed in threc different tests: 
tite agglutination of fixed unsensitizcd cells, and the 
agglutination of sensitized cclls in thc presence of 
either soluble HSA (2 mg1ml) or solubie DNP1,HSA 
(6 mg/ml in the first two wells, and seriallv dil~ted 

' -
thereafter). In all cases. !~-~ suspensions of cells were 
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used with PBS (with 2 mg!ml HSA) as diluent. 'HA 
plates were incubated for 18 hr at 4·-c and the results 
were read the next day. To be sure that the sensitivity· LOG KMlN 

: of thé HA system remained constapt thtoughoút-thc' '• Fig:' 1;· Frequcncics ·or occurierice · of Wiídffii associatioñ­
experimentation. a standard anti-DNP antiserum was constants equal to or greater than a certain giv;n \':t,lue 
included each time the HA assavs were perfonned. (Km;n) found for anti-DNP activity in nonnal sera. Toe filf.:d 

The HA titers of purified sh;ep anti-DNP anti- ci,rcles (O) were o~tai~1ed ~rom thc din:c.~ determination of 
b d" , , . . .. K. of the DNP-bmdmg 1mmunoglobuuns punfied,from 

o ies \\ere det~rmmed exactly as descnb~d :ºr hu- human sera; thc cmpty circles (01 wcre obtained frotn, the 
man sera, startmg from a concn of approxnnately · frequencies of HA titers (Table 2) and placed so as to have 
1 mg of protein/ml, on four different days. Ali titers the maximal overlapping with the fiHed circles. Toe dashed 
correspond to the Jast dilution showing positive Iine was obtaincd by Inman (1978) from his prohability 
agglutination. model ~nd represents the bin~ing of DN~~lysine_ by a 

F h d d d , h f: populahon of mousc myeloma 1mmunoglobu1ms (Eisen E't 
our un re an mnety-two uman sera rom al., 1970), 

healthy donors were tested for anti-DNP HA activity. 
Prior to any assay, 0.1 mi of each serum was ad­
sorbed with an equal vol of packed fixed cells at 4ºC 
for 1 hr to eliminate natural antibodies agrunst eryth­
rocyte antigens. 

RESULTS 

DNP-binding immunog/obulins from"human sera 

From the set of 36 sera from which DNP-binding 
immunoglobulins wer~ purified, a protein peak that 
eluted from the Sepharose-DNP-lysine with soluble 
DNP-OH was detected in 26 cases. Toe concns of 
DNP-binding M and G immunoglobulins, in the 
original vol of serum, ranged from 0.023 and 
0.006 mgil:11 serum ¡ór lgM (mean= 0.0125, not de­
tec~ed in five of tl¡e 26 cases) and from 0.027 to 
0.005 mg/ml serum for lgG (n~an = 0.0B4, detected 
in ali 26 cases). 

The purifi,ed immunoglobulins obtained were ti- , 
trated by fluoresccnce quenching for dctcrmination of 
K0 for the DNP-lysine hapten. A K,,-value could be 
calculated for 10 of them, as 16 showed no appre­
ciable quenching when comparing their titration with 
that of a tryptophan solution at the hapten concns 
used. 

The frequencies with which a K,. equal to or greater 
than a given value (K,,.,0 ) wcre oh1aincd are plotted in 
Fig. 1, along with thc curve obt~1incd by Inman ( 1974) 
from his probahilistic modd. Briclly. about 27~~ of 
human sera (10/36) had ,inu-DNP activity with a K,, 
greater th:m 1016 ,\/ • 1• a prop~lrlion that consistcntly . 
decreased towards hirher K,, ,·.tlm·s, the maximal Ku · 
bcing 10u Af·' in 2,7'.'. 0 (l/3h) of the sera. 

Kn a11d HA titer of purified sheep a11ti-DNP a11tibodies 

Table 1 shows the DNP concns used to elute each 
anti-DNP antibody fraction from the immu­
noadsorbent, the K0 calculated, and · also thc HA 

· titers obtaintd with each fraction at the concns 
shown. Ali the seven affinity fractions precipitated 
with DNP3~HSA but not with !-ISA. 

Correlation of HA titer with Ko and concn of anti­
bodies 

On the basis of the mean HA titer and protein 
concn for each affinity fraction shown in Table 1 the 
correlations bctween the starting concn of purified 
anti-DNP antibodies and the HA titer for each 
K.-class were constructed (Fig. 2), assuming a,linear 
correlation betwccn HA titer and anti-DNP antihody 
concn. From Fig. 2 the HA titer that each aflinity 
class would have at concns of 0.031. 0.13, 0.5 and 

Tahlc l. Purified an1i-DNP fractions sequcntially clutcd from thc 
. Sepbarosc-DNP-l)'sinc ... ~th a di!',Continuous gradicnt of DNP 

concns 

DNP molar Protcin Obscrved 
concn uscd concn · titcrs Mean 

. for elu1ion Log K. (mg/ml) 
__.:c--,;:._-~ ____ C_lo""g~~--~~~ 

1 X 10-' S.00 0.84 s. s. 5, S 1 : 32 
5 X 10-• S.JS ·l.05 . 6, s. 5, 6 1 : 48 
1 X IQ•l 5.54 1.05 6,6.6,6 1:64 
5 X IO·l S.94 0.911 
1 >< 10·1 6.21 0,97 

6, 6, 6, 7 1 :L~O 
7, 6, 6, 7 l/ri6 

S >< .10-l 6.34 1.10 
1 X lfl-l 6.51 0.79 

,. 7. 7., ~rs 
k, 7, 7,11 (,,1% 

Loa .K. values were calcul111cJ fwm .i S1p's plol of fluure,.:cnce 
quenching 11trntiuns. Pro1ein concn~ wcre delc:rmincJ by the 
mcthod oí l.owry "' al. (19511 u,m¡: USA as ,t,mdard, Thc liA 
titcr oí nch frnctioo w11s de1cr111111,J 4 time• 111 1hc pro1cm 
concn 1hown, und thc rcsuhin¡; 111c:rs wcrc •vera¡:cd. , 
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Fig3. HA titer as function of K •• for four difícren! antibody 
concns: 0.03 (0), 0.12 (.~.). 0.5_(0) and 2 <Ol mg,ml. Th:: 

ANTIBODY. COUCENTRATION (mg/mll, - values of the points. \':·ere_ deriv_ed, fro]1:l. Fig. 2. These 
Fi°i.1 Correlation betu·een :8A tiier _and c0ncn of punfi~d . ~!andard cur\fsJer_~}9n¡5~ru~t~fºi,R.l_?~\lgg !-~,e IC>~:_ºt_the . 

. anti,-DNP'aQ.titi.o.dies wi1h d1ffen:n1 K,_-\'alues. Thc:•numh~r ~ teciprocal'·of 'the'· titc:t· va1u::s agamst log i. (m - 1 ::-26. 
,on éach iine is· thc log K,. of each fraction. The mean u ter R = 0.95 for each of the four !inesJ. From the inver,<e of uie 
j¡ e) for cach fracticn ;~tone an~ibody c~ncn w~~ d_ctcrmi~cd slopes, the change in log ;;_ ~equired for a changc in I l~g: 
hperimentally fro:n 1our rephcates. Tnc remammg pomts J/HA titer unit (for equal ant1body concns) was found to oc 
~e) were calculated assuming a _linear correlau~n between 0.655. 
IHA titer and antibody o.-.ncn. From thc rcgrcss1on we.can . 
b.!culate the theoretica! titers that each fraction would snow the remammg 107- sera. the agglutination was in-
\ if its antibody concn were 0.03, 0.1 2, o.5 or 2 mg/ml. hibited by soluble O!',;P32HSA but not by soluble 

2 mg/ml was calculated. With this data, the cor­
relation between HA titer and K0 was constructed 
(Fig. 3). From the inverse of the slopes of the lines 
in Fig. 3, the difference in log K0 necessary to bring 
upa unit change in Io;2 J¡HA titer was calculated and 
found to be the same for ali the antibody concns: 
0.655 log K0 units. 

,1nti-DNP HA actit'ity in normal sera 

As means of testing ihe stability of the dinitro­
phenylated human erythrocytes, they were tested 
·every day during the experiment against a standard 
anti-DNP sheep antiserum: O in 11 of the 13 days a 
titer of 1 : 1024 was found wuh the sheep antiserum; 

__ on the other two days the titer was 1: 512. 
Of the 492 sera 129 gavc a positive reaction with 

sensitized cells, 22 of which also reacted with fixed 
unsensitized cells and wcre not considered further. Of 

•Although this assum¡Mion may at first appear unlíkely, we 
found it reasonablc, as the con~11s of DNP'-bindirig lgG 
and }g.M that wcre measurcd in nonnal sera have no 
more than a five-fold diffcrcnce between thcir minimal 
and maximal \'alues, and. thus. in an HA assay this 
difTcrence would mean al most :? lol!, l;'HA titer units. 
Thc:refore; we think that thc diff~reñccs in HA titt:rs 
within t.he ~era wcre duc mainly to dillerent alfmities and 
nol" to diíli:rences in concn of DNP-bindin¡; immu-
no~lobulins. · 

HSA in 87 cases, which were taken as showing · · 
specific anti-D"l\P aci.ivity. The HA titers obtained 
rangcd from 1 :2 ~21 sera) to 1 :256 (one serun'Í)" 
(Table 2). To relate the frequencies of HA titers 
observed with frequencies of K., the correlation be­
tween K0 and HA titer for our system (Fig. 3) was 
used, assuming that the 2.ntibodies responsible for tb: 
agglutin2.lion of sensitized cells wcre at the same 
concn in ali sera.• Rel.ating the value of 0.655 log K, 
units required for a change of 1 log2 1/HA titer unit 
(that is one titer), with the observed frequencies of 
each titer, a cur\'e of cumulative frequencies of K0 s 
could be construc~ed. but its position along the log K,. 
axis could not be defined from these data alone. 
Thercfore, we placed t~ frcquency curve as to have 
the maximal ovcrlapp¡ng with the frequcncies of K0 

found for the DNP-binding immunoglublins purified 
from thc small set of sera (Fig. 1 ). As can be seen. the 
overlapping betwecn tlie data obtaíned with both 
samples is good, and the shape of thc curve is !imilar 
to that obtained by Inman {1974). although displaced 
to higher K,,,;n~valu~s .. 

DlSCUSSION 

Anti-DNP activity was ~found in normal human 
sera. By an immunoadsorption procedure followed. 
by fluorescence quenching, 10 out of 36 sera were 
shown to c~ntain DNP-binding immunoglublins with 

Table 1. Frcqucndes oí anti-DNP ac1ivi1y in n«•nnal human sera 

HA titcr 
1:2.56 t:128 1 :t.4 1:32 1:16 1:1 1:4 1:2 

Sera with anti-ONr 1 2 3 . ' 6 12 37 21 
activity 

Frcqucnc)' (º ~) 0.2 0.4 0.6 1.0 1.2 2 . .C 7.5 4.2 
Cumulati,·c frcqucncy 0.2 0.6 1.2 2.2 3.4 '·ª 13.3 17 . .S 
A 108 K,. ll.O -0.M -1.31 -1.97 -2.62 -3.27 -).93 -4 . .SII 

Frcqumctc• ll'Crc cakul,ueJ dl\'ld1t1!! 1he numbcr of sc:ra show111g ea,h 111er hy th: 1u&2l number oí sera tc~tcd 
· (4921. Thc \".ilucs ;ií A lu¡; K. wc:rc c11lcula1cd from t"ig. 2. 

, 

, . .. 
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measurablc afünity ·(K. > J0~-6 M- 1) for thc hapten population isolated, and not of ali thc immu­
DNP-lysine. Besides. S7 out of 492 sera (lí.5~~) noglubulins in the serum th:it may reaet with DNP. 
showed h::rn;.i.•gglutinating acti\'ity specilic for the albeil with vcry low a(iinitics. Thus, our experimental 
DNP determi.'"1ant. These high frequcncies of anti- curve is probahly displaced 10 Km,n·\'alucs higher than 
DNP activity ·ín<licate that thc fraction of immu- the real average afünities. -
noglublins c~trable of binding DNP in the entire A minor c:ontribution to the displacement of the 
ántibody rep::r°it'oire must be high. supporting the idea curve may come from the determination of K. of 
that antiboó:.-s are multispecific. . DNP-binding immunoglobulins purified from human 

Figure 1 sh1-;sws the curve of frequcncy of anti-DNP sera. For an exact afiinity. determination by 
activity founc ~,n normal human sera as a function of fluorescence quenching. good estimates of Qm .. and 
Kmin• and th.: curve given by fornan [Fig. 3 of Inman the molar concn of ~iriding. sites (S0 ) are required. As 
(1978)] as c·;;ived from his mathematical mo<le! of stated earlier. the Qm., was not dctermined experi­
multispecificit:i·. Data obtaincd by twó differ~iitmeth- mentally, but a value of 50 was used ºfor ali the 
ods were u~_.J_ to construct the cur.·e of frcqu~fc~'-ó"f .. litrations, ánd the s. was ·detenni·necl from ·1he lgG 
K¡,,¡0 for the DNP determinan t of imm unogfübulltK '\inl:I"" I~M"c:O'Jicns · in·' the· .. eluate' rfrorri· tiie· ~iñiifrti~ · 
from normd human sera. The direct dctermination of noadsorbent, though it is not really known if ali the 
K0 is the bc:s! way of testing the validity of Inman's active sites remained active and if the lgM antibodies 
model, but ¡, would be practically impossiblc to assay used their 10 active sites in binding. Howe,·er, egors. 
by this m,::Lüd a very large sample of sera. On the in Qm., and s. are less important with low affi~ity 
other hand. thi!' data obtained from the HA assays antibodies, as our's are (Eisen and McGuigan. 1971). 
has the aó·;.;ntlge that the shape of the curve could For example, the same data • for the antibodies 
be betct'r ó·Sned, specially in the zone of low fre- purified from serum 1009, calculated using different 
quencies, c5 ,, itarger sample of sera was used. The Qma,-values, ranging from 30 to 70. yieldcd values for 
curve obtamtd from our data shows that the fre- log K0 that diffcrcd by less tilan l log K0 unit. Further, · · 
quency of e,ich. Kmin decreases as the value of Kmm decreasing by halfthc S0-,<alue used changed log K0 

increases; ,:··: frequency of K0 > 105 was as high as only by O.ió.units. 
5'.l~- Our curvc- .ís similar in shape to that of Inman's, We feel that none of tbese uncertainties weaken the 
although i, shows a displacement to higher fre- main observation that thereis a significant fraction of 
quencics. Tr.,! main point is that the· frequency of non-immune immunoglobulins capabie of binding 
anti-DNP ;;•:!rnty among human sera with DNP with appreciable affinity. Thus, it seems rcason­
K0 > 10~ 1 ,,,e,:~-.; is of the order of 1-10~·~, rf'gardless a ble to propose that a number of antibodies directed 
of reasoH:),' '. ·:.ariations in antibody concn. \\le take against different natural antigens bind DNP. Fur­
these hif\ i··.:,ruencies to be consjstent with the thermore, the close similarity of shapes of our experi­
hypothesi~ ._,:· '.l!!tibody multispecificity as poscd by mental frequency curve of K,,,;0 with that of Inman·s 
Inman. theoretical model for antibody active sites strength-

The dis¡<!.:;:ment of our experimental curve from ens the notion of multispecificity. 
the theor:c•.:.: . .i one is to· be expected because of a Surely mo~e exper;imental data are needed to bettcr 
number or ~.: .,:.~ns. Firstly. our frequencies are higher determine the exact position of the curve, that is, the 
because 0'.1: ,:dinition of frequency (the fraction of actual degree of multispccificity; which. as pointcd 
sera whict é<,;d hapten above a given K,..,0 -value) out by Inman. may be dífferent for each particular 
differs fro,:1 :;::it of I~man (the fraction of ali individ- immunoglobulin (tested against se\'eral hapte11s) or 
ual imm,F :hlbulin.s that interact with the hapten each particular haptcn (tcsted with many different 
with aflini · , .. · - g;eater than K,:,,n). The serum-count immunoglobulins). 
frequencic , . .. ~:: higher .simply because a scrum con- The prcsence of anti-DNP activity in nonnal sera 
tain a st:t ,:.,;. many diffcrent immunoglobulins. the has been previously reported in humans (Terry et al .. 
chances of ,:·nc-ountering a positive rcaction being 1980; _Farah, 1973; Brandriss. 1917; Tuset et al., 1978) 
higher wh,::: ;es.ting a mixture of diflcrent immu- and rabbits (Haimovich et al., 1970). but the per­
noglobufü> :.::a.n when testing them individually. ccntages of sera with anti-DNP activity are not 
That lnm .. ,s frequcncics are indccd lower than similar; di~crcpancics probably ansmg from 
serum c0t1:·:t-. can be seen from thc sc.-rum concns of diffcrcnces in thc sensitivity of the scrcening methods 
th.e DNP··{';ding immunoglobulins relative to total employed. Our results are original in th:it they ex­
JgG and !t: \! S:l>!lcns. For lgG, the mean concn found press anti-DNP activity in· terms of K,. and are. 
was O.O!;.;;'::: mi. thal is. about 0.001''~ of thc mean thcrcforc, the only .onei-. useful in testing the validity 
lgG co11en : · :;crum; for lgM, this figure is about of Jnman'li modcl of multispecilicity. 
0.009º.,. · Othcr possiblc expl,mations of our results alterna-

Also. h,.'(,: 0.::,c of thc immunoadsorption 1echnique tive to antibody multispecificity need corn,ideration. 
cmploye : :-, ,•.obtc DNP-hinding immunogl,1hulins, Thc existencc of anti-DNP :mtibodics in thc será of 
we arC' in ', '-:,:: w,ay sekcting thosc imm1111C1).!lobulins noni1al individua Is could hedue to previous cxposure 
with ailii"c:t:,. · for DNI' gn:ater than a l·crtain value. to the hapten. We f.::cl su,·hc:xposure is unlikclyiince 
Thus, W(' 1:. ,.,sur-cd the average nllinity of the suh- DNP is ñot presc:nl in oiir- a·;tual environmcnt in 

.. 
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COntenl r;;,'..ons suflkiently high lO itnmi'.inizc thc spe• 
cies in \1 ::~ch natural anti-DNP acti~I~")· has been 
fouiid. /\, .:,~ DNP is a synthctic s:.ib.'isl;ir,,,,'c that could 
not ha've \x:.~n the immuno_gen for fr.:c <J;?pt:arance of 
antibodie, ·capable or rcacting wi~t. ~il. in species 
exis~ing k,:1:g beforc man. The pos-sihieú;- •rcmains that 
tht prcsc1ce of natural :mti-DNP a'Lllt'bodics is dueto 
á cross-rc~::otion with an tmknown :l!!,l't •,t~:ry comri1on 
antigcn th,H holds, in sorne part ,;;f° ~t:s molecule, 
structur;;: <milarities with DNP. Tru1. :··Q;;;sibility also 
séems i;:·,;~ 0-obable to us since the ll.1\P-anti-DNP 
system 0:" ibeen· widely studied a;;¡·& -::rn,ss-reactions 
with cm:·.,·,on antigens have seldomr- :'°;:!•:::n reponed 
(Mich¡¡,,:i, >--S and Eiscn. !974). and:s,::,~·:: 1he haptens 
wüh · \, ,.:,:;,¡ homo!.!cneous DNIP-~:>ndi-ne iinmu­
q9g!obL:[>, react in ;ddition to DNP ·;;w.: ,diiierent~for· 
eacli p;i i \. •ilar immimoglobulin (Eis;:¡¡ :er al.. i 970; 
Ca~etv, ,,.n,d Erlangcr, 1977). Thus.. W,!C condude 
thát D>;1· :; capable ofreact1ng \\:i:tl: :-:,~;roy ditferent 
immun-:, /· ,;:,u]ins whose S-_y-n~hesis c;.:,:_.;,:i have been 
,nduce,~ ; :- :a variety of aT,tigens 'll:'!:.h, which the 
in vid id:::,: \as been in contact. 

lf e,:¡",·.::,:::ents with other hapten.i; 0 :-.00-Jd indicate 
·that n:•.1:::,,·,~cific binding is gene;.al .. :. ·would then 
1have 1G -=~·,·,;.irler the significance ·<:,;· •.. L:: but seem­
mngly u.:necessary genetic diversifrc1:1on, of immu­
noglobvb active sites. 

flrar.r.',· 
2.4-: 

. lí,.'l· 

i::i;t':tl 
_gir>i•. 
:ame-: 

n1t¡:_, 
... ,7t,.;. 
-=--. ,:ts::n : 

an(: 
fcn é· 
J1n::,:: 

G./.. 
Nr,,· 

¡,ttfRE."iCES 
· '. W. (--1-9-r:j Antibody.J!.:t: ·;::•-vity to the 

...:,..,n)•I nrou- 1j n~-~1 ,;,. ..... , · · ·• ~-·ra "a1urd ··:-- =- \'-~ ...... ¿,~~~ 'l,:\i-:,.: ... ,_ .• , JO•- • 1-. ~-· 
·-1~ 2l ,r.,_c,_,.,_--:-.u.J-,o.-.. Jc\'i' \---· 

·<.. {1964) Preparation t0f .· .:i~j anti-2,4-
. -,:,,1 antibodic:s. Me1h. m11,;i ;,fl, 94. 
·._ 1,. and E'.l.:nfer B. F. t:·:· Evidence for 

, ... ::-:1:.yofanubouy m001'!01!k,, ...• ,,.Y::,,r,\_. Lo11d. 2GB, 

::. and McGuigan J. E {1·P'"ft 1 (i.l::i~nching of 
i: .·ore=nce by haptens .and .,.~ ":·,"·!:'·S: a mc:thod 
· •;;ng antibody-lig:anrl .a1ñni1:é· ¡::, ,\.le1/10ds in 

' .. ,. and /1111111111,,c/;emiscry· :{E·::i.•:: J t,;y Williams 
~·hase M. \V.). Vof. .3_ p. 3.if .. .- ~;!c;iemic Press, 

~stn) •· ·,'.i.chaelidc:s M. e_ Under-iiI;,n1 !): J .• Schulc:m-. 
bu'. i · nd Sim~ E. S. ( 1970J My.e.,. " · r1r-oteins with 
an:i:· ,mtibody acti\'ity. Fil!.dn Pn>: . . •,. '78-64. 

=arai, l . (1973) !-:atural an1ib0ifo~ ,:,,:;;:¡:"iiic to the 
2.4-é · , : . · _:··henyl group. Jmmwi"ólogy :,5. .' f 7. · 

iainn-,.,.·:. , • Tarrab. R., Swica A. in .. , ·:.c:a. M. (1970) 

Antibodies of díffcrcnt spccificities in 110imal rabbit sera. 
J. /mmu11 104, 103.,. 

lnman J. K. 1197-:, Mullispecificity \lr thc antíbody com­
bining regíon and antihtldy di\'cr~11y. In The /111111w1c 
Sysrem: G,·111·.1. R1·ci·r,t(Jrs ami Sit11a!s (F.díted by Scrcarz 
E. E .• Wílliam,t'n A.. R. and Fox C. F.l. p. 37. Academ1.: 
Prcss. Ntw York. 

Inman J. K. ( l 9ili) Thc an1ibody ct•mbíning rcgion: specu­
lations on ·thc hypoth::sis of general multisp::ciiicity. In 
Tll!'ore1,ica/ l111111u110/11g_r (Editcd hy Bdi G. l.. Pcrclson 
A. S. and Pi:nhky G. IL Jrl. p. 243. Marce( Dekkcr. Ncw 
York. 

Lo1ny O. H., Roscbrough N. J.. Farr.A. L. and Randall 
R. J. (1951) Prou:in mca~urcmrnt witli thi: F0lin ph<"n~! 
rcagent. J. bio!. Cf.t·111. 193, 165-:!iS. ... . , 

J\farch S. C .. P;irkh l. :i.nd Cuatrccasas P. (1974) A 
simplific:d mclhod for cyanog,:n bro;nicie -activation or· 
agarose for &.fü:uty chromatograph). Ana(w. Bioc/11•111: 6.'l, 

. .149 .... -· ..... . •::-;,::···•,·· 
· Michaelides !',:!: C. and Eisen H. K (!9'74) T!1e' st"raifoé· .· 

cross-reaction of menadione (i·itarr.ín K,J .a~d 
2.4-dinltrophcnyl lip.and; with a ,¡1yek,ma protein ind 
sorne convcnii,1!:al antíbodíes. J. ex¡:. !.f1:d. 140, 68'7.;_702 .• 

Potter M. (11.liiJ Anligen binding mydoma prot0tiµ of 
mice. Adr:. !mn::m. 25, 1-41. · 

Richards F. F .. Amzel L M .• Konig,ixrg W. H., Manjula 
B. N.,.Poljak R. J .. -Rosenstcin RA\' .. S:nrl F. ami Varga,; 
J. M. (1974) Poiyfunctior.a·1 antibL,dy co:nhining retior:~. 
In The lmm:mc Sysrem: Genes. R:>Cl'f'/(Jrs mid Signa/.< 
(Edited by ~.:re ·7 E. E., Willimn;.c-n A. R. and Fox 
C. F.), p. 53. Ac~,!emic Prcss, !'scw York. · 

Richards F. F. ;md !(onigsbcrg W. H. (1973) Spccufütions: · 
how specific ,: • antibodies? lmmunoc/1e111isiry 10, 
545-553. 

Rosenstein R. v:.. lusson R. A .. Anmtrong. M. Y. K .. 
Konigsberg ·_,_.. · and Richards F. F. (197:!) Contact 
regions for din.u ;,henyl and me,,a,ii,;ne h:iptens in an 
immunogln~,u::n ·,,índing more tbn one antigen. Proc. 
11am. Acad. ::,,·:. U.S.A. 69, 877-8gl. 

Talmage D. W i; ')59) Jmmunok,gical specificity. Scicnce 
129, 164~1,:,; •. 

Terry W. D .. ¡:_ -.d M. M .. Rea J. S. and Stein R. (1970) 
Human M-pr .... ,;P, with antihody :\Ctivity for ni1rophénj·l 
ligands. J. í11w:,111. 104, 356-359. 

Tollcshang H. ;rnd H:..nne;tad K. (1975) Binding of ligar.ds 
to a monocil'll'.il lg_'.\,1 macrog!ol:>uiin with mui,iplc 
specificity. hr.,•i•moc;licmistry 12, 173-18:!.. 

Tuset N., Gra~,: J. a¡.d Bruguiat P. (!978) T',;:nural anti-DN? 
antibodies ir. r.,-.,rym:l and pathological human ~era. Biu· 
medicine 29, ;-t.!J:?62. 

Varga J. M., Ko:;ig;h~rJ! W. H. and Rkhards F. F. (1973) 
Antibodíes ~ i;h multíple bindin~ fun:.:tínns. I:iducfion of 
single immu:in_:::nbulin specics by structurally dissimiiar 
bapten:;. Pro<. ,,,un . .Acnd. Sci. U.S.A.. 70, 3:?69-3274. 

William~on A. f!. (! 976J The biolof•il-ai" origin of ari1ibody 
diversity. A. R,·r. Bi<>du:111. 45, 467. 



COOPERATIVITY IN THE REACTION OF 

DNP-LYSINE WITH ANTI-DNP ~TIBODIES 

' 

E. Ortega; J. del Bosque, and C. Larralde 

.. 
• 

Departamento de Inmunología 
Instituto de Investigaciones Biomédicas, 
Universidad Nacional Autónoma de México:­

Apartado Postal 70228 
04510 México, D.F • 

I 



1 

ABSTRACT 

The binding of DNP-lysine by heterogeneous and by two 

monoclonal anti-DNP antibodies was studied by fluorescence quenching. 

Scatchard plots of the titrations of heterogeneous and of one homogeneous 

antibodies showed ascending limbs, which are diminished or abolished when 

Fab fragments were assayed. The results are consistent with cooperative 

bindi_ng. 
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INTRODUCTION 

The binding reaction of antibodies with antigens has long 

been considered to occur in a non-cooperative,~anner (Metzger, 1974, 

\ 

1978; Kelly et al., 1971; Nisonoff et al., 1"915; Skubitz et al., 1977). -- ' -- --
However, sorne evidence has been reported that there is cooperativity in the 

binding of sorne ~ormones by anti-honnone antibodies (Matsukura et al., , -­.. 
1971; Matsuyama et al., 1971; l-leintraub et ª-~·, 1973; Carayon & Carella, 

1974), and in t..'tte binding of multivalent dinitrophenylated antigens by 

anti-DNP ant::.bodies coupled to a solid phase (-Celis et al._, 1977) • 

Furthermore, it has been shown that the light chain dimer of a myeloma 

:inununoglobulin binds two DNP groups per dimer in a cooperative manner 

(Lancet et al., 1977, Zidovetzki et al., 1979). (Light chains dimers 

have'been proposed as models for primitive antibodies (Edmundson et al., 

,il974). An ascendin9 limb in Scatchard plots (Scatchard, 1949) consistent 

with cooperativity has also been observed in the binding of a univalent 

':hapten (3H-DNP~J.ysine) by anti-DNP antibodies elicited by conventional ... 
Íiti,mrnÚnization and assayed by equilibrium dialysis (Pérez-~ontfort, 1979). •·; : . 

This lat~er work has been criticized because of the large scatter of 
• 1. •. • •• .,. 

·:expe~imental polnts in the region of low.saturation (a córnmon feature of 
1. • . , 

• • ... • t i. 

· equilibrium dialysis experirnents) and because of the use of heterogeneous 

preparations of antibodies. 

, 
In order to see if the ascending limb, in the Scatchard plot 

is a real event .. and not the.result of any•artifact, we studied the sarne 
, 

system (DNP-lysine and anti-DNP antihodies) using a completely different 

experimental technique: fluorescence quenching (FQ), and used both mono-

\;·.,. 
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clona! and polyclonal (heterogeneous) antibodies. Scatchard plots with 

ascending limbs were consistently obtained when preparations of poly­

clonal antib?dies and of one monoclonal antibody (Mo) were assayed. 

Plots of another monoclonal imrnunoglobulin (MOPC-315) or of Fab fragments 

from Mo showed no ascending limbs, and those of Fab fragments of polyclo­

nal antibodies showed a significantly diminished or absent ascending 

limb. 

In view of these results, the possibility of the ascending 

limb of Scatchard plots arising from an experimental artifact and/or 

because of the heterogeneity of the antibodies used_ in previous studies 

may be discarded and the notion that at least sorne antibodies can bind 

their ligand cooperatively rnust be seriously considered. 

MATERIALS AND METHODS 

Heterogeneous anti-DNP anti°bodies and their Fab fragments: 

Antiserum against DNP was obtained from a sheep that had been 

hyperirnrnunized with DNP-BSA for a period of over two years. DNP23-BSA 

(5 mg/rnl PBS) was injected intramusculary and seven days later the ~nirnal 

was bled from the yugular vein. The anti-DNP serum was separated from the 

clot and the ganunaglobulin fraction. precipita ted wi th 33% (NH 4) 2so 4 three 

tiines. 

Anti-DNP antibodies were isolated frorn the ganuna-globulin 

fraction using Sepharose-4B-lysine- DNP irnmunoadsorbent which was prepared 

by the method of March et al. (1974) frorn Sepharose 4B (Pharr.iacia) and 

€-NH2 din,i trophenyl-L-Lysine (Sigma Chernical Co.). The gammaglobulin 
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fraction was incubated with the immunoadsor.bent fer 18 hrs. at 2sec with 

gentle shaking. The mixture was filtered on a sintered glass funnel and 

thoroughly washed with PBS. The anti-DNP antibodies were eluted from the 

i.mrnunoadsorbent with 0.0025 M DNP. This was carried out by incubating the 

i.mrnunoadsorbent with an equal volurne of DNP.._ (.Z-1erck), for one hour at room 

' temperature. After the incubation time the mixture was filtered on a 

. sintered glass funnel and washed once wi th · 25 rol of DNP at the saine' 
, 

4' 

concentration. The filtrates were pooled and concentrated by ultrafiltra-

tion (Arnicon membrane XM 100) toan aproximate volurne of 10 ml. To rernove 

~ 

DNP the concentrated filtrate was crornatograp~ed on a 20 rol Dowex 1-BX 

colurnn (Sigma Chernical, co.). 

Fab fragrnents of anti-DNP antibodi_es were prepared as follows: 

a) 'J;O a solution of antibody (18 mg in 10 ml PBS), we added 1:100 {w/w) 

of papa.in (Sigma), EDTA and~-mercaptoethanol to final concentrations 

•1of 0.002 M and O.Ol M respectively. b) The mixture was incubated for 3 hrs, 

at 37ºC with occasional shaking. e) Iodoacetamide, 0.013 M, was added, 

·: 'and the pH wa1 raised to 8.2 with Tris-HCl, 2 M. d) After 30 minutes of ... 
¡~ ;: . 
:!Jt:\,rring at room temperature, the mixture was cromatographeq on a Sepharose-

~ 

ly;s~ne-DpP colurnn and was thoroughly washed. e) The ad~orbed protein 
•• 1 • 

.. -
¡ .• · wás ·ielute:3 wi th 0.1 M DNP and the eluate- was cromatographed through a 

l)OWf!X l.,.8X colurnn. 

•. 

The presence of unigested antibodies in Fab preparations was 

assesed by SDS-PAGE and by gel filtration on a ·sephadex G-75 superfine 

column. SDS-PAGE was performed in 5\/1.SÍ gel (Laerranli, 1970) stained 
, 

with Coomasie Brillant Blue. 
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Mild reduction and alkylation of antibodies (3 mg in 3 ml 

PBS) were carried out with dithiothreitol (Sigma) 0.001 M in Tris buffer 

0.1 M, pH 8.2. After_incubating one hour at room temperature, Iodoaceta­

mide, 0.004 M was added, and the mixture was incubated for 30 min. and 

dyalized exhaustively with PBS. 

Preparation of anti~DNP hybridoma (Mo) 

Cell lines and media. 

Dulbecco's modified minimal essential rnedium ·(nMME) with 

L-glutamine and glucose (GIBCO) was used far the preparations of other 

media. Incomplete medium (IM) was preparéd from DMME, NaHco3 (0.24 M) and 

HEPES (N-2hydroxyethyl-piperazine-N-2-ethanesulfonic.acid) 0.08 M, pH 7.4. 

Complete medium (CM) contained sodiurn piruvate (0.1 M), L-glutamine 

(0.002 M), non-essential aminoacids (0.001 M), penicillin (1 IU/ml), 

streptomycin_ (1 ~g/rnl) and 15% heat inactivated fetal bovine serum. 

HAT medimn was prepared from CM anda solution of hypoxantine, aminopterine 

and thymidine (Littlefield, 1964). 

The enzyme deficient, non secreting myeloma cell line 

Sp2/0~Ag 14 (Schulman e~ al., 1978) was cultured in CM containing 8-azo­

guanine, at 37ºC in a humid atrnosphere with 5% co2, at concentrations of 

4 
up to 5 x 10 cell/ml. 

Jmmunization 

Male BALB/c mice (6 to 8 weeks o¡d) were irranunized intra­

peritoneally with 0.5 mg of DNP-K.LH (prepared from Keyhole Lyr.ipet Hemo-
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cyanin, Calbiochem, and 2,4-dinitrobenzen-sulfonic acid, Eastman Koda.k) 

in 0.1 ml of Freund's complete adjuvant (GIBCO). Thirty days later t.1-iey 

1 

were immunized in the same manner but using Freund's Incomplete Adjuvant. 

Thirty days after the second immunization 1 t.hey were injected intravenously 

with 0.1 mg of DNP-KLH in isotonic saline. 

" 

Four days later, the spleens ' : 

of two animals were removed, and the cells were dissaggregated, and washed 

with IM. 
, 

Cell fusion and cloning 

107 washed tumor cells were added ·to 108 washed lymphocytes, 

. 
and centrifuged. 0.2 ml of a 50% polyethyleneglycol (1000 MW, Sigma) 

solution in IM were added to the cells. The cells were shaken gently for 

6 min, washed and resuspended in CM ata concentration of 4·x 105 cell.s/rnl, 

and distributed.iri microculture plates. They were then cultivated for 3 

,iwee~s in selective _HAT medium, and the supernates were assayed for anti-DNP 

activity by passive hemagglutination. Cells from positive wells were 

·: -clonéd by limiting dilution and cultured in rnonocyte layers (2 x 105 

·.•,; 

íi:cellsfinl) for 8 days. After this, anti-DNP acti vi ty was assayed, in the 
~· . ; : 

supernatcs by passive hemagglutination. One of the positive clones was 
• 

~e~~cted· and ~~anded in vitro prior to it 1 s injection i;to BALB/c rnice. 

..... ·t 

Purification of monoclonal antibody (Mo) 

. . 1 4 BALB/c mice were injected intraperitoneally w1th 3 x O 

hybrid cells one week after injection of 0.5 rnl Pristane. Mo irnrnunoglo-
, , 

bulin was purified frorn the ascites f~uid of these animals by affinity 

cromatography using a Sepharose-lysine-DNP column. Either ascites fluid 
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diluted 1:2 with PBS, or the gamma-globulin fraction of the ascites 

obtained after three precipitations with 33% (NH4) 2so4 , was directly 

passed through the column. After exhaustive washing of the column with 

PBS, the antibody was eluted with 0.1 M DNP. The eluate was directly 

cromatographed in a Dowex 1-8X column to remove DNP. 

The purity of the preparations of Mo was assesed by a} SDS­

PAGE in 5/7.5% gels (Laenunli, 1970}; b) Double inununodiffusion against 

rabbit anti-mouse IgA, IgM, IgG1 , I9G2a' IgG2b, and IgG3 (Miles Laboratories), 

ande) analytical isoelectrofocusing as described by O'Farrell (1975). 

Fab fragments of Mo were prepared and purified as described 

for heterogeneous antibodies, but using a ratio of 1:25 of mercury-papain 

(Sigma) to antibody. 

MOPC-315 immunoglobulin 

Monoclonal inununoglobulin MOPC-315, purified from ascites fluid 

by the method of Goetzl and Me"t::zger (1970), was a k.ind gift of Dr. Israel 

Pecht, of the Weizmann Institute of Science. 

Fluorescence quenching assays 

Fluorometric titrations of purified sheep anti-DNP antibodies 

and it's Fab fragments were carried out in a Perkin-Elmer MPF-44A 

Fluorescence Spectrophotometer. All measurements were done at 24ºC. The 

hapten solution (€-NH - 2,4, dinitrophenyl-L-lysine from Sigma Chemical Co.) 2 . 

was automatically and continously added to·a cuvette containing the 
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antibody solution. Irmnediate and complete mixing of the reactants was 

provided by a·motor d.riven plastic agitator that was inmersed in the 

' solution. The fluorescence values wcre collected in an oscilloscope 

attached to the spectrofluorometer, that can store more than 1000 values 

for each titration. The data were transferre\~rorn the bscilloscope to 

' a magnetic tape and frorn there to a computer, which carried out all the 

calculations. 
, 

Fluorescence quenching titrations 9f MOPC-315, Mo, and it's 

Fab fragments were done in an Aminco Bowman Spectropho~ofluorometer. 

Measurernents were done at 20°C. The hapten was added in aliquots of 4 

or 5 µl from DNP-lysine solutions of different concentrations. The 

solution was stirred with a small magnetic bar. Stable fluorescence 

values.were obtained in less t..~an 30 seconds. 

All calculations were done esentially as described by 

Eisen and McGuigan (1971). For the heterogeneous antibodies, correct:i.on 

f~~ non-specifiq_·quenching was done using the titration of a monoclonal 

mqpse:inununoglobulin which does not bind DNP. Both o and the "lnax º'.'! •.... 
1 • 

association constants were calculated by a curve fitting procedure using 
~ 

• 
the r~.!ura~ion vs·: free ligand curve and assurning homogene~y in affinities. 

r. • 
'rhe molar concentration of protein was caléulated by O.D. at 280 mn 

' l% f 14 assuming E280 o ·. The salid lines given in the figures are simulated 

Scatchard plots of a population of bivalent homogeneous antibodies, with 

no interactions between sites, with affinity constant equal to those given 

for each curve. Dueto the presence of hétérogeneity in affinities, 
, 
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estirnates of cooperativity (that is, the ratio K2/Kl) cannot be obtained, 

as there is no rnathematical model which can estimate the site constants 

if the d~stribution of affinities is not known. 

For the titrations of homogeneous antibodies, correction for 

non-specific quenching was done us~ng the titration of a solution of 

DL-tryphotophane (Merck) done under the same conditions as the titrations 

of antibodies. O values were obtained adding a very high concentration· 
"'"max . 

-4 
of hapten (10 M). The molar conGentration of antibody was calculated 

1% 
spectrophotometrically using a value for E280 of 15. 

Association constants for the titrations of MOPC-315, Mo 

and Fab fragments of Mo, were calculated by an iterative fitting procedure 

using the regression of bound ligand vs. free ligand. The equation used 

to calculate the best fit was (Rodbard and Bertino, 1973): 

B = (Kl Ao H) + (2 Kl K2 Ao H2). 
1 + (Kl H) + Kl K2 H2 ) 

(1) 

were B and H represent the molar concentration of bound and free ligand, 

Ao the molar concentration of antibody and Kl and K2 represent the 

stoichiornetric association constants for the first and second site 

respectiv~ly (Klotz, 1953¡ Fletcher et al., 1970, Rodbard and Bertino, 

1973). Values for Kl, K2 and Ao were sequentially modified until the surn 

of squares of the differences between B values of experimental points 

and B values calculated from equation 1 was brought to a minimurn. First 

quesses for the iterative procedure were calculated frorn the mean 

association constant estimated from a Sips plot of the experimental data. 



r. • 

10 

A si.mulated cu.rve using the values obtained~by the fitting procedure was 

drawn back in the Scatchard coordinates along with the experimental 

points. The simulated curves were drawn according to the equation: 

H = 
B - Ao +· {((Ao - B) 2 + K2/Kl B \; Ao - B') 

, 2 K2 (2 Ao - B) 
( 2) 

which is obtained from equation 1, solvi~g for H and taking the oositive 
'? 

sign of the root so that H = O when B = O. Values for H weré calculated 

for every B value and the ratio B/H was plotted against-B values. It is 

i.mportant to note that Kl and K2 in this model correspond to the 

stochiometric association constants and not to the intrinsic association 

constants. Thus, if no interactions occur and the si tes are identical wi th 

respect to intrinsic affinity for the hapten, then Kl = 4 K2, and 

f3 = 4 K2/Kl = l.$ > l implies positive cooperativity and $ < l implies 

1 •. negative cooperativity. 

Equilibrium dyalisis 

Eg:~ilibrium dyalisis were performed in a lucite mul!idyalisis 

apparatu~ constructed by the Centro de Instrumentos of the Universidad 

• 
. · Na,c.ipnal. Autono.,'na de Mexico. 3 l . The hapten used was E-3,5-:H-2,4-DNP- ysine, 

.••,:purc!hased from New England Nuclear. Pud.fied antibody concentration was 

-7 
0.07 mg/ml (9 x 10 M). Hapten concentrations 

-8 
ranged from 3 x 10 to 

-6 8 x 10 M. After 72 hours at 4ºC samples were taken from both sides of 

each chamber and radioactivity was counted in Bray's scintillation Hquid. 

The values of bound and free hapten obtained were used for the curve fitting 
, 

procedure described above for calculating Kl and K2. 
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RESULTS 

Binding of DNP-lysine by heterogeneous anti-DNP antibodies ant it's 

Fab fragments 

Figures l·a, e, ande show Scatchard plots of the binding of 

DNP-lysine by purified sheep anti-DNP antibodies, showing an ascending 

limb in the region of low saturation, and the typical·aescending limb. 

In plot a,.which corresponds to a complete titration, the descending limb 

shows an upward curvature, characteristic of heterogeneity in affinities 

(titrations c-f were not carried out to complete saturation in order to 

have more points in the_regions of low saturation). 'J.1lese types of 

Scatchard curves·were consistently obtained when antibodies with different 

affinities and from different donor animals were used. Plots b, d, and 

f of Figure 1 show Scatchard plots of the binding of DNP-lysine by Fab 

fragrnents prepared from the purified antibodies used for plots a, e, and 

e,. F.ach pair of titrations (a and b, e ~nd d, e and f) were done under the 

sarne experimental conditions, using the same hapten solution, and the data 

were handled_j.n the same way. One may readily ?ppreciate that the ascending 

lirnh is diminished (d) or not present at all (b,f). 

Figure 2 shows a Scatchard plot of the titration of the same 

preparation of antibodies used for figure 1, but after mild reduction and 

alkylation. Again, the ascending lirnb has been greatly reduced. 

Binding of DNP-lysine by homogeneous antibodies 

We assayed by FQ to-DNP-binding monoclonal immunoglobulins: 

MOPC-315 (mouse IgA ~ecreted by a rnyeloma), and.Mo (rnouse IgG3 secretea by 

·.- an hybridoma producea in our laboratory)_ as well as Fab fragments of Mo • 
. .-.•' ·:..(... 
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The SDS-PAGE patterns of the preparations assayed are shown 

in Figure 3. Fab fragments of Mo and of heterogeneous antibodies showed 

two bands of 45000 and 25000, and no appreciable contamination with 

undigested molecules. 
,:\. ·~., 

Fab fragments of Mo an~ ?f heterogeneous antibodies ' 

appeared as a single band of 25000 MW in a ~ducing SDS gel. The Fab 

' 
preparation of heterogeneous antibodies appears as a single peak in a 

column of Sephadex G-75, the elution volume ·of this peak correspc;nding 
, 

to a MW of about 50000 (data not shown). 

The results we obtained for MOPC-315 (Fi~. 4) agree with 

previous reports in O , affinity for DNP-lysine and the almost linear 
'""max · 

Scatchard plots. When titrations of MOPC-315 were subjected to out fitting 

procedure for estimating Kl and K2, values of ~(4K2/Kl) close to 1 were 

obtained, that are consistent with abscence of interactions and hornogeneity 
. 

:,in affinity. (Table 1). 

The Scatchard plots of Mo (Fig. 5) showed a very obvious 

·:ascending limb. Plots 5 a and b are from different preparations of Mo, 

i~~s~yed separately. Each time Mo was titrated, a titration of MOPC-315 
~· . i ; 

was done.and both were calculated with the same titration_of DL-tryptophan 
• 

· · fo~'. .~orrection ;: Ascending limbs in· the Sea tchard plots c;;"f Mo ti tra tions · were 
i· 

.-·-~on~istently obtained. This type of curves have been also obtained wi t.h 

equilibrium dyalisis experiments (Figure 7). 

Kl, K2 and r are similar (Table Ü. 

The estimatea values of . 

FQ titrations of Fab fragmevt~ of Mo (Fig. 6) showed no 

ascending li.Tnb and, when subjected to 'the fitting proceaure,~ values close 
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to 1 were obtained. Plots 6a and b are of Fab fragments prepared from two 

different preparations of Mo. 

In FQ assays, the molar concentration of antibody binding 

sites (S) should be known in order to calculate, frorn the fractional 
o 

quenching, the concentrations of bound and free ligand at each point. 

In order to estimate how erro~s in the assumed s could affect the shape 
o 

of the Scatchard plots, we processed the sarne data. of a titration of Mo, 

asumming different S0 values. As can be seen in Figure 8, the ascen~ing 

limb is present regardless of the S assurned ove:rr a tenfold range. 
o 

DISCUSSION 

It is clear, from many theoretical smdies, that ascending 

limbs in Scatchqrd plots are indicative of_ coope;rative binding (Koshland 

and Neet, 1968; Rodbard and Bertino, 1973; . Dahlquist, 1975; Celis et al.; 

1977; Thakur and Rodbard, 1979; José and Larralre,. 1983). 

Here we report ascending limbs in the S.cátchard plots of the 

binding of the hapten DNP-lysine wi th both homo;¡eneous and heterogeneous 

anti-DNP antibodies. 

These unusual types of plots have he<en. observed p·reviously 

in the DNP-system using different experimental itechniques (Celis e·t al., 

1977, Pérez Montfort, 1979). These results were take-n as non-conclusive 

because of the use of multivalent antigen in OJl}e case, and because 

equilibrium dyalisis, which was used to.study t1bm binding of monovalent 
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hapten, yields a very large scatter of points. In this study we used 

rnonovalent hapten anda different experimental technique (Fluoréscence 
¡ 

quenching) using both heterogeneous and homogeneous anti-DNP antibodies. 

The observed ascending limbs in the Scatchard plots of 

' . heterogeneous anti-DNP antibodies, obtained with FQ, corroborate previous 

studies with the same system studied by equilibrium dyalisis (Pérez 

Montfort, 1979). Plots of two different monoclonal immuno~lobulins, . .,. 

when assayed under the same experimental conditions, and the data 

calculated in the same way, consistently gave diffe;ent types of plots. 

That only one of thern shows an ascending limb, is a strong evidence that 

the ascending limb is notan artifact óf the technique ernployed. 

Furthermore, very similar ascending limbs were obtained for Mo with two 

different experimental techniques. 

We s_u_ggest that the ascending limbs observed here are 

indicative of cooperativity in the binding, since the hapten used is rnono­

valent, the ~ffect is seen with both hornogeneous and heterogeneous anti-

!' bodies, and, in the case of hornogeneous preparations, the expe;imental 
~- . ; : 

curve c~uld be very well reproduced theoretically assuming cooperative 

• 
· b~pping. :Purtl!ermore, the ascending lirnb is .diminished :to a considerable 

... : exe'nt in the binding of hapten to Fab fragrnents, when cornpared wi th the 

assays of intact antibodies (Figures l and 5-6): 

Upon comparing the plots of hornogeneous with those of hete­

~ogeneous antibodies, it is apparent that the shapes of the plots with 
• 

ascending lirnb are different. In thé case of Mo, the rnaximum is not so 
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near the Y axis as in the case of heterogeneous antibodies, and the"points 

seemed to intercept with the X axis in a precise point. The second 

difference argues in favor of Mo ·being truly homogeneous. The fact that 

in plots of heterogeneous antibodies the maximum is very near the Y axis 

could·be because not all the antibodies presentare cooper~tive. This 

is not suprising, as we found with homogeneous irnmunoglobulins that 

MOPC-315 does not present cooperative binding. In fact, the proportion of anti­

body molecules capable of cooperative binding seems to be low, as there 

is no other bivalent monoclonal antibody reportea to show this behaviour. 

(Other explanations fer the absence of reports of antibodies binding 

ligand cooperatively are that regularly ~e lowest ligand concentrations 

used are above the enes used here, and/or that the points of very low 

saturation are discarded because they are considered to arise from 

experimental va!iation. Also, it has been demonstrated that the graphical 

effect of cooperativity could be masked by heterogeneity in affinities 

(José and Larralde, 1983) .• 

So far, we have no idea about the molecular mechanisms that 

may be involved in cooperative binding. We have noted that by reducing 

and alkylating disulfide bridges in bivalent molecules, the ascending 

limb is diminished. It is interesting that L 31"5 (the light chain dimer 
. 2 

of MOPC-315, which has been shown to bind ligands cooperatively) also 

shows a more pronounced cooperativity when both chains are covalently 

linked by a disulfide bridge, than when they are held together only by 

non-covalent interactions (Zidovetzky et al., 1979). Therefore, the 

disulfide bridges could be important but non-essential for transmiting 

the signal. It is known that conformational changes are induced in the anti-
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rody rnolecule when hapten is bound {Lancet aJJd Pecht, 1976; Vuk-Pavlovic 

et al., 1979; Kliiv!r!inen et a~., 1981) ·so, beside the functional roles 

1 

adscribed to these changes (complernent fixation, binding to cell receptors, 

etc.), they could also be functioning to transmita signal to the other 

antigen binding site so that a conformatiol\a~ change takes place there 

' that inéreases the affinity for the ligand. These changes need not to 

be. large as a very subtle diff·erence in· the· fine: tridimensional •ccmfor-

mation of the active site could significantly affect the affinity for the 

hapten. Obviously, a thorough study of the reaction of Mo with DNP-lys 

would be required to establish the molecular events·responsible for the 

phenomenon, and to explain why it is not pres~nt in all the antibody 

molecules. 

The biological relevance of cooperativity in antibodies should 

also be examinéd, as cooperative systems could be regulated by the 

concentration of ligand (Ggbler, 1977; Ghosh, 1981). Since the primary 

event in many im.~unologic phenornena is the antigen-antibody reactions, 

·: · the role that· cooperativity could be playing in making the system capable 

lf ~/ responding to low ant,igen concentrations, could in fact ~e very 

i~porta~t, and deserves to be investigated. Obviously, ~he demonstration . . . .. -·of.tj)e phenomena in other Ag-Ab systems.is necessary to establish 
·t 

cooperativity as a general property of antibodies and nota very special 

case without biological significance. 

, 
, 



TABLA I 

ESTIMATES OF Kl, K2 AND 8 FOR FQ TITRATIONS OF HOMOGENEOUS ANTIBODIES AND ITS FAB FRAGMENTS 

Antibody s X 107 

preparation o 
(mo,1/lt) 

MOPC-315 7.3 

MOPC-315 7.3 

Mo 6.5 

Mo + 18.0 

Mo 5.2 

Mo 3.0 

Mo Fab 7.14 

Mo Fab 5.08 

+ Equilibrium. dyalisis 

Kl X 10-6 K2 X 10-6 

(lt/mol) (lt/mol) 

6.35 1.35 

9.30 1.94 

2.32 13.20 

1.40 6.10 

1.54 8.68 

1.52 9.84 

6.20 2.57 

7.65 2.76 

8 

(4K2/Kl) 

o.as 
0.83 

18.00 

17.42 

22.25 

25.89 

1.60 

1.44 

Figure 

4a 

4b 

8d 

7 

5a 

Sb 

6a 

6b 

The values of S, Kl and K2 were obtained by the fitting procedure described under 
Materials and M~thods. The S0 was originally calculated from o.o. 280 and during the 
fitting it was no substantially modified. The values of Kl, K2 and S0 were used to 
simulate a Scatchard plot that was drawn along with the experimental poins. 

1-' 
...,J 
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LEGENDS TO FIGURES 

Figure l. Sca.tchard plots of F .Q. ti tration'.s of purified sheep anti-DNP 

antibodies (a,c,e) and Fab fragments of them (b,d,f). The 

solid lines are sirnulated Scatchard. plots of populations of 

hornogeneous and non-interacting bivalent antibodies with 
' 6 -1 6 -1 affinity constans of: 2.86 x 10 M (a), 2.58 x 10 M 

6 -1 6 -1 6 -1 
(b), 3.28 X 10 M (e), 1.59 X 10 M (d), 3.46 X 10 M 

6 -1 . . ' 
(e), and 1.66 x 10 M (f). These values were o:r+tained frorn . , 

a fitting procedure using the saturation vs. free ligañd curve. 

Figure 2. Scatchard plot of the F.Q. titration of tbe same antibodies in 

figure 1 (a,c, ande) but after mild reduction and alkylation. 

Figure 3. Non reducing SDS-PAGE of the antibodies and their Fab fragments. 

Electrophoresis were run at 15 mA, in 7.5 rnrn thick, 7.5% poli­

acrylamide gels. Sarnples were boiled with 1% SDS for 5 minutes 

before the run. Lane l: molecular weight markers (Bio-Rad), 

lane 2: Fab fragments of Mo¡ lane 3: Mo¡ lane 4: MOPC-315¡ 

lane 5: 'purified sheep anti-DNP antibodies¡ lane 6: Fab 

fragments of sheep anti-DNP antibodies¡ lane 7: bovine gamma 

globulin (Pentax). 

fígúre 4. Scatchard plots of p.Q. titrations of MOPC-315. 'Ph.e solid lines 

• 
• 

are.simulated Scatchard curves drawn according:to the Kl, K2 
~ -and !:f values obtained frorn the fitting procedure ·describéd under 
o 

·r Material and Methods and given; in Table l. 

Figure 5. Scatchard plots of F.Q. titrations of Mo, the solid lines are 

simulated Scatchard curves drawn according to the values gives 

in Table l. 

, 
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Figure 6. Scatchard plots of F.Q. titrations of Fab fragrnents of Mo. The 

salid lines are simulated Scatchard curves drawn according 

to the values given in Taple l. 

Figure 7. Scatchard plot of an equilibrium dyalisis experiment with Mo. 

The solid line is a simulated Scatchard curve draw according 

to the values given in Table l. 

Figure B. Effect of the assumed S on the shape of a.Scatchard plot showing 
o -7 

ascending lirob. The S 
o 

calculated from o.o. 280 was 6.5 x 10 

The same F.Q. titration of Mo was calculated assuming different 
-7 -7 -6 

7.5 x 10 M (a)~ 9 x 10 M (b), l x 10 M (e), 
-7 -7 

M (d), 5 x 10 M (e) and 3.5 x 10 M (f). 

S values: 
o -7 

6.5 X 10 

M. 
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Discusión 

·Dada la estructuraci6n de ~sta tesis, cada uno de 

los trabajos que la integran contiene la discusión sobre los puntos -

más relevantes~ Por lo tanto, en esta part& quisiera presentar a~gu7 -

nas ideas sobre la interacción antígeno-anticuerpo que, por razones -

de espacio, no se inc·luyen en el texto de los trabajos. Estas idea'.s -
~ 

surgen de los trabajos presentados, y se espera que generen nuevo~ ~!f; 

perimentos y nuevas concepciones. 

• • • 

Los puntos a tratar son: 

1, Especificidad y Afinidad 

2. Heterogeneidad y Multiespecificidad 

3. Cooperatividad 

.... 

,., :,· . : . .... , 

• . . 
.. .. 

, 



l. Especificidad y Afinidad 

De acuerdo a Inman (1978): "Un anticuerpo reacciona 

con cualquier determinante antigénico EN UN CIERTO GRADO". Este grado -

no es otra cosa que la constante de afi~idad. SegÚn ésto, un anticu~rpo 
. ,. 

cualquiera reaccionara con afinidades alta~ ,(108-109M- 1)con un g,r~p~ 

muy restringido de determinantes antigénicos. A medida qüe el 1íiite de 

afinidad se desplaze a afinidades menores el nilmero total de determinan . .:o-

tes antigénicos con 
' .. 

los que el anticuerpo puede reaccionar es :mayo.!'.'•-. $i 

el límite se coloca en afinidades muy bajas_ 
4: ... :.~ · ... _~ .... .. ::. 

(cercanas a O), tm anticuer 

po reaccionara con la mayoría de los determinantes antigénicos (Fi~ra-
~ . ,. .. 

1). ·­.. 
' 

De acuerdo a ésto, cualquier definición de especif!_ 

cidad deberá tener en consideración la afinidad de las interacciones. -

Karush (1978) introduce el término selectividad para describir la capa­

cidad de un anticúerpo para discriminar entré dos ant!genos debido a -­

que las afinidades son tales que soiamente la afinidad por uno de ellos 

esta arriba del umbral de detección del sistema experimental dado. 

• • • 

, 
Por lo tanto la definición de un anticuerpo como es 

pe:ífico para tal o cual antígeno es arbitraria, y depende del límite -

de sensibilidad de nuestra técnica de médici8n*, 

Pero mgs importante que nuestra dificultad para de 

* No hay que perder de vista, sin embargo, que para cuestiones prácticas 
los anticuerpos son una herramienta valiosa para detectar o cuantifi-~ 
car antígenos, ya que el porcentaje de reacciones con otros determina~ 
tes que ocurran con afinidades detectables será despreciable comparado , 
con la reacción con el ant!geno común. 
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Figura l. . Frec:.~sncias acumuladas esperadas de la o:-:urrencia de reacciones 
cor, c;:mstantes de afinidad mayores o igu.:.ües a Kmin, de un exp~ 
rfr; : co en que se probasen un .conjunto .:::.: irununoglobulinas dif~ 
r.:.~:·,,_ con un conjunto de haptenos c.ife::::mtes. (Cada ensayo to­
mas. · , l.in anticuerpo y un hapteno) • I.r:!. c::rva B representa los re 
su! 1 .. :.:.;,:)s esperados si la selecci6n dlf? aH::.icuerpos y haptenos --= 
fu.,. enteramente al azar. {La curva A ·,:,rresponde a la curva -
dad-,: f:,n la figura 1 del artículcl I). , 



finir la reactividad de un anticuerpo, es la cuesti6n de la operativ! 

dad biológica, En otras palabras: lHay algú~ límite de afinidad para­

que una reacci5n ant!geno-anticuerpo desencadene las funciones efecto 

ras? lO es más bien necesaria la interacción con ciertas subregiones-

del sitio activo independientemente de la afinidad total de la·reac--

ción? ' •• 

Hay indicios de que ligancos dife·ren:tek;; 'al tea'c-
.. 
,, 

cionar con el sitio activo de una inmunoglobulina, pueden activar·lá~·: . . :. ·-. 
funcion·es efectoras {Varga et al, 1973; Cameron y' Erlanger, 19~77) .' En 

el trabajo de Cameron y Erlange.r se vi5 que la natÚraleza química de-
..• ~ t . . . 

la fijacion de dos haptenos (menadiona y monofosfato de adenosina) :a-'~ 

una inmunoglobulina era diferente, ya que la modificación de la afin~ 

dad al variar la temperatura fue diferente. La fijación de ambos li-­

gandos fué, pues, cualitativa y cuantitativamente distinta, pero am-­

bas pudieron activar el sistema del complemento. 

Si aceptamos la hipótesis de que las funciones 

efectoras son activadas por cambios conformacionales producidos en el 

anticu~o al fijarse el antígeno (Huber et al 1976), es obvii que los 
• . -

. diferentes ligandos, aunque interaccionando en forma diferente, deben 

pr~ducir en la porción Fe el· mismo efecto, cualquiera que éste sea. -

Esta conclusi~n debe ser considerada en cualquier hipótesis acerca -

de los mecanismos de activaci5n de las funciones efectoras. 

, 



2. Heterogeneidad y Multiespecificidad 

Es bien conocido que un animal, cuando se le inmu­

niza con un hapteno simple, responde produciendo una familia de anti-­

cuerpos que difieren en su afinidad por el hapteno. Una explica~ión r~ 
, . , .. 

zonable acerca del significado biológico y ~a importancia de esta he~e 
. ·' 

rogeneiqad en la respuesta, puede brindarla la teoría de multiespecif!_ 

cidad de los anticue·rpo~! __ , .... ,.: .. ~ .. 

• ·-. f# 

. :. -. 
De acuerdo a @sta teor~a, la heterogeneidi4 de la-

respuesta no solo·es explicable, sino necesaria. ta'heterogeneidad_c;:on 
· ........... . . ,. .. 

fiere a un suero inmune una mayor selectividad, puesto que disminuye ,. - .. . 
--1\ 

la intensidad de las reacciones con antígenos diferentes (Ver figura 1-

de la introducci8n}, 

Por otro lado, se han hecho experimentos encamina­

dos a dilucidar el papel que juega la heterogeneidad en el funciona--­

miento biológico de los anticuerpos, usando mezclas de anticuerpos mono 

clonales, como modelos de sueros heterogéneos. 

• , 

• : Rec~entemente se ha reportado que puede existir,--

cooperatividad intermolecular entre moléculas de anticuerpos. La mez-­

cla de dos anticuerpos monoclonales anti-gonadotropina cori8nica huma­

na puede presentar una mayor afinidad por el antígeno que cualquiera -

de los dos por separado (Ehrlich y Moyle, 1983). Se ha visto también -

que algunas mezclas de anticuerpos monoclonales pueden actuar sinérgic~ 



mente para lisar eritrocitos (Howard et al, 1979).~aber y colaborado-­

res (1974) desarrollaron un ensayo radioinmunométrico usando dos anti­

cuerpos monoclonales, y vieron que el ensayo presentaba una mayor se-­

lectividad que si se usase cualquiera de los dos anticuerpos por sepa-

rado, 

' .i 

! 

Estos resultados indican que la heterogeneidad po-

·"dr!a ser.muy importante para el.1.fenómeno 0•0de.:·.11:a··respues·ta.iiI1riti.ráe,,:.-.En· --

vista de éstos resultados es claro que la reactividad de un an(isueio~ 
·.- •. ·-~- i... 

heterog~neo dif1cilmente será simplemente la suma de las reactivid~d~ · · •. 

individuales de los anticuerpos que lo componen. Es· posible que la_·p,e-
··/. ~ ... 

terogeneidad de un suero est€ de tal manera coordinada que produzca: --·:· 

una mayor eficiencia, no nadamás en cuanto a especificidad (como prope_­

ne la hipotesis de multiespecificidad) sino a·una mejor potenciación -

de los efectos biol5gicos. 

Una mejor comprensidn sobre las ventajas que la h~ 

terogeneidad reporta al sistema podrá obtenerse a partir de estudios-· 

experimentales del tipo de los arriba·citados. Sobre las ventajas que­

la multiespecificidad de los anticuerpos aporta al sistema, ppdemos --
' • enumerar las e,.i.guientesi 

a) El número de genes. VH y VL necesarios para que­

un individuo asegure su capacidad de responder a cualquier ant_ígeno es 

mucho menor que si los anticuerpos fuesen monoesp_ecíficos. 

, 



b) La multiespecificiad confiere al individuo (o -

la especie) la capacidad de responder adecuadamente a antígenos que --• 

nunca hayan aparecido en la historia de la especie. AsÍmismo, se pre-­

serva la capacidad de responder a a~tígenos que hayan desaparecido del 

medio ambiente y eventualmente pudieran reaparecer. 

' 
La mu.ltiespecificidad explica tambiéñ la presencia 

de anticuerpos "naturales" así como la alta frecuencia con ·que se ha-:-.~ 
~ -

" 
encontrado fijaci5n de antigenos por proteínas de mielomas. (Si, como':"' 

': . .... 

se cree, la transformación neoplásica ocurre al azar, solo la 'multies-

pecificidad puede explicar porqué un alto porcentaje de proteínas.·:ae• . . . 
._ :-

mielomas diferentes, fijan haptenos como dinitrofenol, fosforilco-l~nai': 

carbohidratos, etc,) (Potter, 1977). 

3, Cooperatividad 

Por Gltimo, quisiera referirme a una posible ex-­

plicación del hecho de que no todos los antic~erpos presentea cooper~ 
' • tividad, Como~se indica en el artículo II, probablemente esta capaci~:. 

dad no sea una característica general de las inmunoglobulinas, Se sa­

be que las distintas clases y subclases de inmunoglobulinas llevan a­

cabo funciones diferentes (vease Turner, 1977) de tal modo que para -

algunas de ellas la capacidad de fijar al antígeno cooperativamente -

podría ser muy importante. 

-. 



A la luz de la multiespecificidad, puede darse una 

hipotesis alternativa, el que el cambio confonnacional en el segundo -

sitio provocado por la fijación del antígeno al primer sitio, afecte -

la fijacian de algunos ligandos y no de otros, porque interactµen con-
-~ 

diferentes subregiones del sitio. Así, un F,ticuerpo podr!a fijar_ c?o-· 

perativamente a un hapteno y no a otros, aunque tenga afinidad por los 

a1timos 

• . . 
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