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INTRODUCCION GENERAL




Diversas dreas de la investigacién bioguimica y bioffsica es--
tan intimamente relacionadas al fendmeno de fijacién de ligandos. Ejemplos
de estos fendmenos son: la fijacidn, ya sea de sustratos o inhibidores, a
enzimas; la regulacidn de la expresién del genoma por inductores-o represo
res; o bien la interaccifn de receptores con neurotransmisores, hormonas,
drogas y otrés efectores. Del mismo modo, varios eventos inmuncldgicos in
volucran o consisten de la fijacidn de ligandos; por ejemplo,- el rgconoci—
miento del antigeno por el anticugrpo, la proliferacién de células inmuno-
competentes que conducen a la prBduccién de antiduerpos y a su eventual -~
secrecidn, la citdlisis inducida por el compleﬁento, el disparo de reaccio
nes de hipersensibilidad y la antigenicidad controlada por antigenos de --

histocompatibilidad.

Métodos para la caracterizacién de tales interacciopes‘en el - .
equilibrio»cuando el ligando y el réceptor-son monovalentes y homogéneos -
‘en sus propiedades de fijacifn, existen desde hace varios afios. ! Uﬁ proce-
dimiento ampliamente usado e introducido por Scatchard (Scatchard, 1949),
consiste en grAficar la concentracidn del ligando unido a la maéromblécula .
entre la concentracién del ligando libre en contra de la concentracidn del
ligando pegado. La pendiente de'ia 1fnea recta bbt?nida es proporcional a
la ﬁonstante de equilibrio-de la reaéci&n, & el intercepto en las ordenadas

a la concentracién total de sitios activos.

Sin embargo numerosas macromoléculas son bivalentes o poliva--

lentes, dando origen a la posibilidad de interacciones intramoleculares -~
. . ; R
(efectos cooperativos) durante el proceso de fijacidn, y a la necesidad de



la determinacién de parametros adicionales para ﬁna adecuada caracteriza-
cidén de la reaccidn (Rodbard y Bertino, 1973). Llas grédficas de Scatchard
en estos casos ya no resultan en lineas rectas, sino que presentan segun-
das derivadas positivas o negativas, que reflejan interacciones negativas
o positivas, respectivamente (Schwarz, 1976). Ademis, las grificas de --
Scatcha;d obtenidas para boblaciones de macromoléculas que son heterogé--‘
neas con respecto a su energia libre de fijécién por el iigando, pero no
presentan interaéciones, son indistinguibles de las grificas obtenidas --
para sistemas con interacciones'qegativas (Fletcher, et al., 1970}, compli

cando de este modo el andlisis.

Afin cuando se obtenga informaciﬁn de expeiimentds independien
tes de que las macromoléculas son hete:ogénaé Yy no presentan interaccio--
nes, extraer informacidn de los detalles.de la heterogeneidad es un pro--
blema diéicil (Bowman y Aladjem, 1963). En esencia, el objetivo es obte-
ner la distrihuciﬁn de energfas liﬁres; esto es, la fraceidn de recepto--r

res cuyo cambio en la energia libre en la fijaciSn'del ligando estd entre

AG y AG + & G (Delisi, 1978, Delisi y Thakur, 1978).

Existen numerosos intentos para extraer fuﬂciéhes de disﬁribg
cidn de afinidades a partir de los datos de fijacian; ﬁno de ios primergs'
. intentos es el andlisis de Sips (Sips, 1950) ﬁe la fijacibn de mondmeros
a una superficie catalitica heterog€nea. Suponiendo una forma analiticé
,particular'para la curva de fijacidn (una isoterma modificada de ) —f-4.
',.Freundlich); Sips pudo expresar la funci&h de distribucidn como una solu-

cidn a una ecuacidn integral singular de primera clase. Este método fue -




popularizado principalmente en investigaciones inmunoquimicas (Nisonoff y
Pressman, 1958), pero adolece de la limitacidn de que la distribucidn es

simétrica, y por lo tantc es sblo una aproximacién adecuada cuando se sa-
be que la distribucidn es simétrica. Sin embargo, es raro gue se tenga -
tal conocimiento a priori. Ademds, en algunas situaciones dindmicas, por
ejemplo durante el curso de la respuesta inmune, la forma de la distribu-
cidn de afinidaées de los anticuerpos séric#s varia (Coné& y ﬁihaesco, -
1978; Eisen y Siskind, 1964; Werblin y Siskind, 1972), y es precisamente

esta variacidn la que debe caratterizarse para inferir los mecanismos se-

lectivos que regulan la afinidad de los anticuerpos.

Cualquier distribucibn cuya'forma se 'suponga a priori es ina-
decuada y por lo tanto se han desarrollado numerosas técnicas numéricas -
para caléular las funciones de distribucién sin suponer la forma de las -
curvas de fijacién (Bowman y Aladjem, 1964; Werblin y Siskind, 1972; -
Erwin y Aladjem, 1976). Sin embargo, aparte de lo éomplejo de estos métg
-dos, lo cual, hace que su aplicaciéh rutinafia sea dificil, las distribu-
‘;iones de afinidad son muy inestables a minimas perturbaciones de los da-

tos de fijacién (Delisi, 1976), y no consideran el caso en el que las ma-

cromoléculas heterogéneas sean cooperativas.

En este trabajo se presenta un anilisis cualitativo en el que
se permite que las poblaciones heterogéneas sean cooperativas. Se exami~ -

na la sensibilidad de la grifica de Scatchard a diversos parlmetros de ~-

fijacibn, particularmente a las interacciones en ausencia o en presencia
’ j

de heterogeneidad.



Este trabajo provee de reglas generales para la interpreta—---

cidén de curvas experimentales.
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APSTRACT

Simulated Findinge reactivns hased on the stoichiometric binding model of Klotz [11] in-
dicate that pestiive and nezative site-site interactions in homogeneons and heterogencous mac-
raaoleceles resolt i varied binding isothes ms, some with guite unusual shapes, Our findings
provide the Tadis for seme alternative interpretations of binding isotherms, distinet from those

commenly found in the current literature,




1. INTRODUVCTION

Mony fTelds of contompoiary intorest in Biochiemizd eteaieds Aty baihaatldy related 10
Houwnd Windiae phonomena, The straighuforward analysis of Binding dutads fregooatly compli-
catzd by the intrinsdc heterogeneity of the binding sites und by poesitive und'/or negative site-
site interactions [8].  Both resalt in heterogencous binding; however, the foimer situation,
which is due 1o siructural differences in the binding sites, is present from the stat, while the
latter is generated in the course of the reaction. - v

| The need for assessing the individual contributions of initial heterogeneity and interac-

)
{jons in multiple ligand binding has previously been emphesized [12]. Without such a distinc-
tion, an analysis may lcad to an erroneous interpretation of ligand bindfng data. For c.\'znn’ple,
in the majority of the classical immunological studies, it is assumed that no interactions 1ake
place between the two binding sites of immunoglobulin G (IeG) when it reacts with monoval-
ent hapten [10, 18, 27]; however, data have been obtained that are consistent with the hypoth-

esis of cooperative binding of bivalent or monovalent hapten by 12G molecules 1, 2, 22,23,

31). In addition, problems have arisen in deciding whether the binding isotherms of several

.-

homogencous and heterogencous populations of multivalent macromolecules such as inmnuno-
globulin M (IghM) [3, 9, 19, 20, npc]eip acids [4, 17, 30}, enzymes [13, 15], and others [14,

" 25) are evidence of site-site interactions and/or helerogencity, due to the difficulty in d¢tcét--
ing the occurrence of interactions whch intrinsic heterogencity is prc;cn t.

In this paper we present a gualitative graphical analysis of the sensitivity of the Seatch- 7
ard plot {24] to site-site interactions of homogencous multivalent and heteyogencous bivalent
‘macromolecules, based on a computerized simulation of the sequential binding model of Klotz
[11]. We have found that Scaichard plots may acquire very 1;nusuu1 shapes with several inﬂcc-.

tion points when ithere is a mixture of pusitive and negative intramolecular interactions in a

i



i sdtes. Furthenwore, some of oor rosnly

vinlivalent macrosned cele contuining Lomor
iow how the disribuiion of aifinides i hetviogepeons populations of bivalent macromale-
cules vy influence the eraphical exprosdon.of site-site interactions, Although most of the

presant dsemeion i in tesns of antibody-hapten systems, the results are equally applicable to

Hrend -macromalecule sycivms in goneral,

2 MATHEMATICAL MODEL . -

The stoichicietric madel of Klotz {11] has been shown to be a general formulation, ap-
plicable to binding studies {8, 16], which relates the paramctc:"s obtained [rom graphs of bind-
' in«__-; data with binding constants for 2!l kinds of ligand-macromolecule interactions. In this
maodel, the macromolecule is treated as a binding agent which is assigned a definite number of
association constants, cqual to the number of binding sites.- This thermodynamic treatment
defines a set of stoichiometric constr?nts, Ky, K2, ..;, K, which appear in the equilibria be-.
tween macromoelecule 4 (a profein) and liggnd L, and which describe the sequential stoichio-
metric macromolecule-ligand species AL, ALz, etc.:

(ALt}
ALiv +L=AL 3 Ki= s ‘
(ALi-) (L) N ¢

For the imrposcs of simulation, the stoichiometric binding co;lsl:mls (or upparel_ﬁ afﬁni-.
1y constants) can be assigned without making any assumptions regarding the physical nature of
the interactions among the binding sites [12}. This model is expressed by the rational function
Ki (LY+2K1K2 (L) +..+i(Ke K2 o Ki) (LY 4.+ (K1 K2 o Ke) (L)

] .

r= . | i I B
V4Ky (L) KK (L)Y 4+ 4 (KK  Ko) (LY + .+ (K0 K L Ke) (L) ()




where 7 s the muntor of matesef Soeand Joand oV 1Ly #2040 4Lt b Le ) poveole of
total protein (o o= .8 5 Ul b5 e Fanatfon () vansot distingnish the preition of the
eovupied Binding site which is imvolved in the interaction, However, if all binding sites are
svzilybie 1o bind lieand and all free sites are identical and independent after cach liganding re-
action, the stoichiometric constants arc related to the intrinsic site constant & by the lincar fac-

tor {11

i @)

If there are homotropic interactions between the active sites, they can be calculated in
terms of an interaction factor 8; defined as
Ki simulated

8= Jog [ ] . o
Ki predicted ‘ ‘ o)

where

@i > 0 implies positive interaction
8: = 0 implies no inferaction :

6: < O implies negative interaction

Thus, the stoichiometric constants in a homogencous system deseribe the sequential nnl(lilién
o.f ligand L to the Vmacromolccular acceptor, while 8i indicates the occurrence ‘.'mc-i nature of,"
these interactions according to the prediction of Klofz for nonindependent and identical sites.

There is another interaction factor Vi [7], suitable for describing interactions in bi\.'ui_c'nf

macromolecules, defined as -



Kis nooTd i4]
ooz Aoy ... e )
Ki no-i i - (5)

where

Yi > O dmplics positive miteraction

Ti-= O eiplics nointerection

T < 0 huplies negstive interaction
However, if ¢ is used for multivalent macremolecules, then a posiiive inferaction between sites

\

i — 1 and i implics a negative interaction between sites fand i+ 1, This situation is excessively
restrictive since the events rehited to the binding of site f + 1 could depend on all those preced-
ing i1; and not nocessurily on those enly in the immediate pust. Therefore, 6: will be used to
deseribe the simulated binding reactions throughout this paper. 7

The equation we huve used to descyibe site-site interactions in-heoterogeneous popula-

tions of bivalent macromolecules is

Kip (L) +2Ky, K2y (LY

3

V1 4Ky (L) + Ky K2 (L)? (6)-

>\\-‘.hCre 1 is the ratio of the concentration of bound ligand to the total concentration of the maﬁ-
romolecile, (L) is the molar concentration of unbound ligand, niIs the number of bivalent -
populations, and K1j and Kz are the stoichiometric constants of théjth popl.x]ntion.

Equnfiops (2) and (6) can Le used for the purposes of simulation since 0r valucs ﬁmy bc
arbiirarily aséigncld. Tlxcy'both assume that positive or nLrg:xli\'C interactions vesult in devia-
tions from the expected values of Ki, because of a change ci(.hcrin the statistical factor (}1 ——‘i
+1)/i andforin the imri'n:'.ic association constant k. In our simulations only the statistical fac-

torwas changed, The computer programs for simulation are available upon request.



SIMULATIONS AND RS S

w

A. GRAPHICAL BEHAVIOR QF FHE SHOCHIOME FRICBINDING CONSTANTS OF MULTIVALENT

MULFCULES

Figure 1 describes the reaction of a homogencous decavalent molecule with ligand, ilus-
trating the appearimee of a Scatchard plot 1T the stoichiometric constant Ki in the ith bi‘nding
step were ten times greater than its expected theoretical value given by Eq. (3). In cach curve
of Fig. 1 (except curve 0), only one Ki of the ten stoichiometric constants is ten times grcaicr-
than its expected vilue, Curve 0 represents lhc’ situation in which the ten binding sites are
l'dL'nll:C:l] and independent. Note that curves 2-10 cach show an ascending limb whose height
deerenuses in each succeeding binding step, In other words, the deviation from the ideal curve O
is less pronounced with each subsequent interaction, We conclude that if some interactions
take plice during the last binding steps in a multivalent 1‘11o]ccule such as IeM, it would be ex-
perimentally difficult to recognize them. If a steep ascending limb is 1o be evident at high con-

centrations of bound ligand, one or more of the last stoichiometric binding constants must

have a high value,

B, MIXTURE OF INTERACTIONS IN A MULTIVALENT MACROMOLECULE AT HIGH AND LOW

CONCENTRATIONS OF BOUND LIGAND

The sensitivity of Scatc]]grd plots to site-site interactions was shown 1o be inversely pfo-»
pérlional to the concenfration of bound ligand (see Fig. 1 and Eq. (1)). The effect of a mvi;(-
ture of inlcr@ctiops on the binding isotherm, not only at low but also at high concentrations of
bound ligand, was then explored. Binding reactions in which positive and negative interactions
alternate during the saturation prdccss, ilms increasing and decreising, respectively, the proba-

bility of binding as a function of the occupancy of otlier binding sites, were simulated; Such



interactions are only pessible npelecrdes such s M oA BNA KN A, ere,, which Bave val-
enees sreatur sl o,

Fiewre 2 i'he f2otes two Seatchard plots that represent binding reactions of a decavalent
homoreencess popatation inwhich there sre alternating positive and negative interactions, The
most outstanding featuie of heth cuives is that their shape js different froms those that are us-
wally fitted to eaperiaental binding da. Both have seveial critical points, the number of
which depends on the valence of the molecule und on the pgrijcular sequence of positive and
negative interactions. Thus, experimental Scatchard plots with anomalous shapes may be in-.
dicative of very complicated binding processes involving alternating positive and negative inter-
actions, This result is in contrast with Schwarz's proposal that points of inflection are present
only when there are multiple clasees of binding sites {26]. |

Figures 3 and 4 show the direct and Hill plots, respectively, that correspond’ to the
Scatchard plots in Fig. 2. In order to test {he sensitivity of cach plot 10 mixed inlera.ctions,
the wrea between the curves relative o the sum of the fotal areas in cach figure was compared.
We found that the alfernation of positive and negative interactions is more obvious in the
Scatchard plots, as is also the case for heterogeneity [5, 6, 28]. The direct plot has the advan-
tage that one can simply read off the concentration of macromolecule-ligand species present at
any given concentration of free ligand. The inflections of the direct plot are due to the pres- " ‘
ence of [I\.ositivc and negative interactions, When the data is represented in Hill plots (Fig, 4),
there s an overlap at the extremes; the slope is the same at high and low concentrations of free .
~ligand, a typical feature of {his type of plot. A novel finding is the variation of the Hill coeffi-
cient as a function of the mixed interactions. Plots with the general form of those presenied in
‘Figs. 2 énd 3 ha\'c_: been encountered experimentally [4, 30], aﬁd macromolecules exhibiting

~ both positive and negative interactions have been described [15].



C INFLUSNCY OF AN TR A0, By 5 s GA NIy D 2 2 NS TANT OF
EIVALEAT b UL N 08 Gl s i e YCALCHAS L JF 0y
Paele g o i Figs & show Scatchard plots of sinulated reactions of five populations of

Bivalent antibodies with monovalent hapten, all present in the same reaction system,  Fach

admulited reaction involves the same coneentration of total binding sites (So = 2 x 1677 moles/

Hivr) Four of the five popolaiiens hove Fadinilan fntiinsie offinity constants that remain con-

. . R A, . - P N
stant i all plots, Only one population varies in its degree of interaction, intrinsic affinity con-

stant, und relative concentrution with respect to the other four. Inevery case, the x-and y-

infercepts are independent of the degree of interaction, while the latter varies with the propor-

tion of interacting antibodics, Although all the cuyves should reach the same Sa, which is the |

maximum value on the x axis, this is not graphically apparent, The fotal concentration of
binding sites is always underestimated, particalarly in the case of negative interactions and
when the cooperative population is not very large.

The height and Jocation of the ascending und descending }imb; depend on the bropor-
tion of inferacting antibodies and on the degree of interaction. Therefore, although an ascend-
ing imb s indicative of positive interactions in heterogeneous populations of amibodics, esti-
mates of ¢i are not reliable if the concentration of the antibodies showing cooperativity .rcln-
tive 1o that of the total population is unknown. Experimentally, an ascending limb has been
obtained in the reaction of antibodics lo the monovalent ]mptc-n DNP (2,4-dinitrophenol) at
vary low concentrations of bound ligand {22, 23], From the graphs presented here, '\vc can

conclude that the degree of cooperativity has been underestimated in muany situations, It

should be noted that the Jack of a positive stope in a Scatchard plot does not rule out positive-

interactions since fheir detection in heterogeneous populations can be rather difficult if the co-

operative population is not among the largest, Becouse the effects of positive interactions on -



the curve compete with those of pecative ntooet oy wand Telerepe ity sn apperently stisight
plot may be elitained as o result of complicated Binding procesees, providing that the parame-
ters have cettain values, Moreover, it has proviously been shown that a linear Scatehard plot
can result from the creation of new binding sites [ 21],

The general conclusions that may be drawn from this set of curves are: 1) The Scatch-
ard plot is wasitive ta those binding constants that affect the most abundant populations, es-
pecially when the affinity of these populations is high with, respect to thut of the others; 2)

-
The effects of positive interactions on a Scatchard plot compete with those of negative interac-
tions and intrinsic heterogeneity; 3) A scemingly straight Scatchard plot derived from experi-

mental data is no guarantee of homogencity or of noninteractive binding,

4,  DISCUSSION

The most important conclusions to be drawn {rom this gualitative grap]{iczﬁ ana]y‘siys of
the sensitivity of the Scatehard plot to site-site interactions of homogeneous mullivalent and
hetcrogeneous ﬁi\'u]cm macromolecules are: )

a) Unusually shaped plots with several inflections are an indication of l}hc presence of a

mixture of pousitive and negative interactions in a multivalent macromaolecule, :md’ :

b) The graphical representation of heterogeneity and negative interactions is :xmaéonis;

tic 1o that of positive interactions in a Scatchard plot; i‘e.-, they tend to.cnnbcl cach .
bthcr.
Other noteworthy findings are:
| ¢) Tositive interactions are more easily detected during the init.inl binding-s;{cp‘s ’]']71. a
multivelent macromolecule, and .
d) The Seatehard plot is highly sensitive to complex binding rc:wtions-\\']mi the cooper-

ative population(s) is smong the largest,



The accidents in tinendlly shuped Seatchard plefanay o3ty b dhwarded oo artifucts or

intorproted as fndicative of the prosence of multipic clisses of interacting binding sites, Al-
though there have boen nodeomented cases of the former situation, hclcrogunciiy of binding
has boen invoked as an explination of some binding isotherms of DNA and RNA [4, 26, 30].
Distinguishing between the graphical effects of a mixture of intramolecular interactions and

those produced by muttiple classes of interacting Binding sites is, 1o our knowiedge, still not

possible.

.

Our results may be pertinent to the study of the binding of IgM since this decavalent
molecule might bind hapten through a complicated mechanism involving site-site interactions,
Althoush no unusual Scatchard plots for IgM have been published, it could be argued either
that the available plets were obfained at high concentrafions of bound ligand and thus were
not seasitive to interactions, or that the intrinsic heterogeneity obscured the graphical charac-
teristics of such interactions, The binding of IeM is certainly peculiar sinqe there appears Lo be
two clusses of binding sites even in chemically homogencous systems [19, 20].

Qur findings on the interference of heterogeneity in the graphical representation of in-
teractions has at least two practical applications. The first has to do with the binding of hap-
ten by natuvrally raised immunoglobulins in'which heterogeneous binding sites are thought to
be the rule, In this case, an ascenﬁing limb may be indicative of the presence of positi;'e intéf-
aclioﬁs, but the quantitative estimation of the interaction parameters from graphical data is
not reliable {29]. The second is that a Scntchard. plot with a “good straight line fit’" is usually
interpreted as evidence of independent and identical binding sites. This conclusion isf no longer
tenable due to experimental variation and the possible combined effect of heterogeneity and
interactions on binding, and therefore on the shape of the curve.

1
Finally, although it is clear that some progress has been made in the interpretation of

binding sothering enabling the recognition in some cases of the presence of heterogencity and



intetuctions, even when they oceur simulameomndy we e sl in peed of o gonction adel

that would pamit the precise estimation of all binding parsmeters,

The wuthers thank Mareelle W, Vogt and Veronica Yakoleff-Greenhousc for their care-

Sul vevisivn and proparation of this nuniscript.
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P3G, 1, Gogp il C0 Ton of steichicinetsic binding constats, Sinlated binding re-
setions of o deeavalont soremelocule i the jth Binding step, in which the corresponding Ki

is tun thnes mreater than the predicted value, AN @i -+ 0 for ¢uves 0--10 except in cuives 110

when 9i-x - log 10 where No== 1.2, 0010, cospesponding to the nuisbar of the curve,

FIG. 2. Scatchlard plots of simulated binding reactions in which positive and negative
interactions alternate during the saturation process in a homogcneou;c, decavalent molcc‘u]e.
e binding data of the solid curve are: total protein concentrution Ao = 3.3x 1077, 01 = log
1,02 = log 2.2, 03 = log .375, 04 = log 3.54 x10%, 05 =102 8.3,06 =1log 12,07 = log 1.75 X
1073, 08 = 2.26 x 107?, 09 = log 4.5 x 10%, 010 = log 10%. The binding data of the dotted
cirve are: Ao =3.3x1077,01 ==log 1,02 = log .25, 03 = log .6, 0a = l0og 5,71, 0s = log 8.3,
06 = log 1.2 x 107,07 =log 1.75 % 1013,05 = Jog 2.6 x 107,09 =log4.5x10%, 010 = log‘:

104,

FIG. 3. Dircct plots corresponding to the binding data used in Fig. 2.

FIG. 4, 1ill plots un'rcspo-nding to the bindiné_ data used in Fig 2,

FI1G. 5. Influence of interactions, heterogeneity, and affinily constant on the shnﬁc of
Scalclmrd plots. Al simulated rcéctions have the following data in common: 101’.11 prol»ci'n

concentration (Ao = 1077 molesfliter); total concentration of l)ixidil1g’ sites (So = 2 x 1077
4 . g

inn]cﬂlilcr); five populations, of which four are noninicracting (K1 = 2 x 104, K2 = 1072,
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Ky o= 2% 005, K2 = 1G5 I2 0 A = 2 10% ) K o 105/ 10 s 2167 Ky <1072 respec-
tively). The concentiation of V7 e four popalaiions repreeants 10 o0 (anticd 100), 50 wjo
Colid Ting), and 90 L0 (dottad Hao) of the totad prejein concentiation: the #ifth popnlation
represonts the test of the protein in the system. I the panels, tiv fifth populstion varies in its
02 value, s follows: calumn ¥ (o, £, k), 02 == log 4, cohmm 2 (b, g, 1), 02 = log 2; column 3
e, n,m), 0z = log 10 colmn 4 (d, i, n), 02 = Tog 1/2; column 5 (e, j, 0), 82 = log 1 /4. The
population that vagies in 02 also viwies in its intrinsic affinily constant, as f(jllO\\'s: Tow 1

(a-€), k= 10" ;70w 2 (J=), k = 5 x 10%; row 3 (k--0), k = 108,
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~ DISCUSICN GENERAL




La sensibilidad de la grifica de Scatchard a diversos paréame-

,

tros de fijacidn asi como algunas caracteristicas cualitativas de la reac

cién de fijacién han sido examinadas en este trabajo. Las grdficas de --

Scatchard proveen de informacidén cualitativa valiosa referente a la natu-

raleza de las interacciones, la constante de afinidad promedio, y a la --

heterogeneidad del sistema. Sin embargo, los estimados cuantitativos y,
- .

en algunos cases, la interpretacidn cualitativa de estas graficas no es

confiable.

3

Las principales reglas a seguir cuando se interpreten las di-

versas formas que una grafica de Scatchard puede adquirir son:

1. Una regidn con pendiente positiva indica interacciones positivas
entre los sitios de fijacién. Esto es cierto afin en presencia de
interacciones negativas ‘y/o heterogeneidad inicial. Estas Glti-- .

mas reducen los efectos graficos de la interaccién positiva.

2. Una pendiente negativa surge de heterogeneidad inicial y/o inter-.
acciones negativas, aun en la presencia de interxacciones positi--

vas.

3. Dado gue los efectos de interaccidn positiva compiten con. los de
in;eracciones negativas y heterogeneidad, jna aparente linea.técta
puede obtenerse como resultado de procesos compliCados de fijaci&n,
siempre que los parimetros presenten ciertos valores. De este mo-
do, una linea recta no necesariamente indica sitios idénticos e —

independientes.

4. Curvas bizarras de fijacidn gque presenten un niimero de accidentes -
pueden ser indicativas de un proceso complejo de fijacién, y por. -
lo tanto no deben ser experimentalmente consideradas como resulta-

do de artefactos.



5. Un estimado preciso de la concentracidn total de sitios activos -
So es necesario para la confiable eﬁtimacién de las constantes de
afinidad, ya que las interacciones negativas y la heterogeneidad
favorecen la subestimacién de So. Atencidn especial debe darse -
a la porcién aparentemente horizontal de la grifica antes de que

se interprete el sistema en su totalidad.

Estas reglas enfatizan el conc?pto de que cualquier modelo - de
fijacién puede ajustar un conju;to de datos experimentales, pero hasta -~
que todas las alternativas sean descartadas, un ajuste no establece un mo
delo particular (Fletcher, et al, 1970; Koshiand, et al, 1966; Magar y --
Steiner, 1971). Cualquier desviacidn discreta de la regidn de fijacién -
provocada por la unién de una mol&cula de ligando, deberfa producir un ~--
cambio en las propiedades de fijacidn de lé'macromolécula (De Lean, et al,
1979). Se requieren de técnicas quimicas que distingan entre una posibble
heterogeneidad de los sitios y de interacciones entre sitios idénticos -=-
(Boeynaems ' v Cantraine; 1980; Fletcher, et al., 1970). Las situaciones -
presentadas en las gr&ficas incluidas en este trabajo no son atribuibles -
a ninguna reaccifn en particular. Sin' embargo, no parece haber ninguna --
razbn ldgica para descartar algunas de las formas de las graficas de —
Scatchard mostradas en este trabajo,.en base a lo§ datos.de equilibrip -~
existentes en la literatura. Otras formas de las curvas de adsorcién pue-
den f£icilmente ser generadas en base al modelo estéquiométrico empleado.
Es claro que las gréficas de Scatchard deben ser consideradas como un pri-

mer paso en el andlisis de datos de fijacién de ligandos.




APENDICE

En este apéndice se mencionan los temas principales de
los diversos articulos provistos en la seccifn de referencias.,
Lo anterior tiene como objeto que el lector interésado en el
fenbmeno de fijacibn de ligandos a macromoléculas pueda am--
pliar y profundizar la informacibén gue hasta la fecha se tie
ne de este tipo de fenbmenos.

TEMA - REFERENCIAS
1.~ Anilisis y Desarrollo matemdtico 1, 21, 24, 28, 29,
del modelo estequiométrico de fi . 3o, 31, 32, 33.
jacibn. -
2.- Anilisis de las diferentes repre 5, 8, 24, 31, 47,
sentaciones gr&ficas del fenbme- _ 49. -
neo de fijacibn en base al modelo
. estequiométrico.
3.~ Formulacién estocistica del mode-
lo estequiométrico. ‘ 56
4.- Anflisis y desarrollo matemitico del . 12,.52, 54,-55.
modelo de mecfnica estadfstica de fi ‘
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5.- An&lisis de las diferentes represen- T 10, 12,. 38, 53. - o
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Otros modelos de fijacibn.
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