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Sedimentation equiliirium is first considered of a system in which a L&and of any size binds to an acocptor at p sites. 
the experimental result, obtained with either interference or absorption optics, being a distribution of total solute concen- 
tration as a function of radial distance. Theory illustrated by a numcricai example, is presented which shows that this dis- 
trtdution may be analysed to give the activity of the unbound i&and as a function of total weight concentration. It is 
shown that this information may be used together with conservation of mass equations written in terms of the initial mix- 
ing composition to evaluate the equilibrium constant(s) relevant to the system. Correlation with composition evaluation 
by use of absorption optics (when possible) is also discussed. The procedure does not involve solution of simultaneous 
equations whkh are sums of exponcntials nor differentiation of experimentat reslrlts to obtain apparent wekht-avenge 
moteculzr weights. It isgeneral in that it leads to the evaluation of the activity of the species characterized by the smallest 
&f<l-Co) product and, accordingly, is shown to be useful in the analysis of non-interacting as well as of interactins systems. 

l_ Introduction 

in the study of the binding of a ligand A to a ma- 
cromolecular acceptor B, involving a series of equi- 
libria of the type BAi_, f A * BAi (i= 1.2, _ _ _ , p), it 
is sometimes possible to utilize a membrane perme- 
able only to A in the characterization of the system 
by equilibrium dialysis. However, when A is also a 
macromolecule, a suitable membrane may not be 
available to permit the direct determination of the 
equilibrium concentration of unbound A. Nichol and 
Winzor [I] have developed a frontal gei chromato- 
graphic method which permits the evaluation of this 
concentration for macromolecular mixtures of pre- 
determined initial composition; but the series of ex- 
periments required for characterization of the thermo- 
dynamic parameters governing the system involves 
the use of rehtively large quantities of material. This 
objection does not pertain to the method of sedimen- 
tation equilibrium, which in addition is potentially 
capable of elucidating thermodynamic non-ideality. 
Steinberg and Schachman [2] have pointed out that, 

with suitable systems, the concentration of unbound 
ligand and the composition of the mixture in terms of 
total (constituent) weight concentrations of A and B 
might be determinable at each radial distance with the 
use of absorption optics: they noted that in this sense 
a sedimentation equilibrium experiment was equiv- 
alent to a series of equilibrium dialysis experiments. 
It is clear, however, that many macromolecular- 
macromolecular interactions will not be characterized 
by spectra which permit such analysis_ in these cases, 
analysis is required of the total solute concentration 
distribution obtained in sedimentation equilibrium 
either by the use of Rayleigh interference optics or 
absorption optics (if a suitable isosbestic point is avail- 
able)_ Several theoretical treatments have been pres- 
ented to guide this analysis: they rely on either solu- 
tion of simultaneous equations which are sums of ex- 
ponentials [3] (and hence on an assumed model) or 
use of apparent weight-average molecular weights [41 
and second moments [S]- The last-named methods 
correlate with treatments based on the use of mole- 
cular weight averages determined by light scattering 
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[6] and osmotic pressure [7-9]_ It is also possible to 
simulate the sedimentation equilibrium distrr%ution 
of any heterogeneously associating system with as- 
signed parameters [lo--121 ; but this procedure is 
more useful in checking and refining values of param- 
eters than in searching for them. 

In a previous communication [ 13], it was shown 
that sedimentation equilibrium results obtained with 
polymerizing systems could be analysed to yield the 
activity of the monomer as a functian of total weight 
concentration without the need to solve simultane- 
ous equations (sums of exponent&&) or to differen- 
tiate the results to yieId apparent weight-average 
molecular weights. It is She major purpose of the 
present work to extend this procedure to the exami- 
nation of heterogeneously associating systems and it 
is shown that the activity of unbound A at each radial 
distance may indeed be evaluated by a simple and di- 
rect mzans from the distribution of total solute con- 
tration. Various methods are discussed for using these 
basic data to characterize the system in thermody- 
namic terms: these include correlation with composi- 
tion evaluation by the use of absorption optics and 
(alternatively) the use of conservation of mass equa- 
tions written in terms of the initial mixiig composi- 
tion. The treatment includes discussion of non-ideal- 
ity effects and the analysis of mixtures of non-inter- 
acting solutes. 

2. Basic theory 

Consider the series of equilibrium reactions repres- 
ented by BAi_ I+ A + BAi (i= 1, . _ . , p). where the re- 
levant equilibrium constants on the weightconcentra- 
tion scale are denoted by 

Ki = aBAii(QB&_l uA)r (1) 

the symbol a denoting activity_ At sedimentation 
equilibrium the distribution of each species j(= A, B, 
BAi) is given by [ 141 

ailt)=ai(rF)exPlQi~jIr2-r~)3. (24 

Qi=(l-UjP)w2/2RT. WI 

where r and fF are any radial distances between or at 

‘m and rb, the meniscus and base of the cell, respec- 
tively; w is the angular velocity, i+ the partial specific 

volume of species j. p the solution density (considered 
constant), R the gas constant and T the temperature 
of the sedimentation equilibrium experiment. It will 
be assumed that Ki is a constant independent of r. im- 
plying no volume changes on formation of complexes. 
The experimental record obtained by Rayleigh inter- 
ference or absorptior optics (if a suitable isosbestic 
point is available) is a plot of total weight concentra- 
tion, F(r), versus r. 

P 

~(‘) = CA(‘) + CB(‘) f ~~ ‘*Ai( (3) 

Since the values of eAMA and c&lcfB may be 
found from separate studies on A and B alone, it is a 
simple matter to calculate, from the experimental re- 
cord obtained with the interacting mixture, the fol- 
lowing dimensionless parameters [ 131, 

(44 

Q,(r) = 
~(r)exe[@#B(+--2)1 

C(TF) 
(4b) 

1t follows that pIots of n,(r) versus E-(r) and n,(r) 
versus E(T) may be constructed and it is relevant to 
examine their behavior on extrapolation to infinite 
dilution. Combination of eqs. (2) and (4a) yields, 

By application of fH8piZal’s rule, the latter limit equals 
Em,-(,)_, o d i5(r)/daA(‘), which may be evaluated by 
reformulating eq. (3j as i 

where ui denotes the activity coefficient of species f 
Differentiation of eq. (6) with respect to oA(& on 
noting that the limit as C(r) 4 0 of 9(r) = 0, of yi(r) 
= 1 and of d Lny$f)/d aA is not infinite, yieIds 

(7) 

The quantity d aB(r aA may be written by dif- 

ferentiating aBAi(‘) = {k& a:(r) aB(r) with respect 
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to QA(r) to give on rearrangernenE, 

. the latter equality following from the differentiated 
form of eq. (2). It may be seen from eq. (8) that the 
limit as z(r) + 0 of daB(r maA equals zero and 
therefore, that the third term in eq. (7) equals zero. 
Eq. (7) becomes 

This is a useful formulation since with the use of 
eq. (2), we may write, 

X lim exp [f2(QBMB--QAICfA)] , 
r2+_, 

(104 

since as E(r) -+ 0, J-*+ -=_ It follows by combination 
of eqs. [IO), (9) and (5) that 

b QA(r) 
F(r)- 0 

q&F ) =- 
z(rF) ’ 

In relation to eq. (11~) it is first noted that the 

ten-nappearing in =I. (91, I(OBA~B~~/IQAMA) - il 
equals one when h MB = @AMA and ~~~ = (MB -% 
f iMAtiA)/&fB&, the latter being the condition for 
no volume changes. Secondly, eq. (11 c) may be view- 
ed in terms of a system containing a singIe polymeriz- 
ing solute where @A = QB, MA = MB and hence aA 

=QB(r,). In this case, the limit becomes 2QA(rF)/ 
Z(rF) which agrees with that obtained previously [ 131 
for such systems: in fact, the extrapolation yields the 
total activity of monomer at rF represented here by 
reason of nomenclature as 2 aA( If +B AfB +GA&fA, 
then for a given system it follows that either eq. (1 la) 

or present instance of 
multiple binding of A to B, it is realistic specify 
that @ibis > $AMA. where upon eq. (1 la) 
and the plot of fi;tA(r) versus may be 

defined limit at infinite dilution. specif- 
that $gMB >QA1cIA, it follows by entirely 

analogous reasoning based on eq. (4b) that 

lim 
C(f)-, 0 

C&(r) = f -, @BMB > @AnfA- (1 W 

Clearly, the useful plot when QBMB > @,fif, is one 
of nL,(r) versus C(r). which permits on application of 
eq. (1 la) the determination of aA and hence of 
a*(r) at all r, using eq_ (T)_ 

3. Equilibrium constant evaluation using aA 

The mass of speciesj in the cell of thickness b and 
sector angle 0 is given by [4,I2], 

Qj=Cj(rm)4, (124 

Qi = Bb [exp ($ M__ 2) - I ] /2 ~j ~fj , (12b) 

Z =&& (132) 

Although Qj does not equal the amount of j introduc- 
ed into the cell initially, it does follow from consid- 
eration of conservation of mass that, 

fife QBAi 
nfBAi ’ 

’ IcfB QBQi 
@=QB + 2 

“BAi ’ 

(IW 

(I=) 

where 02 and gg are the total amounts of A and B, 
respectively, introduced into the cell initially: 02 and 
@ define the composition of the original mixture 
and are known to the experimenter. Eqs. (13a) and 
(13b) may be written in terms of QA and & as foi- 
lows. First, eqs. (1) and (12a) are employed to formu- 
late ‘the ratio [lo] 
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QFA~ 
=& 

%Ai 

f2~~i-l Qx aBAj_i %‘ 
(14) 

The assumption implicit in eq. (14) is that _vJ+/ 
_vBA~_,J’A = I which has been discussed by Adams 191. 
By rewriting eq. (14) for i = I ,2 and so on, it may 

readily be induced that, 

( &,I ‘%Aj Qh QB 
QsAi = ___I--- _ (15) 

“B +L 
Substitution of eq. (I 5) into eq. (I 3) gives, on noting 

from eq. (12a) that Q,/ol, = cA(rm) 

$T “1, C~+JI QBAi Ci(‘m) 

1+ .LJ 
i= I JIB Ai ‘YB 

In the discussion of eq. (16) consider first the sim- 

plest case, B + A * BA CJI = I ), for which eq. (I 6) be- 
comes on dividing numerator and denominator by 
FL_,, = Ok/2 

(!7b) 

Since from separate studies QAMA. (hence PA) and 
QB&fB (hence &) are available, it follows that hfRA 

and bA are readily calculable. In addition, 2:. 22 and 
z are dictated by the experimenter, which leaves the 

single unknown cA(f, ) for the calculation of K, _ This 
is the quantity which is available from the a*(r) 
versus P(r) curve since aA may be reIated by eq. 
(2) to aA which at hw C&,.,) approximares 
ca(rm)_ Indeed if the approximation is of concern, 
the relation between J’A(~) and aA may be found in 
a separate sedimentation equitibriutn experiment con- 
ducted with A alone, since in this case the limit of 
RA(r) as c~%(J-) f 0 is aA(rF)/cA(rF) and eq. (2) zp- 
plies. In fact such a study would lead to the determi- 
nation of BAA defined by Iny&@) = BAA cA(r). where- 
as in the study of the interacting mixture, it is more 

likely as Adams [P] pointed out that In~~(rj = 
BAA E&j + B AB cB(r), the activity Coefficient being 
a function of the composition of the mixture written 
in terms of the total (constituent) weight concenfra- 

tions of the reactants. One simple approach to this 

problem is to assume that BAA =BAB whereupon 

cA(fm)= a(r,)/exp [BAAC(rm)] _ This is likely to be a 

reasonable approach in the study of interacting 

globular protein systems at low concentrations. A 
more detailed analysis in terms of different values for 
B AA and ‘AB would clearly require definition of 
Z-A(rm) and cB(r*), which may be available for Certain 
systems by the use of absorption optics. Alternatively, 
the analysis in terms ofBAA = BAB could be used to 
obtain by numerica: simulation first estimates of 
ZA&,) and ZB(‘m), whereupon different values of BAB 

(such as that calcuIated from charge and molecular co- 
volume contributions) could be explored. 

Consider next the situation where p > l= but the 
sites are equivalent and independent so that a single 

intrinsic binding constant on the molar scale, K, 

q/mole, suffices to describe the system. It folknvs 
that [I 51, when Ki is expressed as Q/g, 

W4 

(18b) 

Substitution of eq. (18b) into eq. (16) gives on rear- 
rangement , 

Q ~~ CK~“BAic~(~~)~IP-l)---Cp--itl)~ 

X (@MB -iMA)/MB CY~ i! hf:} = O_ 09a) 

9 = [Ei -c*(rm)pAz-‘]/s;_ Wb) 

Ali quantities in eq. (I 9) are experimentally available, 
as noted earlier for the simpler B -f A + BA case, ex- 

cept for KB and p. It is therefore possible to assign a 
range of integra1 values to p and to soIve the poly- 

nomial eq. (19) for corresponding values of KB. These 
sets may be tested on the following basis. Eq. (3) may 
be rewritten as 

whereupon with the aid of eq. (18b) apparent cB(r) 
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vaIues may be caicuIated for each set {P. K,]: the ap- 
propriate set is that for which the values of cB (r), cor- 
rected For non-ideality if necessary, conform to eq. (2). 

In more complicated cases where the p sites are 
either non-equivalent and/or dependent, there are p 
individual values of Ki and thus eq. (16) cannot be 
simplified with the use of eq_ (18). For a given value 
of p, however, eq. (16) does relate the unknowns (Ki) 
to experimentally determinable quantities. It would 
be required for these cases, therefore, to perform a se- 
ries of sedimentation equilibrium experiments with 
mixtures of different and known initial mixing corn- 
position (~5: and Ei being suitably varied): for each 
experiment eq. (16) provides one equation in a set 
which may be solved to yield the values of Ki . Evi- 
dently, experimental error would render such an anal- 
ysis extremely diffkult when p was large. 

4. Numerical illustration 

In order to discuss further the swested plots of 
E(r) versus ~j (r), defined in eq. (4), it is convenient 
to refer to 2 particular system. The system was chosen 
to approximate that encountered with a mixture of 
ovalbumin and lysozyme in an environment where 2 

1: I cotiplex was formed [L .1 I] _ The following values 
of the relevant parameters were selected; MA = 14 400, 
MB = 45 000, GA = i& = E&+ = 0.72 ml/g, K, = 7.33 Q/g, 
T= 25°C and rA =yg = YBA = 1 _ A sedimentation equi- 
librium distribution of P(r) versus r was computed 
[lo-121 employing Ei = O-1 152 g/Q, Si =0_36g/2, 
p=Ie/mI,w=28~Orpm,r,=6.9~andtb=7.2 
an. Eqs. (4a) and (4b) were used to construct the 
plots shown in figs. IA and lB, respectively. For each, 
values of ‘F = 7.16 cm and E(+) = 1_ 16 g/Q were se- 
lected which corresponded to a position in the C(r) 
versus r plot where the fringe density was slightly less 
than the measurable vaIue [16] of 200 fringes/cm. 

In fig. IA the extrapolation suggested by eq. (I la) 
is shown in the inset. The assessed limiting value of 
G,(t) was 0-L 12, which corresponds to aA = 

cA(rF) = 0.13 g/Q and to 2 value of K, calculated from 
eqs. (2) and (17) of 7.3 Q/g in agreement with the as- 
signed value. In addition to illustrating the ease by 
which I* may be found, fig. IA also illustrates that 
the plot of n,(r) versus E(r) is not complicated by 
the existence of critical points. This may be estabkh- 

I3 

k.= 
3 

t 

Fig. 1. Computer simulated results referring to the sedimenta- 
tion equiliirium of the system B + A * BA with the param- 
eters reported in the text. 

(A) A plot of =A@) defined by eq. (ha) versus the total 
weight concentration, F(r). The inset shows the required extra- 
polation to infinite dilution. 

(B) A plot of 52,(r) defmed by eq. (4b) versus c(r) from 
the same sedimentation equilibrium results. The arrow de- 
notes the position of the predicted minimum. 

ed for the more general case BAi_t + A =+ Bh (all yj 
=l) by differentiating aA = cA(fF) E(r)/+) CA(r) 
with respect to E(r) with the result that, 

d n,(r)ld C(r) = 0. only if 

d cA(r)ld E(r) .. c&/Z(r). @la) 

Since from eq. (2) d ci (r)/d (r2) = +%$ ci (r), it fol- 
lows from eq. (1) that, 
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’ is QBAi”BAi cBAi(r)‘m @lb) 

Combination of cq. (2 lb) with the condition in eq. 
(2 i a) for the existence of a critical point leads to, 

6 CBAi (r) (@AMA - OBAibfBAi) 
cB(r)= ‘-’ 

@BfifB - &MA (21 c) 

Since from eq. (I la) &MB --@AM”) > 0 and (@AI%IA 
- +sQZ~A~) < 0 for all i, it follows that the amdi- 
tion in eq. (2 Ic) is that c&) < 0. Thus, it is cIear 
that the condition cannot be met and that no critical 
points occur in the pIot of Q*(r) versus E(r). 

Fig. 1 B illustrates two major points. First, in ac- 
cord with eq. (I Id), the limiting value of QB(r) as 
Z(r) -+ 0 is undefined (tending to f -). Secondly, a 
critical point (minimum) does exist in the plot. It may 
readily be shown that the analog to eq. (2 I c) is 

~c~Ai(‘) (~BAiMBAi-~‘fB) 
- - 

@f-j MB - @fA 
, (22) 

which is the condition of existence of a critical point 
in the @lot of QL, versus E(r). Clearly, it is met since 
it requires only that cA(r) > 0: indeed, for the system 
B + A * 8.4 appropriate to fig. LB, eq_ (22) may be 
rearranged with the aid of eq. (1) to define the abscis- 
sa position of the critical point in terms of 

03) 

which permitted its location in fg_ IB. 
The observation in eq. (1 Id) and fig_ 1 B that extra- 

polation of the available plot of&+(r) versus c(r) 
does not lead to a useful result, prompted the enquiry 
whether an attecnative formulation might be found to 
evaluate aD(r) directly. For the B +-A * BA system 
under discussion, fig_ IA has provided a means of ob- 
taining c+,(r) and hence a plot may be constructed of 
Q;(r) versus C*(r) where 

F*(r) = E(r) - CA(‘) = c&-) f CBA(f), (24a) 

2 l k) =B ($ ) 
=qr&# ’ C=b) 

It may be shown by differentiating eq. (24a) with re- 
spect to as(r) that even for the non-ideal case (all 

*+I), 

(25) 

At first sight, this result might suggest that applica- 
tion of fig. IA to find a*(r) = cA(r), together with the 
use ofeqs. {25) and (2) to find a,(r) = c*(r) and 
hence cBA(r) = c(r) - CA(‘) -c&r), providfs a useful 
means of evaluating K, as an zltemative to the use of 
eq. (17) previously descrtbed which is based on a 
knowledge of the initial mixing composition_ The re- 
lative merits of the two approaches, however, must 
be judged on the ability to determine the value of 
S2i(r) at infinite dilution by extrapolation. Fig. 2 
presents the pIot of Q&(r) versus Z*(r) appropriate to 

I.2 

1.2 

11 

10 

0-Q 

08 

07 

Qb 

OS 
5 

Fig. 2. Sedimentation equilibrium data for the same system as 
considered in fg. 1, but plotted as n;(r) defmed by eq. Wb) 
as a function of P*(r) defmed by et& (2&a). 



LW Nfcizot et al/Sedimentafion equilibrium analysis 265 

the system selected to compute fig. 1 with use of the 
same (E(r,), rF) point. The plot exhibits no critical 
points, as may redily be shown mathematically, and 
in contrast to fg. 13 does not tend to f ~11 on infinite 
dilution. However, there is no doubt that extrapola- 
tion from the lowest i?*(r) point, chosen to corre- 
spond to a 50~ fringe displacement, to the correct 
value of S2g(r> = 0.5 1 at infinite dilution would be 
hazardous in practice. Accordingly while the subtrac- 
tive method embodied in eqs. (24) and (25) is theo- 
retically sound, its appIicafion in practice is likely to 
be inferior to that involving evaluation of a*(r) and 
the use of the initial mixing composition. 

5. Discussion 

The first step in the analysis OF sedimentation 
equilibrium distributions obtained with mixtures of 
two constituents and of known initial compositions is 
to establish whether or not a chemical interaction oc- 
curs between the species. The quantity M,,+, ceil [ 171 
may be evaluated for each experiment and, provided 
Z$$ has been held fmed, an increase of Mw ceIl 
with ($ f Eg) is indicative of an interaction even- 
though &fW ,,daes not equal the weight-average mole- 
cular weight of the original solution. Alternatively, it 
is possible using eqs. (2) and (12) and the known ini- 
tial compositions of the original solutions to calculate 
the sedimentation equilibrium distribution of any ex- 
periment on the basis that no interaction has occurred 
IlO, I] : these may be compared with the experimen- 
tal r:;ults to decide the question_ The iatter proce- 
dure has been illustrated in fig_ 1 of ref. [l l] _ Once 
the existence of an interaction has been established, 
the basic point which emerges from this work is that 

the equilibrium activity of one reactant A [that with 
the lower value of M(1 --VP)] may be determined as a 
function of total solute concentration by direct anal- 
ysis of the total concentration distribution obtained 
in sedimentation equilibrium using eq. (I la). The 
finding parallels that previously reported [13] where 
similar treatment of sedimentation equilibrium results 
obtained with polymerizing systems led to the speci- 
&ation of the activity of monomer as a function of 
total weight concentration. The present work con- 
tinued by relating the determined value of aA to 
a~(&,) and hence to the initial mixing composition 

via eqs. (12)-(16). Relations were thereby formulat- 
ed which permit the evaluation of equilibrium con- 
stants for systems where one or more binding sites on 
the acceptor E are encountered. The approach is quite 
general and would apply to systems, such as ovalbumin- 
lysozyme [ I,1 1 ] , where spectral methods are incapable 
of distinguishing between unbound reactants and com- 
plexes and indeed between individual reactants. For 
simplicity of presentation, the analysis has been dis- 
cussed in terms of one experimentalIy obtained sedi- 
mentation equilibrium distribution (fig. I). It is stres- 
sed, however, that a single eiperiment encompasses 
only a restricted range of composition which varies 
with radial distance and, accordingly, in testing pos- 
sible models and in investigating non-ideality effects, 
it is impoitant to conduct and analyse several experi- 
ments performed employing different angular veloci- 
ties or mixtures of different initiai composition. Al- 
though the composition variation with radial distance 
prevents the construction of overlapping plots of 
Q*(r) versus F(r), which was possible far a single inter- 
acting solute [13], it is possible to correlde the results 
of the series of experiments as fallows. As a first step, 
the results of a single experiment would be analysed 
to yield as described, for example, K I (eq. 17a) or KB 
(eq. 19). It is then possible to test the indicated model 
and associated equilibrium constant by using establis- 
ed procedures [lo-121 to simulate the sedimentation 
equilibrium distributions for the other chosen initial 
compositions and angular velocities. Comparisons may 
be made on the basis of either (C(r), r) points or 
(aA( Z(r)) values, the latter being obtainable from 
the n,(r) analysis for each experiment independent 
of the model. If a model involving a single equilibrium 
constant is indic&ed, eqs. (17a) and (19) may be em- 
ployed to obtain an average value of the constant 
from a Series of experiments. In relation to systems 
governed by more than one equilibrium constant, it 
is timely to comment on the use of absorption optics. 
With those systems exhibiting a large spectral shift on 
binding, it may be possible to determine c*(r) direct- 
ly, rendering unnecessary For these particular systems 
the present approach [2] _ With others, it may only be 
pos&le to evaluate with the use of suitable isosbestic 
points the composition of the mixture at each radial 
distance in terms of CA(r) and F&), the total (con- 
stituent) weight concentrations of reactants. Combi 
nation of this information with the values of CA(r) 
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found by the present method [relying only on a re- 
cord of Z(r) versus r] would permit evaluation of the 
binding Function, [F*(r) - cA(r)] /Zg(r) as a function 
of cA(r): interpretation of the rest&ant binding curve, 
which averages the data from several experiments, in 
terms of equilibrium constants relevant to various 
models invo!ving binding sites of diverse kind has 
been discussed extensively elsewhere [18]_ 

It could also be noted that the present method is 
applicable to the analysis of mixtures of two non-in- 
teracting solutes. Thus, Jeffrey and Pont [ 191 have 
shown that sedimentation equilibrium experiments of 
the meniscus-depletion design [20] conducted with 
such a mixture give a good estimate of the product 
MA (1 - CA,p) for the smallest component A in the 
mixture. It is therefore possible to employ eq. (4) in 
the construction of a plot of QA(r) versus C(r). Eq. (5) 
continues to apply and leads with the use of 
l’H8pitafs rule to the conclusion that the limit of 
I&(r) as E(r) +.O equals aA(rF)/Z(rF)_ In contrast to 
+he behaviout of an interacting system, the amount of 
a non-interacting solute in the cell at sedimentation 
equilibrium equals the amount of that species intro- 
duced. Thus ev (2) and (12a) may be used directly 
to cat&ate QA, provided it is assumed that a*&,,) = 
cA(‘m)_ Subtraction of Qi from the total amount of 
solute introduced into the cell gives QE, thereby de- 
fining the composition of the original mixture of two 
non-interacting solutes. Moreover subtraction of 
c*(r) values, available From the determined cA(‘F), 
from Z(r) values yields c&) as a function of I-: this 
subtractive method does not suffer from the limita- 
tion discussed in fig- 2 pertaining to a reacting system. 
A plot of In cB(r) versus r2 would yield a straight line 
of slope M,(I-&p)w212RT, provided the mixture 
were indeed non-interacting_ Thus, a means has been 
provided of defining a naturally occuring mixture of 
two non-interacting solutes and of detecting chemical 
interaction between the species, if it occurs, by cur- 
vilinear@ of the plot. In this context, also, it would 
be desirable to analyse several experiments conducted 
with different dilutions of the original mixture or an- 
gular velocities_ For the case of a non-interacting mix- 
ture, eqs. (2) and (12) could be used directly to cor- 
relate the results of different experiments in the Form 
of S(r) versus r plots. Cases where chemical interac- 
tion occurs between two species in a naturally occur- 
ring mixture of unknown composition, while detect- 

able, are evidently more difficult to characterize com- 
pletely. For such systems involving the formation of 
a 1: 1 complex, a first estimate ofcg(r) and hence of 
K could be obtained by plotting R;(r) versus E*(r); 
but due to the uncertainty in the extrapolation (fig_ 2), 
the value of the equiliirium constant would need re- 
finement on the basis of simulations [lO,l i] in rela- 
tion to a series of experimental results. Clearly, for 
more complicated interactions between two species 
in a naturalIy occurring mixture or in the study of 
such mixtures comprising more than two solutes (che- 
mically interacting or not), it would be desirable to 
separate the mixture so that selected combinations of 
the components could be examined, as described, 
using mixtures of known composition_ 

In conclusion, it appears that the formu!ation of 
sedimentation equilibrium results in terms of the 
a(r) function is useful in the characterization of a 
wide variety of systems (non-interacting, polymeriz- 
ing or heterogeneously associating). Two further 
points may be made in this connection. First, it may 

readily be shown for even more complicated systems 
involving a combination of the aforementioned classes 
(such as the heterogeneous association of a ligand 
with a polymerizing acceptor) that use of the appro- 
priate n(r) function leads to the activity of the spe- 
cies with the lowest M(l - 6~) product as a fumztion 
of total concentration. Secondly, it is noted that no 
restriction has been placed on the magnitudes of 
@*MA and %A+$, with the result that the method is 
applicable to the study of mixtures of small mole- 
cules, which like certain macromolecular mixtures 
may not be amenable to study by equilibrium dialysis. 
For any system, the method offers the advantage that 
it is unnecessary to differentiate the experimental re- 
sults, in contrast to previous suggestions [4,S]. The 
Further interpretation, in terms of relevant equilibrium 
constants (of their counterpart, the composition of a 
non-interacting mixture), of the results obtained with 
the Q(r) function is difficult only if the number of 
species present is large, a limitation shared by all other 
established analysis procedures. 
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