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The cooperativity of enzyme-substrate interactions is investigated in the concerted allosteric model of Monad, Wyman 
and Changeux. The general case of K-V systems is considered, in which the two protomer conformational states R and T 
postulated in the theory differ in catalytic and binding properties. An espression for the Hill coefficient fzH defined with re- 
spect to the asymptotic velocity V, is analyzed in conditions which exclude substrate inhibition. Kinetic cooperativity is al- 
Ways positive (fiH > 1) in the case of a dimer enzyme, and in the 0%~ of an inactive T state. Slight kinetic negative coopera- 
tivity (nH < 1) occurs under restrictive conditions for larger numbers of protomers when the substrate binds significantly to 
the less active state of the enzyme, but the phenomenon remains negligible for trimen and tetramers. 

These conclusions differ from those obtained [A_ Goldbeter. J. Xlol.BioI.90 (1974) 1851 with the Hill coefficient based 
on the absolute ma?Gmum vclociry. which may exceed the experimental value V_ in K-V systems. The results extend 
those of Paulus and DeRiel [J. Mol. Biol. 97 (1975) 6671 and support the view that in most cases. negative cooperativity is 
not compatible with a mechanism based on a concerted and conservative allosteric transition. The Hill coefficients for bind- 
ing and catalysis arc mmpared in K-V systems. 

1. Introduction 

The cooperativity of allosteric interactions in multisubunit enzymes can be expressed by the slope of a Hill 
plot, known as the Hill coefficient “H [1,2]. Depending on the value of the slope, cooperativity is either positive 

(nH > 1) or ne@ive (q < 1); absence of cooperative interactions, as in Michaelian enzymes, corresponds to a 
Hill number of 1 [3,4] _ Several authors have emphasized the interest of considering profiles of the Hill coefftcient 
as a function of &and concentration, rather than linearized Hill plots [S-7]. This can be achieved explicitly in 
models for allosteric enzymes. 

An analytical expression of the Hill coeffkient related to the substrate is of special interest in the concerted 
model of blonod, Wyman and Changeux [S] , since negative cooperativity is usually considered as the principal 
argument against this mechanism [9] _ Watts-Tobin [lo] has determined the HilI coefficient at equilibrium in the 
concerted model, showing that negative cooperativity of binding is excluded. This conc!usion does not necessarily 
extend to nonequilibrium conditions [l L] . The purpose of this study is to determine thd modes of kinetic coop- 
erativity in the concerted model, by analysis of the !Aill slope for catalysis. 

Paulus and DeRiel[12] have obtained an analytical expression for the kinetic Hill coefficient defined with re- 
spect to the asymptotic velocity V,, using the rate equation proposed by Dalziel [ 131 in his extension of the con- 
certed model to nonequil~brium conditions. This expression of rzH differs from that obtained [14] for the Hill 
slope defined with respect to the maximum rate V,, _ The discrepancy is due to the fact that the experimental 
value of the rate at saturating substrate concentration, V,, can be inferior to VM in concerted K-V systems, i.e., 
when the two protomer conformational states R and Tpostulated in the theory differ by the affinity towards the 
substrate and by the catalytic activity. 

We independently have obtained a similar expression for the kinetic Hill coefficient based on the asymptotic 
velocity. Reported here is a detailed analysis of this Hill coefficient in the case where the substrate binds with the 

l Present addmn: Facultg des Sciences. Universiti Libre de BruMIes, Campus PI&e, Code postal 231, Brussels, Bel&m. 
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largest aftinity to the more active state of the enzyme. The analysis shows that cooperativity in the concerted mod- 
el is always positive in the case of a dimer, and in the case of an inactive T state. There exists a narrow range of pa- 
rameters for which slight kinetic negative cooperativity occurs for larger numbers of protomers when the activity 
of the T state is a fraction of that of the R conformation. This range and the magnitude of the corresponding Hill 
coefficients are precisely delineated here. The analysis extends the results of Paulus and DeRiel [12] who proved, 
under similar conditions, the absence of kinetic negative cooperativity for enzymes containing up to four pro- 
tomers with inactive T state. These authors pointed to the possihre occurrence of slight kinetic negative cooperativ- 
ity while providing evidence, by numerical simulation, for the absence of the phenomenon over a wide range of pa- 
emeter values. Paulus and DeRiel also showed that kinetic negative cooperativity may occur when the substrate 
binds with the largest affinity to the less active state of the enzyme. On the other hand, the present findings are in 
qualitative agreement with those of Kurganov et al. 161 who studied negative cooperativity in the concerted model 
by using an inconstant exponent graphically defined in preference to the classical Hill slope. 

The results are discussed with regard to the possibility of discriminating between various models for oligomeric 
enzymes. Positive and negative cooperativity in binding and in catalysis are readily explained in the sequential mod- 
~1 of Koshland et al. [ 1 S] _ The present study favors the view that negative cooperativity is not compatible, in most 
cases, with a mechanism based on a fully concerted and conservative aIIosteric transition. Relaxation of either one 
of these constraints on the conformational change has been invoked as a source of negative cooperativity in exten- 
sions of the model of Monod et al. [i6.17]. 

The relation of the theoretical results to equilibrium and kinetic measurements is discussed. A comparison of 
the Hill coefficients for binding and catalysis suggests a criterion for the discrimination between K and V systems. 

2. Rate equation 

The monosubstrate enzyme model consists of tz protomers which exist under two conformations, R and i? The 
protomers undergo a concerted and conservative [S] transition between these states which may differ in their af- 
finity towards the substrate (EC effect) and in their catalytic properties (V effect). The enzyme exists in a single 
oiigomedr, form. Let o, a’ be the kinetic constants for the binding of the substrate to the R and Tstates, respec- 
tively; the corresponding constants for dissociation are denoted d and d’. Let us denote KR =d/n and K, =d’/o’ 
the dissociation constants of the enzyme-substrate comp!exes @CT > KR), and k, k’ the catalytic constants relat- 
ed to the irreversible decomposition of these compkxes in the R and T states, respectively (k > k’). 

For a given substrate concentration, the steady-state reaction rate in such a system is given by the relation [13] : 

.?I -= a(1 +a)“-1 +LsLyc(i+aIc)“-t, (1) 
V&f (l+a)” +L(ltCYc)” 

where cy denotes the substrate concentration S normalized by division through the Michaeiis constant of the R 
state: o = S/K, (e + l), with e= k/d and e’= k’ld’. The maximum reaction rate is given by V,, = r&E, where E re- 
presents the total enzyme concentration; L is the two-state equilibrium constant; 8 = k’/i’c is the ratio of the tum- 
over numbers of the T and R states, and c = KR (tz + I)/K=(e’+ I) is an extended nonexclusive binding coefficient 
of the substrate_ In regard to the preceding parameters, a perfect K system is defined by 0 = L, KR < KT, whereas 
8 < 1 and KR < KT in a K-V system; a perfect V system is defined by 0 < 1, KR = K, [S]_ 

For simpiicity, the notations (Y and c are used hereafter for binding and catalysis; in binding and kinetic expres- 
sions, they refer respectively to the equilibrium and nonequihirium definitions of oI and c. The latter coincide 
with the equilibrium definitions Q! =S/KR and c = K&KT [8] when E, E’< 1 or, For c, when E = e’. 



tn perfect K systems, the T and R states of the enzyme have the same catalytic activity. lhen @ = 1 t and the 
ratia (v/Vkt) becomes formally identical to the saturation function r defined by Monod et ai. [f?i as the fractiorr. 
of catalytic sites occupied by the substrate. 

The HiIl coefficient for binding is defined with respect to the saturation function by the relation [l ] 

n,=dlagr~~(l-B)lldlo~cr. 

This relation, together with the expression of y given by eq. (1) for 8 = f . yields the expression f\oJ 

In XC systems, this relation gives the EIikL coefficient for binding and for catafysis as a function of the substrate COSI- 
centration. in K-V and V systems, the ratio (u/V,,) ceases to be identical to the saturation function Y^: eq. (3) 
then yields the Mill coefficient for binding only. 

The Hill slclpe deftned by eq. (3) is always larger than unity. Negative coopentivity of binding is thus excluded 
in the concerted model. In K systems, the same remark trofds for catralysis also_ 

4. Asymptotic velocity in K-V systems 

The maximum vetacity V&t is reached in K-V systems when aft the enzyme is present in the more active R 
state. At saturating substrate concentration, eq_ (3) yields the f~lIo~i~~ relation for the asymptotic irefocity ET, 
[Ml: 

The rate equation, expressed as a function of the asymptotic velocity, is thus given in the concerted model by the 
foulowing relation free of &$(: 

Eq. (4) shows that the asymptotic vebcity V, is equal to the absolute max~rnum vefocity Y&t when 8 = l Qer- 
feet K system), or when Len -@ I - The product Lc?* is directly Iinked to the extent of the alfosteric transition at 
saturation, as 

where XT and Z;R denote the concentrations of enzyme species in the T and R states. When the ‘X state is fess ac- 
tive than the R state (9 < l), the asymptotic velocity thus approaches Vhf as the equilibrium between the two 
protomer #~f~r~a~io~~ sltiRs cvmpletely towards the R state. For large values of L and c, hourever, the candi- - 

tion Len Q 1 is no% abay--s ertsured. Some enzyme then remains in the less active T state at ~turation, so that 
v, c v&t. 

This point is essential for the kinetic definition of the Hill coefficient fl2j” In a previous study [L41, #zH was 
defined with respect to V,, _ As V, is the true experimental value of the reaction rate at saturating substrate con- 
centration, it is necessary to determine the Hill coefficient with respect to the asymptotic velocity in order to as- 
sess kinetic caoperatitity in K-V systems. 
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5. Kinetic coopentivity in concerted K-V systems 

5 1. Amlytical expression of the Hill coefficient 

The kinetic Hill coefficient is defined with respect to the asymptotic velocjty V, by the relation [2]: 

>zNH = d log [u/( IT, - u)] /d log a. (71 

This definition, together with relation (S), yields an expression for the kinetic Hilt coefficient in the concerted 
model, as in Paulus and DeRiel [121. S ome algebraic transformations yield the following form which is particular- 
ly suitable for later analysis: 

“H = 1 +La<P/Q ), (81 

with 

p = [(I +&7-2c” -(I +Q&“-2LBc2j(1-0) + (I +(u)“-*(IfW)“-* 

x {(r+LOc’~)(l-c)[(tz-r)(l-ec)~(1-e)rzorcJ+(1-8)c[(rta~c)(Lec”-l)t2ol(LBc~f~-l)]), 

Q=[(1+0c)“-~fL6c(lfac)“-*]{(l~~~c”)[(l+a) “-~+_L(l+ac)“-‘J -(I--B)at[c”(ltor)“-l-c(l+ac)“-l]). 

(9) 
When the Tand R states have the same catalytic activity (0 = l), eq. (8) reduces to the expression of the Hill coef- 
ficient of a perfect K system [eq. (3)], as the ratios (u/V,) and (u/C’~,) then coincide with the saturation function 
P. 

However complicated the expression of the kinetic Hill coefficient in K-V systems, a discussion of relations 
(8) and (9) enables us to obtain analytical results, in several specific cases, as to the possible occurrence of kinetic 
negative cooperativity (tzEi < 1). 

Let us first note that the quantity Q defined in eqs. (8). (9) is always positive for c < 1, as in such a case it is 
cIear that 

c”(l +a)“-1 - c(l +cW)R-’ < 0. UO) 

The inequality c < I generalIy holds when the substrate has the largest affinity for the more active R state 
(KR < KT). We limit ourselves hereafter to this case, which implies absence of inhibition by the substrate [S]. In 
these conditions, negative cooperativity will be ensured whenever P is a negative quantity. 

5.2. Gse of a dinzer enzyme 

The case of dimers is important, as they constitute the majority of multisubunit enzymes [ 18). For n =2, the 
expression of P reduces to the simple relation 

P= (l-c)” (l+Le*cq. (11) 

This shows that the sign of P is always positive, regardless of 0. Negative cooperativity in catalysis, as well as in 
binding, is thus excluded in the dimeric concerted model. The kinetic Hill coefficient for a dimer enzyme takes a 
simple form given in appendix I _ 

5-K Case of an inactive T state 

A limit situation in K-V systems obtains when the T state of the enzyme is completely inactive (0 =0) _ The 
condition for kinetic negative cooperativity. P-C 0, reduces then to the inequality 

(f-+cY)ncn i- (I+ac)“-‘[rz(I -c) - (1+&c)] < 0. (12) 
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A necessary condition for P to be negative is clearly 

CY > [(n-1)/c]--n. (13) 

This condition is precisely the one obtained when defining the Hill slope with respect to V,, [ 141. In the latter 
case, condition (13) was both necessary and sufficient for ensuring kinetic negative cooperativity beyond a critical 
substrate concentration for 0 =O. This is no more the case for calculations of tlH based on the asymptotic velocity 
V,; indeed inequality (12) is never satisfied, even when relation (I 3) holds, so that the sign of P is always positive. 
The demonstration by recurrence (see appendix 2) is made by showing that the inequality P > 0 holds for II if it 
holds for (n - 1) protomers. As this was already established for a dimer (see section 5.2). P is positive for all II. 
Kinetic negative cooperativity is thus excluded in concerted K-V systems with inactive T state. 

5.4. Pet$ect V systems mrd exclusive binding 

In a perfect V system, the T and R states differ by catalytic properties, but not by their affinity towards the 
substrate. At equilibrium, the requirement KR = K, implies c = 1. When extended to nonequilibrium conditions 
(see section 2), the nonexclusive binding coefficient c is equal to unity in a perfect V system if E = E’, or if E,E’< 1. 
In any case, the value c = 1 corresponds to a peculiar situation in which the rate equation and the Hill coefficient 
take simple forms. 

Regardless of 0, relation (S), for c = 1, reduces indeed to the Michaelian expression 

(u/V,) = (Y/( I-+ a)_ (14) 

In agreement with the fact that the Hill coefficient of Michaelian enzymes is equal to unity. eq. (8) yields tzH = I 
for c = 1. A similar value is found in those conditions for the Hill number defined for binding [eq. (3)], as the 
saturation function P also reduces to the right-hand side of eq. (14). 

On the other extreme, the distinction between K and V systems vanishes when c goes to zero. Both definitions 
(2) and (7) yield then the following expression for the Hill coefficient: 

“H = 1 + (f2 --I)&L/(l +c) [(I t&)n-* + L] 1 (19 

which predicts only positive caoperativity when the substrate binds exclusively to the R state of the enzyme. 
it follows from the present and preceding sections that the kinetic WI1 coefficient, as in the case of a dimer, is 

never less than unity when 0 =O (inactive T state), 0 = 1 (perfect K system), c =0 (exclusive binding of substrate to 
the R conformation), or c = 1 (perfect V system). As shown below, this situation does not always prevail when pa- 
rameters 0 and c are comprised between 0 and I _ 

5.5. Cerreral case (n > 2; 0 < 6, c < 1) 

En contrast with the preceding cases, eqs. (8) and (9) do not yield easily tractable relations for the analysis of 
the Hill slope when the enzyme consists of more than two protomers, and when the affinity for the substrate and 
the catalytic activity of the T state are non-negligible fractions of those of the R conformation. Numerical anal- 
ysis of eqs. (8) and (9) For various vaIues of tt, L, 0 and c allows, in these conditions, to determine the patterns of 
kinetic cooperativity in the concerted model. 

A general result of the analysis is that the Hill coefficient kinetically defined by eq. (8) goes to unity when the 
substrate concentration goes to zero ‘or to infinity, behaving in this respect as the Eiill coefficient detined for bind- 
ing Cl]. At intermediate substrate concentrations, positive cooperativity or the absence of cooperative interactions 
are the most common phenomena. 

For n =3 and 4, negative cooperativity occurs for large values of the allosteric constant L, of the order of 105, 
and for values of 8 and c in the vicinity ofO.1. But the phenomenon is negligible, as the kinetic Hill coefficient re- 
mains close to unity (see table 1). The corresponding rate curves, accordingly, look hyperbolic. 
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Table 1 

Kinetic negative cooperativity in the concerted model 

n 3 4 6 8 

The minimum value of the HiU slope (n H,,,) isgiven, with rhe corresponding rate of reaction. as a function of the altosteric con- 
stant L and of the number )Z of protomcrs constituting the enzyme. Also indicated are the HiIl coefficient at half asymptotic veloc- 
ity (“Hl[2) and the maximum value of the HiU slope (JJHX~). with the corresponding reaction rate. The data are obtained by simu- 

lation of the model on an IBM 370/165 computer. for c= 0 = 0-f. The Hill cuefficient is determined according to eqs (8) and (9). 
Lower values of parameters c and (3 favor positive coaperativity. 

For larger numbers of protomers, negative cooperativity is slightly more pronounced_ Depending on the alloster- 
ic constant, it can either precede positive cooperativity or extend over a large range of the velocity curve (see table 1 
for 12 =6 and 8). In the latter case, the HiJl coefficient at half asymptotic velocity can be less than unity, but re- 
mains generally greater than 0.9; the minimum value found for II ti1,2 by numerical simulation is 0.87, for L = log, 
in the case of an octamer. When mixed cooperativity occurs, the Hill slope is usually less than 1 in the range l-10% 
V,, and passes through a maximum before 50% V, - This situation may result in small undulation in the velocity 
curve at Iow substrate concentration, as for II =6,8 and c = B = 0.1 (figs. 1.21, but the phenomenon is never so sig- 
nificant as to induce an intermediary plateau. 

The dependence of the velocity and of the Hill coefficient upon 0 and c is given in figs. 1 and 2, respectively_ 
Kinetic negative cooperativity occurs in the restricted range O-1-0.01 of these parameters-These relatively large 
values of 0 and c required fur anticooperative behavior are responsible for the fact that the maximum Hill coeffi- 
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F& 1. Dependence of the velocity and of the kinetic Hill coefficient on the nonexclusive binding mefficient of the substrate. The 
&WZS sic estabti~hcd for R = 6,B = 0.1 and L = 10’. The velocity (a) and the Hill coefficient (b) are determined according to eqr 
(5) and (8) on an IBM 370/16S computer. Highest cooperativity occurs for c = 0. whereas a sma!J undulation in the velocity me, 
for c = 0.1. is associated with mixed-type cooperativity. When c = 1, the rate curve is hyperbolic and the H&t ooeffi&nt (Qshed 
line) remains equal to I. 
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Fii. 2. Dependence of the velocity and of the kinetic Hill coefficient on the ratio of turnover numbers of the T andR states_ The 
curves are e<ablished for n = g, c = 0.1 and L = IO*. The veracity (a) and the Hill coefficient (b) are determined according to eqn 
(5) and (l3). hfaximum cooperativity occurs in the case of an inactive T state (RH = 4.40 for u = 1.2 X low4 V,). For 0 = 0. I, a small 
undtition in the velocity curve results from the succession of neptive and positive cooperativity. The quasi-hyperbolic rate curve 
obtained for B = 1 coincides with the saturation function 8; the corresponding Hill coeffkient (dashed line) coincides with the Hill 
coefficient for binding, given by eq. (3). 

cients in the domain of positive cooperativity (table 1) are small in comparison with the number of protomers. As 
in the case of binding [19], maximum positive cooperativity is observed when c goes to zero (fig. 1); a similar re- 
sult is obtained with respect to parameter 0 (fig. 2). 

The detailed dependence of kinetic cooperativity on the allosteric constant is indicated in table 1 for an 
octamer. Upon increasing L from IO5 to 10” , one successively observes positive cooperativity. mixed-type coop- 
erativity, negative cooperativity and absence of cooperative interactions. It should be noted that positive effecters 
decrease the vaiue of the two-state equiltbrium constant, whereas negative effecters bring about an increase in L 
CW31. 

6. Discussion 

The analysis of the kinetic Hill coefficient defined with respect to the asymptotic velocity V_ in the concerted 
model for allosteric enzymes yields results which differ from those obtained with a definition of frH based on the 
maximum rate vkt. Indeed, the maximum velocity can exceed the experimental value V, when the two conforma- 
tional states of the enzyme differ in catalytic properties. One of the main differences, already pointed out by 
Pauhrs and DeECiel [12], is that the Hill coeficient determined with respect to the asymptotic velocity goes to 1 
as the substrate concentration tends to zero or to infinity; this tules out kinetic negative cooperativity beyond a 
critical substrate concentration 1141. 

Negative cooperativity is usually considered as the most compelling argument against the concerted mechanism 
[9]. ‘Uris view is supported in many respects by the present anaiysis. Negative cooperativity in the concerted mod- 
el is indeed excluded for binding; it is also ruled out for catalysis in the case of a dimer enzyme, and in the case of 
an inactive T state. Kineticnegative cooperativity is allowed in concerted K-V systems for larger numbers of pro- 
tomers when the substrate binds significantly to the T state of the enzyme, and when the catalytic activity of this 
state is a significant fraction of the activity of the R conformation_ The phenomenon remains negligible for 
trimers and.tetramers. For n > 4, a ~rrrall undulation may result from the succession of negative and positive coop- 
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32 

24 

L 

nrurarion function Y and fractional velocity v/V, are plotted 
in the inset for o varying from 0 to 60. it is assumed that the 
catalytic steps are rate-limitin$ (E.E’ 4 1). so that the equilib- 
rium and nonequitibrium defiiitions cf cx and c coincide. 

Fig. 3. Comparison of Hill coefficients for binding and cataf- 
ysis. The Hiti cacfficient for binding, nHbleq. (311, is plotted 
as a functiOn Of the kinetic Hill COeff&2i~nt, nH k [eq. @)I, as 

the substrate concentration Q varies from 0 to 600 in the case 
n=4,c=0.01,0=0.1.L=105.~eres~l~ingcurveiscloscdas 
the sysrem departs from *he initial point (1.1) in the presence of 
substrate and returns to it at sturation (arrows). Points A 
and B refer, respectively, to half saturation (0: = 19) and half 
asymptotic velocity (OI= 21). The dashed line represents the 
locus of equal HiU coefficients for binding and catalysis. The 

erativity, but this could hardly account for intermediary plateaux which are sometimes observed in the kinetics of 
multisubunit enzymes [3,4,20] _ Furthermore, the values of ‘rHt/2 < 1 obtained for hexamen and octamers in the 
concerted model (table 1) cannot account for the range 0.2-0.75 found for the Hill coefficient at half asymptotic 
rate in most negatively cooperative enzymes [2 11. 

The above results are obtained for values of c comprised between 0 and 1. When the nonexclusive binding coef- 
ficient is larger than unity in K-V systems, the velocity generally passes through a maximum as the substrate con- 
centration increases [8] _ Definition (7) for the kinetic Hill coefficient does not apply in such a case. Paulus and 
DeRiel have shown that significant kinetic negative cooperativity without intermediary maximum in velocity is al- 
lowed in the concerted model when the substrate has the largest affinity for the less active state of the enzyme, 
that is when c > 1. The phenomenon occurs in a restricted domain of parameter values, and corresponds to very 
low (V,/vhi) ratios [12]. 

In contrast to the predictions of the concerted mechanism, negative cooperativity in binding and in catalysis, 
as well as intermediary plateaux in activity curves, are readily explained by the sequential model of Koshland et al., 
provided that suitable inequalities hold among the successive dissociation or catalytic constants postulated in this 
model [4,15,20]. 

Association-dissociation phenomena involving several molecular enzyme species are another type of process 
which may give rise to anticooperative behavior [6,X?]. It should be noted that several extensions of the concert- 
ed model, which depart from the maximum symmetry postuIated by Monod et al., account for negative coopera- 
tivity at equilibrium [ 16,17]_ In particular, the phenomenon can be explained when the allosteric transition be- 
tween the T and R states is partially concerted [ 161, or partially conservative [ 17) _ Viratelle and Seydoux have 
shown, in the latter case, that with an additional assumption of asymmetry in binding properties between pairs of 
protomers in the R state, the concerted mechanism can give rise to significant negative or mixed cooperativity. 
Furthermore, the existence of a concerted but rate-limiting allosteric transition has been implicated in the occur- 
rence of an intermediary plateau region in velocity curves [23] _ 

The difference between the Hill slopes for binding and for catalysis is illustrated in fig. 3. Both definitions coin- 
cide only for K systems; the less active the T state, the larger the difference between the coefficients. Fig. 3 indi- 
cates that the kinetic Hill coefficient is usually iarger, and reaches its maximum value before the Hill coefficient 
for binding. The rate curve, in such a case, looks more sigmoidal than the saturation curve obtained by binding 
measurements (see also fig. 2). As expected, the difference subsides as the nonexclusive binding coefficient c goes 
to zero. Such a comparison between binding and kinetic Hill pIots suggests a criterion for the discrimination be- 
tween K and V or K-V systems. IEe two kinds of representation should yield identical results for K systems only. 
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Appenrlb 1. Case of a dimer enzyme 

For it = 2, eq. (9) yields the following express&m for P: 

P=f(t~ol)“-t~(I~uc)2Jc2(1-~)~ftcL8c~)(1-c)~~(1-~c)t7-(~-e,~~~ 

c(l-a)c~(Ita~C)(tBC7--I)+2Q(LBC3-1)1, 

This relation takes th: successive forms: 

P=(1-B)[(c~i-2ac~+a~c~)-(ccac~e~-c2crc)~C(l-cc)[(1-~c)~2otc(~-8)] 

~Lec~~(l-c)~(1-~&)~3ac(I-e)~~(I-~)f(c+rr~c~~2ac~)-(l~fcrc+cr”c’)~l 

(A.11 

=(I-cc)[(l-ec)-c~l-e)] +Lec7-(I-c)~(l--Bc)-_(t-e8)~. 

Hence, 

P= (1 -#(I i-_ke*&a 0. (AZ) 

In a dimer system, the Hi coefficient kinetically defined by eq. (8) is thus given by 

~zW=ff-~L~l-~)2~l+LO2c2)f[(t+~)+L8c(l~crc)]1(1~L~c3-)f(1~cu)~I;(t~ac)f +*Lc(l -Q(l--c)I 

(A-3) 

The vab~e of this coefficient at half asymptotic velocity is given in appendix 3, in the case of an inactive T state. 

Appendix 2. Case of an inactive T state 

In the case 6 =O, the condition P > 0 for the absence of kinetic negative cooperativity takes rhe form: 

(1 fcX)“C” f (I +cXc)“-t [!Z(l -??)-(I +oX)j> 0. (A.41 

This inequality can be rewritten as 

~(l~~)C~(~i~)~~ 2 [I-nfc(a~n)]/(lCac). (A-5) 

The Hitt coefficient defined by eq. (81 is aIways larger than unity in the case [I = 2 (see appendix I). If we show that 
inequality (AS) is satisf7ed for tz if it holds for rz - 1, when N 3 3, then condition (AA) will be satisfied for all 
n 2 2. !kppOSe that inequality <A.5) is verified for n - 1, i.e., 

[Cl -Well1 ‘=)I n-L> [l-(82 -l)+cfcYc,~ - r)l1(1 +cu;‘). (A.6) 

Inequality (A.6) can be rewritten as 

I(I+a)c/(IfCC)I”> [(~f~)c~(ffQC)j[2--n+c(a+n-~))I/(lca;c). (A-7) 

By campatison of inequalities (AS) and (A-7), it is clear that ~neq~~ity (A-4) will be verified if the following in- 
equality is proven: 
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(A.81 

This inequality takes successively the forms 

(lf~)c[2--n~c(a~n-I)] > (1+crc)[l-lzic(cutrl)~, (A-9) 

Or 

c[2--nnc(?z-l)~ > nc-((n-1). (AXI) 

Of 

(II-f)(i-c)* >o, (A.1 1) 

which is always true, when c < I _ For c = 1, the HilI coefficient equals unity (see section 5.4). Inequality (A-4) is 
thus verified for all relevant a, c and II. 

Appendix 3. Hill coefficient at half asymptoiic velocity 

HiiI plots are often linearized in the vicinity of half saturation or half asymptotic rate. The expression for the 
kinetic Hill coefficient at half asymptotic velocity is much more complex than that obtained at halF saturation for 
the Hill coefficient for binding. In the simple case of an inactive T state (0 =0), the relation u= VJ2 correspond- 
ing to the ratio (ul<i’_ - u)] = 1 takes the form 

[a(l+2L~“)-!I](ltcr)~-~=L(I+~)“. (A.12) 

The kinetic Hill coefficient corresponding to the half asymptotic velocity is then given, from eqs. (8), (9) and 
(A.12), by the relation 

‘iHu2 = 1 +L{(I +~~,~c)n-t[~~(~-~)-(l+~~,~c)] +c”(l+ar,,2)n)l(lt(y1,2)“11 +Lc”), (A-13) 

where the substrate concentration at half asymptotic veIocity, q/2, is solution of eq. (A-12). In the case of a dimer 
with inactive T state, relation (A-13) yields 

fIHI12 = I + L(1 -c)~/(I +a1l2)2 (1 +Lc*). (A-14) 

For binding, the Hill coefficient [eq. (3)] at half saturation is given by the relation [24] : 

“H1/2=I +(n-l)(q/2-I) (1--l/2)l(al/2tI)(ltc(rt/2), (A-15) 

where alI2 is solution of the equation 

(ol-l)(l+orj”-‘=L(1~cor)“-‘(l-c~). (A-16) 
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