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Introduction 

A considerable number of papers have been published 
in enzymology dealing with the properties of allosteric 
(associated as subunits) enzymes. These studies   
suggested positive or negative cooperativity on the basis  
of the mechanism of the their action on a substrate. The 
kinetics of the studies invariably showed the presence of 
the  Michaelis-Menten kinetics.1-9,  in which a saturation 
curve is obtained when the initial velocity 0v  of the 
reaction is plotted against the substrate concentration  as 
is shown in curve a, Figure 1.  

 

 

 

 

 

 

 

Figure 1. The reaction progress curve showing the dependence 
on progress curve of velocity changes v0 on the concentration of 
substrate S when the Hill coefficient  h = 1 (curve a, bold line), 
curve b if  h > 1, and  curve c  when h < 1. Y – the parameter of 
enzyme saturation; V0  → Y (by S >> K0

m).  

The aim of this investigation was to obtain the 
information not only on the catalytic activity (V0), but 
also on the strength of binding (K0

m) between the enzyme 
and the substrate.3, 7-9, 11, 14-16  The (Eq. 3)  is  obtained  
when the Hill coefficient h is equal to 1. 

The dependence of the initial velocity of the reactions, 
catalyzed by cooperative enzymes, is given by the Hill 
equation (1), whereas the Michaelis-Menten equation is 
expressed in Equation (2). 

 

          (1) 

 

          (2) 

 

where V0 is the maximum reaction velocity reached at the 
maximum substrate concentration S as given in equation 
(2) wherein K0

m  is the Michaelis constant which is equal 
to the substrate concentration at which the reaction rate is 
half of  Vmax.   

The comparison of the equation (1) with the equation 
(2) suggests that at h =1  Sh

0 = S and  Sh
0.5  = K0

m.  

In enzymology the value of the Michaelis constant K0
m 

is characteristic of the enzyme signifying  the strength of 
binding between the enzyme and the substrate; the lower 
is the value of  the K0

m constant, the greater is the binding 
strength between the enzyme and the substrate i.e. the 
substrate conversion is more effective (V0 increases).  The 
Hill coefficient h in equation (1) determines the  number 
of substrate-binding centers on the molecule of the 
allosteric enzyme and the strength of the binding between 
the active centers and the substrate. The Hill coefficient h 
is dimensionless.17 As a general rule, when h > 1, 
indicates the positive cooperativity in a process of 
substrate conversion; the binding of the second molecule 
on the second active center of the enzyme increases the 
initial velocity 0 of conversion of the first substrate on 
the first active center of the enzyme (Fig. 1, curve b); if 
the Hill coefficient is h < 1, the binding of the second 
substrate (on the second active center of the enzyme) 
makes the binding of the first substrate on the first active 
center weaker, hence the velocity 0 of the conversion of 
the first substrate slows down pointing to the negative 
cooperativity in the mechanism of enzyme action (Fig. 1, 
curve c). 
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The equation (2) is used to test the data for the strength 
of the binding of an enzyme to a substrate (an inhibitor or 
activator), assuming that h = 1).1, 6, 18-20 

  .   (3) 

 

It can be useful if  h = 1 or it  is not larger than the error 
interval: 

 
      .    (4) 
 

Let us consider one of the most common “parallel-
subsequent” schemes of the catalytic conversion of the 
substrate by the enzymes consisting of two EА and EВ 
subunits: 

 

 

          (5) 

 

where EА is a subunit located on the “upper” part of the 
enzyme and EB is on the lower part, (Eq. 5) is associated 
with noncovalent powers of interaction i.e. hydrogen, 
hydrophobic etc. 

There exists an additional possibility of using the Hill 
coefficients when h > 1 or h < 1. 

Positive cooperativity (h > 1). Let us consider that the 
value for the Hill coefficient h = 1.75 (dimensionless 
units). If this coefficient is written as a sum of two 
numbers: h = (1.0 + 0.75), Eq. (4) can be rewritten as: 

 
          (6) 
 

where S1
0.5 is the concentration  of first substrate bound to 

the “upper” subunit EA of the enzyme.  

The relationship  h = 1 is necessary and sufficient 
condition (according to Michaelis-Menten theory) for the 
conversion of the first substrate on subunit EA into 
reaction product Pr(s1), and the remaining value 0.75 
characterizes the strength of binding of the second 
substrate on the second subunit EB.  

It follows that at half value of the substrate 
concentration, 0=V0/2. Taking S0.5 = 4.4 × 10−4 M (for 
ease of analysis),  the value of S0.5(A) for the binding of 
the first substrate on the active center of subunit EA is 
given by the equation (7): 
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Similarly the value of S0.5(B) (for the binding of the 
second substrate on the active center of subunit EB) is  
expressed by the equation (8): 

 

          (8) 

 

The values of the parameters h and S1
0.5  are reported 

very often.1-7,12,18-22 

Negative cooperativity (h < 1). Assuming h = 0.85,  an 
analysis similar to that described in equations  (1 – 8) can 
be made.  Thus it implies that the binding strength of the 
second molecule of the substrate (S) on the second 
subunit EB of the enzyme, expressed by the equation (10), 
is more efficient than  the  binding strength of the 
molecule of the first substrate S on subunit EA, which is 
expressed by the equation (9)  

 

          (9) 

 

and molecule of the second substrate S on subunit EB:  

 

          (10) 

 

Symmetrically-opposite position of the Hill coefficient 
(h) in (Eqs. 9 – 10) with regard to (Eqs. 7 and 8) is in 
agreement both with the symmetry of the position of 
curves b and c (Fig. 1) and with the ratio of the values of 
the relevant coefficients (h < 1) and (h > 1). 

Eqs. (7, 8 and 9, 10) can be useful for the calculation of 
the values of  K0

mA and K0
mB constants in order to gain the 

insight into the strength of the binding of the enzyme to a 
substrate not only on the first K0

mA
 

 but also on the 
second K0

mB
 
 active center of two-subunit enzymes. 

The above could  probably be applied to the analysis of 
data of not only bi- (EA/EB) and tetra-(EA1EA2/(EB1EB2)) 
but two-subunit enzymatic complexes of more higher 
order  (EA1EA2EA3/(EB1EB2EB3) as well. 
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Table 1. An additional possibility of using the Hill coefficients. 

Sources of 

enzyme 

pH S0.5, mM nH Km, mM KmA, mM KmA, mM KmB, mM 

L, plant. 5.5 0.6521 1.1 0.77  0.59* 5.91* 

 7.8 0.2221 1.0 0.23 0.23 21 0.22  

 8.5 0.3621 1.1 0.39  0.327 3.273 

L. acido. 6.0 0.2721 1.1   0.245 2.45 

 7.6 0.3721 1.8   0.206 0.257 

 8.3 0.3621 2.5   0.144 0.096 

Mtb FolB  0.48 M22 2.0   0.00024 0.00024 

G360P  75 mM16 0.68   51.0 34.7 

ATPase  63 M23 0.6   0.038 0.023 

*Iitalicized figures have been obtained using Eqs. 7 – 10. L. plant – phosphofructokinase from L. plantarum; L. acido - 
phosphofructokinase from L. acidophilus; G360P – mutant CTP synthase from Lactococcus lactis; Mtb FolB – 7,8-dehydroneopterin 
aldolase from M. tuberculosis; ATPase – Na/K-ATPase from Pig Kidney 

 

References 

1Kazerounian S., Pitari G. M., Ruitz-Stewart I., Schulz S., 
Waldman S. A., Biochemistry, 2002, 41(10), 3396. 

2Chan M., Sim T-S., Biochem. Biophys. Res. Comm., 2005, 
326(1), 188. 

3Mercante J., Suzuki K., Cheng X., Babitzke P., Romeo T., J. 
Biol. Chem., 2008, 281(42), 31832. 

4Saito J., Yamada M., Watanabe T., Iida M., Protein Sci., 2008, 
17(4), 691. 

5Diaz A., Munoz-Clares R. A., Rangel P., Valdes V-J., 
Hansberg W., Biochemie, 2005, 87(1), 205. 

6Choudhary M. I., Punckar N. S., FEBS Letters, 2007, 581(3), 
2733. 

7Rao D. N., Rao N. A., Biochem. Biophys. Res. Comm., 1980, 
92(4), 1166. 

8Ureta T., J. Biol. Chem., 1976, 251(16), 5035. 

9Andersen J. F., Ribeiro J. M. C., Biochemistry, 2006, 45(17), 
5450. 

10Gopal E., Fel Y-J., Miyauchi S., Zhuang L, Prasad P. D., 
Ganpathy V., Biochem. J., 2005, 388(2), 309.  

11Fassy F., Krabs G., Lowinsky M., Ferrari P., Winter J., 
Collard-Dutilleul; V., Salahbey H. V., Salahbey H. K., 
Biochem. J., 2004, 384(3), 619. 

12Zemlyanukhin A. A., Popova T. N., Kurichenko V. A., 
Biochemistry (Moscow), 1987, 52(7), 1201. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

13Valle P., Arriaga D., Busto F., Soler J., Biochim. Biophys. 
Acta, 1986, 874(1), 193. 

14Murkin A. S., Chou W. K., Wakarchuk W. W., Tanner M. E., 
Biochemistry, 2004, 44 (44), 14290. 

15Zaitseva J., Jenewein S., Wiedenmann A., Benabdelhak H., 
Holland J. B., Schmitt L., Biochemistry, 2005, 44(28), 
9680. 

16Willemoes M., Molgaard A., Johannson E., Martinussen J. Lid 
L., FEBS J.,  2005, 272(4), 856. 

17Kurganov B. I., Allosteric Enzymes. Moscow, Nauka. 1990, pp. 
3 – 248, (in Russian). 

18Bheemanaik S., Chandrashekaran S., Nagaraja V., Rao D. N., 
J. Biol. Chem., 2003, 277(35), 31499. 

19Chen Q-X.,. Huang H., Kubo I., J. Prot. Chem., 2003, 22(5), 
481. 

20Majumdar C., Abbotts J., Broder S., Wilson S. H., J. Biol. 
Chem., 1988, 263(30), 15657. 

21Simon W. A., Hoper H. W., Biochim. et Biophys. Acta, 1977,  
481(2), 450. 

22Goulding C. W., Apostol M. I., Sawaya M. R., Phillips M., 
Parseghian A., Eisenberg D., J. Mol. Biol., 2005, 349(1), 
61. 

23Tannoe K., Kaya S., Hayashi Y., Abe K., Imagawa T., 
Taniguchi K., Sakaguchi K., J. Biochem., 2006, 140(1), 
599. 

Received: 04.04.2015. 
Accepted:  29.07.2015. 

 

 


