ENZYME CATALYSIS

A very important type of homogeneous catalysis includes reactions catalyzed by certain complex
organic substances known as enzymes. Enzymes are proteins with high relative molar mass of the
order of 10,000 or even more and are derived from living organisms. Each enzyme can catalyze a
specific reaction. For instance, the enzyme diastase produced in the germinated barley seeds converts

starch into maltose sugar.

Mechanism and Kinetics of Enzyme-catalyzed 'Reactions. In 1913, biochemists L. Michaelis
and Miss Maud Menten proposed a mechanism for the kinetics of enzyme-catalyzed reactions which

envisages the following steps : 7
Step 1. Formation of the Enzyme-Substrate Complex :

Ky
E+S €S ES (fast)
: -1 " (complex) :
k2
Step 2. Decomposition of the Complex : ES —— P + E j (slow)

where E is the (free) enzyme ; S is the substrate (i.e., the reactant); ES is the enzyme-substrate
complex and P is the product. In the overall reaction S—— P, the enzyme is consumed in step 1 and
regenerated in step 2.
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The problem can be handled using either the équilibrium approximation or the steady state
approximation. Experiment shows, however, that true equilibrium is not achieved in the fast step
because the subsequent slow reaction is constantly removing the intermediate enzyme-substrate complex,

ES. Generally, the enzyme concentration is far less than the substrate concéntration, i.e., [E] << [S],
so that [ES] << [S]. Hence, we can use the steady state approximation for the intermediate, ES.

According to the slow rate-determining step, the rate of the reaction is given by

. r=-1dSVdt = + dP)/dt' = Ry[BS] i e s an(13)
Using steady state approximation for ES, we have A ST L
dES)/dt = ky[EI[S] - k_|[ES] - ky[ES] = 0 | ---(16)

Now, [E] cannot be measured experimentally. The equilibrium between the free and the bound
enzyme 1s given by the enzyme conservation equation, viz,, v o

[Ely = [E] + [ES] SR PPN ¢ I )
yme concentration (which can be rﬂnéas-liur'ed)_‘; [E] is the free enzyme
€ bound (or reacted) enzyme concentration, Thus,

where [E]p is the total enz
concentration and [ES] is th

[E] = [E], - [ES] ' =i EHE).
Substituting for [E] in Eq. 16, - ' A T R PR R (A2 0 257 SN O L1
d[ESY/dt = k\{[Elo - [ESI}[S] - k-([ES] = K,[ES] =0 = % = . ..(19)
Collecting terms and simplifying, Fuiivadie B Kl el P Lol s <
ki[Elo[S] = {k_; + k, + kiSI}ES] . - ---(20)
ky[E o :
‘ 7 k_1 + ky + k[S] .
Substituting for [ES] in Eq. 15, k
kika[Elo[S]
k—l + k2 + k][S] T ”.f2~2)
Dividing the numerator and the denominator by ki, RIGERIAIE =)
kELI[S] K[El[S] .
- = -..(23)
(k.y + k)l ky+ [S] . Ky + [S] |
where the new constant K, called the Michaelis constant, is given by . LT _
Km = (kg + k)lky o T e ...(24)

Note that K}, is not an equilibrium constant.
Eq. 23 is known as the Michaelis-Menten equation.

Further simplification of Eq. 23 can be made. When all the enzyme has reacted with tﬁe substr;ne
at high concentration, the reaction will be going at maximum rate. No free enzyme will remain so that
[Elo=[ES]. Hence, from Eq. 15, - P Toeg  tha

Tmax = Vmax = k2[Elo : ; : (25)
where V,,,, is the maximum rate, using the notation of enzymology:. S |

The Michaelis-Menten equation can now be written as

r = Viax [SV(Kn + [S])

. ...(26)
Two cases arise : _ , , ‘ .
(@) K,, >> [S] so that [S] can be neglected in the denominator of Eq. 26, giving
r = Voax [SVKn = KIS] ~  (first-order reaction) (37
() [S] >> K,, so that K, can be neglected in the denominator, giving = - ek LRTH
B r = Vqax = constant “(zero-order reactiﬁﬁ) - -.-‘(28:)-'
L L
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These two cases aré shown diag
E !

if Km = [S], r= ";)_’Vmax -
equal to that concentration of Sa

btained at high concentration of 5.
ber of the enzyme.
olecule of enzyme.

rammatically in Fig. 7 TRUSY & At e

Again, ' -++(29)
Thus, Michaelis constant is ¢ which the rate, of formation of

product is half the maximum rate o
The constant k; in Eq. 25 is called the turnover num

the number of molecules converted in unit time by one m

100 to 1,000 per second though they may be as large as

105 to 106 per second. . ‘ " E
We would like to know the physical reason why the |- / Maximumm 31, Tmag., 11 :

_reaction rate of an enzyme-—catalyzed reaction changes
from first-order to zero-order as the substrate
r="Vmax (Zero order)

concentration is increased. The answer is that each enzyme I R
=7 Ymax

Ly

w

i—q

<

-

The turnover number s
Typical values of k; are

molecule has one or more ‘active sites’ at which the
substrate must be bound in order that the catalytic action
.may occur. At low substrate concentration, most of
these active sites remain unoccupied at any time. As the
substrate concentration is increased, the number of active A
sites which are occupied increases and hence the reaction "

1

1

i’ r = Vinay [S)/Km (First order)

[S] = K

rate also increases. However, at very high substrate
concentration, virtually all the active sites are occupied /
at further increase in substrate
SUBSTRATE CONCENTRATION

at any time sO th
concentration cannot furthe

r increase the formation of
Fig. 2. Kinetics of an enzyme—calalysed reaction.

enzyme-substrate complex.
It is rather difficult to determine Vinax (and hence K,,) directly from the plot of r against [S]. Itis,
it some alternative plots for easy determination of

however, possible to rearrange Eq. 26 so as to perm!
Two of the best known methods which make use of the re-arranged equations are as follows.

eaver-Burk method. This method uses the rearranged equation
Ur = K/(IS] Vmax) t 1/Vinax

ntercepts on the x-
as shown in Fig. 3.

Vinax-
1. The Linew

.30)

A plot of 1/r against 1/[S] gives a straight line whose i axis and y-axis are (-1/Kn)

and 1/Vpax, respectively and whose slope is (Km/ Visax)s
. . . 4 4_———-1

N\

ri[S] —>

VmaxIKm

1/r—»

AN

Intercept =

Slope = Kyn/ Vmax

- Intercept

pd

max
In = ¢
Intercept = < teroept = Vmax <
_l,l.Km 1’[51 — : r '
Fig. 3. The Lineweav ' ' '
: er-Burk method
plotting enzyme Kinetic oty Fi i
datg | a _ Fig. 4. Eadie-Hofstee method of
" nlotting enzvme kinetic data. -
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