More Complex Kinetics
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Where does the nonlinearity
come from?

m Conservation Laws
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Assoclatioror Binding Constant

H+A+=HA
HA
Re= w4

Ka the equilibrium constant for the binding of
one molecule to another.



DissoclatiorConstant

HA+-=H+ A
H. A
Ra=ga

Kdthe equilibrium constant for dissociation.



Enzyme Catalysis

The set of reactions shown below is the classic view for enzyme
catalysis. Enzyme binds to substrate to form enzgulestrate

complex. Enzymseubstrate complex degrades to free enzyme anc
product.

ﬁ

E—I—SA—“ES —— K+ P
1



Enzyme Catalysis

Unfortunately the kinetic constants that describe enzyme catalysi
are very difficult to measure and as a result researchers do not
tend to use theexplicit mechanism, instead they use certain
approximations.

The two most popular approximations are:
1. Rapid Equilibrium

2. Steady State

ﬁ

E+ST‘“ES = E+ P
—1



Rapid Equilibrium Approximation

The rapid equilibrium approximation assumes that the binding ar
unbinding of substrate to enzyme touchfaster than the release

of product. As a result, one can assume that the binding of
substrate to enzyme i equilibrium.

That is, the following relation is true at all timé&d& dissociation

constant): £ g
ES

Ky =
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E—I—SA—‘“ES —— FEF+ P
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Rapid Equilibrium Approximation

E+S;—‘-Es—>E+P
¢—1

LetKdbe the dissociation constant:

E. S
Ra =55

by =FE+ ES



Rapid Equilibrium Approximation

ﬁ

E—I—SA—“ESHE%—P
S

The equilibrium concentration of ES can be found:

. S

FE S =
S Kg+ 5

— kig ES



Rapid Equilibrium Approximation

E+S;—‘-Es—>E+P
¢—1

The rate of reaction is then:

E,. ko. S
Kg+ S

VDV —



Fractional Saturation

ﬁ

E—I—S;“ESHE%—P

k_1

. Fi. k. S
Rearrange the equation: V=

Kqs+ S
v 5
E; ko N K;+ S
SubstituteKd E. S
d p—

ES



Fractional Saturation

ﬁ

E+ST‘“ES = E+ P
v—1

Yields:
v ES

E, k, ES+E

This shows that the rate is proportional to the fraction of
total enzyme that is bound to substrate.

This expression gives us thiectional saturation.



BriggHaldane Approach
Steady State Assumption

ﬁ
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BriggHaldane Approach
Steady State Assumption

E—I—S\ﬁES—>E—I—P

k_q
Simulation
J_[] T T T T T T | T f T T
P
dES J&A }
dt S
S st -
O 25 E
\ ES : s
() A e
0 0.3 0.6 0.9 1.2 1.5

Time k1 =100;k_1 = 1; ky =110



Steady State Assumption

k1
E—I—b}L—“Es —— E+ P
e—1

It is possible to relax the constraints that ES should be in equilibriu
with E and S by assuming that ES has a relatively steady value of
wide range of substrate concentrations.

dES
dt

=k E.S—Fk_1 ES—ky ES

0=k FE.S—-k_y ES —Fko ES

Ey . S

ES = :
(k1 + ko)/k1+ S




Steady State Assumption

E+S\——“ESHE+P

k_q
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Vmax

Reaction Rate
=

Enzyme Catalysis

ﬁ

E+ST‘“ES = E+ P
v—1

H‘lu-‘---———-
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Substrate Concentration
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Reversible Enzyme Catalysis

ﬁ

E—I—SA—“ES%E%—P
1

N Vi S/Ks—V, P/Kp
14+ S/Ks+ P/Kp

0= Vf Seq/[(ﬁ' — V'r' Peq/[(P



Haldane Relationships

E+Sf4ES—+E+P
¢ 1

Vi S/Ks—V, P/Kp
14+ S/Ks+ P/Kp

”U —

0= Vf Seq/[(ﬁ' — V'r' Peq/[(P

P, Vi Kp
Seq Vi Ks
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Haldane Relationships

E—I—b?“ES — K+ P
c_1

The Haldane relationship puts constraints on the values of the
kinetic constants (cf. Principles of Detailed Balance Slide).

The relationship can be used to substitute one of the kinetic
parametersegthe reverseVmaxand replace it with the more
easily determined equilibrium constant.
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Parts of a Rate Law

E—I—b?“ES — K+ P
c_1

Sometime people will also emphasize the separation of the rate
equation in to two parts, a thermodynamic and a saturation part.
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Product Inhibitionwithout Reversibility
Removes a further parameter from the equation

E—I—SQES:»_E—I—P
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MultisubstrateKinetics

A B P

Q
I

Ordered Reaction

A P B Q
A8 PGS N/ \/

Pingpong Reaction

Random Order Reaction



MultisubstrateKinetics
Generalized Rate Laws
Irreversible:
_ I;n AB
N KpA+ MaB + AB + K;4Kp

D

Reversible:

Ky, AB) KsKp

B LA QN(,, B, P
Ks Ko Kp Kp

LiebermeisteW. andKlippE. (2006)Bringing metabolic networks to life: convenience
rate law and thermodynamic constraintd,heoretical Biology and Medidsllodeling3:41.




Problems with Steady State Derivation

Although deriving rate laws using the steady state assumption
IS more reasonable compared to the rapid equilibrium approach,

the algebra involved in deriving the steady state equations can
rapidly become wieldy.

Graphical methods such as the King and Altman method have

been devised to assist is the derivation but the general approact
does not scale very well.

For many systems, the rapid equilibrium method is the preferred
method for deriving kinetic rate laws.



SigmoidaResponses
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Sigmolid responses are generally
seen Inmultimeric systems.

Phosphofructokinase

Tetramer of identical subunits .

Fro6Pp) 1 mv) 2
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Sigmoid responses arise from
cooperative interactions

Binding at one site results in changes in the binding affinities
at the remaining sites.
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Many proteins aranultimeric

TheEcocyadatabase reports 77dultimeric
protein complexes out of 4316 proteins.
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Many Proteins ardultimeric

TheEcocyadatabase reports 77dultimeric
protein complexes out of 4316 proteins.

Phosphoglucosésomerase Fructose 1,ébisphosphateAldolase

Hexokinase Dimer Phosphofructokinase Tetramer
Dimer Tetramer

http://www.rcsb.org/pdb/static.do?p=education_discussion/molecule_of the month/pdb50 1.html



