
Kinase
Kinases are enzymes that transfer a phosphate group from adenosine
triphosphate (ATP), or other trinucleotide, to a number of biological sub-
strates, such as sugars or proteins. They are part of a larger family of en-
zymes known as group transferases, but are limited to phosphate transfers.
A typical reaction catalyzed by a kinase (e.g., hexokinase) is the phospho-
rylation of glucose upon its entry into a cell

Glucose � ATP * Glucose-6-phosphate � ADP

This reaction sets the stage for the subsequent metabolism of glucose via
a number of metabolic pathways. Creatine kinase (CK), which transfers a
phosphate from ATP to creatine, acts to store some of the energy of ATP
in the muscle molecule creatine. CK levels in blood are measured in blood
tests to diagnose heart attacks, as damaged heart muscle cells release CK
into the bloodstream. Recently there has been great interest in the phos-
phorylation of specific amino acids in proteins. This modification acts as a
regulation of the protein’s activity. Hormonal signals outside a cell initiate
a cascade of biochemical events inside the cell that include activation of a
number of protein kinases. Of further interest in kinase regulation is the
fact that several cancer-causing genes (oncogenes) code for kinases. The
lack of regulation of these genes may be important in the etiology of can-
cer. SEE ALSO Amino Acid; Enzymes.
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Kinetics
Chemical kinetics is the study of the rates of chemical reactions. Such re-
action rates range from the almost instantaneous, as in an explosion, to the
almost unnoticeably slow, as in corrosion. The aim of chemical kinetics is
to make predictions about the composition of reaction mixtures as a func-
tion of time, to understand the processes that occur during a reaction, and
to identify what controls its rate.

Rates and Rate Laws
The rate of a chemical reaction is defined as the rate of change of the con-
centration of one of its components, either a reactant or a product. The ex-
perimental investigation of reaction rates therefore depends on being able
to monitor the change of concentration with time. Classical procedures for
reactions that take place in hours or minutes make use of a variety of tech-
niques for determining concentration, such as spectroscopy and electro-
chemistry. Very fast reactions are studied spectroscopically. Spectroscopic
procedures are available for monitoring reactions that are initiated by a rapid
pulse of electromagnetic radiation and are over in a few femtoseconds (1 fs
� 10�15 s).
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adenosine triphosphate (ATP): molecule
formed by the condensation of adenine,
ribose, and triphosphoric acid,
HOP(O)OH–O–(O)OH–OP(O)OH–OH; it is
a key compound in the mediation of
energy in both plants and animals

phosphorylation: the process of addition
of phosphates into biological molecules

glucose: common hexose
monosaccharide; monomer of starch and
cellulose; also called grape sugar, blood
sugar, or dextrose

metabolism: the complete range of
biochemical processes that take place
within living organisms; comprises
processes that produce complex
substances from simpler components,
with a consequent use of energy
(anabolism), and those that break down
complex food molecules, thus liberating
energy (catabolism)

code: mechanism to convey information
on genes and genetic sequence

spectroscopy: use of electromagnetic
radiation to analyze the chemical
composition of materials



The analysis of kinetic data commonly proceeds by establishing a rate
law, a mathematical expression for the rate in terms of the concentrations
of the reactants (and sometimes products) at each stage of the reaction. For
instance, it may be found that the rate of consumption of a reactant is pro-
portional to the concentration of the reactant, in which case the rate law is

Rate � k[Reactant]

where [Reactant] denotes the concentration of the reactant and k is called
the rate constant. The rate constant is independent of the concentrations of
any species in the reaction mixture but depends on the temperature. A re-
action with a rate law of this form is classified as a first-order rate law. More
generally, a reaction with a rate law of the form

Rate � k[Reactant A]a[Reactant B]b...

is said to be of order a in A, of order b in B, and to have an overall order
of a � b � . . . . Some rate laws are far more complex than these two sim-
ple examples and many involve the concentrations of the products.

The advantage of identifying the reaction order is that all reactions with
the same rate law (but different characteristic rate constants) behave simi-
larly. For example, the concentration of a reactant in a first-order reaction
decays exponentially with time at a rate determined by the rate constant

[Reactant] � [Reactant]0e�kt

where [Reactant]0 is the initial concentration of the reactant. On the other
hand, all second-order reactions lead to the following time-dependence of
the concentration:
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Figure 1 shows the time-dependence predicted by these expressions. It is
common to report the time-dependence of first-order reactions in terms of
the half-life, t1/2, of the reactant, the time needed for its concentration to fall
to half its initial value. For a first-order reaction (but not for other orders)

t1/2 � �
ln

k
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�

Thus, reactions with large rate constants have short half-lives.

Reaction Mechanisms
The identification of a rate law provides valuable insight into the reaction
mechanism, the sequence of elementary steps by which a reaction takes
place. The aim is to identify the reaction mechanism by constructing the
rate law that it implies. This procedure may be simplified by identifying
the rate-determining step of a reaction, the slowest step in a sequence that
determines the overall rate. Thus, if the proposed mechanism is A * B fol-
lowed by B * C, and the former is much faster than the latter, then the
overall rate of the reaction will be equal to the rate of A * B, for once B
is formed, it immediately converts into C.

In general, for a mechanism of many steps (including their reverse), the
construction of the overall rate law is quite difficult, requiring an approxi-
mation or a computer for a numerical analysis. One common approximation
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is the steady-state assumption, in which the net rate of formation of any in-
termediate (B in the present example) is set equal to zero. A hazard of us-
ing kinetic information to identify a reaction mechanism, however, is that
more than one mechanism might result in the same rate law, especially when
approximate solutions are derived. For this reason, proposed reaction mech-
anism must be supported by additional evidence.

The Origin of Reaction Rates
Once a reaction mechanism has been identified, attention turns to the mol-
ecular properties that govern the values of the rate constants that occur in
the individual elementary steps. A clue to the factors involved is provided
by the experimental observation that the rate constants of many reactions
depend on temperature according to the Arrhenius expression

ln k � A � �
R
E
T
a
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where Ea is called the activation energy.

The simplest model that accounts for the Arrhenius expression is the col-
lision theory of gas-phase reaction rates, in which it is supposed that reaction
occurs when two reactant molecules collide with at least a minimum kinetic
energy (which is identified with the activation energy, Figure 2). A more so-
phisticated theory is the activated complex theory (also known as the transition
state theory), in which it is supposed that the reactants encounter each other,
form a loosened cluster of atoms, then decompose into products.

Reactions in solution require more detailed consideration than reactions
in gases. It is necessary to distinguish between “diffusion-controlled” and
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intermediate: molecule, often short-lived,
that occurs while a chemical reaction
progresses but is not present when the
reaction is complete

phase: homogeneous state of matter

Figure 1. The time-dependence of the
concentration of the reactant in first-
order and second-order reactions. The
two reactions have the same initial rate.
Note how the reactant takes longer to
disappear in a second-order reaction.
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Kinetics is the study of the rate of
chemical reactions, such as the acid
dehydration of sugar, shown in this
photograph.



“activation-controlled” reactions. In a diffusion-controlled reaction, the rate
is controlled by the ability of the reactants to migrate through the solvent
and encounter each other. In an activation-controlled reaction, the rate is
controlled by the ability of the reactants that have met each other to acquire
enough energy to react.

The rate of a reaction may also be increased by finding a catalyst, a
substance that takes part in a reaction by providing an alternative pathway
with a lower activation energy but is regenerated in the process and is there-
fore not consumed. Catalysis is the foundation of the chemical industry and
a great effort is made to discover or fabricate efficient, economical catalysts.
It is also the foundation of life, because the biological catalysts known as
enzymes (elaborate protein molecules) control almost every aspect of an or-
ganism’s function. SEE ALSO Catalysis and Catalysts; Enzymes; Physi-
cal Chemistry.

Peter Atkins
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Krebs, Hans Adolf
BRITISH BIOCHEMIST
1900–1981

Hans Krebs was born into a prosperous and well-educated family in Hildes-
heim, Germany. His father was a physician who specialized in otolaryngol-
ogy, and it was Hans’s intention to follow in his father’s footsteps and
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catalyst: substance that aids in a reaction
while retaining its own chemical identity

catalysis: the action or effect of a
substance in increasing the rate of a
reaction without itself being converted

Figure 2. A “reaction profile” showing
how molecular potential energy varies as
reactants change into products. Only
reactants that encounter each other with
a kinetic energy equal to the height of
the activation barrier can go on to form
products. The height of the activation
barrier is the activation energy of the
reaction.


