Metabolic regulation: The process by which the steady-state flow of
metabolites through a pathway is maintained.

Metabolic control: The influence exerted on the enzymes of a pathway in
response to an external signal in order to alter the flux of metabolites.



* Regulation, Occurs when the system maintains some variable
(e.g., temperature or concentration) constant over time despite
fluctuations in external conditions (linked to homeostasis).

- Control. Refers to adjusting the output of a system with time. Control
as a verb implies the ability to start, stop or direct something.

- Metabolic Control. Defined as the power to change the state of
metabolism in response to an external signal. It is measurable in
terms of the strength of the metabolic response to external factors,
without any assumption about the function/purpose/mechanism of
the response.
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2. To maintain the steady-state concentrations of intermediates in
a pathway within a narrow range (homeostasis)



2. Many intermediates participate in more than one pathway, so that
changing their concentrations may disturb a delicate balance.

3. The rate at which a pathway can respond to a control signal slows if
large changes in intermediate concentrations are involved.

4. Large changes in intermediate concentrations may have deleterious
effects on cellular osmotic properties.



v, = rate of reverse reaction

If the reaction is at equilibrium, then J = 0.

If the reaction is far from equilibrium, v; >>> v, and J = v;.



Control of flux through a metabolic pathway requires:
1) that the flux vary in response to the organism’s metabolic
requirements; and
2) that a change in flux be communicated throughout the pathway
to maintain a steady state.

Concept of rate-limiting step; regulator enzymes (allosteric) that
are non-covalently or covalently regulated.



2) Is there only one rate-limiting step, or are there more than one
in the pathway?

3) Does controlling these enzymes really control the flux of metabolites
through the pathway or is the function of feedback inhibition really to
maintain a steady state?



in a metabolic pathway.

MCA defines a flux control coefficient, C’, to measure the
sensitivity of flux to a change in enzyme concentration.
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C%9 = the flux is insensitive to [E]
(analogous to a reaction that is zero-order in [S])

J = 0-1; most often has intermediate values (e.g., if a 10% increase in
[E] increases the flux by 7.5%, then J = 0.075/0.10 = 0.75)



must equal 1. This is the additivity theorem of metabolic control. It states that
the flux control coefficient of a particular enzyme in a system depends, in part,
on the flux control coefficients of the other enzymes in the system, that is, an
enzyme'’s flux control coefficient is a property of the system as a whole.

Flux control in a metabolic system is shared among all of the enzymes in the
system, even though most of their flux control coefficients are likely to be small.
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appropriate amount (denoted Av;) is determined as follows:
Ad = Ay,

After algebraic manipulation, we get:

AJ Avi Vi Avi Vs
J Vi J Vi (Vi-Vy)

This equation relates the fractional change in flux through the rate-determining
step(s) to the fractional change in v, the forward rate of the next reaction in the
pathway.



and

" Vimax' A [A]
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The fractional change in the forward rate is equal to the fractional change in
substrate concentration. Upon further substitution, we get:



rate-determining step(s) to the fractional change in substrate concentration
necessary to communicate that change to the following reaction steps. The quantity
vi/(v-v,) is a measure of the sensitivity of a reaction’s fractional change in flux
to its fractional change in substrate concentration. It is also a measure of the
reversibility of the reaction (how close it is to equilibrium).



increase in substrate concentration in order to respond to a fractional increase in flux.

2. As areaction approaches equilibrium, v, approaches v; and v/(v;-v,)
approaches infinity. The reaction’s response to a fractional increase in flux
thus requires a much smaller fractional increase in its substrate concentration.

The ability of a reaction to communicate a change in flux increases as the
reaction approaches equilibrium,



. v >>V, and changing
substrate concentration has only a small effect on the net rate of the
enzyme reaction (¢ is close to 1).

For an enzyme functioning close to equilibrium: v; and v, are much faster
than the overall net rate, ¢ approaches infinity and only a tiny change in substrate
concentration is needed to adjust to a new flux. Large elasticity coefficients

are associated with maintaining homeostasis.



