What do cells use energy for?

« Energy isdefined as the capacity to do work, that is, to do work requires energy.
« Work isoften viewed in terms of movement againgt, or resisting, an opposing force.

Mechanical work: Resisting gravitational and frictional forces

 Familiar types of mechanical work from physicsinclude lifting an object against the force of gravity or
dragging/moving an object againgt africtional force.

« Caélls perform mechanical work. Ciliary motion, segregation of chromosomes and muscle contraction are
all examples of mechanical work as the molecules involved collide with others and experience friction.

Electrical work: Resting the electrical force

- Electricd work involves separating positive and negative charges against the force of eectrica attraction.

«  When célls transport an ion across a membrane without transporting a counterion they do electrical work
because they separate charges.

« For example transporting H* without transporting “OH causes one side of the membrane to acquire a net
positive charge and the other side to acquire a net negative charge.
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« Electrica work resultsin one side of the membrane becoming more positively (or negatively) charged than
the other side and the formation of an electrical gradient.

+ Because an electrical gradient cannot be created without creating a concentration gradient it ismore
useful to talk about an electr oconcentration gradient.

« Electroconcentration gradients are aso called “electrochemical” gradients but thisis not such agood
term because everything that happensin acell is“chemical.”



Chemical work: Resisting the “force for equilibrium”

« Clearly theterm “chemica work” is not avery useful term because when it comes to describing what

happensin acell amost everything is*“chemical.”

+ Nevertheless, two kinds of chemical work, synthetic work and concentration work, are distinguished.

Synthetic work

« Cédlsneed to synthesize macromol ecules such as proteins, DNA, RNA, lipids and polysaccharides.

Amino acids
Nucleotides
Sugars

Fatty acids

+ glycerol

Concentration work

Work

—> Proteins
—> DNA/RNA

—> Polysaccharides

> Lipids

* Cdlsmaintain different concentrations of solutes across membranes in order to create membrane-bound

compartments with different chemical compositions.

* Another name for a concentration difference is aconcentration gradient.
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Chemical work and equilibrium

 Itiswell known that the spontaneous tendency of chemica systemsto cometo equilibrium. The
equilibrium state is characterized by particular ratios of products and reactants.

* Chemical work can be thought-of as resisting the “force for equilibrium.”

Synthetic work and equilibrium

« It easy to see how synthetic work can be described in terms of equilibrium.
+ Consider areaction in which A and B are joined together to synthesize “A-B.”
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« Such areaction will have an equilibrium position. For acell to create a system richer in products (or
reactants) than the equilibrium mixture, it must do work to resist the force for equilibrium.

Concentration work and equilibrium

« Concentration work can also be described from the standpoint of equilibrium (see previous page).

- Left done, the tendency of achemical system “divided” by a membraneisto move toward a state
characterized by equivalent concentrations of a solute on both sides of the membrane. Even if asolute
diffuses across the membrane at a very dow rate, eventualy the concentrations will equalize and no further
change will be observed. In other words equalization = equilibrium.

» Thismeansfor acell to create a concentration gradient iswork because it involves resisting the force for
equilibrium.



