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_ Active transport Across Membranes
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Active transport uses energy (typically from ATP) to move solutes across a cell
membrane against their gradients (uphill).
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Active transport 1s described as pumping a solute across a membrane against its
gradient where the cell must expend energy. The use of energy from ATP in active

transport may be direct (primary active transport) or indirect (secondary active
transport).
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Active transport involves hlghly selective protein carriers, not channels, within the
membrane that bind to the transported substance, which could be an ion or a simple
molecule, such as a sugar, an amino acid, or a nucleotide. If the carrier protein
transport a single type of molecule, these carrier proteins are called uniporters
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* If the carrier protein transport two different molecules together, these carrier
proteins are called symporters or antiporters

* Symporters transport two molecules in the same direction, and
* antiporters transport two molecules in opposite directions.
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«  Active 't'i’éiii's'['i('ii"t :enables a cell to take up additional molecules of a substance that

is already present in its cytoplasm in concentrations higher than in the extracellular
fluid. Active transport also enables a cell to move substances out of its cytoplasm and
into the extracellular fluid, despite higher external concentrations.
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The Na* / K™ pump works directly on ATP
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More than one-third of all of the energy expended by non-dividing an animal
cell 1s used 1n the active transport of Na+/K+ ions. fe Yoo Tlo °; N
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Most animal cells have a low internal concentration of N a+, relative to their
surroundings, and a high internal concentration of K+.
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Animal cells maintain these concentration differences or gradients by actively
pumping three Na* out and two K™ in, generating electrochemical gradient.
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These gradients of Nat+ and K+ are important in the creation of an electrical
potential across the membrane (action potential) , critical to the function of
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* The carrier protein that transports these two 1ons across the cell membrane is

known as the sodium—potassium pump (Na+/K+ pump). This carrier protein
uses ATP to move these two ions.
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* In Na+/K+ pump, the energy is used to change the conformation of the carrier
protein, which changes its affinity for either Na+ ions or K+ ions.
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 The Nat+/K+ pump works through series of conformational changes in the
transmembrane protein
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The Na"/ K* pump works directly on ATP
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Step 1. With sodium-potassium pump opens inward, one ATP molecule is attached (not
phosphorylated) three Cytoplasmic Na+ bind with high affinity to the cytoplasmic
side of the pump protein .
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Step 2. Binding of 3 Na+ ions stimulates phosphorylation (ATP 1s hydrolyzed to ADP,
transferring a phosphate to the pump), the pump protein is now phosphorylated.
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Step 3. Phosphorylation leads to a change in protein shape (opens outward),
exposing the three Na+ to the outside. In this conformation (opens outward ), the pump
has a low affinity for Na+, allowing the three bound Na+ ions to be released into the
extracellular fluid (outward ).
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* Step 4. The phosphorylated protein that opening outside has a high affinity for K+, so
after the release of the 3 Na+, two K+ bind to the extracellular side of the pump
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* Step 5. The binding of the K+ triggers dephosphorylation ( the release of the
phosphate group), and a conformational change back to the binding pocket facing the

cytoplasm (opens inward).
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« Step 6. dephosphorylation restores the protein’s original shape, which has a
lower affinity for K+ , so the two K+ are released inward , and again the pump

returning to a state with a low affinity for K+ and high affinity for Na+ and three new
Na+ can bind to initiate another cycle.
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* Inevery cycle, one ATP is utilized, three Na+ leave the cell and two K+ enter.
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Coupled transport: active transport uses ATP indirectly
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Some molecules are moved against their concentration gradient by
using the potential energy stored in a gradient of a different molecule,
this process, called coupled transport (cotransport and
countertransport)
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In a mechanism called cotransport, a transport protein
(a cotransporter) can couple the “downhill” transport of the solute to
the ‘“uphill” transport of a second substance against its own
concentration gradient.

¢.g a plant cell uses the gradient of H+ generated by its ATP-powered
proton pumps to drive an uphill transport of amino acids, sugars, and
several other nutrients into the cell.
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* A cotransporter couples the return of H+ to the transport of sucrose into
the cell. This protein can translocate sucrose into the cell against its
concentration gradient, but only 1if the sucrose molecule
travels in the company of an H+.(H+/sucrose cotransport)
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Cotransport: Plant H+/sucrose cotransport
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Cotransport and countertransport

Cotransport) Alhall Jdillg eljicioll J4ill

(and countertransport

* A cotransporter in animals is the intestinal cells Na+/glucose transport. Na+ is
moving down its concentration gradient into the cell.
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* The active glucose transporter uses the Na+ gradient produced by the Na+/K+ pump
as a source of potential energy to power the movement of glucose into the cell. In this
system, both glucose and Na+ bind to the transport protein, which allows Na+ to pass
into the cell down its concentration gradient, and move glucose into the cell. In this kind
of cotransport, both molecules are moving in the same direction across the membrane;
therefore the transporter is a symporter.
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* Sometimes, the inward movement of Na+ is coupled with the outward movement of
another substance, such as Ca2+ or H+, this is called countertransport where both
Na+ and the other substance (e.g Ca2+) bind to the same transport protein (antiporter)
because the two substances bind on opposite sides of the membrane and are moved in
opposite directions.
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* In countertransport, the cell uses the potential energy in the concentration gradient of
Na+ while moves downhill into the cell to eject/expel another substance (Ca2-+) against
its concentration gradient.
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* In both cotransport and countertransport, the potential energy in the concentration
gradient of one molecule is used to transport another molecule against its concentration

gradient. They differ only in the direction in which the second molecule moves relative
to the first.
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Cotransport: animal Na+/glucose cotransport
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Bulk transport: exocytosis & endocytosis
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. Large molecules, such as proteins and polysaccharides, generally don’t
cross the membrane by simple transport or transport proteins. Instead, they
usually enter (endocytosis) and leave (exocytosis) the cell in bulk,

packaged in vesicles.
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* - Exocytosis

(The cell secretes certain molecules by the fusion of vesicles with the

P plasma membrane; this process is called exocytosis. A transport vesicle
that has budded from the Golgi apparatus moves along a microtubule of the
cytoskeleton to the plasma membrane. When the vesicle membrane and
plasma membrane come into contact, specific proteins in both membranes
rearrange the lipid molecules of the two bilayers so that the two membranes
fuse. The contents of the vesicle spill out of the cell, and the vesicle
membrane becomes part of the plasma membrane.
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Many secretory cells use exocytosis to export products. For example, cells in
the pancreas that make insulin secrete it into the extracellular fluid by
exocytosis. In another example, nerve cells use exocytosis to release
neurotransmitters that signal other neurons or muscle cells.
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Endocytosis: phagocytosis and pinocytosis
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* In endocytosis, the cell takes in molecules and particulate matter by forming
new vesicles from the plasma membrane, something looks like the reverse of
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* First, a small area of the plasma membrane sinks inward to form a deep
pocket that pinches in, forming a vesicle containing material that had been

outside the cell.
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e According to the nature to enclosed material, three types of endocyt051s can
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* phagocytosis (“cellular eating”): a cell engulfs a- particle by extending
‘ “pseudopodia around it and packaglng it within a membranous sac called a
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* " 'pinocytosis 7 (“cellular  drinking”): n| pinocytosis, “a cell continually
“swallows” droplets of extracellular fluid into tiny vesicles, formed by
infoldings of the plasma membrane. In this way, the cell obtains molecules
dissolved in the droplets. Because any and all solutes are taken into the cell,
pinocytosis as shown here is nonspecific for the substances it transports.
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* Receptor-mediated endocytosis (e.g. take in
cholesterol): large molecules are often
transported 1into eukaryotic cells through
receptor-mediated endocytosis.
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* These large molecules first bind to specific
receptors in the plasma membrane.
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* Different cell types contain a characteristic set
of receptor types, each for a different kind of
molecule in their membranes. When binding
occurs, the cell reacts by initiating
endocytosis; the process 1s highly specific and
very fast. The vesicle is now inside the cell
carrying its cargo.
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The portion of the receptor molecule that lies
inside the membrane is trapped in an indented
pit /cavity coated on the cytoplasmic side with
the protein clathrin.
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* Each pit /cavity acts like a molecular
mousetrap, closing over to form an internal
vesicle when the right molecule enters th&if.
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