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3.4A: Types of Receptors

Receptors, either intracellular or cell-surface, bind to specific ligands, which activate numerous cellular processes.

Learning Objectives

o Compare internal receptors with cell-surface receptors

Key Points

o Intracellular receptors are located in the cytoplasm of the cell and are activated by hydrophobic ligand molecules that can pass
through the plasma membrane.

o Cell-surface receptors bind to an external ligand molecule and convert an extracellular signal into an intracellular signal.

o Three general categories of cell-surface receptors include: ion -channel, G- protein, and enzyme -linked protein receptors.

o Ton channel -linked receptors bind a ligand and open a channel through the membrane that allows specific ions to pass through.

o G-protein-linked receptors bind a ligand and activate a membrane protein called a G-protein, which then interacts with either an
ion channel or an enzyme in the membrane.

o Enzyme-linked receptors are cell-surface receptors with intracellular domains that are associated with an enzyme.

Key Terms

o integral protein: a protein molecule (or assembly of proteins) that is permanently attached to the biological membrane
o transcription: the synthesis of RNA under the direction of DNA

EXAMPLES

Bacteria that are pathogenic to humans can release poisons that interrupt specific G-protein-linked receptor function, leading to
illness. In cholera, the water-borne bacterium Vibrio cholerae produces a toxin, choleragen, that binds to cells lining the small
intestine. The toxin then enters these intestinal cells, where it modifies a G-protein that controls the opening of a chloride channel
and causes it to remain continuously active, resulting in large losses of fluids from the body that can lead to potentially fatal
dehydration.

Receptors are protein molecules in the target cell or on its surface that bind ligands. There are two types of receptors: internal
receptors and cell-surface receptors.

Internal receptors

Internal receptors, also known as intracellular or cytoplasmic receptors, are found in the cytoplasm of the cell and respond to
hydrophobic ligand molecules that are able to travel across the plasma membrane. Once inside the cell, many of these molecules
bind to proteins that act as regulators of mRNA synthesis to mediate gene expression. Gene expression is the cellular process of
transforming the information in a cell’s DNA into a sequence of amino acids that ultimately forms a protein. When the ligand binds
to the internal receptor, a conformational change exposes a DNA-binding site on the protein. The ligand-receptor complex moves
into the nucleus, binds to specific regulatory regions of the chromosomal DNA, and promotes the initiation of transcription.
Internal receptors can directly influence gene expression without having to pass the signal on to other receptors or messengers.
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Intracellular Receptors: Hydrophobic signaling molecules typically diffuse across the plasma membrane and interact with
intracellular receptors in the cytoplasm. Many intracellular receptors are transcription factors that interact with DNA in the nucleus
and regulate gene expression.

Cell-Surface Receptors

Cell-surface receptors, also known as transmembrane receptors, are cell surface, membrane-anchored, or integral proteins that bind
to external ligand molecules. This type of receptor spans the plasma membrane and performs signal transduction, converting an
extracellular signal into an intracellular signal. Ligands that interact with cell-surface receptors do not have to enter the cell that
they affect. Cell-surface receptors are also called cell-specific proteins or markers because they are specific to individual cell types.

Each cell-surface receptor has three main components: an external ligand-binding domain (extracellular domain), a hydrophobic
membrane-spanning region, and an intracellular domain inside the cell. The size and extent of each of these domains vary widely,
depending on the type of receptor.

Cell-surface receptors are involved in most of the signaling in multicellular organisms. There are three general categories of cell-
surface receptors: ion channel-linked receptors, G-protein-linked receptors, and enzyme-linked receptors.

lon Channel-Linked Receptors

Ion channel-linked receptors bind a ligand and open a channel through the membrane that allows specific ions to pass through. To
form a channel, this type of cell-surface receptor has an extensive membrane-spanning region. In order to interact with the
phospholipid fatty acid tails that form the center of the plasma membrane, many of the amino acids in the membrane-spanning
region are hydrophobic in nature. Conversely, the amino acids that line the inside of the channel are hydrophilic to allow for the
passage of water or ions. When a ligand binds to the extracellular region of the channel, there is a conformational change in the
protein’s structure that allows ions such as sodium, calcium, magnesium, and hydrogen to pass through.
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Gated-Ion Channels: Gated ion channels form a pore through the plasma membrane that opens when the signaling molecule
binds. The open pore then allows ions to flow into or out of the cell.

G-Protein Linked Receptors

G-protein-linked receptors bind a ligand and activate a membrane protein called a G-protein. The activated G-protein then interacts
with either an ion channel or an enzyme in the membrane. All G-protein-linked receptors have seven transmembrane domains, but
each receptor has its own specific extracellular domain and G-protein-binding site.

Cell signaling using G-protein-linked receptors occurs as a cyclic series of events. Before the ligand binds, the inactive G-protein
can bind to a newly-revealed site on the receptor specific for its binding. Once the G-protein binds to the receptor, the resultant
shape change activates the G-protein, which releases GDP and picks up GTP. The subunits of the G-protein then split into the «
subunit and the B subunit. One or both of these G-protein fragments may be able to activate other proteins as a result. Later, the
GTP on the active a subunit of the G-protein is hydrolyzed to GDP and the  subunit is deactivated. The subunits reassociate to
form the inactive G-protein, and the cycle starts over.
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G-proteins: Heterotrimeric G proteins have three subunits: a, 3, and y. When a signaling molecule binds to a G-protein-coupled
receptor in the plasma membrane, a GDP molecule associated with the a subunit is exchanged for GTP. The (3 and y subunits
dissociate from the o subunit, and a cellular response is triggered either by the o subunit or the dissociated {3 pair. Hydrolysis of
GTP to GDP terminates the signal.

Enzyme-Linked Receptors

Enzyme-linked receptors are cell-surface receptors with intracellular domains that are associated with an enzyme. In some cases,
the intracellular domain of the receptor itself is an enzyme or the enzyme-linked receptor has an intracellular domain that interacts
directly with an enzyme. The enzyme-linked receptors normally have large extracellular and intracellular domains, but the
membrane-spanning region consists of a single alpha-helical region of the peptide strand. When a ligand binds to the extracellular
domain, a signal is transferred through the membrane and activates the enzyme, which sets off a chain of events within the cell that
eventually leads to a response. An example of this type of enzyme-linked receptor is the tyrosine kinase receptor. The tyrosine
kinase receptor transfers phosphate groups to tyrosine molecules. Signaling molecules bind to the extracellular domain of two
nearby tyrosine kinase receptors, which then dimerize. Phosphates are then added to tyrosine residues on the intracellular domain
of the receptors and can then transmit the signal to the next messenger within the cytoplasm.
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