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CONCEPT: CELL-TO-CELL CONNECTIONS AND SIGNALING
Gap and Tight Junctions:
● Adjacent cells communicate and hold on to each other via junctions. Two important kinds:
● Gap Junctions are small connections—like _______________—between the cytoplasm compartments of adjacent cells.
□ Allow for free exchange of small molecules and ions.
□ Made from an outgrowth of hexagonal proteins with a pore in the middle called a connexon.
EXAMPLE: Gap junctions in the heart allow heart muscle cells to freely exchange ions. These ions cause contraction. So,
this arrangement allows heart cells to “communicate” with each other and contract in a uniform, coordinated manner.

● Tight Junctions hold adjacent cells together, creating a layer of cells and forming a ________________________.
□ Common and important in epithelial and endothelial cell layers, like in the capillaries or gut.
□ The relative “leakiness” of tight junctions determines what can cross these cell layers.
□ Paracellular transport happens through/across tight junctions.
EXAMPLE: Tight junctions in the liver are very open and loose, allowing

Blood

large molecules (even many proteins) to freely pass. The tight junctions in
the brain are very, very tight, allowing only the smallest molecules—ions
and glucose—to pass. (This is called the Blood Brain Barrier.)

Proteins, Toxins, etc.

Tight Junction

Brain Extracellular Fluid
(Cerebrospinal Fluid)

H2O, Na+, K+, Glu
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Contact-Dependent Signaling:
● In contact-dependent signaling, one cell expresses a ligand on its membrane and the other expresses a receptor.
EXAMPLE: In the immune system, CD8+ T cells (Killer T Cells) are activated by having the T-cell receptor (TCR) on their
cell membranes bind to a ligand called MHC I on antigen-presenting cells.

Secreted Signaling Molecules:
● Many cells secrete (export) proteins that act on other cells by activating ___________________ on their cell membranes.
□ Endocrine signals are secreted into the bloodstream and travel throughout the whole body.
□ Paracrine signals are secreted into the ECF and affect only neighboring cells.
□ Autocrine signals are secreted into the ECF and bind back onto itself—receptors on the same cell’s membrane.
EXAMPLE: Specific neurons in the peripheral nervous system, upon being activated, release a neurotransmitter called
norepinephrine (NE). NE binds to receptors on target organs and causes various effects. NE also binds to α2 receptors on
the neuron itself, stopping the release of more NE. This is autocrine signaling and a small negative feedback loop.

Activation of Neuron

+

Norepinephrine Release

-

+

α2 Receptor
Activation

Activation of Neuron→↑NE Release→↑α2 Receptor Activation→↓NE Release
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Electrical Signaling:
● Finally, many cells communicate with one another by causing changes in their respective membrane potentials.
□ Every cell has an inside-negative Vm at rest. If they become flooded with positive charge, Vm changes.
EXAMPLE: Gap junctions between heart cells let them “share” and spread electrical messages.

Gap
Junction

Later...

As mentioned earlier, heart cells are connected by gap junctions, which allow neighboring cells to exchange ions between their respective
cytoplasm. So, if one cell becomes flooded with positive charge and thus has a change in membrane potential, that will also happen to the cells with
which it is in contact.
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PRACTICE 1: Cells in the adrenal medulla secrete a molecule called epinephrine into the bloodstream. Epinephrine travels
through the body to affect a variety of organs, including the heart and gut. Which of the following describes the type of
signaling exhibited by epinephrine secreted from the adrenal medulla?
a) Exocrine.
b) Endocrine.
c) Paracrine.
d) Autocrine.

PRACTICE 2: ECL cells in the stomach secrete a molecule called histamine. That histamine then diffuses through the
extracellular fluid to bind to and affect neighboring cells. Which of the following describes the type of signaling exhibited by
histamine secreted secreted from ECL cells in the stomach?
a) Exocrine.
b) Endocrine.
c) Paracrine.
d) Autocrine.
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CONCEPT: SIGNAL TRANSDUCTION I: GENERAL IDEAS
General Ideas About Signaling Pathways:
● Lots of communication within the body happens via signaling molecules and receptors.
□ Ultimately, the effect that a signal has a cell depends on what that receptor does to the cell.
● Intracellular signaling pathways activated by receptors serve two general functions: transduction and amplification.
● Transduction is _____________ a signal from one form to another to make transmission/interpretation/response easier.
EXAMPLE: Transduction at synapses (at the ends of neurons): the neuron’s signal (called an action potential) activates
channels that allow Ca2+ in to the cell. Transduction from an electrical event (the action potential) to a Ca2+ signal in the cell.

● Amplification is increasing the “size” of a signal so that a small signal can generate a _________________ response.
□ Usually works through second messengers—additional molecules inside the cell that carry the signal.
EXAMPLE: Many receptors activate highly complex intracellular signaling cascades, where one molecule activates a
second, which in turn activates a third, and so on. This arrangement allows the signal to be amplified, as one molecule can
activate many molecules of the next messenger in the pathway.

And so on...
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CONCEPT: SIGNAL TRANSDUCTION II: G-PROTEIN COUPLED RECEPTORS
Membrane Receptors—G-Protein Coupled Receptors:
● Most membrane receptors are G-protein coupled receptors (GPCRs).
□ GPCRs are a family of seven-pass transmembrane proteins with an extracellular domain, a transmembrane
domain, and an intracellular “cytoplasmic tail.”
□ The extracellular domain binds to some ________________________ that acts as a signaling molecule.
□ The tail binds to a second messenger called a GTP-binding protein (usually just “G-protein”).
-These proteins, when inactive, are bound to GDP (like ADP, but with guanine instead of adenine).
-When activated, G-proteins lose GDP and bind a new molecule of GTP.
-G-proteins have GTPase activity. After a while, they hydrolyze the GTP→GDP, shutting themselves ____.
EXAMPLE: The activation/inactivation cycle for a GPCR and a G-protein.
Ligand Binds to GPCR
GDP Displaced by new GTP
G-protein now active
G-protein-coupled receptor

Ligand

G-protein
GDP
GTP hydrolyzed back to GDP
G-protein becomes inactive

GTP
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PRACTICE 1: Cholera toxin (Ctx) is a poison that works by affecting G-proteins; Ctx binds to G-proteins that are bound to
GTP and inhibits their ability to hydrolyze GTP back to GDP. That is, G-proteins affected by Ctx become stuck in the GTPbound state. Which of the following describes the activity of G-proteins affected by Ctx?
a) They’re active.
b) They’re inactive.
c) They’re neutral.
d) They’re strong, independent proteins who don’t care about Ctx.
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CONCEPT: SIGNAL TRANSDUCTION III: OTHER TRANSDUCTION PATHWAYS
Lipophilic Messaging Molecules—Steroids:
● Lipophilic messengers—like steroid hormones—___________ across the membrane and bind to intracellular receptors.
□ These receptors bind to transcription factors and cause some change in gene expression in the cell.
□ The signal is amplified because a small steroid hormone signal becomes a major, long-lasting change in proteins
expressed by the cell.
EXAMPLE: The signaling pathway for a general steroid hormone.

Ca2+ as a Signaling Molecule:
● Ca2+ is a common intracellular signaling molecule.
□ Healthy cells keep [Ca2+]cytosol very ___________ at rest→small increases are easily “noticeable.”
□ Ca2+ usually works by binding to some calcium-sensing protein.
EXAMPLE: At synapses, action potentials activate Ca2+ channels the neuron’s cell membrane. Ca2+ rushes into the cell and
binds to a calcium-sensing protein called synaptotagmin. This binding causes the exocytosis of neurotransmitter.
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Membrane Receptors—Ion Channels:
● Some membrane receptors are ion channels themselves that open upon binding to some specific ligand.
□ This allows transduction of the signal from an extracellular chemical signal to a change in membrane potential.
EXAMPLE: Nicotinic acetylcholine receptors are ligand-gated mixed-cation channels. Upon binding to the neurotransmitter
acetylcholine, they open and allow both INa+ and IK+. This ionic current makes the skeletal muscle more inside-positive.
K+
Acetylcholine
Nicotinic Acetylcholine
Receptor

Na+
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CONCEPT: SIGNAL TRANSDUCTION IV: DETAILS OF Gs, Gi, and Gq TRANSDUCTION PATHWAYS:
There are three general types of GPCRs— Gs, Gi, and Gq—which couple to two different intracellular signaling pathways:
The Gs and Gi Signal Transduction Pathways:
Gs-coupled GPCRs activate a G-protein called Gs.
● Gs stimulates an intracellular membrane-bound enzyme called adenylate (or “adenylyl”) cyclase (AC).
□ (The “s” in “Gs” stands for this ________________________________ effect on AC.)
□ AC catalyzes the conversion of ATP into another second-messenger molecule called cyclic AMP (cAMP).
□ cAMP, in turn, activates an enzyme called cAMP-dependent Protein Kinase A (PKA).
-Phosphorylation by PKA modifies the activity of proteins in the cell, ultimately changing cell function.
Gi-coupled GPCRs activate a G-protein called Gi.
● Works via the same pathway as Gs, except that Gi inhibits AC, →↓[cAMP] and ↓PKA activity.
□ (The “i” in “Gi” stands for this inhibitory effect on AC.)
EXAMPLE: A schematic of the Gs/Gi signal transduction pathways.

+
Gs

-

Adenylate
Cyclase (AC)

Gi

+

Various
Effects

ATP

cAMP-dependent Protein Kinase A (PKA)
cAMP
(2nd Messenger)
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The Gq Signal Transduction Pathway:
Gq-coupled GPCRs activate a G-protein called Gq.
● Gq stimulates the enzyme phospholipase C (PLC). PLC creates two second messengers: IP3 and DAG.
□ IP3 binds to IP3 Receptors in membrane of endoplasmic reticulum (ER) (“sarcoplasmic reticulum” in muscle).
- One of ER’s main functions is to hold Ca2+. IP3 Receptor activation opens a Ca2+ channel, allowing Ca2+
to flow from the ER to the cytoplasm. So, Gq activation→↑ intracellular Ca2+.
□ DAG activates another enzyme called Protein Kinase C (PKC).
- Like PKA, PKC phosphorylates various proteins and changes their function.
EXAMPLE: A schematic of the Gq signal transduction pathway.

DAG (2nd Messenger)
+

+

Phospholipase C
Gq

IP3

+
Ca 2+

Ca 2+
Endoplasmic/Sarcoplasmic
Reticulum

IP3 Receptor

Protein Kinase C

(2nd Messenger)

(2nd Messenger)

Various
Effects
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