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CONCEPT: INTRODUCTION TO CELL SIGNALING
●Cell ____________________: the ability for all cells to produce, receive & respond to external signals/conditions.
□ Allows for effective cellular communication.
●Cell signaling requires a minimum of ______ key components:
1) _______________: a small signaling molecule that binds & forms a complex with a biomolecule/receptor.
2) _______________: biomolecule (protein) that changes ____________ (or conformation) upon ligand binding.
□ Conformational change leads to a series of events, ultimately ending with a cellular _______________.

PRACTICE: The cells of multicellular organisms use a variety of molecules as signals which are
a) Amino acids and proteins.
b) Nucleotides and lipids.
c) Dissolved gases like nitric oxide.
d) Only a and b.
e) a, b, and c.

PRACTICE: Which of the following is likely to be a response by a receptor protein to an approaching signal molecule?
a) The receptor protein binds to the signal if it has a complementary shape.
b) If the signal is able to bind to the receptor it induces a change in the receptor protein's shape.
c) The change in the receptor protein's shape results in cellular action.
d) All of the above are correct.
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CONCEPT: INTRODUCTION TO CELL SIGNALING
3 Steps of Cell Signaling
●Cells receive external signals in a series of ______ steps:
1) ____________________: ligand binds to a specific receptor causing it to change its ______________________.
2) Transduction: pathway of interactions in the cell that _______________ the signal to a change in the cell.
3) Cellular ____________________: end result causing a physical or chemical change in response to the ligand.
EXAMPLE: Steps of Cell Signaling.

PRACTICE: Signal transduction pathways:
a) Are necessary for signals to cross the membrane.
b) Include the intracellular events caused by a signal binding to a receptor.
c) Include the extracellular events caused by a signal binding to a receptor.
d) Carry a signaling molecule to the nucleus of a cell.

PRACTICE: What does it mean to say that a signal is transduced?
a) The signal enters the cell directly and binds to a receptor inside.
b) The physical form of the signal changes as it passes from the cell membrane to the intracellular target.
c) The signal is amplified, such that even one signal molecule evokes a large response.
d) The signal triggers a sequence of phosphorylation events inside the cell.
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CONCEPT: CLASSES OF SIGNALING RECEPTORS
●Recall: receptors are biomolecules (typically proteins) that change conformation when bound to a specific ____________.
□ Receptors are categorized into 2 classes:

1) Cell-Surface Receptors

&

2) Intracellular Receptors.

Cell-Surface Receptors
●Receptor proteins found embedded in the cell __________________ (surface) of target cells.
□ _______ major types of cell-surface receptors involved in most signal transduction pathways:
G Protein-Coupled Receptors (_________)

Receptor Tyrosine Kinases (________)

Ligand-Gated Ion Channels

EXAMPLE: Cell-Surface Receptors.

Intracellular Receptors
●Receptor proteins found on the __________________ of target cells.
□ Recall: small, ________________________ signaling molecules freely diffuse across the membrane into the cell.
EXAMPLE: Intracellular Signaling Pathway.

Page 4

BIOLOGY - CLUTCH
CH. 10 - CELL SIGNALING

CONCEPT: CLASSES OF SIGNALING RECEPTORS
PRACTICE: The molecules that convert extracellular signals into intracellular signals are:
a) Neurotransmitters.
b) Hormones.
c) Cell surface receptors.
d) Intracellular receptors.

PRACTICE: Which type of receptor leads directly to a change in the distribution of ions on opposite sides of the membrane?
a) Receptor tyrosine kinase.
b) G protein-coupled receptor.
c) Ligand-gated ion channel.
d) Steroid receptor.
e) Intracellular receptor.

PRACTICE: Why does testosterone, a lipid-soluble / hydrophobic signaling molecule, not affect all cells in the body but only
specific cells?
a) Only target cells have the cell surface receptor able to bind with testosterone.
b) Only target cells contain the genes regulated by testosterone.
c) Only target cells possess the phosphorylation cascade uniquely activated by testosterone.
d) Only target cells possess the intracellular receptor able to bind with testosterone.
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CONCEPT: TYPES OF CELL SIGNALING
●Communication between cells of multi-cellular organisms is important for maintaining the organism’s homeostasis.
□ Communication via cell signaling can occur __________________ or _____________________.
Direct Cell Signaling
●Local signaling between cells that are in _________________ contact with each other.
□ Recall: neighboring cells can directly communicate via different types of cell ___________________.
●Cell-Cell Recognition: cells make direct contact via __________________ proteins, causing a cellular response.
EXAMPLE: Direct Cell Signaling.

Indirect Cell Signaling: Paracrine vs Endocrine
●Distant signaling between cells that are _________ in direct contact with each other that commonly use hormones.
●___________________: signaling molecules released by a cell/gland that can travel & affect distant cells in other areas.
□ Paracrine Hormones: travel ___________ distances & only act on nearby cells in the vicinity of its synthesis.
□ Endocrine Hormones: released into bloodstream & travel __________ distances to their target cell.
EXAMPLE: Indirect Cell Signaling.
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CONCEPT: TYPES OF CELL SIGNALING
PRACTICE: Paracrine signaling is characterized by signaling molecules (ligands) that are _______:
a) Produced and secreted by the target cell.

c) Secreted by nerve cells across a synapse.

b) Secreted by cells close to the target cell.

d) Secreted by cells far from the target cell.

PRACTICE: Cortisol is a stress hormone created by the adrenal glands which can affect many tissues throughout the body.
How is cortisol able to reach target cells that are far from the adrenal glands?
a) Cortisol diffuses through the body.

c) Cortisol travels through the nervous system.

b) Cortisol travels through the blood stream.

d) Cortisol is unable to affect cells far from the adrenal glands.

Synaptic Cell Signaling
●Synaptic Cell Signaling: specific cells release neurotransmitters across a _______________ activating the target cell.
□ Neurotransmitters: chemical released by the end of a _____________ (nerve cell) to ______________ a signal.
□ Synapse: a small _________________ or region between the end of a nerve cell and another cell.
EXAMPLE: Synaptic Signaling.

PRACTICE: Which of the following types of signaling is represented in the figure?
a) Cell-cell recognition.
b) Paracrine.
c) Hormonal.
d) Synaptic.
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CONCEPT: SIGNAL AMPLIFICATION
●Once a signaling molecule binds its receptor, the signal is ____________________ inside the cell to MAXIMIZE its effect.
□ ______ types of enzymes are commonly used to amplify the signal inside the cell:
1) Protein Kinases: _________ a phosphate group to a substrate.
2) Protein Phosphatases: __________________ a phosphate group from a substrate.
□ Phosphorylation __________________ a protein’s activity by turning it either “on” or “off”.
EXAMPLE: Signal Amplification by Phosphorylation.

PRACTICE: Kinases and phosphatases are essential to the cell because they:
a) Are enzymes that synthesize proteins.
b) Are enzymes that degrade proteins.
c) Are enzymes that can turn proteins “on” and/or “off” through changes in phosphorylation.
d) Are enzymes that can turn proteins “on” and/or “off” through changes in proton concentrations.
e) None of the above.
PRACTICE: What role do phosphatases play in signal transduction pathways?
a) They phosphorylate proteins involved in signal transduction or cellular response.
b) They activate protein kinases by phosphorylation.
c) They amplify the signal molecule.
d) They regulate the function of proteins involved in signal transduction pathways or cellular response.
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CONCEPT: SIGNAL AMPLIFICATION
Phosphorylation Cascades
●A series of protein kinases that ________________ a signal by successive phosphorylation events of different kinases.
□ In other words, kinases can phosphorylate & activate other kinases.
EXAMPLE: Phosphorylation Signaling Cascade.

PRACTICE: Phosphorylation cascades are useful signal transduction pathways because they ________.
a) Allow proteins to be easily activated by adding or removing a phosphate group.
b) Allow proteins to be easily deactivated by adding or removing a phosphate group.
c) Amplify the original signal many times.
d) All of the above.
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