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Signal Transduction

Introduction - Signal Transduction

Introduction

Signal transduction is the process by which a cell receives a signal from its surroundings and
converts it into a specific response.

Cells communicate using chemical signals such as hormones, neurotransmitters, and growth
factors.

These signals help coordinate activities like growth, metabolism, division, and responses to
environmental changes.

What is a Signal (Ligand)

e Asignal(orligand) is any molecule that carries information to a cell
e It binds to a specific receptor to initiate the process

e Examples: hormones, neurotransmitters, growth factors

Basic Components.of Sighal Transduction

1. Signal (Ligand)

» Molecule that initiates communication

2. Receptor
> Protein that receives the signal

» Located on the cell surface or inside the cell

3. Signal Transduction Pathway
> Series of intracellular steps that relay the signal
> Ofteninvolves multiple chemical reactions

4. Response
> Final cellular effect

> Examples: gene expression, enzyme activation, secretion, movement

Basic Steps of Signal Transduction

A. Signal Reception
» Ligand binds to a specific receptor
> Bindingis highly specific

B. Signal Transduction

> Signalis transmitted inside the cell
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» Involves a cascade of biochemical reactions

C. Cellular Response

» Cell produces a specific outcome

> Examples: protein synthesis, metabolic changes

G Signal Reception) e Signal Transduction) C) Cellular Response\j

Types of Signaling

Autocrine Signaling

Paracrine Signaling

Types of
Signaling Endocrine Signaling

Juxtacrine Direct
Signaling

1. Autocrine Signaling

> Cellsignals itself

2. Paracrine Signaling

» Signals act on nearby cells

3. Endocrine Signaling

> Signals (hormones) travel through the bloodstream to distant cells

4. Juxtacrine (Direct) Signaling

> Cells communicate through direct contact
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Importance of Signal Transduction

Regulates growth, metabolism, and immune responses
Maintains internal balance (homeostasis)
Enables cells to adapt to internal and external changes

Essential for coordination between different cells and tissues

Cell Signaling Pathways

Introduction

o Cellsignaling pathways are sequences of molecular events that occur after a signal bind to a
receptor.

e« These pathways ensure that signals are accurately transmitted and amplified within the cell.

Components of Signaling Pathways

0, 0 —0- -0
Second ‘ Protein Transcription
Messengers Al Kinases Factors

) | @)
®-§ DT

( Gene Expression )
.

. J

1. Receptors
> Detect and bind signaling molecules

» Located on the cell membrane or inside the cell

2. Second Messengers
> Small molecules that relay signals inside the cell
> Examples: cyclic AMP (CAMP), calcium ions (Ca**), Py

3. Protein Kinases

> Enzymes that add phosphate groups to proteins (phosphorylation)

> Play a key role in signal transduction

4. Transcription Factors
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> Proteins that regulate gene expression
> Activate or repress specific genes

Steps in a Signhaling Pathway
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. Reception(Ligand Binding)

» Signaling molecule binds to a specific receptor

. Receptor Activation

> Receptor changes shape and becomes active

. Signal Transduction
> Activated receptor initiates a cascade of intracellular reactions

» Ofteninvolves kinases and second messengers

4. Signal Amplification

> One signal activates multiple molecules, increasing signal strength

. Activation of Target Proteins

» Specific proteins are activated to carry out functions

. Cellular Response

> Finalresponse such as gene expression, enzyme activation, or secretion

Types of Receptors / Sighaling Pathways

A. G-Protein Coupled Receptors (GPCRSs)

> Activate G-proteins inside the cell
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> Leadto production of second messengers like cAMP

B. Receptor Tyrosine Kinases (RTKs)
> Add phosphate groups to proteins after activation
> Importantin cell growth and division

C. lon Channel Receptors
» Open orclose ion channels in response to sighals
» Change ion concentration inside the cell

> Essentialin nerve signaling

Examples of Signhaling Pathways

1. cAMP Pathway

> Involves activation of adenylate cyclase

> Produces cAMP as a second messenger

2. MAP Kinase Pathway

> Series of protein kinase activations

> Regulates cell growth, division, and differentiation

Signal Amplification

e Asingle signaling molecule can activate many downstream molecules

o Ensures a strong and efficient cellular response

Importance of Sighaling Pathways

Ensure accurate communication within cells
Control essential biological processes
Help cells respond quickly and efficiently to external signals

Maintain proper functioning of the body

lon Channels

Introduction

lon channels are specialized protein structures present in the cell membrane that allow
specific ions to move in and out of the cell.

Common ions include sodium (Na*), potassium (K*), calcium (Ca**), and chloride (CL7).

They play a crucial role in maintaining electrical and chemical balance within the cell.
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