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Membrane Structure and Function Study Guide Answers: Your Key to Mastering Cell
Biology

membrane structure and function study guide answers are essential for anyone
diving into the fascinating world of cell biology. Whether you?re a student trying to grasp
the complexities of biological membranes or someone looking to refresh your knowledge,
understanding the structure and function of membranes is foundational. This guide will
walk you through the critical concepts, clarify common questions, and provide insights
that make learning about cell membranes both accessible and engaging.
Understanding the Basics: What Is a Cell Membrane?

At its core, the cell membrane?also known as the plasma membrane?is the thin, ?exible
barrier that surrounds every living cell. It is vital for maintaining the cell?s integrity and
mediating interactions with the external environment. When studying membrane
structure and function, it?s important to recognize that the membrane isn?t just a passive
boundary; it?s a dynamic, complex system.

The Fluid Mosaic Model Explained

One of the most signi?cant breakthroughs in understanding membrane structure came
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with the ?uid mosaic model. This model describes the membrane as a ?uid combination of
lipids, proteins, and carbohydrates. Think of it like a mosaic artwork where various pieces
?0at within a ?exible lipid sea.

**Phospholipid bilayer**: The foundation of the membrane is a double layer of
phospholipids, with hydrophilic (water-loving) heads facing outward and

hydrophobic (water-fearing) tails tucked inside. This arrangement creates a semi-
permeable barrier.

**Proteins**: Embedded within or attached to the bilayer are various proteins that
perform functions like transport, signaling, and structural support.

**Carbohydrates**: Often attached to proteins or lipids on the membrane?s exterior,
carbohydrates play a role in cell recognition and communication.

Key Functions of the Cell Membrane

Knowing the structure is just one side of the coin. The membrane?s functions are equally
important to understand, especially when preparing for exams or answering study guide
guestions.

Selective Permeability

The membrane controls what enters and leaves the cell, making it selectively permeable.
This property is essential because it maintains homeostasis?keeping the internal
environment stable despite external changes.

Small, nonpolar molecules like oxygen and carbon dioxide can pass through easily.
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Larger or charged molecules require speci?c transport proteins.

Transport Mechanisms: Passive and Active

A common question in study guides is about the di?erence between passive and active
transport.

**Passive transport**: Moves substances down their concentration gradient without
energy. This includes di?usion, osmosis, and facilitated di?usion.

**Active transport**: Requires energy (usually ATP) to move substances against

their concentration gradient. Examples include the sodium-potassium pump and
endocytosis.

Understanding these mechanisms helps explain how nutrients get into the cell and waste
products get out.

Common Membrane-Related Study Guide Questions and Answers
Let?s tackle some typical questions you might ?nd in a membrane structure and function
study guide, along with straightforward answers:

What are the main components of the cell membrane?

The main components include phospholipids, proteins, cholesterol, and carbohydrates.
Phospholipids form the bilayer, proteins serve various functional roles, cholesterol
stabilizes the membrane's ?uidity, and carbohydrates are involved in cell recognition.
How does cholesterol a?ect membrane ?uidity?

Cholesterol acts like a bu?er, preventing the membrane from becoming too ?uid at high

temperatures and too rigid at low temperatures. It helps maintain membrane stability and
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?exibility.

What is the di?erence between integral and peripheral proteins?
Integral proteins are embedded within the lipid bilayer and often span the entire
membrane, playing key roles in transport and signaling. Peripheral proteins are loosely
attached to the membrane?s surface, typically involved in signaling or maintaining the
cell?s shape.

Why is the membrane described as selectively permeable?

Because it allows certain molecules to pass through while blocking others, based on size,
charge, and solubility. This selective permeability is crucial for protecting the cell and
regulating its internal environment.

Tips for Mastering Membrane Structure and Function

Studying membranes can be tricky because it involves both structural details and
dynamic processes. Here are some tips to help you remember and understand key
concepts:

Visualize the membrane: Use diagrams and models to see how lipids and

proteins arrange themselves.
Relate structure to function: For example, link the hydrophobic interior to why
2.

ions cannot pass freely.
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Practice with transport examples: Think of real-life analogies like gated doors
3.
(channels) and energy-consuming pumps.

Use ?ashcards: Create cards for terms like ??uid mosaic,? ?facilitated
di?usion,?

4.

and ?endocytosis.?

Explain concepts aloud: Teaching someone else or even talking to yourself can
5.

reinforce understanding.

How Membrane Structure Impacts Cell Communication and

Signaling

Beyond transport, membranes are central to how cells communicate and respond to their
environment. Proteins embedded in the membrane act as receptors that detect signals
such as hormones or neurotransmitters.

When a signaling molecule binds to its receptor, it triggers a cascade of events inside the
cell?this process is fundamental to everything from immune responses to growth
regulation. Membrane carbohydrates also play a role, especially in cell recognition,
helping cells identify friends and foes.

Membrane Proteins as Gatekeepers and Messengers

**Receptor proteins** detect external signals and initiate internal responses.
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**Channel and carrier proteins** regulate the passage of ions and molecules.
**Enzymatic proteins** catalyze reactions directly at the membrane.

Understanding these roles can clarify why the membrane is more than just a barrier?it?s
an active participant in the cell?s life.

Integrating Membrane Concepts with Cellular Processes

When studying membrane structure and function, it?s helpful to connect these ideas to
broader cellular processes such as metabolism, cell division, and apoptosis (programmed
cell death).

For instance, during cell division, membranes must duplicate and distribute correctly to
daughter cells, ensuring each new cell has the necessary components to survive.
Similarly, membrane receptors can trigger apoptosis when a cell is damaged or no longer
needed.

Membrane Dynamics: Endocytosis and Exocytosis

Cells constantly remodel their membranes to internalize substances or expel waste, using
processes like:

**Endocytosis**: The cell engulfs external material by wrapping the membrane

around it, forming a vesicle.

**Exocytosis**: Vesicles inside the cell fuse with the membrane to release their

contents outside.

These dynamic processes highlight the membrane?s versatility and are often focal points

in study guide questions.
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Final Thoughts on Membrane Structure and Function Study Guide
Answers

Membrane structure and function form the cornerstone of understanding cellular life. By
focusing on the ?uid mosaic model, selective permeability, transport mechanisms, and the
role of membrane proteins, you?ll be well-equipped to tackle any study guide questions
con?dently. Remember, the membrane is not just a simple boundary?it?s a complex,
dynamic system that supports life at the cellular level. Embracing this perspective will
make your study sessions more meaningful and your grasp of biology much stronger.
Question

Answer

What is the ?uid mosaic

model of membrane

structure?

The ?uid mosaic model describes the plasma membrane as

a ?exible layer made of lipid molecules interspersed with

large protein molecules that act as channels and receptors.

The lipids provide ?uidity, while the proteins perform various

functions.

What are the main

components of a cell
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membrane?

The main components of a cell membrane are phospholipids,
proteins, cholesterol, and carbohydrates. Phospholipids form
a bilayer, proteins are embedded or attached, cholesterol
regulates ?uidity, and carbohydrates are involved in cell
recognition.

How do membrane

proteins contribute to

membrane function?

Membrane proteins serve various functions including
transport of molecules across the membrane, acting as
enzymes, serving as receptors for signal transduction,
providing structural support, and facilitating cell-cell
communication.

What role does

cholesterol play in the

membrane structure?

Cholesterol is interspersed within the phospholipid bilayer
and helps to maintain membrane ?uidity by preventing the
fatty acid chains from packing too tightly in low

temperatures and stabilizing the membrane at high

Vol. 2024, Issue 2
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temperatures.

How do substances move

across the cell

membrane?

Substances move across the cell membrane via passive
transport (di?usion, facilitated di?usion, osmosis) which
requires no energy, or active transport which requires
energy to move substances against their concentration
gradient.

What is selective

permeability in

membranes?

Selective permeability refers to the membrane's ability to
allow certain molecules or ions to pass through it by means
of active or passive transport while blocking others, thereby
maintaining homeostasis within the cell.

How do carbohydrates

function in the

membrane?

Carbohydrates are attached to proteins (glycoproteins) or

Vol. 2024, Issue 2
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lipids (glycolipids) on the extracellular surface of the

membrane and play a crucial role in cell recognition,

adhesion, and communication.

Membrane Structure and Function Study Guide Answers: An In-Depth Review
membrane structure and function study guide answers serve as an essential
resource for students, educators, and professionals seeking clarity on one of biology?s
most fundamental topics. The cell membrane, a complex and dynamic entity, governs the
interface between the intracellular environment and the extracellular world. This article
provides a comprehensive examination of these study guide answers, emphasizing the
intricacies of membrane composition, functionality, and the latest insights that enrich
understanding.

Understanding the Basics: What Constitutes Membrane

Structure?

At the heart of the cell?s survival and communication lies the plasma membrane,
predominantly composed of a phospholipid bilayer. Study guides typically highlight the
amphipathic nature of phospholipids, where hydrophilic heads face outward towards
agueous environments, and hydrophobic tails orient inward, forming a semi-permeable
barrier. This arrangement is not arbitrary but pivotal for membrane ?uidity and selective
permeability.

Beyond phospholipids, cholesterol molecules intersperse within the bilayer, modulating its

?uidity and stability under varying temperature conditions. Integral and peripheral
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proteins embedded or associated with the bilayer contribute to the membrane?s diverse
functions such as signal transduction, transport, and enzymatic activity. Membrane
carbohydrates, often attached to lipids (glycolipids) or proteins (glycoproteins), facilitate
cell recognition and adhesion processes.

Membrane structure and function study guide answers frequently focus on the ?uid
mosaic model, introduced by Singer and Nicolson in 1972, which revolutionized our
understanding by portraying the membrane as a dynamic and heterogeneous assembly
rather than a static barrier.

Key Components and Their Roles

Phospholipids: Form the fundamental bilayer, enabling selective permeability.

Cholesterol: Regulates membrane ?uidity and mechanical stability.

2.

Proteins: Facilitate transport (channel and carrier proteins), enzymatic
reactions,

and signal reception.

Carbohydrates: Participate in cell recognition and immune responses.
4,

Membrane Function: The Interface of Life Processes

Membrane structure and function study guide answers emphasize that the plasma
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membrane?s functions extend far beyond mere physical separation. Its semi-permeable
nature is crucial in maintaining homeostasis by regulating the entry and exit of ions,
nutrients, and waste products.

Transport Mechanisms

Membranes employ several transport strategies to manage molecular tra?c:

Passive Transport: Includes di?usion, facilitated di?usion, and osmosis,
allowing

molecules to move along their concentration gradients without energy expenditure.

Active Transport: Requires ATP to move substances against their
concentration

gradients, often mediated by protein pumps such as the sodium-potassium pump.

Endocytosis and Exocytosis: Enable bulk transport of materials into and out of
3.

the cell, vital for nutrient uptake and secretion.

These transport methods are integral to processes like nutrient absorption,

neurotransmission, and waste elimination, which are frequently tested in academic

settings.

Signal Transduction and Communication

Another dimension highlighted in study guides is the membrane?s role in cellular
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communication. Membrane-bound receptors detect extracellular signals such as
hormones or neurotransmitters, triggering intracellular pathways that in?uence gene
expression and cell behavior. This function underscores the membrane?s dynamic role in
responding to environmental stimuli and maintaining cellular coordination.
Comparative Insights: Membrane Variations Across Cell Types
Membrane structure and function study guide answers often compare the plasma
membrane with internal membranes like those of mitochondria, chloroplasts, and the
endoplasmic reticulum. Variations in lipid composition and protein types re?ect
specialized functions:

Mitochondrial Membranes: Contain cardiolipin, enhancing electron transport

chain e?ciency.

Chloroplast Membranes: Enriched with galactolipids, supporting
photosynthetic

2.

processes.

Endoplasmic Reticulum Membranes: Feature enzymes involved in lipid
3.

synthesis and protein folding.

These distinctions demonstrate the adaptability and specialization of membrane

structures in response to cellular demands.
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Advantages and Limitations of Membrane Composition
The ?uid mosaic model provides several advantages:

Flexibility: Allows cells to change shape and facilitates vesicle formation.

Selective Permeability: Supports controlled exchange of substances.

2.

Dynamic Protein Interactions: Enable complex signhaling networks.

3.

However, this model also presents challenges, such as susceptibility to damage from
environmental toxins and the energetic cost of maintaining active transport systems.
E?ective Use of Membrane Structure and Function Study Guide
Answers

For students and educators, membrane structure and function study guide answers are
invaluable tools to consolidate knowledge and prepare for examinations. The best guides
integrate detailed explanations with visual aids like diagrams of the phospholipid bilayer
and transport protein mechanisms. They also incorporate recent scienti?c discoveries,
such as the role of lipid rafts in signaling and membrane organization.

To maximize learning outcomes, study guides should encourage active engagement
through practice questions, case studies, and comparative analyses of membrane-related
disorders. For example, understanding how defects in membrane proteins cause diseases

like cystic ?brosis or certain types of anemia adds practical relevance to theoretical
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knowledge.
Optimizing Study Strategies

Concept Mapping: Visualizing relationships between membrane components
and

functions.

Active Recall: Regular testing of key terms and processes to reinforce memory.
2.

Application-Based Learning: Analyzing real-world examples to understand
3.

membrane dysfunctions.

These approaches align well with the content found in membrane structure and function
study guide answers, making them more than mere rote memorization aids.

As the scienti?c community continuously uncovers new facets of membrane biology,

study guides must evolve to re?ect these advancements. This ensures that learners not

only grasp foundational concepts but also appreciate the membrane?s dynamic role in

health and disease.

cell membrane, membrane proteins, phospholipid bilayer, membrane transport, di?usion,

osmosis, active transport, membrane permeability, membrane ?uidity, cell signaling

pogil answer key membrane structure and function
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Pogil answer key membrane structure and function is an essential resource for students and
educators seeking to understand the intricate details of cell membranes. The cell membrane, also
known as the plasma membrane, plays a vital role in maintaining cellular integrity, regulating the
movement of substances, and facilitating communication between cells. This article provides a
comprehensive overview of membrane structure and function, supported by insights typically found
in Pogil activities and their answer keys.

Understanding the Structure of the Cell Membrane
Basic Composition of the Membrane

The cell membrane is primarily composed of a phospholipid bilayer, which forms the fundamental
structure of the membrane. This bilayer is embedded with various proteins that serve multiple
functions.

- Phospholipids: Each phospholipid molecule has a hydrophilic (water-attracting) head and two
hydrophobic (water-repelling) tails. These molecules arrange themselves into a bilayer, with heads
facing outward towards the agueous environment and tails facing inward, away from water.

- Proteins: Membrane proteins are integral or peripheral and are essential for transport,
signaling, and structural support.

- Cholesterol: Cholesterol molecules intersperse within the bilayer, maintaining fluidity and
stability across temperature variations.

- Carbohydrates: Carbohydrate chains attached to proteins (glycoproteins) or lipids (glycolipids)
are involved in cell recognition and signaling.

Fluid Mosaic Model

The widely accepted model describing membrane structure is the Fluid Mosaic Model. This model
depicts the membrane as a dynamic and flexible structure with a mosaic of various proteins floating
in or on the fluid phospholipid bilayer.

- The bilayer's fluidity allows for membrane flexibility, movement, and self-healing.

- Proteins can move laterally within the membrane, facilitating processes like cell signaling and
transport.

- The mosaic nature refers to the diverse array of proteins and carbohydrate molecules
embedded within the membrane.

Functions of the Cell Membrane
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Protection and Structural Support
The cell membrane provides a protective barrier that shields the internal components of the cell from
the external environment. It maintains cell shape and offers structural support through cytoskeletal

attachments.

Selective Permeability
One of the most critical functions of the membrane is its selective permeability?allowing certain

molecules to pass while blocking others. This control is vital for maintaining homeostasis within the
cell.

- Passive Transport: Facilitates the movement of substances without energy input, including
diffusion, osmosis, and facilitated diffusion.

- Active Transport: Requires energy (ATP) to move molecules against their concentration
gradient via transport proteins.

Cell Signaling and Communication

Membrane proteins act as receptors for signaling molecules like hormones. When a signaling
molecule binds to a receptor, it triggers a cascade of cellular responses.

Transport of Materials
The membrane manages the intake of nutrients and the expulsion of waste products through

various mechanisms:

- Diffusion: Movement of molecules from high to low concentration.

- Facilitated Diffusion: Movement via specific transport proteins.

- Endocytosis and Exocytosis: Bulk transport of large molecules or particles.
Membrane Proteins and Their Roles

Types of Membrane Proteins

Membrane proteins are pivotal for the membrane's functionality. They can be classified into:

- Integral Proteins: Span the entire membrane and are involved in transport and signaling.
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- Peripheral Proteins: Attached temporarily to the membrane surface, often involved in support
and enzyme activity.

Functions of Membrane Proteins

Membrane proteins serve various essential roles, including:
- Transport of ions and molecules across the membrane.
- Serving as receptors for chemical signals.

- Participating in cell recognition and adhesion.
- Enzymatic activity to catalyze biochemical reactions.

Membrane Dynamics and Adaptations
Fluidity and Temperature Effects

The membrane's fluidity is influenced by temperature and lipid composition. Cholesterol acts as a
buffer, preventing the membrane from becoming too fluid or too rigid.

Membrane Flexibility and Repair

The dynamic nature of the membrane allows it to change shape during processes like cell division,
endocytosis, and motility. Its flexibility is crucial for cell survival and function.

Relevance of Pogil Activities on Membranes

Pogil activities centered around membrane structure and function typically involve:
- Analyzing diagrams of membrane composition.
- Understanding how proteins and lipids contribute to membrane functions.
- Exploring how membrane permeability varies with different molecules.

- Applying concepts to real-world scenarios such as drug delivery and disease mechanisms.

The answer key for these activities provides detailed explanations, reinforcing concepts such as the
importance of membrane fluidity, the role of specific proteins, and the mechanisms of transport.

Conclusion

The membrane structure and function are fundamental to cellular life. Its intricate design, featuring a
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phospholipid bilayer with embedded proteins and cholesterol, enables it to serve as a selective

barrier, facilitate communication, and support cellular processes. Understanding these concepts
through tools like Pogil activities and their answer keys enhances comprehension and fosters a
deeper appreciation of cell biology. Whether studying for exams or conducting research, a solid
grasp of membrane structure and function is indispensable for advancing in biological sciences.

Pogil Answer Key Membrane Structure and Function: An Investigative Review

Understanding the intricacies of cell membrane structure and function is fundamental to grasping the
complexities of cellular biology. The Pogil answer key membrane structure and function serves as a
critical resource for students and educators aiming to decode the multifaceted roles of biological
membranes. This article delves into the detailed architecture of membranes, the mechanisms
underpinning their functions, and the educational significance of Pogil activities in fostering
comprehension.

Introduction to Cell Membranes

Cell membranes, also known as plasma membranes, are essential barriers that delineate the cell's
interior from its external environment. They are dynamic, semi-permeable structures that regulate
the ingress and egress of substances, facilitate communication, and contribute to cellular integrity.

The foundational model describing membrane structure is the Fluid Mosaic Model, proposed by
Singer and Nicolson in 1972, which portrays the membrane as a phospholipid bilayer embedded
with various proteins, creating a fluid yet organized mosaic.

Membrane Structure: Composition and Organization
Phospholipid Bilayer
At the core of membrane architecture lies the phospholipid bilayer, composed of phospholipids with
hydrophilic (polar) heads and hydrophobic (nonpolar) tails. This arrangement creates a
semi-permeable barrier that permits the diffusion of small, nonpolar molecules while restricting
larger or charged entities.
Key features include:

- Hydrophilic heads face aqueous environments inside and outside the cell.

- Hydrophobic tails face each other, forming the interior of the bilayer.
- The bilayer exhibits fluidity, allowing lateral movement of lipids and proteins.
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Membrane Proteins
Integral and peripheral proteins perforate or associate with the bilayer, fulfilling roles such as
transport, signaling, and structural support. Their distribution and types significantly influence
membrane function.
Types include:

- Integral proteins: span the membrane; often function as channels or transporters.

- Peripheral proteins: attached to the membrane surface; involved in signaling or structural
activities.

Cholesterol and Other Lipids

Cholesterol molecules are interspersed within the phospholipid bilayer, modulating fluidity and
stability. The composition of lipids varies depending on cell type and function.

Glycocalyx

A carbohydrate-rich layer attached to proteins and lipids on the extracellular surface, playing roles in
cell recognition and protection.

Mechanisms of Membrane Function
Selective Permeability
The membrane's primary function is to regulate what enters and exits the cell. This selectivity is

achieved through:

- Passive transport: diffusion, facilitated diffusion, and osmosis, which do not require energy.

- Active transport: carrier proteins and pumps that use ATP to move substances against their
concentration gradient.

- Endocytosis and exocytosis: bulk transport mechanisms for large molecules.

Transport Proteins and Channels

Transport proteins form specific pathways, facilitating the movement of molecules such as ions,
glucose, and amino acids.
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- Channel proteins: form hydrophilic pores.
- Carrier proteins: undergo conformational changes to shuttle substances.
- Aquaporins: specialized channel proteins for water transport.

Cell Signaling and Communication

Membrane proteins also serve as receptors for signaling molecules (hormones, neurotransmitters),
initiating cascades that influence cellular responses.

Cell Recognition and Adhesion

Glycoproteins and glycolipids contribute to cell recognition, crucial in immune response and tissue
formation.

Pogil Activities and Answer Keys: A Tool for Deep Understanding

The Process Oriented Guided Inquiry Learning (POGIL) approach emphasizes active student
engagement through inquiry-based activities. The Pogil answer key membrane structure and
function provides detailed guidance, ensuring learners grasp core concepts through exploration,
analysis, and application.

Educational Significance of Pogil Activities

- Encourages critical thinking and problem-solving.

- Reinforces understanding of complex structures and processes.
- Promotes collaboration and discussion among students.

- Facilitates retention through active learning.

Sample POGIL Activity Themes

- Analyzing the fluid mosaic model.

- Investigating membrane permeability to different molecules.

- Exploring the roles of membrane proteins in transport.

- Modeling the mechanisms of active and passive transport.

- Understanding the impact of cholesterol on membrane fluidity.

Answer Key Components

An effective Pogil answer key for membrane structure and function would include:
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- Clear explanation of phospholipid bilayer arrangement.

- Identification of types and functions of membrane proteins.

- Descriptions of transport mechanisms with diagrams.

- Clarification of the role of cholesterol and other lipids.

- Application questions relating membrane structure to cellular health and disease.

Membrane Dynamics and Function in Health and Disease
Membrane Fluidity and Its Regulation

Membrane fluidity influences protein function, signaling, and membrane trafficking. Factors affecting
fluidity include:

- Fatty acid saturation: unsaturated fatty acids increase fluidity.
- Cholesterol content: modulates fluidity depending on temperature.
- Temperature: higher temperatures increase fluidity.

Membrane Dysfunction and Disease

Disruptions in membrane structure or function can lead to various health issues:

- Cystic fibrosis: mutation in the CFTR protein affects chloride transport.
- Neurodegenerative diseases: misfolded membrane proteins impair signaling.
- Cancer: altered membrane composition facilitates metastasis.

Therapeutic Implications

Understanding membrane dynamics informs drug design and delivery strategies, such as liposomes
and nanoparticle carriers.

Conclusion

The Pogil answer key membrane structure and function encapsulates core biological principles that
are vital for understanding cellular life. A comprehensive grasp of membrane architecture?its
composition, organization, and dynamic processes?enables deeper insights into cell physiology,
disease mechanisms, and therapeutic innovations. As educational tools, Pogil activities and their
corresponding answer keys serve as invaluable resources in fostering active, inquiry-based learning,
thereby shaping the next generation of biologists and healthcare professionals.
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In sum, exploring membrane structure and function through structured activities and detailed answer
keys enhances conceptual understanding, promotes critical thinking, and underscores the
importance of membranes in maintaining cellular homeostasis and overall organismal health.

QuestionAnswer What is the primary function of the membrane structure in cells? The primary
function of the cell membrane is to regulate the movement of substances in and out of the cell,
providing a protective barrier and facilitating communication and transport between the cell and its
environment. How does the fluid mosaic model describe the structure of the cell membrane? The
fluid mosaic model describes the cell membrane as a flexible, dynamic structure composed of a
phospholipid bilayer with embedded proteins, cholesterol, and other molecules, allowing for fluidity
and functionality. What role do membrane proteins play in membrane function? Membrane proteins
are involved in various functions including transport of molecules, acting as enzymes, signal
transduction, cell recognition, and maintaining the cell's structural integrity. How does membrane
fluidity affect its function? Membrane fluidity allows for the proper functioning of membrane proteins,
facilitates the movement of lipids and proteins within the membrane, and is crucial for processes like
endocytosis, exocytosis, and cell signaling. Why is the phospholipid bilayer considered selective in
its permeability? The phospholipid bilayer is selectively permeable because its hydrophobic core
allows small, nonpolar molecules to pass through easily while restricting larger or polar molecules,
thus controlling the internal environment of the cell.
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