cell membrane transport pogil

cell membrane transport pogil explores the essential mechanisms by which substances move
across the cell membrane. This article delves into the various types of transport processes, including
passive and active transport, that maintain cellular homeostasis. Understanding cell membrane
transport is crucial for grasping how cells regulate nutrient intake, waste removal, and signal
transduction. The POGIL (Process Oriented Guided Inquiry Learning) approach enhances
comprehension by guiding learners through structured inquiry and collaboration. This article will
cover fundamental concepts such as diffusion, osmosis, facilitated diffusion, active transport, and
endocytosis/exocytosis. Additionally, it highlights the role of membrane proteins and the importance
of energy in transport processes. A clear, detailed exploration of these topics will provide a
comprehensive overview of cell membrane transport within the POGIL framework.
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Fundamentals of Cell Membrane Structure

The cell membrane is a selectively permeable barrier that encases the cytoplasm of cells, controlling
the passage of substances in and out. It is primarily composed of a phospholipid bilayer with
embedded proteins, cholesterol, and carbohydrates. This structure provides fluidity and stability
while allowing specific interactions necessary for transport.

The amphipathic nature of phospholipids, with hydrophilic heads and hydrophobic tails, forms a
dynamic matrix that restricts free movement of polar molecules. Proteins embedded within this
bilayer facilitate selective transport and communication between the cell and its environment. This
structural organization underpins all cell membrane transport mechanisms discussed in the cell
membrane transport pogil context.

Types of Cell Membrane Transport

Cell membrane transport can be broadly categorized into passive and active transport. Passive
transport relies on the natural diffusion of molecules down their concentration gradient, requiring
no energy expenditure. Active transport, by contrast, involves the movement of substances against
their concentration gradient and necessitates cellular energy, typically in the form of ATP.



Understanding these transport types is critical for comprehending how cells manage internal
conditions and respond to external stimuli. The cell membrane transport pogil model encourages
exploring each type’s characteristics, mechanisms, and biological significance.

Passive Transport Mechanisms

Passive transport allows molecules to move freely across the membrane without energy input. The
main passive transport processes include diffusion, osmosis, and facilitated diffusion.

Diffusion

Diffusion is the spontaneous movement of molecules from an area of higher concentration to an area
of lower concentration until equilibrium is reached. Small nonpolar molecules, such as oxygen and
carbon dioxide, easily diffuse through the phospholipid bilayer due to their solubility in the
hydrophobic core.

Osmosis

Osmosis specifically refers to the diffusion of water molecules through a selectively permeable
membrane. Water moves toward regions of higher solute concentration to balance solute levels on
both sides of the membrane, which is vital for maintaining cell turgor and volume.

Facilitated Diffusion

Facilitated diffusion involves the use of membrane proteins to assist the transport of molecules that
cannot freely cross the lipid bilayer, such as ions and glucose. Carrier proteins and channel proteins
enable selective passage while still moving substances down their concentration gradients.

e Diffusion: movement down concentration gradient without energy
e Osmosis: water diffusion toward higher solute concentration

e Facilitated diffusion: protein-mediated passive transport

Active Transport and Energy Use

Active transport mechanisms enable cells to move substances against their concentration gradients,
which is essential for nutrient uptake, waste removal, and maintaining ion gradients. Unlike passive
transport, active transport requires energy, often derived from the hydrolysis of ATP.



Primary Active Transport

Primary active transport directly uses energy from ATP to transport molecules. The sodium-
potassium pump is a classic example, moving sodium ions out of and potassium ions into the cell
against their gradients. This pump is crucial for nerve impulse transmission and muscle contraction.

Secondary Active Transport

Secondary active transport couples the movement of one molecule down its gradient to drive the
transport of another molecule against its gradient. This indirect use of energy relies on the
electrochemical gradients established by primary active transport.

e Primary active transport: ATP-driven molecular movement
e Secondary active transport: gradient-driven coupled transport

e Essential for maintaining cellular ion balance and nutrient uptake

Bulk Transport Processes

Bulk transport mechanisms enable the movement of large molecules or large quantities of
substances across the cell membrane through vesicle formation. These processes include
endocytosis and exocytosis.

Endocytosis

Endocytosis involves the engulfment of substances into the cell by folding the membrane inward to
form vesicles. This process allows cells to intake nutrients, fluids, and other materials that cannot
pass through membrane proteins.

Exocytosis

Exocytosis is the reverse process, where intracellular vesicles fuse with the membrane to expel
contents outside the cell. This mechanism is vital for secretion of hormones, neurotransmitters, and
waste products.

e Endocytosis: intake of large molecules via vesicle formation
e Exocytosis: vesicle-mediated expulsion of substances

e Critical for communication and material exchange between cells and their environment



Role of Membrane Proteins in Transport

Membrane proteins are integral to the function of cell membrane transport. They provide specificity
and regulation for the movement of ions, nutrients, and signaling molecules. Transport proteins
include channel proteins, carrier proteins, and pumps, each facilitating different transport
modalities.

Channel proteins form pores that allow selective ion passage, often gated to respond to stimuli.
Carrier proteins bind to specific molecules and undergo conformational changes to shuttle them
across the membrane. Pumps actively transport molecules using energy. Collectively, these proteins
are essential for the dynamic regulation of the cell’s internal environment as emphasized in the cell
membrane transport pogil framework.

Frequently Asked Questions

What is the main purpose of the cell membrane in transport
processes?

The main purpose of the cell membrane in transport processes is to regulate the movement of
substances into and out of the cell, maintaining homeostasis and allowing essential nutrients to
enter while removing waste products.

What are the differences between passive and active transport
across the cell membrane?

Passive transport does not require energy and moves substances down their concentration gradient,
such as diffusion and facilitated diffusion. Active transport requires energy (ATP) to move
substances against their concentration gradient through protein pumps.

How does the POGIL activity help students understand cell
membrane transport?

The POGIL activity engages students in guided inquiry and group work to explore concepts like
diffusion, osmosis, and active transport, helping them develop a deeper understanding through
collaborative learning and critical thinking.

What role do protein channels and carriers play in cell
membrane transport?

Protein channels provide passageways for specific molecules to cross the membrane via facilitated
diffusion, while carrier proteins bind and change shape to transport substances, sometimes using
energy in active transport.



How does osmosis differ from diffusion in terms of cell
membrane transport?

Osmosis is the passive movement of water molecules across a selectively permeable membrane from
an area of low solute concentration to high solute concentration, whereas diffusion is the movement
of solute molecules from high to low concentration.

Additional Resources

1. Cell Membrane Transport: A POGIL Approach

This book offers an interactive and inquiry-based approach to understanding cell membrane
transport mechanisms. Designed to complement traditional textbooks, it uses POGIL (Process
Oriented Guided Inquiry Learning) activities to help students explore concepts like diffusion,
osmosis, and active transport. The guided questions encourage critical thinking and collaborative
learning, making complex topics more accessible.

2. Biology POGIL Activities: Membrane Transport and Homeostasis

Focusing on the fundamentals of membrane transport, this resource provides a series of structured
activities that engage students in active learning. It explains the roles of various transport proteins
and the importance of maintaining cellular homeostasis. Each activity includes questions and
diagrams to aid comprehension and retention.

3. Exploring Cell Membranes Through POGIL

This book emphasizes hands-on exploration of the cell membrane’s structure and function. Through
POGIL exercises, students investigate the lipid bilayer, transport channels, and the energy
requirements for active transport. It is ideal for high school and introductory college biology courses
aiming to deepen conceptual understanding.

4. Interactive Learning in Cell Biology: Membrane Transport POGILs

Designed for instructors and students alike, this title provides a collection of interactive POGIL
activities centered on membrane transport processes. Topics include passive and active transport,
endocytosis, and exocytosis. The carefully crafted questions promote analytical skills and help
students apply theoretical knowledge to real-world biological systems.

5. Membrane Transport Mechanisms: A Guided Inquiry Workbook

This workbook offers detailed inquiry-based exercises that cover various membrane transport
mechanisms. Students learn about channel proteins, carrier proteins, and energy-dependent pumps
through step-by-step guided questions. It serves as an excellent supplement to lectures and
traditional textbooks.

6. POGIL Strategies for Teaching Cell Membrane Dynamics

This instructional guide provides educators with effective POGIL strategies to teach the dynamic
nature of cell membranes and transport processes. The book includes lesson plans, activity sheets,
and assessment tools focused on fostering student engagement and understanding. It is particularly
useful for instructors aiming to implement active learning techniques.

7. Understanding Active and Passive Transport via POGIL
Focusing specifically on active and passive transport, this book utilizes POGIL methods to dissect
these essential biological concepts. Students participate in collaborative activities that clarify the



differences between diffusion, facilitated diffusion, and energy-requiring transport. The book
enhances conceptual clarity through diagrams and real-life examples.

8. Cell Membrane Transport in Molecular Biology: POGIL Exercises

This advanced text integrates molecular biology perspectives with POGIL exercises to explore
membrane transport. Detailed analyses of transport proteins, signaling pathways, and membrane
potential are included. It is well suited for upper-level undergraduate courses seeking to connect
molecular mechanisms with cellular functions.

9. Active Learning in Cell Transport: POGIL for Life Sciences

This resource promotes active learning through POGIL activities tailored for life science students
studying membrane transport. It covers key concepts such as osmotic balance, ion channels, and
cellular uptake processes. The book’s inquiry-based format encourages students to develop problem-
solving skills and deepen their understanding of cell physiology.
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cell membrane transport pogil: Transport And Diffusion Across Cell Membranes Wilfred
Stein, 2012-12-02 Transport and Diffusion across Cell Membranes is a comprehensive treatment of
the transport and diffusion of molecules and ions across cell membranes. This book shows that the
same kinetic equations (with appropriate modification) can describe all the specialized membrane
transport systems: the pores, the carriers, and the two classes of pumps. The kinetic formalism is
developed step by step and the features that make a system effective in carrying out its biological
role are highlighted. This book is organized into six chapters and begins with an introduction to the
structure and dynamics of cell membranes, followed by a discussion on how the membrane acts as a
barrier to the transmembrane diffusion of molecules and ions. The following chapters focus on the
role of the membrane's protein components in facilitating transmembrane diffusion of specific
molecules and ions, measurements of diffusion through pores and the kinetics of diffusion, and the
structure of such pores and their biological regulation. This book methodically introduces the reader
to the carriers of cell membranes, the kinetics of facilitated diffusion, and cotransport systems. The
primary active transport systems are considered, emphasizing the pumping of an ion (sodium,
potassium, calcium, or proton) against its electrochemical gradient during the coupled progress of a
chemical reaction while a conformational change of the pump enzyme takes place. This book is of
interest to advanced undergraduate students, as well as to graduate students and researchers in
biochemistry, physiology, pharmacology, and biophysics.

cell membrane transport pogil: Cell Membrane Transport Arnost Kotyk, Dr. Karel Janacek,
1972

cell membrane transport pogil: Cell Membrane Transport Arnost Kotyk, 2012-12-06 TO THE
SECOND EDITION When preparing the manuscript for the original edition of this book we were only
partly aware of the pace at which the field of membrane transport was developing and at which new
ideas as well as new techniques would be applied to it. The fact is that some of the chapters are now
outdated (e. g., the one on the molecular aspects of transport) and many others require revision in
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the light of new information that has appeared in the past five years. However, it is also true that we
overemphasized in the first edition certain points that now appear less important and
underestimated the impact of certain others that have since assumed a position among the most
forcefully discussed topics of membrane research. In making amends, it was thus thought useful to
include the discussion of these latter problems both in the theoretical and in the comparative
sections and, on the other hand, to omit some of the less topical subjects. There was a different
reason for rewriting the section on kidney and for dropping the section on mito chondria. The help of
an expert nephrologist was enlisted for improving chapter 24, while it was decided that
mitochondria represent a special field both conceptually (being only subcellular particles) and
methodologically (more indirect estimation techniques being involved than with whole cells or
tissues) and that more adequate information can be found in treatises specializing in work with
mitochondria.

cell membrane transport pogil: Membrane Transport Daniel C. Tosteson, 2013-05-27 This is a
fascinating collection of personal accounts which is a must read for anyone interested in membrane
transport or the history of the development of the current picture of membrane transport physiology.
This delightful book could serve variously as a history for investigators and historians or as a
textbook for advanced students. No biology or medical library should be without it

cell membrane transport pogil: The Movement of Molecules Across Cell Membranes
Wilfred D. Stein, 1967

cell membrane transport pogil: Exploring the Cell Membrane: Conceptual
Developments A. Kleinzeller, 2012-12-02 The suggestion for this collection of essays originated in
part from a course given to graduate students at the University of Pennsylvania School of Medicine.
In sections of this course, the conceptual developments in the fields of membrane transport and
cellular respiration were traced to illustrate general aspects of the development of ideas in a
scientific field. Discussions with peers on the topic also greatly enhanced the development of the
project as it is reflected in this book. The volume reflects the breadth and scope of this rapidly
developing field, and is an excellent treatise of a historical evaluation of how this field has
developed.

cell membrane transport pogil: Cell Membranes and Ion Transport John Lloyd Hall, D. A.
Baker, 1977

cell membrane transport pogil: Biological membranes and transport U Satyanarayana,
2014-11-07 Biological membranes and transport Biological membranes and transport

cell membrane transport pogil: Cell Membrane Transport Z.1. Cabantchik, R. Deves, S. Peren,
D.L. Yudilevich, 2013-06-29 Experimental science is a complicated creature. At the head there is a
Gordian knot of ideas and hypotheses; behind is the accumulated mass of decades of research. Only
the laboratory methods, the legs which propel science forward, remain firmly in touch with the
ground. Growth, however is uneven; dinosaurs develop by solid means to give a vast body of results,
but few ideas. Others sprint briefly to success with brilliant, though ill-supported, ideas. The
problems which this book addresses is to maintain an organic unity between new ideas and the
current profusion of innovative experimental tools. Only then can we have the framework on which
our research thoughts may flourish. The contributors are outstanding scientists in their respective
fields and they record here in a clear manner the methodology with which they perform their
experiments. They also illustrate some of their most exciting findings. In all chapters the emphasis is
on the critical analysis of the methodology which is often avoided in refereed Journals. These
techniques are explained in this book in adequate detail. Each chapter is extensively referenced and
contains the most recent material available from author's laboratory at the time of going to press.

cell membrane transport pogil: Transport And Diffusion Across Cell Membranes Wilfred
Stein, 1986-03-28 Transport and Diffusion across Cell Membranes is a comprehensive treatment of
the transport and diffusion of molecules and ions across cell membranes. This book shows that the
same kinetic equations (with appropriate modification) can describe all the specialized membrane
transport systems: the pores, the carriers, and the two classes of pumps. The kinetic formalism is



developed step by step and the features that make a system effective in carrying out its biological
role are highlighted. This book is organized into six chapters and begins with an introduction to the
structure and dynamics of cell membranes, followed by a discussion on how the membrane acts as a
barrier to the transmembrane diffusion of molecules and ions. The following chapters focus on the
role of the membrane's protein components in facilitating transmembrane diffusion of specific
molecules and ions, measurements of diffusion through pores and the kinetics of diffusion, and the
structure of such pores and their biological regulation. This book methodically introduces the reader
to the carriers of cell membranes, the kinetics of facilitated diffusion, and cotransport systems. The
primary active transport systems are considered, emphasizing the pumping of an ion (sodium,
potassium, calcium, or proton) against its electrochemical gradient during the coupled progress of a
chemical reaction while a conformational change of the pump enzyme takes place. This book is of
interest to advanced undergraduate students, as well as to graduate students and researchers in
biochemistry, physiology, pharmacology, and biophysics.

cell membrane transport pogil: Transport Across Single Biological Membranes D.C. Tosteson,
2012-12-06 This second Volume in the series on Membrane Transport in Biology contains a group of
essays on transport across single biological membranes separating the inside and outside of cells or
organelles. We have not attempted to include material on all types of plasma and intracellular
membranes, but rather have emphasized structures which have been studied relatively thoroughly.
Four chapters describe transport of different types of molecules and ions across the plasma
membranes of mammalian red cells. Two essays concern the excitable membranes of nerve and
muscle cells while the remaining four chapters treat transport across several types of intracellular
membranes. Water makes up more than two-thirds of the mass of most living cells. The transport of
water between the inside and outside of cells and organelles is important for the function of these
structures. As a result of investigations in many laboratories over the past four decades, our picture
of the water permea bility of the red cell membranes is rather detailed when compared to the water
permeability of other biological membranes. In Chapter 1, R. I. Macey describes this picture and
also considers the permeability of red cell membranes to non electrolytes, including metabolic
substrates such as sugars, amino acids, purines and nucleosides.

cell membrane transport pogil: Channels, Carriers, and Pumps Wilfred D. Stein,
2012-12-02 For students as well as researchers this book describes the exciting new advances in the
molecular biology of transport proteins and integrates this information with transport kinetics,
function, and regulation. Experimental data are linked with theory. - Provides an introduction to the
properties of transport proteins: channels, carriers, and pumps - Presents up-to-date information on
the structure of transport proteins and on their function and regulation - Includes introductions to
transport kinetics and to the cloning of genes that code transport proteins - Furnishes a link
between the experimental basis of the subject and theoretical model building

cell membrane transport pogil: Membrane Transport Arnost Kotyk, 2012-12-06 Not many
years ago, problems of membranes and transport attracted the attention of but a few dozen
enthusiasts, mainly physiolo gists who recognize~ the significance of membranes for the
stabilization of the general steady state of organisms. The first symposium organ ized some fifteen
years ago could boast of the attendance of perhaps fifty scientists (the remaining fifty were not yet
sure that membranes was the topic of their choice), ranging in specialization from physical
chemistry to bacterial genetics, who clairvoyantly decided to study what now has become the
number one subject at most congresses of biophysics, physiology, and even biochemistry and
microbiology. As is the case with many rapidly developing fields, the interest in membranes and
transport seems to be growing out of bounds and the whole field of membra no logy,
interdisciplinary as it is, has penetrated into the realms of a number of branches of physics,
chemistry, and biology. Its subject is primarily biological and, although much has been done in the
world to increase the exactness of biology over the past thirty years, one cannot strive for a rigorous
mathematical description of biological phenomena since, as M. H.

cell membrane transport pogil: Intracellular Transport Katherine Brehme Warren,




2014-05-12 Intracellular Transport is a collection of papers that examines the processes of and the
mechanisms underlying intracellular transport. One paper describes that all active transport
processes in the amoeba are intracellular and depend on dynamic transformations of membrane into
cytoplasm, and of cytoplasm into membrane. Another paper discusses the kinetics of membrane
transport, of which the phenomena of counterflow can become a mobile carrier system. The paper
notes that the specific transport properties of membranes are conferred by the proteins of the
surfaces that are grouped as macromolecular complexes, probably similar to those of enzymes. One
paper describes the concept of parametric pumping, an oscillation-driven separation process, as a
possible model for active transport in biological cells. Another paper compares the fine-scale
diffusion effects that happen in a mixture without large-scale concentration gradients and where the
effect are on a large scale. The homogenous kinetic law can be used in the large-scale situation; the
law already can account for any of the fine-scale diffusion effects. The paper notes that without
large-scale concentration gradients, the transport event is from a local region to a nearby reaction
site only. Where the effects are on a large scale, the diffusion results in a gross transport of over
distances larger than molecular dimensions. This collection can prove useful for mathematicians,
cellular biologists, physical chemists, physiologists, electron microscopicists, geneticists, and
engineers.

cell membrane transport pogil: Transport Across Multi-Membrane Systems G. Giebisch,
2012-12-06 The contributions of this volume are concerned with transport phenomena in
multimembrane systems and in simple epithelia. In addition to the very substan tial progress that
has been made in the area of transport of fluid and solutes across artifical model membranes in vitro
and across simple symmetrical cell membranes, much has been learned from studies of transport
phenomena in multi membrane systems of higher complexity to be reviewed in this volume. It should
be recalled that many of the fundamental conceptual and methodological problems of transport
physiology have been successfully approached and defin ed by studying simple epithelia in vitro, and
that the direction that research has taken has been affected in a major way by the cellular transport
models that have evolved from this approach. Since then striking progress has been made in several
areas. Not only have we been witnessing a keen and productive interest in the realtionship between
fine structure and transport behavior in multimem brane systems but significant advancements have
also been made in defining individual active and passive transport operations, in analysing cell ion
activities and transport pools, and in describing the differences in transport functions that underly
the membrane asymmetry and cell polarization of cells subserving di rectional transport.

cell membrane transport pogil: Concepts and Models D.C. Tosteson, 2012-12-06 This Volume
forms the cornerstone of this series of four books on Membrane Transport in Biology. It includes
chapters that address i) the theoretical basis of investigations of transport processes across
biological membranes, ii) some of the experimental operations often used by scientists in this field,
iii) chemical and biological properties common to most biological membranes, and iv) planar thin
lipid bilayers as models for biological membranes. The themes developed in these chapters recur
frequently throughout the entire series. Transport of molecules across biological membranes is a
special case of diffu sion and convection in liquids. The conceptual frame of reference used by
investigators in this field derives, in large part, from theories of such processes in homogeneous
phases. Examples of the application of such theories to transport across biological membranes are
found in Chapters 2 and 4 of this Volume. In Chapter 2, Sten-Knudsen emphasizes a statistical and
molecular approach while, in Chapter 4 Sauer makes heavy use of the thermodynamics of irreversi
ble processes. Taken together, these contributions introduce the reader to the two sets of ideas
which have dominated the thinking of scientists working in this field. Theoretical consideration of a
more special character are also included in several other Chapters in Volume I. For example, Ussing
(Chapter 3) re-works the flux ratio equation which he introduced into the field of transport across
biological membranes in 1949.

cell membrane transport pogil: Membrane Transport Processes in Organized Systems
Thomas E. Andreoli, Darrell D. Fanestil, Joseph F. Hoffman, Stanley G. Schultz, 2012-12-06



Membrane Transport Processes in Organized Systems is a softcover book containing portions of
Physiology of Membrane Disorders (Second Edition). The parent volume contains six major sections.
This text encompasses the fourth and fifth sections: Transport Events in Single Cells and Transport
in Epithelia: Vectorial Transport through Parallel Arrays. We hope that this smaller volume, which
deals with transport processes in single cells and in organized epithelia, will be helpful to individuals
interested in general physiology, transport in single cells and epithelia, and the methods for studying
those transport processes. THOMAS E. ANDREOLI JOSEPH F. HOFFMAN DARRELL D. FANESTIL
STANLEY G. SCHULTZ VII Preface to the Second Edition The second edition of Physiology of
Membrane Disorders represents an extensive revision and a considerable expansion ofthe first
edition . Yet the purpose of the second edition is identical to that of its predecessor, namely, to
provide a rational analysis of membrane transport processes in individual membranes, cells, tissues,
and organs, which in tum serves as a frame of reference for rationalizing disorders in which
derangements of membrane transport processes play a cardinal role in the clinical expression of
disease. As in the first edition, this book is divided into a number of individual, but closely related,
sections. Part V represents a new section where the problem of transport across epithelia is treated
in some detail. Finally, Part VI, which analyzes clinical derangements, has been enlarged
appreciably.

cell membrane transport pogil: An Introduction to Membrane Transport and Bioelectricity
John H. Byrne, Stanley G. Schultz, 1994

cell membrane transport pogil: The Movement Of Molecules Across Cell Membranes
Wes Stein, 2012-12-02 The Movement of Molecules across Cell Membranes provides an
understanding of the molecular basis of the movement of substances across the cell membrane by
discussing the composition and structure of cell membranes. Comprised of nine chapters, the book
starts by discussing the theory of irreversible thermodynamics to membrane transport, followed by a
discussion of the Eyring analysis of diffusion. It then discusses the model for movement into and
across the cell membranes. Other chapters focus on the existence of pores in the red cell
membranes and the ion movement across the erythrocyte membranes. The book's final chapter
considers the four classifications of membrane-based models, which include the mobile carrier
model, the pore model, and the two classes of enzyme models. This book is intended for research
students, research workers, biochemists, biophysicists, and physiologists. Pharmacologists in the
clinical field, as well as research workers in agriculture, will also find this book invaluable.

cell membrane transport pogil: Transport Across Single Biological Membranes L.
Beaugé, 1979 This second Volume in the series on Membrane Transport in Biology contains a group
of essays on transport across single biological membranes separating the inside and outside of cells
or organelles. We have not attempted to include material on all types of plasma and intracellular
membranes, but rather have emphasized structures which have been studied relatively thoroughly.
Four chapters describe transport of different types of molecules and ions across the plasma
membranes of mammalian red cells. Two essays concern the excitable membranes of nerve and
muscle cells while the remaining four chapters treat transport across several types of intracellular
membranes. Water makes up more than two-thirds of the mass of most living cells. The transport of
water between the inside and outside of cells and organelles is important for the function of these
structures. As a result of investigations in many laboratories over the past four decades, our picture
of the water permea bility of the red cell membranes is rather detailed when compared to the water
permeability of other biological membranes. In Chapter 1, R. I. Macey describes this picture and
also considers the permeability of red cell membranes to non electrolytes, including metabolic
substrates such as sugars, amino acids, purines and nucleosides.
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