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BIO 203 GENERAL PHYSIOLOGY I

INTRODUCTION

BIO 203 General Physiology 1 is a one-semester, two credit- hour
course in the Department of Biological Sciences, Faculty of Science. It
is a 200 level, first semester undergraduate course offered to students
admitted in the Faculty of Science, and other faculties that are offering
Biology or related programmes. This course is designed primarily for
students in Biology disciplines to provide a comprehensive
understanding of the fundamental principles and mechanisms that
govern the functioning of living organisms.

The course provides insight into physical and chemical processes in
animals and plants; diffusion, osmotic pressure and osmolarity. Water
potential, turgor, plasmolysis, Gibbs-Donan relationship. Gas exchange,
partial pressures (Tension), Hydrogen-ion concentration (pH).
Henderson Hasselbach equation, buffers in physiology. Nutrition;
photo-autotrophism, heterotrophism (essential requirements of each),
Respiration and photosynthesis; metabolism, photosynthesis, oxygen
and carbon dioxide exchange.

It gives you some guidance on your Tutor- Marked Assignments.

There is/are Self-Assessment Exercise(s) within the body of a unit
and/or at the end of each unit. The exercise(s) is/are an overview of the
unit to help you assess yourself at the end of every unit.

COURSE COMPETENCIES

This course is to provide a generalized introduction to the general
physiology of organisms.

COURSE OBJECTIVES

In addition to the course competencies, the course sets an overall
objective which must be achieved. In addition to the course objectives,
each of the units has its own specific objectives. You are advised to
read properly the specific objectives for each unit at the beginning of
that unit. This will help you to ensure that you achieve the objectives.

As you go through each unit, you should from time to time go back to
these objectives to ascertain the level at which you have progressed.

By the time you have finished going through this course, you should be
able to understand:

. osmotic pressure and osmolarity
o Water potential
. turgor

. plasmolysis
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Gibbs-Donan relationship

Gas exchange

partial pressures

photo-autotrophism

heterotrophism

Be able to differentiate between qualitative and quantitative tests
especially for amino acids and proteins

WORKING THROUGH THIS COURSE

In this course, you will be advised to devote your time in reading
through the material. You would be required to do all that has been
stipulated in the course: study the course units, read the recommended
reference textbooks and do all the unit(s) self- assessment exercise (S)
and at some points, you are required to submit your assignment (TMAS)
for assessment purpose. You should therefore avail yourself of the
opportunity of being present during the tutorial sessions so that you
would be able to compare knowledge with your colleagues.

REFERENCES AND FURTHER READINGS

You would be required to read the recommended references and
textbooks in each unit of the course materials.

PRESENTATION SCHEDULE

There is a time-table prepared for the early and timely completion and
submissions of your TMAs as well as attending the tutorial classes. You
are required to submit all your assignments at the stipulated date and
time.

ASSESSMENT

There are three aspects to the assessment of this course. The first one is
the in-text questions and the second is self-assessment exercises, while
the third is the written examination or the examination to be taken at the
end of the course. Review the exercises or activities in the unit by
applying the information and knowledge you acquired during the course.
The work submitted to your tutor for assessment will account for 30% of
your total work. At the end of this course you will have to sit for a final
or end of course examination of about a two hour duration and this will
account for 70% of your total course mark.
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HOW TO GET THE MOST FROM THE COURSE

In this course, you have the course units and a course guide. The course
guide will tell you briefly what the course is all about. It is a general
overview of the course materials you will be using and how to use those
materials. It also helps you to allocate the appropriate time to each unit
so that you can successfully complete the course within the stipulated
time limit.

The course guide also helps you to know how to go about your in-text
questions and Self-assessment questions which will form part of your
overall assessment at the end of the course. Also, there will be tutorial
classes that are related to this course, where you can interact with your
facilitators and other students. Please | encourage you to attend these
tutorial classes.

This course exposes you to Animal Ecology, a sub-discipline and very
interesting field of Biological Science.

ONLINE FACILITATION

Eight weeks are provided for tutorials for this course. You will be
notified of the dates, times and location for these tutorial classes.

As soon as you are allocated a tutorial group, the name and phone
number of your facilitator will be given to you.

The duties of your facilitator is to monitor your progress and provide
any necessary assistance you need.

Do not delay to contact your facilitator by telephone or e-mail for
necessary assistance if

. You do not understand any part of the study in the course
material.

. You have difficulty with the self-assessment activities.

. You have a problem or question with an assignment or with the

grading of the assignment.

It is important and necessary you attend the tutorial classes because this
is the only chance to have face to face contact with your facilitator and
to ask questions which will be answered instantly. It is also a period
where you can point out any problem encountered in the course of your
study.
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MODULE 1

Unit 1 Cell and its Discovery

Unit 2 Structure and Function of Plant Cells: |
Unit 3 Structure and Function of Plant Cells: 11
Unit 4 Structure and Function of Membranes: |
Unit5 Functions of the Cell Membranes

UNIT 1 CELL AND ITS DISCOVERY
Unit Structure

1.1  Introduction

1.2  Intended Learning Outcomes (ILOs)

1.3 Main Content

1.3.1 Thecell

1.3.2 Discovery of cell

1.3.3 Cell theory

1.4 Summary

1.5 References and further Readings/Web Sources
1.6  Possible answers to SAEs

1.1 Introduction:

Cell is the basic unit of life. All livings are made up of cell(s) and are
either prokaryotic or eukaryotic. Its discovery took many years of efforts
by diligent scientist using crude tools available at that time.

1.2 Intended Learning Outcomes (ILOs)
At the end of this unit, students should be able to

) define cell
i) describe its discovery
i) explain cell theory

1.3 Main Contents
1.3.1 The Cell

The cell is the fundamental morphological and physiological unit of
living organisms. The cell contains all the structures and molecular
constituents needed for life. All living organisms in the kingdoms of life
are composed of and depend on cells to function normally. Not all cells,
however, are alike. There are two primary types of cells: eukaryotic and

1


https://www.thoughtco.com/six-kingdoms-of-life-373414
https://www.thoughtco.com/types-of-cells-in-the-body-373388
https://www.thoughtco.com/what-are-cells-373361
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prokaryotic cells. Examples of eukaryotic cells include animal
cells, plant cells, and fungal cells. Prokaryotic cells include bacteria and
Achaeans.

Cells contain organelles, or tiny cellular structures, that carry out
specific functions necessary for normal cellular operation. Cells also
contain DNA (deoxyribonucleic acid) and RNA (ribonucleic acid), the
genetic information necessary for directing cellular activities.

Eukaryotic cells grow and reproduce through a complex sequence of
events called the cell cycle. At the end of the cycle, cells will divide
either through the processes of mitosis or meiosis. Somatic cells
replicate through mitosis and sex cells reproduce via meiosis.
Prokaryotic cells reproduce commonly through a type of asexual
reproduction called binary fission. Higher organisms are also capable of
asexual reproduction. Plants, algae, and fungi reproduce through the
formation of reproductive cells called spores. Animal organisms can
reproduce asexually through processes such as budding, fragmentation,
regeneration, and parthenogenesis.

Cell can also be defined as an organized uninucleate mass of protoplasm
bounded by a cell wall existing singly or in groups and containing
structures of various sorts. The study of cell and its structural
components is known as CYTOLOGY.

Recently, emphasis is on the functional aspects of the cellular structures,
thus, the term CELL BIOLOGY was coined to include both the
structural and functional details of the cell and its components. Cell
biology derives inputs from various branches of sciences e.g biophysics,
biochemistry, genetics, physiology, molecular biology, e.t.c.

Define a cell.

1.3.2 Discovery Of Cell

Cell was discovered about 1665 when Robert Hooke examined slices of
cork under a crude microscope. He found the slices to be made up of
small chambers and called them cells. Robert brown in 1831 observed a
dense spherical body in the cell which was later termed as nucleus.

M.J Schleiden and Theodor Schwann (1839) proposed the well-known
CELL THEORY “’the cell is the structural and basic unit of all the
plants and animals’’.

Roberts Remark (1841) and Rudolf Virchow (1858) said ‘’the new cell
arise from the division of the pre-existing cells.”’


https://www.thoughtco.com/what-are-cells-373361
https://www.thoughtco.com/all-about-animal-cells-373379
https://www.thoughtco.com/all-about-animal-cells-373379
https://www.thoughtco.com/what-is-a-plant-cell-373384
https://www.thoughtco.com/interesting-facts-about-fungi-373407
https://www.thoughtco.com/prokaryotes-meaning-373369
https://www.thoughtco.com/bacterial-reproduction-373273
https://www.thoughtco.com/archaea-373417
https://www.thoughtco.com/organelles-meaning-373368
https://www.thoughtco.com/dna-373454
https://www.thoughtco.com/rna-373565
https://www.thoughtco.com/understanding-the-cell-cycle-373391
https://www.thoughtco.com/stages-of-mitosis-373534
https://www.thoughtco.com/stages-of-meiosis-373512
https://www.thoughtco.com/sex-cells-meaning-373386
https://www.thoughtco.com/prokaryotes-meaning-373369
https://www.thoughtco.com/asexual-reproduction-373441
https://www.thoughtco.com/major-types-of-algae-373409
https://www.thoughtco.com/interesting-facts-about-fungi-373407
https://www.thoughtco.com/spores-reproductive-cells-3859771
https://www.thoughtco.com/parthenogenesis-373474
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Albrecht Kolliker (1846) found a jelly like substance in the cell as
CYTOPLASM while Hugo Von Mohl (1846) suggested that the
cytoplasm and nucleus together should be called protoplasm.

Invention of electron microscope in 1931 by E. Ruska and the use of
ultracentrifugation and x-ray crystallography brought better
understanding of the detailed structure of the cell. New structures like
Endoplasmic reticulum, cell organelles, structures of nucleus, etc.,
which were previously unknown were discovered and studied in great
details. List any three prominent names in the history of cell

Self- Assessment Exercise 1

) What is cytology?
i) Cell Biology is composed of what other fields?

1.3.3 Cell Theory

Scientists once thought that life spontaneously arose from nonliving
things. Thanks to experimentation and the invention of the microscope,
it is now known that life comes from preexisting life and that cells come
from preexisting cells.

In 1665, Robert Hooke published Micrographia, a book filled with
drawings and descriptions of the organisms he viewed under the recently
invented microscope. The invention of the microscope led to the
discovery of the cell by Hooke. While looking at cork, Hooke observed
box-shaped structures, which he called “cells” as they reminded him of
the cells, or rooms, in monasteries. This discovery led to the
development of the classical cell theory.

The classical cell theory was proposed by Theodor Schwann in 1839.
There are three parts to this theory.

a) The first part states that all organisms are made of cells.

b) The second part states that cells are the basic units of life. These
parts were based on a conclusion made by Schwann and Matthias
Schleiden in 1838, after comparing their observations of plant
and animal cells.

C) The third part, which asserts that cells come from preexisting
cells that have multiplied, was described by Rudolf Virchow in
1858, when he stated omnis cellula e cellula (all cells come from
cells)

Since the formation of classical cell theory, technology has
improved, allowing for more detailed observations that have led
to new discoveries about cells. These findings led to the

3
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formation of the modern cell theory, which has three main
additions:

a) First, that DNA is passed between cells during cell
division;

b) Second, that the cells of all organisms within a similar
species are mostly the same, both structurally and
chemically; and

C) Finally, that energy flow occurs within cells.

Modern Cell theory states that cells are the basic structural, functional,
and organizational units of both single-celled and multicellular
organisms; cells divide and pass on hereditary information; and energy
flows within cells. What did you understand by modern cell theory?

Self-Assessment Exercise 2

1) What role did microscope invention played in cell biology

4.0  Self-Assessment Questions and Class Activity
4.1  Self-Assessment Questions

a) What is a cell?

Answer

The cell is the fundamental morphological and physiological unit of
living organisms

b) What are three parts of cell theory?
Answer
The three parts are:

a) The first part states that all organisms are made of cells.

b) The second part states that cells are the basic units of life. These
parts were based on a conclusion made by Schwann and Matthias
Schleiden in 1838, after comparing their observations of plant and
animal cells.

c) The third part, which asserts that cells come from preexisting cells
that have multiplied, was described by Rudolf Virchow in 1858, when he
stated omnis cellula e cellula (all cells come from cells)
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1.4 Summary

Cell is the basic and fundamental unit of all living organisms. Modern
technology has made it possible for scientists to look deeper into the cell
for more detailed information resulting in cell theory.

1.5 References/Further Readings/Web Sources

Hopkins,W.G. (1995). Introduction to Plant Physiology.John Wiley and
Sons INC, New York ppl-5

Reid, R.A; Leech, R.M. (2013). Biochemistry and structure of cell
Organelles. Blackie and Sons LTD, Glaskow. 172 pp

Verma ,V. (2009) Text of Plant Physiology.Ane BooksPvt.Ltd. New
Delhi pp2-5

https://nios.ac.in » media » documents » Lesson-04

http://www.sc.chula.ac.th » courseware » VIII-Cell

https://ncert.nic.in » textbook » pdf

https://www.houstonisd.org » Centricity

https://www.khanacademy.org/science/biology/structure-of-a-
cell/introduction-to-cells/v/cell-theory
https://www.youtube.com/watch?v=zk3vlhz1bh6k

1.6  Possible Answers to SAES
Answers to SAE 1

) The study of cell and its structural components is known as
CYTOLOGY.

i) Cell biology derives inputs from various branches of sciences e.g
biophysics, biochemistry, genetics, physiology, molecular
biology, e.t.c.

Answers to SAE 2
Thanks to experimentation and the invention of the microscope, it is

now known that life comes from preexisting life and that cells come
from preexisting cells.


http://www.sc.chula.ac.th/courseware/2303101j/VIII-Cell.pdf
http://www.sc.chula.ac.th/courseware/2303101j/VIII-Cell.pdf
https://ncert.nic.in/textbook/pdf/hesc108.pdf
https://ncert.nic.in/textbook/pdf/hesc108.pdf
https://www.houstonisd.org/cms/lib2/TX01001591/Centricity/Domain/5364/NOTES%20Cell%20Structure%20and%20Function.pdf
https://www.houstonisd.org/cms/lib2/TX01001591/Centricity/Domain/5364/NOTES%20Cell%20Structure%20and%20Function.pdf
https://www.khanacademy.org/science/biology/structure-of-a-cell/introduction-to-cells/v/cell-theory
https://www.khanacademy.org/science/biology/structure-of-a-cell/introduction-to-cells/v/cell-theory
https://www.youtube.com/watch?v=zk3vlhz1b6k
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UNIT 2 STRUCTURE AND FUNCTION OF PLANT
CELLS: 1

Unit Structure

2.1  Introduction
2.2  Intended learning outcomes
2.3 Main Contents
2.3.1 Components of plant cell

2.3.1.1 Why are Cell so Small

2.3.1.2 Membranes and Cell Compartment

2.3.1.3 The plant cytoskeleton consists of
microtubules and microfilaments

2.3.1.4 Microtubules and Microfilaments Can
Assemble and Disassemble

2.3.1.5 Microtubules Function in Mitosis and
Cytokinesis

2.3.1.6 Microfilaments Are Involved in Cytoplasmic

Streaming and in Tip Growth
2.3.2 The cell wall
2.3.2.1 How Cell Walls Growth
2.3.2.2 Connection between Cells
2.3.3 The Nucleus
2.3.4 The Ribosomes
24  Summary
2.5  References/ Further Readings/Web Sources
2.6 Possible answers to SAEs

2.1 INTRODUCTION

All plants consist of cells, which are the simplest units of plant that can
live independently. The smallest organisms are single cells, but plants
are made of billions of cells. Plants cells have many shapes and sizes.
The smallest of which are the dividing cells at the tips of roots and
stems. Each cell in a plant consists of a cell thatis surrounded by
a plasma membrane, which encloses many smaller parts called
organelles. Because each organelle has its own sets of functions, the
job of each cell in a plant is determined by how many and which
organelles it consists, and what the organelles do.

In this unit, we shall be looking at why cells are so small, the
Membranes at cell compartments and the cytoskeleton and how it works.
We will then study the wall, the Nucleus and the Ribosomes.
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2.2 Intended Learning Outcomes (ILOs)
At the end of this unit, you should be able to:

mention the different components of the plant cell

explain why cells are so small

mention the three kinds of filament found in the Cytoskeleton.
distinguish between the two types of cell wall

identity the area of connection between cells

describe the structure of the nucleus

2.3 Main Contents
2.3.1 Components of the Plant Cell

The plant cell is composed of two basic parts: The cell wall and the
protoplast. The cell wall has the following parts.

Middle lamella Primary cell wall Secondary cell wall Plasmodesmata
The Protoplast has two main divisions:

The protoplasm and the Ergastic substances

The Ergastic substances include: Starch grains
Vacuole sap with waste substances such as tannins,
Crystals etc.

The protoplasm has two main divisions Nucleus made up of:
Nucleomembrane

Nucleoplasm

Chromalin

Nucleolus.

Cytoplasm made upof:

Plasmalemma Hyaloplasm Tonoplasm Microbodies
Endoplasmic Reticulum (Er) Dictyosomes
Spherosomes

Mitochondria

Plastids.
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Some of the components of the cytoplasm have other
smaller components. These are:

Hyaloplasm

Ribosomes ;

Oil droplets Cytpskeleton Microtubules Peroxysomes Lysosomes
Glyoxysomes

ground plasma

Microbodies Peroxysomes

Lysosomes

Glyoxysomes

Spherosome Lipid bodies Wax bodies Fatty bodies

Plastids — Proplastids Leukoplast Amyloplasts Chloroplasts
Chromosplasts [

N

N

Some of these components of the cell that have functional significance
will be treated in this unit and the next (that is, in Units 2 and 3)

2.3.1.1 Why are Cell so Small

For convince, most of the contents of a cell are referred to as its
cytoplasm. The only component of the cell that is not part of the
cytoplasm is the nucleus. The plasma membrane which surrounds the
cytoplasm, is a barrier that protects the cell from harmful substances. It
has the consistency of salad oil and must allow the passage of gases and
nutrients into and out of the cell. However, the surface area of the
membrane can service only so much cellular volume that is the surface-
to-volume ratio must have a lower limit. Multicellular organisms avoid
this limit by making more but smaller cells for a given volume. Cells are
therefore small so as to make room for more plasma membranes.

The need for sufficient amount of plasma membrane for the volume of
the cell only partially explains why most cells are so small. Other
important factor include the limits on rate of synthesis and transport of
molecules within the cell and the requirement that a single nucleus
manage the metabolism of the entire cell.
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2.3.1.2 Membranes and Cell Compartment

Many metabolic functions in a cell occur in or on membranes. The
Plasma membrane alone is inadequate for all of these processes
regardless of the cell size. Additional internal membranes attached to the
plasma membrane or included in organelles compensate for the
insufficiency of the plasma membrane. The other membranes also form
compartment that maintain different environments within the cell. For
example, incompatible reactions, such as the hydrolysis and dehydration
of carbohydrates are isolated from each other in different compartments.
These compartments allow many different kinds of reactions to occur in
the cell simultaneously.

Biological membranes are usually very small and consist of mostly
phospholipids and proteins. In addition to the plasma membrane, there
are membranes that surround nuclei, mitochondria, chloroplasts,
vacuoles and microbodies. Membranes also pervade the cell between
organelle in a complex system that complements the functions of the
organellar membranes. You will learn more about the characteristics of
organelles and the internal membrane system of cells later.

2.3.1.3 The plant cytoskeleton consists of microtubules and
microfilaments

Three major types of cytoskeletal elements have been demonstrated in
plant cells: microtubules, microfilaments and intermediate filaments.
Each type is filamentous, having a fixed diameter and a variable length,
up to many micrometers. These components of cytoskeleton are not
static but constantly dissemble into their monomeric subunits and
reassemble into protein filaments. Similarly, the location of these
components is not fixed in the cell but may change according to the
cell’s requirement. Cytoskeletal components are modulated by Ca®" and
variety of proteins.

a) Microtubules: are hollow cylinders with an outer diameter of 25
nm; they are composed of polymers of the protein tubulin. The tubulin
monomer of microtubules is a heterodimer composed of two similar
polypeptide chains (a- and p-tubulin), each having an apparent
molecular mass of 55,000 daltons . A single microtubule consists of
hundreds of thousands of tubulin monomers arranged in 13 columns
called protofilaments.

b) Microfilaments are solid, with a diameter of 7 nm. They are
composed of the monomeric form of the protein actin, called globular
actin, or G-actin. Monomers of G-actin polymerize to form a single
chain of actin subunits, also called a protofilament. The actin in the

9
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polymerized protofilament is referred to as filamentous actin, or F-actin.
A microfilament is helical, a shape resulting from the polarity of
association of the G-actin monomers.

C) Intermediate filaments are a diverse group of helically wound
fibrous elements, 10 nm in diameter. Intermediate filaments are
composed of linear polypeptide monomers of various types. In animal
cells, for example, the nuclear lamins are composed of a specific
polypeptide monomer, while the keratins, a type of intermediate
filament found in the cytoplasm, are composed of a different
polypeptide monomer. List the three major types of cytoskeletal
elements in plant cell?

Self-Assessment Exercise 1

) Ergastic substances include what?

2.3.1.4 Microtubules and Miicrofilaments Can Assemble and
Disassemble

In the cell, actin and tubulin monomers exist as pools of free proteins
that are in dynamic equilibrium with the polymerized forms.
Polymerization requires energy: ATP is required for microfilament
polymerization, GTP (guanosine triphosphate) for microtubule
polymerization. The attachments between subunits in the polymer are
noncovalent, but they are strong enough to render the structure stable
under cellular conditions. Both microtubules and microfilaments are
polarized; that is, the two ends are different. In microtubules, the
polarity arises from the polarity of the a- and B-tubulin heterodimer; in
microfilaments, the polarity arises from the polarity of the actin
monomer itself. The opposite ends of microtubules and microfilaments
are termed plus and minus, and polymerization is more rapid at the
positive end. Is required for microfilament polymerization.

2.3.1.5 Microtubules Function in Mitosis and Cytokinesis

Mitosis is the process by which previously replicated chromosomes are
aligned, separated, and distributed in an orderly fashion to daughter cells
Microtubules are an integral part of mitosis. Before mitosis begins,
microtubules in the cortical (outer) cytoplasm depolymerize, breaking
down into their constituent subunits. The subunits then repolymerize
before the start of prophase to form the preprophase band (PPB), a
ring of microtubules encircling the nucleus.

The PPB appears in the region where the future cell wall will form after
the completion of mitosis, and it is thought to be involved in regulating
the plane of cell division. During prophase, microtubules begin to
10
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assemble at two foci on opposite sides of the nucleus, forming the
prophase spindle. Although not associated with any specific structure,
these foci serve the same function as animal cell centrosomes in
organizing and assembling microtubules.

In early metaphase the nuclear envelope breaks down, the PPB
disassembles, and new microtubules polymerize to form the mitotic
spindle. In animal cells the spindle microtubules radiate toward each
other from two discrete foci at the poles (the centrosomes), resulting in
an ellipsoidal or football-shaped, and array of microtubules. The mitotic
spindle of plant cells, which lack centrosomes, is more boxlike in shape
because the spindle microtubules arise from a diffuse zone consisting of
multiple foci at opposite ends of the cell and extend toward the middle
in nearly parallel arrays .Some of the microtubules of the spindle
apparatus become attached to the chromosomes at their kinetochores,
while others remain unattached. The kinetochores are located in the
centromeric regions of the chromosomes. Some of the unattached
microtubules overlap with microtubules from the opposite polar region
in the spindle midzone.

Cytokinesis is the process whereby a cell is partitioned into two
progeny cells. Cytokinesis usually begins late in mitosis. The precursor
of the new wall, the cell plate that forms between incipient daughter
cells, is rich in pectins . Cell plate formation in higher plants is a
multistep process . Vesicle aggregation in the spindle midzone is
organized by the phragmoplast, a complex of microtubules and ER that
forms during late anaphase or early telophase from dissociated spindle
subunits. Define cytokinesis.

2.3.1.6 Microfilaments Are Involved in Cytoplasmic Streaming and
in Tip Growth

Cytoplasmic streaming is the coordinated movement of particles and
organelles through the cytosol in a helical path down one side of a cell
and up the other side. Cytoplasmic streaming occurs in most plant cells
and has been studied extensively in the giant cells of the green algae
Chara and Nitella, in which speeds up to 75 pum s—1 have been
measured.

The mechanism of cytoplasmic streaming involves bundles of
microfilaments that are arranged parallel to the longitudinal direction of
particle movement. The forces necessary for movement may be
generated by an interaction of the microfilament protein actin with the
protein myosin in a fashion comparable to that of the protein interaction
that occurs during muscle contraction in animals.

11
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Myosins are proteins that have the ability to hydrolyze ATP to ADP
and Pi when activated by binding to an actin microfilament. The energy
released by ATP hydrolysis propels myosin molecules along the actin
microfilament from the minus end to the plus end. Thus, myosins belong
to the general class of motor proteins that drive cytoplasmic streaming
and the movements of organelles within the cell. Examples of other
motor proteins include the Kinesins and dyneins, which drive
movements of organelles and other cytoskeletal components along the
surfaces of microtubules.

Actin microfilaments also participate in the growth of the pollen tube.
Upon germination, a pollen grain forms a tubular extension that grows
down the style toward the embryo sac. As the tip of the pollen tube
extends, new cell wall material is continually deposited to maintain the
integrity of the wall. A network of microfilaments appears to guide
vesicles containing wall precursors from their site of formation in the
Golgi through the cytosol to the site of new wall formation at the tip.
Fusion of these vesicles with the plasma membrane deposits wall
precursors outside the cell, where they are assembled into wall material.
How is cytoplasmic streaming achieved?

- Actin filament

S

Fig. 2.1
Structural model of the three different kinds of cytoskeletal filaments.
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How the cytoskeleton work

When you hear the word cytoskeleton, what image comes to your mind?
If you reason like me, you will immediately think of a stationary lattice
of filaments that holds the cells in specific shapes and keeps cell
components in specific places. This means that the cytoskeleton cannot
be a rigid structure. This assertion is confirmed by observations that
expansion of and internal movements in cells occur in conjunction
with the growth and breakdown of microtubules and actin filaments.
Such observations are indirect evidence that the cytoskeleton has many
dynamic functions in the cell.

The least understood parts of the cytoskeleton are the intermediate
filaments. Because their proteins are fibrous, intermediate filaments do
not have globular subunits that are easily assembled and disassembled
like those of microtubules and action filaments. Thus, intermediate
filaments may be relatively static, tension bearing structures that are not
as dynamic as their larger and smaller counterparts in the cytoskeleton.

The way the various filaments of the cytoskeleton cooperate to control
the verall organisation of the cell is still unknown.

2.3.2 The Cell Wall

The cell wall gives a definite shape and provides protection to the
protoplasm. It is non-living in nature and is permeable. The cell wall
consists of the three parts.

1. Middle-lamella: this consists of PECTIC ACID in the form of
Calcium and Magnesium salts. Pectic acid is long chain
polygalacturonic acid compound in which a-D galacturonic acid
unit are joined together by 1:4 glycosidic linkages. It is
hydrophilic in nature.

2. Primary wall (1-3 um thick and elastic): it mainly made up of
cellulose, a long straight chain polysaccharide in which B-D
glucose units are joined together by 1:4 glycosidic linkages. The
cellulose chains which form the crystalline region of the cell wall
are associated together forming a network of cellulose strands in
the cell wall.. cellulose is hydrophilic in nature. Besides
cellulose, primary wall also contains lignin, hemicellulose, some
pectic substances and proteins which forms the Amorphous
matrix. Some inorganic salts like silica and calcium are also
present in primary wall.

3. Secondary wall ((5-10 um thick and rigid): secondary walls are
more pronounced in dead cells such as tracheids and

13
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sclerenchyma. They consist mainly of lignin and cellulose. Three
distinct layers (innermost layer, middle layer and outermost
layer) have been identified in secondary wall with different but
definite orientation of cellulose strands.

Functions of cell wall

1. It protects the inner contents of the cell.

2. It gives definite shape to the cell.

3. It provides mechanical support to the tissues and act as a skeletal
framework of plants.

4. It helps in transport of substances between two cells.

5. The cell wall is hydrophilic in nature and it imbibes water and

helps in the movement of water and solutes towards protoplasm.
It also acts as a permeable structure during absorption of minerals
and solutes.

Their composition varies in different cell types and from one species to
another. Up 60% of a cell wall may be cellulose, other components
include hemicelluloses, pectins, Lignins and proteins. Almost all plant
cells have cellulose — containing cell walls.

Young cells and cells in actively growing areas have primary cell walls
that are relatively thin and flexible. Examples of such cells include the
dividing cells at tips of roots and shoots. The primary wall is usually less
than 25% cellulose, the remainder being hemicelluloses, pectins and
glycoproteins. Some primary cell. Cells can change shape, divide or
differentiate into other kinds of cells.

Certain kinds of cells stop growing when they reach maturity. When
this occurs, these cells form a secondary cell wall inside the primary cell
wall (fig. 2.2)

(Fig. 2.2)
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(Fig 2.2) Transmission electron micrograph of cell walls. The Primary
wall is constructed when the cell is young. Thicker secondary walls
are added later when the cell stop drawing, x 3,000

The secondary cell wall is more rigid than the primary cell wall and
therefore functions as a strong support structure. Although cellulose is
one of their main components, the secondary walls of cell in wood are
up to 25% lignin, which adds hardness and resist decay, because of its
lignin content, wood is one of the strongest materials known.

Some cell walls, such as those of cork cells also contain suberin.
Suberized tissues inhibit water loss through bark, which is why cork
form the cork oak (Quercus suber) is useful in making stoppers for wine
bottle Secondary cell walls are rigid and lack glycoproteins, which
occurs in primary cell walls. Most types of cells that have secondary
cell walls die when they reach maturity.

Cells that adjoin one another are probably held together by pectins. The
pectin layer between cells is called the middle lamella. (see fig 2.2).
Some tissues such as the flesh of apples, are so rich in pectins that these
polysaccharides are extracted for use as thickening agents in making
jams and jellies.

2.3.2.1 How Cell Walls Grow

All materials necessary for making cell wall come from inside the cell.
Dictyosomes play a role in this process by transporting pectins,
hemicelluloses, and glycoproteins to the plasma membrane. These
substance pass through the membrane in the region of cell-wall
synthesis, where they are assembled inside the existing wall. This is how
cell walls thicken.

Cellular expansion requires the cell wall to stretch or deform as the cell
absorbs more water. As the wall enlarges, the existing cellulose micro
fibrils must separate because they cannot stretch. During expansion, new
cellulose micro fibrils are deposited inside the loosened cell wall in
different patterns, depending on the cell type. In stem cells micro fibrils
are oriented mostly perpendicular to the direction of cell expansion
comparison, micro fibrils are deposited, in random arrays in cells of
storage tissues and tissues and tissue cultures. This pattern enables
growth in such cells to be more or less uniform in all directions.

15



BIO 203 GENERAL PHYSIOLOGY I

2.3.2.2 Connection between Cells

Primary cell walls have thin areas where many tiny connections, called
plasmodesmata (singular plasmodesma), occur between adjacent cells.
Plasmodesmata are lined by the plasma membrane, thereby forming an
uninterrupted channel for the movement of materials, from one cell to
another. This means that all cells in a plant are interconnected and
have the potential to exchange substances through the plasmodesmata.

Plasmodesmata often occur in clusters where primary cell walls are
particularly thin. These regions are called primary pit-fields (fig 2.3)

(Fig. 2.3)

'L Call i«a!l Coil2 |

Plasma Cull wall
membrang

Tubule  Endoplastiic
reticulum

Plasmodesma

(fig 2.3) Transmission electron micrograph, x 17,000, and
accompanying drawing of primary cell wall show the plasmodesma
(which a plasma membrane), and a tubule that connects the
endoplasmic reticulum between adjacent cells.

Primary pit-fields and plasmodesmata are abundant in conducting cells
and secretory cells, such as those in nectar glands or oil glands.

The structure of plasmodesmata and the frequency of this occurrence
in conducting and glandular cells suggest that these connections function
in transport between cells. Direct evidence for this function comes from
experiments with dyes and electric currents. When a dye that does not
easily cross the plasma membrane is injected into one cell, it quickly
passes into neighboring cells. Despite such evidence, cells probably do
not exchange all materials freely; neighboring cells can differentiate
into different cell types and maintain different internal concentrations of
various chemicals.
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Water-conducting tissue is an important exception to the general
Occurrence of plasmodesmata. Cells of this tissue die as they mature, so
they have no living material to share between them. Instead, they
function as in animals "straws" formed by many cells. In flowering
plants, water moves through perforations in the primary cell wall (fig
2.4)

(Fig. 2.4)

(fig.4) Electron micrograph of a water conducting vessel element,
running and printing, x 325

State three functions of cell wall.
2.3.3  The Nucleus
The nucleus is usually a spherical structure consisting of a double

layered membrane made up of phospholipids and proteins. This is called
a NUCLEAR MEMBRANE. The nuclear membrane is at some places
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continuous with the endoplasmic reticulum. It is interrupted at some
places by NUCLEAR PORES.The nucleus is the most important
structure within a cell because here-in resides the whole apparatus of
heredity. The nuclei are usually 5-7um in size.The nucleus contains one
or more dense spherical bodies called as NUCLEOLI which are very
rich in RNA and proteins. The nucleus controls almost all physiological
activities in the cell through the formation of specific enzymatic
proteins. Besides being involved in reproduction directly, the nucleus
encodes all the genetic information which produces heredity characters
in living organisms.

Functions of cell nucleus:

1. It regulates growth and reproduction of cells.

2. The nuclear envelope allows the nucleus to control its contents,
and separate them from the rest of the cytoplasm where
necessary.

3. The DNA replication, transcription and post transcriptional

modification occur in the nucleus.

(Fig. 2.5)

(fig 2.5) Right micrograph of leaf cells. Nuclear (dark red) were
stained by acto

The nucleus contains most of the cells DNA, which occurs with proteins
in threadlike chromosomes. (The nucleus is surrounded by two
membranes

(Fig. 2.6)
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(fig. 2.6) The nuclear envelope has pores that link the cytoplasm with
the inside of the nucleus. The outer nuclear membrane is continuous
with the endoplasmic reticulu

The outer membrane is continuous with the membrane of the
endoplasmic reticulum. The inner and outer nuclear membranes are
separated by a very small space, but in some cases they fuse to form
pores in the envelope. These nuclear pores are small circular openings
bordered by proteins that probably influence the passage of molecules
between the nucleus and the rest of the cell. For example, certain-
proteins move into the nucleus, where they join with ribosomal to make
the subunits of ribosomal. In turn, ribosomal subunits and other RNA
containing molecules that are made in the nucleus move out into the
cytosol through the nuclear pores. The cytosoal is the semi fluid matrix
between organelles.

What is the main function of the nucleus?

2.3.4 Ribosomes

Ribosomes are small spherical membrane less organelles. They are the
sites of protein synthesis. They are associated with endoplasmic
reticulum and also found free floating in the cytoplasm.

They occur in group of two, three, four or five and are called
polyribosomes, polysomes, ergosomes, ribosomonal clusters. During
protein synthesis, a cluster or a group of ribosomes is often attached to a
single M-RNA molecule, each ribosome of the cluster being engaged in
the format of separate polypiphyte claim. Such a group or cluster of
ribosome is called POLYRIBOSOMES or POLYSOME.
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The free and attached type of ribosomes performs different functions.
The free ribosome plays dominant role in a cell when protein synthesis
is required in the cell ( e.g haemoglobin, enzymes) which attaches
ribosomes on the endoplasmic reticulum are needed when proteins are
meant for export (e.g antibodies, digestive enzymes).

Functions of Ribosomes:
1. They provide the platform for protein synthesis
2. They have the machinery for protein synthesis

Define ribosome.

Self-Assessment Exercise 3

Where ribosomes are predominantly found?

SELF ASSESSMENT QUESTIONS

a) What are intermediate filaments?
b) What are the roles of microtubules in mitosis?

24  Summary

Plant cell structure includes the cell wall, cytoplasm and the nucleus.
Each part works for the success of the cell.
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2.6 Possible Answers to SAEs

Answer to SAE 1

Starch grains,Vacuole sap with waste substances such as tannins,
crystals

Answers to SAE 2

All cells in a plant are interconnected and have the potential to
exchange substances through the plasmodesmata.

Answer to SAE 3
Ribosomes are found in haemoglobin, enzymes and antibodies

21


http://kea.kar.nic.in/vikasana/bridge/biology/chap_08_ppt.pdf
http://kea.kar.nic.in/vikasana/bridge/biology/chap_08_ppt.pdf
https://byjus.com/biology/the-nucleus/
https://byjus.com/biology/the-nucleus/
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwiY_O27x9r4AhUExIUKHea2AhkQFnoECCsQAQ&url=https%3A%2F%2Fwww.kenhub.com%2Fen%2Flibrary%2Fanatomy%2Fcell-nucleus&usg=AOvVaw2RC1Cn0ZyhMfF-aolJOP86
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwiY_O27x9r4AhUExIUKHea2AhkQFnoECCsQAQ&url=https%3A%2F%2Fwww.kenhub.com%2Fen%2Flibrary%2Fanatomy%2Fcell-nucleus&usg=AOvVaw2RC1Cn0ZyhMfF-aolJOP86
https://www.biologyonline.com/dictionary/cytoplasm
https://www.biologyonline.com/dictionary/cytoplasm
https://www.youtube.com/watch?v=fYVwwCE_t6w
https://www.youtube.com/watch?v=PvZ3cjY52O0

BIO 203 GENERAL PHYSIOLOGY I

UNIT 3 STRUCTURE AND FUNCTION OF PLANT
CELL: 11
Unit Structure

3.1 Introduction
3.2 Intended Learning Outcomes
3.3  Main Contents
3.3.1 The membrane system
3.3.1.1 The Plasma Membrane
3.3.1.2 Dictyosomes
3.3.1.3 Vacuoles
3.3.1.4 Micro bobies
3.3.2 Organelles for energy conversion
3.3.2.1 Chloroplasts
3.3.2.1 Mitochondria
3.3.3 Cell Movement
3.3.3.1 Internal Movement
3.4  Summary
3.5  References/Further Readings/\Web Sources
3.6 Possible Answers to SAES

3.1 Introduction

In unit 2, we started the discussion on the structure and function of the
plant cell we have identified that each cell of a plant consists of a cell
wall that surrounds a plasma membrane, which encloses many smaller
parts called organelles. Because each organelle has its own set of
functions, the job of each cell in a plant is determined by how many and
which organelles it contains, and what the organelles do. For example,
leaf cells contain chloroplasts, nectar-secreting cells contain many
dictysomes and the storage cells of oil-containing seeds have
dglyoxysomes. These organelles have roles in photosynthesis, and oil
metabolism, respectively.

Plant cell biology can be reduced to the study of the structure and
function of smaller components. By analyzing the anatomy of a cell, we
can find clues to how the cell works. In this unit, we conclude our study
of the plant cell structure and how it controls cellular processes.

3.2 Intended Learning Outcome (ILOs)

At the end of this unit, you should be able to:

. describe the membrane system in a plant cell
o describe the endoplasmic reticulum
. describe the structure of the dictyosomes
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o list the major contents of vacuoles
) identify the two most important microbodies
) name the two major organelles for energy conversion

3.3 Main Contents
3.3.1 The Membrane System

All the membranes in all cells are connected either by direct contract
with each other or by the exchange of membrane segment. These
inter- connected membranes function together as a membrane
system that includes the plasma membrane and the various organellar
membranes.

Many biochemical processes occur in or on membranes. For example,
the enzymes involved in photosynthesis and in ATP synthesis are
embedded in membranes. Membranes also provide a framework for
making more membranes.

All membranes have a similar structure, which consists of a double
payer of phospholipids that is impregnated with protein. However, not
all membranes have exactly the same structure and function; for
example, the permeability of the plasmas membrane differs from that of
the nuclear envelope. Each membrane controls how much and what kind
of material pass through it; that is each membrane has a different
membrane selectivity, which depends on its composition. Moreover, the
composition and physical properties of a membrane can change during
cell development.

In principle, internal membranes increase the ratio of membrane surface
cell volume. However, internal membranes do more than this. They are
physically and chemically distinct from the plasma membrane and from
each other. Furthermore, they divide the cell into functionally distinct
compartments (i.e. organelles) that are bounded by their own
differentially permeable membranes. Thus, the cell is separated into a
set of individual reaction vessels. Each reaction vessel has its own
specialized functions, which are performed by a unique set of enzymes
bound to or held within the membrane.

3.3.1.1 The Plasma Membrane
All cells are enclosed by a thin, membrane called plasma membrane or
plasmalemma (ectoplast). The plasma membrane and sub cellular

membrane are collectively called biological membrane. Cell membrane
consists of proteins, lipids and other substances.
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1. Proteins: The proteins present in the membranes can be
categorized into two types

a. Intrinsic proteins or integral proteins: - Which are embedded or
buried in the lipid layer. These proteins associate with
hydrophobic interactions to the tails or fatty acid chains of the
lipid layer. In addition to the hydrophobic associations, integral
proteins also possess hydrophilic amino acid residues which are
exposed at the surface of the membrane. These proteins cannot be
removed easily.

b. Extrinsic proteins or peripheral proteins: - They are attached to
the membrane surface by weak ionic interactions. These proteins
are not much involved in the architecture of membrane.
Peripheral proteins are bound to hydrophilic proteins of the
integral proteins protruding from the lipid layer.

2. Lipids: - The cell membrane consists of phospholipids and
glycolipids. The fatty acid chains in phospholipids and
glycolipids usually contain 16-20 even numbered carbon atoms.
Fatty acids may be saturated or unsaturated.

3. Other substances like polysaccharide, salicylic acid etc. are found
attached to the proteins or lipids on the membrane.

Functions of Plasma membrane:
1. The cell membrane surrounds the protoplasm of the cell, thus

separating the intracellular components from the extracellular
environment.

2. It anchors the cytoskeleton to provide shape to the cell, and in
attachment to the extracellular matrix.

3. The plasma membrane is differentially permeable and able to
regulate the transport across the membrane.

4. The cell membranes maintain the cell potential.

3.1.2 Tonoplast

It forms the innermost boundary of the cytoplasm and surrounds the
vacuole, hence, it is also known as vacuolar membrane. It is also
selectively permeable and lipo-protein in nature. It acts as a barrier
between the cytoplasm and the vacuole.
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3.1.3 Endoplasmic Reticulum:

This is a network of paired membranes folded in different ways and
enclosing spaces called cisternae. These membranes are lipo-protein in
nature and the whole membranous system is called Endoplasmic
Reticulum (ER) or Ergastoplasm. When the ER is associated with the
ribosomes, it is called Rough Endoplasmic Reticulum and when its
without ribosome it is called Smooth Endoplasmic Reticulum

Functions of Endoplasmic Reticulum:

1) It plays significant role in protein synthesis as its associated with
ribosomes

2) It helps with the storage, segregation and export of proteins
synthesize in the cell to the exterior for extracellular use.

3) It is involved in the synthesis and storage of glycogen

4) It is associated with the synthesis and storage of triglycerides

5) ER is involved in the production and storage of cholesterol and
steroids hormones

6) ER is involved in detoxification and elimination of a number of
harmful materials like drugs, pollutants and bile salts.

smooth endoplasmic
reticulum (SER)

rough endoplasmic
reticulum (RER)

vesicle

Golgi

apparatus

lysosome

Jack Westin
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The ground phase of the cytoplasm is known as cytosol. The cytosol
contains living and non-living substances. The living substances that are
membrane bound are called cell-organelles while the non-living
substances are called Ergastic substances or cell —inclusions.Mention
the three physiological parts of cytoplasm.

Self —Assessment Exercise 1

What are peripheral proteins?

3.3.1.2 Dictyosomes

The Golgi body (Camilo Golgi) consists of a stock of 3-6 flattened
membrane sacs or cisternae which are slightly curved and swollen to the
margin. Each cistern encloses a place or lumen. The cisternae in golgi
body are not contagious but are located about 10um apart. Golgi body is
also called Golgi apparatus or Golgi complex. In animals, Golgi bodies
tend to cluster in one part of the cell and are not under connected with
one another through tubules. But in plants, large numbers of separate
Golgi bodies are dispersed throughout the cytoplasm. Golgi bodies are
found in most secretary cells. The member of the Golgi bodies varies
depending on the metabolic activity of the cell. In animal cell, they are
few in number, but in plants, they are dozens to hundreds.
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Functions of Golgi Body

1)
2)

3)

In plant, the main function of Golgi body is in cell wall
formation.

Golgi  bodies also synthesis non-cellulosic cell wall
polysaccharides such as hemi-cellulose and protein.

Other functions of Golgi bodies are Suphation (removing
radioactive sulphur), lipid metabolism, plasma membrane
formation, origin of lysosomes. Mention the main function of
Golgi body in plant.

3.3.1.3 Vacuoles

It is a membrane bound organelle found in plant cell and occupies most

of the

area in the plant cell. A vacuole is surrounded by a single layer

membrane called tonoplast. It is an enclosed compartment filled with
water containing inorganic and organic molecules including enzymes in
solution. It maintains the cell's turgor, controls movement of molecules
between the cytosol and sap, stores useful material and digests waste
proteins and organelles.

Functions of vacuole:

ook wnrE

Isolating materials that might be harmful or a threat to the cell.
Stores waste products.

Maintains internal hydrostatic pressure or turgor within the cell.
Maintains an acidic internal pH.

Exports unwanted substances from the cell.

Allows plants to support structures such as leaves and flowers
due to the pressure of the central vacuole.

Most plants stores chemicals in the vacuole that react with
chemicals in the cytosol.

In seeds, stored proteins needed for germination are kept in
protein bodies which are modified vacuole.
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Fig 3. 4 Vacuoles. (a) transmission electron micrograph from a coleus
leaf (Coleus blumer). The expanding central vacuole compresses the
cytoplasm into a small space against the cell wall, x 20,000 (b)
schematic diagram of cell growth, showing how an increase in cellular
volume can occur without a large increase in the amount of
cytoplasm. The peripheral layer of cytoplasm may be interconnected
through the vacuole by cytoplasm strands that radiate from the
region of the nucleus.
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As plant cells grow, most of their enlargement results from the
absorption of water by vacuoles which expand and push the rest of the
cell's content into a thin larger against the cell wall. Vacuoles that are
filled with water create pressure called turgor pressure, on the cell walls,
which contributes to structural rigidity of the cell. When a plant receives
very little water turgor pressure decreased and the plant wilts. We can
see the effects of tugor pressure by letting carrots or vegetables dry out.
They become flaccid and we can make them crisp again by putting them
in water. This reacquired crispness (tugor) is caused by vacuoles that
have been filled with water.

Vacuoles are versatile organelles as indicated by the diversity of
substances that occur in them. In addition to water, vacuoles contain
enzymes and other protein, water soluble pigments, growth
hormones and ions. Vacuolar enzymes digest strong materials and
components from other organelles for recycling into the cytosol
pigments in vacuoles especially red and blue anthocyanins, impart
bright colours to flowers, fruits and other plant parts. Some plants may
labor toxic alkaloids or other secondary products in their vacuoles.
These alkaloids, which are water soluble at the acidic pH of vacuoles,
may deter insects and other animals from eating the plants that contain
them.

lons such as potassium and chloride are stored in vacuoles for easy
retrieval to the cytosol when needed for cellular metabolism. In plants
specialized for high cell habitations, such as those along coastlines and
near marine estuaries, vacuole can accumulate chloride salts to
concentrations several thousand times grate than in cytosol. The
cytoplasm of these plant cells is protected from salt toxicity, enabling
the plants to thrive in their harsh environment. Mention four functions
of vacuole.

Self- Assessment Exercise 2

What is Suphonation

3.3.1.4 Micro Bodies

The smallest membrane — bound organelles in a cell are called micro
bodies Microbodies, which are bound by a single membrane, are usually
spherical. These tiny organelles are often associated with membranes of
the ER, but they may also be closely associated with chloroplasts and
mitochondria. Different types of micro bodies have specific enzymes for
certain metabolic pathways. Two of the most important kinds of micro
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bodies are perioxysomes, which occur primarily in leaves and
glyoxysomes, which are common in germinating oil-bearing seeds and
the young seedlings that grow from them.

LYSOSOMES

Lysosomes are minute spherical structures bounded by a membrane and
containing some enzymes. When the membrane is ruptured the enzymes
are released into the cytoplasm causing its disintegration (lysis).
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Source: Hopkins (1995)
SPHEROSOMES

Spherosomes are minute spherical structures of about 0.4-3.0u in size
and are surrounded by a membrane. Spherosomes are also called
Oleosomes or oil bodies because they store fats. Specific proteins called
OLEOSINES are found in membranes that surrounds Oleosome.

These proteins maintain each oleosome as a decreased organelle by
preventing their fusion. They also facilitate binding of other proteins to
organelle’s surface. Spherosomes contain hydrolytic enzymes and
function to digest the cell contents.

GLYOXYSOMES

Glyoxysomes are usually spherical in shape, about 0.5-1um in diameter
and consist of five granular strouma surrounded by a single membrane.
These particles contain keys enzymes of glyoxylate cycle (isocitratase
and malate synthetase) that helps in conversion of fats to sugar
(carbohydrates) in germinating fatty seeds.
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PEROXISOMES

These particles are similar in shape and size to glyoxysomes
(glyoxysomes and peroxisomes are called microbodies). Peroxisomes
contain typical enzymes that are involved in glycolate metabolism and
photo respiration during photosynthesis. What are Spherosomes?

3.3.2 Organelles for Energy Conversion

Cells thrive on the energy of ATP. Two Kkinds of organelles,
chloroplasts and mitochondria, produce most of the ATP needed
for  cellular  metabolism.These organelles are similar in several
respects. For example, both are bounded by two membranes and much
of their internal membranes is folded and stacked to form complex
compartments. Their internal membrane contains the enzyme ATPase,
which uses the electrochemical energy of protons to phosphorylate
ADP into ATP. Chloroplasts and Mitochondria also contain DNA
that controls the synthesis of many of the enzymes necessary for their
respective metabolic pathways. Finally, Chloroplasts and Mitochondria
are seminautonomous; they grow and divide in the cell on their own.

The different between chloroplasts and Mitochondria include their
espective sources or energy for making ATP their appearance, and their
composition. Chloroplasts use the energy of light, which mitochondria
use energy of chemical bonds, Chloroplasts contain chlorophyll, which
makes them green, while mitochondria are colourless. Photosynthesis
occurs in chloroplasts, and most of respiration occurs in mitochondria.
Each process requires a different set of enzymes; Chloroplasts have
many shapes and sizes, and are generally larger than mitochondria.
Mitochondria are often cigar-shaped.

3.3.2.1 Chloroplasts

Chloroplasts are organelles found in plant cells and other eukaryotic
organisms that perform photosynthesis because of the presence of green
pigment, chlorophyll. They are flattened discs usually 2-10 micrometers
in diameter and 1 micrometer thick. The chloroplast is surrounded by
double layered membrane. The space between these two layers is called
intermembrane space. Stroma is the aqueous fluid found inside the
chloroplast. The stroma contains the machinery required for carbon
fixation, circular DNA, 70 S ribosomes (that’s why called as
semiautonomous organelle) etc. within the stroma the stacks of
thylakoids are arranged as stacks called grana. A thylakoid has a
flattened disc shape and has a lumen or thylakoid space. The light
reactions occur on the thylakoid membrane.
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Functions of chloroplast:

1. The important processes of photosynthesis, that is, light and dark
reactions occur within the chloroplast.

2. The granum is the site of NADP reduction forming NADPH+H+
and photophosphorylation i.e., formation of ATP in presence of
light. Thus, light reaction of photosynthesis takes place in the
granum region.

3. The stroma is the main site for the dark reaction of
photosynthesis.
4. The chloroplast has its own genetic system and is self-replicating.

Thus, associated with cytoplasmic inheritance.
Plant Cell Chloroplast Structure

Stroma
Lamellae

Intermembrane
Space

Granum
(Stack of Thylakoids)

Source: Verma (2009)
What are stroma?

3.3.2.2 MITOCHONDRIA (CHONDRIOSOMES)

Mitochondria are sizes of cellular respiration. They are usually spherical
or rod shaped structures ranging from 0.5m-1mp in diameter and 1mp to
3.0mu in length. Mitochondria are rod shaped cytoplasmic organelles,
which are main sites of cellular respiration. Hence, they are referred to
as power house of the cell. Each mitochondrion is enclosed by two
concentric unit membranes comprising of an outer membrane and an
inner membrane. The space between the two membranes is called
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perimitochondrial space. The inner membrane has a series of in foldings
known as cristae. The inner space enclosed by cristae is filled by a
relatively dense material known as matrix. The matrix is generally
homogeneous but may rarely show finely filamentous or fibrous
structures. The matrix contains several copies of round or circular DNA
molecules and 70 S ribosomes (that’s why it is also called as
semiautonomous organelle).

Functions of mitochondria:

1. ATP, the readily available form of energy is produced in
mitochondria.

2. Krebs cycle takes place in the matrix of mitochondria.

3. The enzymes of electron transport chain are found in the inner
membrane or cristae of mitochondria.

4. Heme synthesis occurs in mitochondria.

5. Controls the cytoplasmic Ca®* concentration

Mitochondria Structural Features

Inner
Membrane

Outer
Membrane

Cristae

Matrix

Figure 1

Source: Verma, (2009)

Each mitochondrion got an envelope consisting of two double-layered
lipooprotein membranes. The space enclosed in between the two
membranes is called intermembrane space. The inner mitochondrial
membrane is invaginated with plate-like, finger-like feets which are
called CHRISTAE. The aqueous ground phase of mitochondrion is
called MATRIX. All enzymes necessary for Krebs’ cycle are found in
the matrix.

The components of electrons transports chain are found in the inner
mitochondrial membrane. Mitochondria are often called the power
house of the cell because of the huge amount of energy liberated during
aerobic respiration is trapped inside the mitochondria in form of ATP
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molecules which are then utilized in driving off various metabolic
activities of the cell. List three functions of mitochondria.

Self —assessment Exercise 3

\What role do Glyoxysomes play inside the cell

3.3.3 Cell Movement

Cell prepared for study with microscopes are usually arrested in static
positions. It is therefore not possible to see that they are in constant
motion. When cells are viewed under the light microscopes their internal
movements are easily seen. In addition to internal movements, some
entire cells are motile, that is they can swim.

3.3.3.1 Internal Movement

Living plant cells as seen under the light microscope have then
cytoplasm in constant motion. Organelles and other particles usually
move 'in a circle around the central vacuole. This streaming movement
is called cyclosis.

Chloroplasts and mitochondria move along definite paths that are
associated with actins filaments and microtubules of the cytoskeleton.
The outermost region of the cytoplasm is more anchored and relatively
immobile, whereas the innermost region is more fluid. Cyclosis
enhanced the exchange of materials among organelles, between
membranes and organelles and even between cells.

Cell that Swim

Cells that swim have hair like locomotor organelles that protrude into
the medium surrounding the cell. In plant cells, these hairs are called
flagella (singular flagellum). Such cells are found only in sperm cells of
some plants. Example, in the mosses, these sperm cells have two
flagella, and in cycads, the flagella may be up to several thousands.
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Micrograph of sperm cell from showing, x 250, (b) Photo of a that
produces sperm di

Some algae, water molds and animals also have flagellated sperm cells.
Certain water molds and algae have other kinds of cells that also swim
by flagella.

All flagella in plants, animals, fungi and protest have the same internal

structure and the same mechanism of action. Each flagellum consists of
a membrane that surrounds ten pairs of microtubule. One pair occupies
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the centre of the flagellum and nine pairs occur in a ring around centre
pair.

Cross-sectional

!
\igratubule & \\l : .
icrotubul h .
KN e A
L£S -
il e

7,

. ; ' ‘Fln;mn n;er;'bf?lﬁﬂ-
(Flagella. a) Transmission electron microgréph of a flagellum in the.
reproductive cell of the green algae. Ulvaria. Longitudinal section

shows that the membrane | surrounding the flagellum is continuous
with the plasma membrane

Each outer pair of microtubule is connected to its neighbouring pairs by
sidearm that are evenly spaced along the length of the flagellum.
Similarly, spoke like extensions from the outer microtubules connect to
the inner microtubules.

Plgma —
membring

Flagella. a) Transmission electron micrograph of a flagellum in the.
reproductive cell of the green algae. Ulvaria. Longitudinal section
shows that the membrane | surrounding the flagellum is continuous
with the plasma membrane
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The sidearm and spokes are made of the protein dynein. What is cyclosis
and what is it function?

3.4 Summary

The cellular components are called cell organelles. These cell
organelles include both membrane and non-membrane bound organelles,
present within the cells and are distinct in their structures and functions.
They coordinate and function efficiently for the normal functioning of
the cell. A few of them function by providing shape and support,
whereas some are involved in the locomotion and reproduction of a cell.
There are various organelles present within the cell and are classified
into three categories based on the presence or absence of membrane.
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3.6  Possible Answers to SAEs

Answer to SAE 1

Extrinsic proteins or peripheral proteins: - They are attached to the
membrane surface by weak ionic interactions. These proteins are not
much involved in the architecture of membrane. Peripheral proteins are
bound to hydrophilic proteins of the integral proteins protruding from
the lipid layer.

Answers to SAE 2

Suphation is the process of removing radioactive sulphur

Answer to SAE 3

Glyoxysomes help in conversion of fats to sugar (carbohydrates) in
germinating fatty seeds
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UNIT 4 STRUCTURE AND FUNCTION OF
MEMBRANES: |

Unit Structure

4.1 Introduction
4.2 Intended Learning Outcomes
4.3  Main Contents
4.3.1 Structure of Membrane
4.3.1.1 Functions of Membrane
4.3.2 Cellular Processes
4.3.2.1 Diffusion
4.3.2.2 Osmosis
4.3.2.2.2 Types of Solutions
4.3.2.2.3 Osmotic Pressure or
Osmotic Potential
4.3.2.2.4 Role of Osmosis in
plants
4.3.3 Plasmolysis
4.3.3.1 Diffusion Pressure Deficit
4.3.4 Concept of water potential
4.3.4.1 Imbibition
4.4  Summary
4.5  References/FurtherReadings/Web Sources
4.6  Possible Answer to SAEs

4.1 Introduction

Most of the important activities of cells are associated with membranes.
For example, proteins destined for secretion or for insertion into cell
membranes are made by ribosomes that are attached to a membrane
system called the endoplasmic reticulum.

Suggestions about the structure of membranes that appeared in the
1920's was based on the soap like properties of phospholipids in
artificial membrane. Phospholipids have a dual solubility. Their long
hydrocarbon 'tails' are non polar and hydrophobic (water-fearing). In
contact the ionic phosphate ‘'head’ of phospholipids is polar and
hydrophilic (water loving). In water phospholipids aggregate
spontaneously into a bilayer which is a double membrane with an
interior of hydrophobic hydrocarbons and an exterior of hydrophilic
phosphates. The above explanations was not enough to explain the great
diversity of membrane functions. The properties of membranes also
depend on proteins, which are their main ingredients.
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In this unit, we looked at the general structure of membranes. We then
list it various functions and discussed the first one which is movement
of water and solutes.

4.2

Intended Learning Outcomes

At the end of this unit, you should be able to:

4.3

describe the structure of the cell membrane using the fluid mosaic
model

list 5 important activities of membranes

discuss the significance of the following to

(@) Plant diffusion

(b)  Potential energy

(c)  Water potential

state the biological importance of osmosis discuss why plants wilt
explain the following terms

(a) Osmotic pressure

(b) Osmotic potential

(c) Turgor pressure

(d) Plasmolysis.

Main Contents

4.3.1 Structure of Membranes

Early ideas about the structure of phospholipids bilayers explained how
some molecules including non-polar molecules of gases (Nitrogen and
Oxygen) and small polar molecules such as water could flow across
membranes

LARGE UNCHARGED POLAR MOLECULES  Glucgse —
IONS]  H Nat, HOQy, K, Ca, B, Mgt

HYDROPHOBIGMOLECULES  Hysrocarbons, O; =
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Fig. 4.1 Selective permeability of a phospholipids bilayer. The

bilayer is much more permeable to hydrophobic molecules and small
unchanged polar molecules than it is to and large polar molecules.
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However, lipid bilayers could not account for the ready passage of larger
polar molecules such as monosacctarides and amino acids.

The passage of these molecules through membrane was first explained
in the 1930s by H. Davson and J.F. Danielli, who suggested that the
lipid bilayer was coated on both sides with hydrophilic proteins that
were attached to the polar heads of phospholipids. According to this
model, the hydrophilic proteins absorbed polar molecules and somehow
eased their passage through the non-polar larger of the membrane.

In the 1950s, the first electron micrographs of membranes seemed to
confirm this modal.

Transmission electron micrograph of two membranes. Each
membrane appears as two dark lines that are separated by a lighter
region. At first, micrographs of this sort seemed to contain the
Davson-Danielli model of membrane structure, but this interpretation
was later found to be incorrect.

These pictures showed membranes to have an electron-transparent inner
region sandwiched between two electron-dense outer layers. The other
layers were assumed to be made of proteins and phospholipids heads,
and the inner region was believed to be made of the hydrocarbons in
phopholipid tails.

Despite the apparent support from electron microscopy, flaws in the
Davson-Danielli model began to accumulate. For example, cell
biologists found that this model could not explain structure and
biochemical variations found among different kinds of membranes.
Mitochondria membrane for instance, are thinner than plasma
membranes and contain a higher proportion of protein. This and other
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findings contradicted the Davson-Danielli model, which held that
membrane proteins must be hydrophilic (water loving), and' that all
membranes have the general structure of a protein-lipid-protein
"sandwich".

The current view of membrane structure has seen the Davson-Danielli
model go through a series of modifications. These newer version
proposed in 1972 is called the fluid mosaic model. It holds that
proteins occur as a mosaic in a fluid bilayer of phospholipids.

(Fig. 4.3)

"™ Hydrophilic
region of protein

Plant celt Hydrophobic

ragion ol protein

Fig. 43 The fluid model of membrane structure. Proteins are
dispersed in the phospholipids bilayers according to the model

Visual evidence for the fluid mosaic model comes from scanning
electron microscopy of freeze-fractured membranes. The interior of the
membrane is then seen as a dotted plain. The plain is a sea of lipids and
the dots are proteins inserted into them.
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Primary structure of a thylakoid protein. Five regions of the protein

occur in the membrane. (boxes A — E); the remaining regions
provide either into the stoma or into the interior of the thylakoid.
This membrane protein consists of 352 amino acids, each designated
by a one-letter abbreviation.

Primary structure of a thytakoid protein five regions of the protein occur
in the membrane (boxes A-E); the remaining regions provide or into the
interior of the thytakoid. This membrane protein consist of 352 each
designated by a one-letter.

The name fluid mosaic model implies that the membrane contains
liquid. The lipid bilayer is only its fluidity is due to the loose packing of
the fatty acid tails of the phospholipids. The mosaic of proteins is a
significant feature or the fluid mosaic model. It accounts for the
movement and intermingling of proteins that must touch each other to
function.

Another important feature of the membrane structure is its asymmetry,
that is, on side of a membrane is different from the other. This difference
comes mostly from the carbohydrates that are attached to proteins on the
outside surface of the membrane proteins with carbohydrates attached to
them are called glyco-proteins, and they do not usually occur on the
inner surfaces of membranes.

4.3.1.1 Functions of Membranes

Proteins control most of the functions of membranes. These may be fifty
or more different kinds of proteins in plasma membranes and perhaps
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as many in the tonoplast or other organelles membranes.. This
diversity of proteins is reflected in the enormous range of activities
associated with membranes. Some of the important of these activities
are discussed in the sections that follow. We will however give a
summary of the activities here.

a) Movement of water and solutes. The plasma membrane generally
allows the unrestricted passage of water and certain dissolved
substances into or out of the cell. Water balance is crucial
for maintaining tugor pressure, which makes the cell rigid and
helps cellular expansion during growth.

b) Differential permeability - Membranes control or block the
passage of some kinds molecules such membranes are referred to
as differentially permeable membranes.

C) lon pumps - certain ions, such as K™ and H+, are pumped
through membranes. lon pumps in the plasma membranes are
energy from ATP to move lons from the cell while lon pumps in
mitochondria and chloroplast membranes are important for
making ATP.

d) Enzyme activity - Enzymes that cooperate in multistep processes
such as ATP synthesis or the absorption of light energy often
occur together in a particular spot on a membrane.

e) Cellular communication - The plasma membrane contains
proteins that bind molecules released from other cells. Once
bound to an external molecule, these proteins activate other
proteins in the membrane that cause metabolic changes in the
cell.

List 4 important activities of membranes

Self-Assessment Exercise 1

What did Dayson and Danielli proposed in 1930 about membrane?

4.3.2 Cellular Processes

Cellular processes depend on the transport of molecules both to the cell
and away from it. The movement of materials in and out of the cells in
plants takes place in solution or gaseous form. These movements of
materials involve three (3) physical processes: Diffusion, osmosis and
imbibition.
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Diffusion

Diffusion is the movements of particles or molecules from a region of
higher concentration to a region of lower concentration. The rate of
diffusion of gases is faster than liquid or solutes.

In other words, diffusion is the movement of molecules of gases, liquids
and solutes from regions of higher concentration to regions of lower
concentration until the molecules are evenly distributed throughout the
available space.

The diffusing particles have a certain pressure called Diffusion Pressure
which is directly proportional to the number or concentration of the
diffusing particles.
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Source: Verma (2009)

Hence, diffusion takes place always from a region of higher diffusion
pressure to a region of lower diffusion pressure that is along diffusion
pressure gradient. Diffusion can only occur when the concentration of
the diffusing substance is not uniform throughout the system and the
process can continue only as long as the difference between the
concentration is maintained.

The rate of diffusion increases if the-

Diffusion pressure gradient is steeper

Temperature is increased

Density of diffusing particle is lesser

Medium through which the diffusion occurs is less concentrated

oo ow
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Diffusion
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Diffusion of more than one substance can occur at the same time and
place, maybe also different rate and in different directions but is
independent of each other.

Examples of diffusion in plants are in processes like respiration,
photosynthesis, passive uptake of ions from the soil and transpiration. In
what ways do plants move substances from one plant to another?

4.3.2.2 Osmosis

Osmosis is a special kind of diffusion of liquid. When two solutions of
different concentrations are separated by means of a semi-permeable
membrane, the diffusion of water or the solvent from the solution of
lower concentration to the solution of higher concentration until the state
of dynamic equilibrium is reached. In real sense, diffusion of solvent
takes place both ways across the membrane but the diffusion of solvent
is more from the solute ion of lesser concentration to that of higher
concentration.
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4.3.2.2.2 Type of Solutions:

If the concentration of solute (salt) is equal on both sides of
membrane, the water will move back in forth, but it won't have
any result on the overall amount of water on either side. "ISO"

The word "HYPO" means less, in this case there are less solute
(salt) molecules outside the cell, since salt sucks, water will move

The cell will gain water and grow larger. In plant cells, the
central vacuoles will fill, and the plant becomes stiff and rigid,
the cell wall keeps the plant from bursting. In animal cells, the
cell may be in danger of bursting; organelles called contractile
vacuoles will pump water out of the cell to prevent this.

1. Isotonic Solutions
means the same.

2. Hypotonic Solutions
into the cell.

3. Hypertonic Solutions

The word "HYPER" means more; in this case there are more
solute (salt) molecules outside the cell, which causes the water to
be sucked in that direction. In plant cells, the central vacuole
loses water and the cells shrink, causing wilting. In animal cells,
the cells also shrink. In both cases, the cell may die.

Both Diffusion and Osmosis are types of passive transport, that

IS, no energy is required for the molecules to move into or out of
the cell. Sometimes, large molecules cannot cross the plasma
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membrane, and are "helped" across by carrier proteins - this
process is called facilitated diffusion. List the three types of
solution in the cell environment.

Self-Assessment Exercise 2

Define diffusion?

4.3.2.2.3 Osmotic Pressure Or Osmotic Potential

As a result of the separation of the solution from its solvent or the two
solutions by semi-permeable membrane, a pressure is developed in
solution due to the presence of dissolved solute in it. This is called
Osmotic Pressure (OP). Osmotic pressure is measured in terms of
atmosphere. O.P is directly proportional to the concentration of
dissolved solute in the solution. The higher the solution’s concentration,
higher the osmotic pressure.

In osmosis, the movement of solvent molecules takes place from the
solution whose osmotic pressure is lower (less concentrated or
hypotonic) into solution whose osmotic pressure is higher (more
concentrated or hypertonic).

Osmotic diffusion of solvent molecules will not occur if the two solution
separated by the semi-permeable membrane are of equal concentration
having equal osmotic pressures (isotonic).

Living cells in plant form osmotic system due to the presence of semi-
permeable membrane and the cell sap having certain osmotic pressure.
Plasma membrane is selectively or differentially permeable membrane
because it allows certain solute to pass through it. The tonoplast or the
vacuolar membrane is also semi-permeable membrane. The solvent in
case of plant is always the water.

If a living plant cell or tissue is placed in hypotonic solution (O.P is
lower than that of cell sap) water enters into the cell sap by osmosis.
This process is called END-OSMOSIS. As a result of water entry, a
pressure is developed which presses the protoplasm against the cell wall
and then cell becomes turgid. This pressure is called TURGOR
PRESSURE. The result of turgor pressure is WALL PRESSURE which
is exerted by the elastic cell wall against expanding protoplasm. Hence,
T.P=W.P

On the other hand, if plant cell is placed in hypertonic solution (O.P
higher than cell sap) the water comes out of the cell sap into outer
solution and the cell becomes FLACCID. The process is known as
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Cell and tissue will remain same in isotonic solution.

Partially permeable membrane
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Define Turgor Pressure?

4.3.2.2.4 Roles Of Osmosis In Plants

a. Plants absorbs large amount of water from the soil through the
root hairs by osmotic mechanism.

b. Osmosis is involved in the movement and distribution of water
across the cells of plant.

C. Osmotic diffusion of water is responsible for the turgidity of
plant cells. This pressures allows leaves, flowers and stem tips to
maintain their form.

d. The turgor of guard cell is essential for opening of stomata.

e. Growth of young cell is brought about by the osmotic pressure
and turgor pressure of these cells.

f. High osmotic concentration helps the plants to resist freezing
temperature and desiccation

g. The pressure is responsible for the rise of water to some heights

in the stem.

4.3.3 Plasmolysis
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During exosmosis, water from within the cell sap diffuses out through
the membrane into the outer solution. As water leaves the cell, the cell
wall loose its tension. Further loss of water from the cell content causes
contraction of the protoplasm, which moves away from the cell. If the
hypertonic solution is very strong, the protoplasm will continue to
contract and will eventually assume a spherical form. This is
plasmolysis and the cell is said to be plasmolysed.

Hypertonic Isotonic Hypotonic

Vacuole

Plasmolyzed Flaccid Turgid
Source: Verma (2009)

The space between cell wall and the contracted protoplasm gets filled up
with the external solution. The stage at which first sign of shrinkage of
cell contents from the cell wall becomes detectable is referred to the
stage of INCIPIENT PLASMOLYSIS. If plasmolysed is placed in water
or hypotonic solution, endosmosis takes place and the protoplasm and
cell as whole assume their original shape and size respectively. This is
called DEPLASMOLYSIS.
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STAGES OF PLASMOLYSIS EBNs
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What causes plasmolysis?

Self-Assessment Exercise 3

What is Deplasmolysis?

4.3.3.1 Diffusion Pressure Deficit (D.P.D (suction pressure)

Diffusion pressure of a solution is always lower than its pure solvent.
The difference between the diffusion pressure of the solution and its
solvent at a particular temperature and atmospheric condition is called
DIFFUSION PRESSURE DEFICIT (D.P.D). if the solution is more
concentrated, its DPD increase, but it decreases with the dilution of the
solution.

DPD = concentration of the solution.

If plant cells are placed in pure water, the water will enter into the plant
cell due to higher D.P.D of cell sap or water deficit. In other word, the
D.P.D of the cell sap or of the cell is a measure of the ability of the cells
to absorb water and hence it is often called the SUCTION PRESSURE
(S.P). It is related to the osmaotic pressure and turgor pressure of cell sap
and wall pressure as follows:

D.P.D(SP)=0.P-W.P

WP=T.P

51




BIO 203 GENERAL PHYSIOLOGY I

.DP.D(SP)=0O.P-T.P

Due to entry of the water, O.P of the cell sap decreases while its turgor
pressure is increased so much that in a fully turgid cell, turgor is equal to
O.pP

OP=TP

.. D.P.D (S.P) =0.

On the other hand, the removal of water cell sap (ex-osmosis) results in
an increase of its O.P and decrease of the turgor pressure so much that in
fully plasmolysed cells, T.P becomes zero.

TP=0

. SP=0.P

4.3.4 Concept Of Water Potential

The chemical potential of water denotes the free energy of water
expressed in a quantitative manner. According to law of
thermodynamics, the free energy represents the potential to do work.
The potential energy of water is termed water potential. This term was
coined by Stalyer and Taylor (1960). It is defined as “’the difference
between the partial specific Gibbs’ free energy of water in the system
under consideration and of free, pure water at the same temperature’’

Water potential is measured in terms of pressure and the unit of
measurement is Pascal Pa. water potential is represented by the Greek
letter psi ().

Water potential is lowered by the addition of solutes and because water
potential value is zero for pure water, all other water potential value will
be negative. In other word, the movement of water will take place in
osmotic or other system from a region of higher water potential (less
negative) to a region of lower water potential (more negative).

There are three factors which affect the water potential of a cell- they are
1. Concentration

2. Pressure and

3. Gravity.

These factors affect the free energy of water.
Hence, ow=9s + ¢p + ¢g

The term s denotes the concentration of solute and its effect on water
potential. It is termed solute potential or osmotic potential. The water
potential is equal to the osmotic or solute potential. Water will always
diffuse from a cell of higher water or solute potential to a cell of lower
water or solute potential.
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The entry of water into a cell result in hydrostatic or turgor pressure,
which is also called pressure potential (¢p). if the pressure potential is
positive, it will add to the water potential, but if it is negative, it will
reduce the value of water potential.

SOLUTES: The term s, called the solute potential or the osmotic
potential, represents the effect of dissolved solutes on water potential.
Solutes reduce the free energy of water by diluting the water. This is
primarily an entropy effect; that is, the mixing of solutes and water
increases the disorder or entropy of the system and thereby lowers the
free energy. This means that the osmotic potential is independent of the
specific nature of the solute. For dilute solutions of nondissociating
substances such as sucrose, the osmotic potential may be approximated

by:

¥s = —RTcs where R is the gas constant (8.32 J mol-1 K-1), T is the
absolute temperature (in degrees Kelvin, or K), and cs is the solute
concentration of the solution, expressed as osmolarity (moles of total
dissolved solutes per volume of water [mol L—1]). The minus sign in the
equation indicates that dissolved solutes reduce the water potential of a
solution relative to the reference state of pure water. The Equation is
valid for “ideal” solutions. Real solutions frequently deviate from the
ideal, especially at high concentrations—for example, greater than 0.1
mol L-1. Temperature also affects water potential. In our treatment of
water potential, we will assume that we are dealing with ideal solutions.

PRESSURE The term ¥p, called the pressure potential, represents the
effect of hydrostatic pressure on the free energy of water. Positive
pressures raise the water potential; negative pressures reduce it. Both
positive and negative pressures occur within plants. The positive
hydrostatic pressure within cells is referred to as turgor pressure.
Negative hydrostatic pressures, which frequently develop in xylem
conduits, are referred to as tension. As you will see, tension is important
in moving water long distances through the plant. Hydrostatic pressure
is often measured as the deviation from atmospheric pressure.
Remember that water in the reference state is at atmospheric pressure, so
by this definition ¥p = 0 MPa for water in the standard state. Thus, the
value of ¥p for pure water in an open beaker is 0 MPa, even though its
absolute pressure is approximately 0.1 MPa (1 atmosphere).

GRAVITY: Gravity causes water to move downward unless the force

of gravity is opposed by an equal and opposite force. The gravitational
potential (¥g) depends on the height (h) of the water above the
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reference-state water, the density of water ([Jw), and the acceleration
due to gravity (g). In symbols, we write the following:

Vg = [lwgh

where [Jwg has a value of 0.01 MPa m-1. Thus, raising water a
distance of 10 m translates into a 0.1 MPa increase in water potential.
The gravitational component (¥g) is generally omitted in considerations
of water transport at the cell level, because differences in this
component among neighboring cells are negligible compared with
differences in the osmotic potential and the pressure potential. Thus, the
Equation can be simplified as follows:

=%+ %

° Xylem  Adhesion (el

= Cohesion,
24 Cohesionand by
°' adhesionin  hydrogen

E the xylem bonding
" ___ ,Water
HlGH bed | | ¥ molecule
‘w o
air
water \ |
t t. | : y N particle
AP Biol po en Ia Wateruptakefromsvc‘,)ialter

Source: Taiz and Zeiger

The term °g is gravity potential. It denotes the effects of gravity on the
water potential of a water column in a vertically growing plant. Its
magnitude depends on the height of the plant from the ground level as
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well as on the density of water and the acceleration due to gravity. In
plants of small height (less than Smetres) the ¢g is negligible and not
taken into account.

Hence, *w = ¢s + ¢p

Water potential values of plant cells under different osmotic conditions
are as follows

oW = ¢S (?p 1S Z€ro) ..oevvvnnnn... in plasmolysed cell
AN S o B in partially turgid cell
OW = Z€TO. e uuteennreennneennnennnnnnns in fully turgid cell

How is water potential measured?
4.3.4.1 Imbibition

The ability or act of a piece of dry wood or dry seeds to absorb water
quickly when placed in water and seel up considerably so that the
volume increase is called IMBIBITION. The dry substances are
IMBIBANTS.

A force of attraction exists between the imbibants and the imbibed
substance. In plants, hydrophilic colloid such as proteins, carbohydrates
(starch, cellulose, pectic substances) have strong attraction towards
water.

Imbibition plays key role in germination of dry seeds and absorption of
water by root hairs of higher plants. As a result of imbibition, a pressure
Is developed which is called IMBIBITION PRESSURE. Water moves
by imbibition into a substance only when its water potential exceeds that
of the imbibant. Imbibition pressure is also called MATRIX
POTENTIAL (¢m).

The matrix potential in an imbibant is caused by adsorptive forces which
bind water molecules to molecules of the imbibant and is similar to
osmotic potential of a solution.

The water potential of an imbibant is equal to its matrix potential
(always negative) plus turgor or pressure potential which may be

imposed upon the imbibant. *w = *4m + ¢p

If the imbibant is unconfined, no turgor or other pressure is involved,
hence the equation becomes: *w = *m.
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PEan SWOLLEN
WATER SEEDS
DRY

SEEDS

What are imbibants?

Self-Assessment Questions

Question: What are three factors that affect water potential of a cell?
Answer: a) concentration b) Pressure c¢) gravity

Question: State three roles of osmosis in plants

Answer:

a. Plants absorbs large amount of water from the soil through the
root hairs by osmotic mechanism.

b. Osmosis is involved in the movement and distribution of water
across the cells of plant.

C. Osmotic diffusion of water is responsible for the turgidity of

plant cells. This pressure allows leaves, flowers and stem tips to
maintain their form.
d. The turgor of guard cell is essential for opening of stomata.

4.4  Summary

Membranes consist of two main components; phospholipids and
proteins. The structure of membranes is best described by the fluid
mosaic model. The phospholipids form a fluid bilayer with the
hydrophobic tails of fatty acids at its core and the hydrophilic leads of
phosopholipids on both sides. Proteins move in the fluid. The lipid layer
allows the unrestricted diffusion of small molecules across the plasma
membrane, but membrane lipid block the diffusion of lons and large
polar molecules. This property of membranes is called differential
permeability. The diffusion of hydrophilic solutes is facilitated by
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proteins embedded in the membranes. The diffusion of water through a
differentially permeable membrane is called osmosis. Plants regulate
osmosis by controlling the uptake of ions or by making osmotically
active solutes. In so doing, cells maintain turgor pressure, prevents
further uptake of water, the water outside the cell exerts pressure called
osmotic pressure. Its counterpart inside the cell is the osmotic
potential of the cell, which is expressed as a negative number.
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4.6  Possible Answers To Saes
Answer to SAE 1
In 1930 H. Davson and J.F. Danielli, hypothesized that the lipid

bilayer was coated on both sides with hydrophilic proteins that were
attached to the polar heads of phospholipids.
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Answers to SAE 2

Diffusion is the movements of particles or molecules from a region of
higher concentration to a region of lower concentration. The rate of
diffusion of gases is faster than liquid or solutes. In other words,
diffusion is the movement of molecules of gases, liquids and solutes
from regions of higher concentration to regions of lower concentration
until the molecules are evenly distributed throughout the available
space.

Answer to SAE 3
If plasmolysed is placed in water or hypotonic solution, endosmosis

takes place and the protoplasm and cell as whole assume their original
shape and size respectively. This is called DEPLASMOLYSIS.
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UNIT5 FUNCTIONS OF THE CELL MEMBRANE
Unit Structure

5.1 Introduction
5.2  Intended Learning Outcomes
5.3  Main Contents

5.3.1 Differential Permeability of Membrane
5.4  Movement of ions across membrane
5.5  Transport of ions across membrane barriers
5.6  Cellular Communication
54  Summary
5.5  References/ Further Readings/Web Sources
5.6  Possible Answers to SAEs

5.1 Introduction

The interior of a plant cell is separated from the plant cell wall and the
environment by a plasma membrane that is only two lipid molecules
thick. This thin layer separates a relatively constant internal environment
from variable external surroundings. In addition to forming a
hydrophobic barrier to diffusion, the membrane must facilitate and
continuously regulate the inward and outward traffic of selected
molecules and ions as the cell takes up nutrients, exports solutes, and
regulates its turgor pressure. Similar functions are performed by the
internal membranes that separate the various compartments within each
cell. The plasma membrane also detects information about the
environment, about molecular signals from other cells, and about the
presence of invading pathogens. Often these signals are relayed by
changes in ion fluxes across the membrane. Molecular and ionic
movement from one location to another is known as transport. Local
transport of solutes into or within cells is regulated mainly by membrane
proteins. Larger-scale transport between plant organs, or between plant
and environment, is also controlled by membrane transport at the
cellular level

5.2  Intended Learning Outcome

At the end of this unit, you should be able to:

e  explain the differential permeability of membranes

e explain the following terms (a) facilitated diffusion (b) active
transport (c) bypassing membrane transport

e  distinguish between exocytosis and endocytosis define the
following terms (a) membrane potential (b) selectrogentic pump
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e  state the unit of measurement of membrane potential briefly -
describe how cells communicate.

5.3 Main Contents
5.3.1 Differential Permeability of Membranes

In unit, 4 you learnt that biological membranes are differentially
permeable. This is one of their most important properties because
it keeps metabolically important substances inside the cell or organelle
and prevents inappropriate or toxic substances include ions and larger
polar molecules, such as sugars, which only pass through specific
membrane proteins called transport proteins.

According to Fick’s first law, the movement of molecules by diffusion
always proceeds spontaneously, down a gradient of free energy or
chemical potential, until equilibrium is reached. The spontaneous
“downhill” movement of molecules is termed passive transport. At
equilibrium, no further net movements of solutes can occur without the
application of a driving force. The movement of substances against a
gradient of chemical potential, or “uphill,” is termed active transport. It
IS not spontaneous, and it requires that work be done on the system by
the application of cellular energy. One common way (but not the only
way) of accomplishing this task is to couple transport to the hydrolysis
of ATP.

The driving force for diffusion or, conversely, the energy input
necessary to move substances against a gradient can be calculated by
measuring the potential-energy gradient. For uncharged solutes this
gradient is often a simple function of the difference in concentration.
Biological transport can be driven by four major forces: concentration,
hydrostatic pressure, gravity, and electric fields.

The chemical potential for any solute is defined as the sum of the
concentration, electrical, and hydrostatic potentials (and the chemical
potential under standard conditions). The importance of the concept of
chemical potential is that it sums all the forces that may act on a
molecule to drive net transport.

Between the two forms, because of their greater number, molecules on
the hypertonic acid of the membrane would have more frequent contact
with transport proteins than those on the hypotonic side of the
membrane, thus, solutes would move down their concentration gradient.
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Sugars typically move by facilitated diffusion that involves co-transport
with another solute. For example, sucrose moves into conducting cells
of leaf veins by hitching ride with hydrogen ion (fig, 5.1). The energy

for sucrose transport comes from the force of H™ diffusion. The force
of H' diffusion can be powerful enough to move sucrose against its

own concentration gradient.
5.3.1.1 Facilitated Diffusion

Like simple diffusion, facilitated diffusion is driven by a concentration
gradient. Solutes move through transport proteins from the hypertonic
side of the membrane.

Fig. 5.1 A possible mechanism for facilitated diffusion. The
transport protein (purple) accepts solute molecules (red spheres) on
one side of the membrane and release them on the other side. The
transport protein alternative between two forms, depending whether
it is “open” to one side of the membrane or the other.

Each transport proteins from a continuous, hydrophilic pathway for
polar molecules. Some proteins allow only one solute to diffuse at a time
whereas other only work when two solutes move at the same time, by
co-transport.

Little is known about how transport protein work. The best guess is that
they alternate between, two forms. One form of the protein accepts a
solute molecule on one side of the membrane, which changes the protein
to the other form. That second form of the transport protein release the
solute on the other side of the membrane. According to this model, we
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must also assume that "empty" protein flip-flop randomly between the
two forms. Because of their greater number, molecules on the
hypertonic acid of the membrane would have more frequent contact with
transport proteins than those on the hypotonic side of the membrane,
thus, solutes would move down their concentration gradient.

Sugars typically move by facilitated diffusion that involves co-transport
with another solute. For example, sucrose moves into conducting cells
of leaf veins by hitching ride with hydrogen ion.

Sk )

RO

AN
Co transport across membranes uses energy from the force of
diffusion of one solute (H+) to move another solute™ (sucrose)

against its concentration gradient.

1

The energy for sucrose transport comes from the force of H™ diffusion.

The force of H® diffusion can be powerful enough to move sucrose
against its own concentration gradient.

5.3.1.2 Active Transport

Many substances move into or out of cells and organelles against a
concentration gradient without the aid of facilitated diffusion by co-
transport. The uptake of potassium mentioned earlier in unit 4, is one
example. Likewise, Marue algae secrete sodium, even though the sea
water surrounding then is much saltier than their cytoplasm. In both
cases, the transport of solutes requires energy from the cell to overcome
the energy of thermal motion that drives passive transport.
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The energy required for active transport usually comes from the
hydrolysis of ATP. This reaction is catalysed by membrane bound
enzymes called ATP phosphohydrolases (ATPases); which are transport
proteins that use the energy of ATP transport ions.
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Active transport uses energy released by the hydrolysis of ATP by
ATPases in the membrane. This energy is spent in transporting

P "'
il

ions (H+) against  their concentration gradient. Phosphate (P)
from ATP binds to ATPases during hydrolysis.

Many ATPases actively transport ions against the ion's concentration
gradient, thereby creating potential energy for the passive co-transport
of other solutes back across the membranes. The co-transport of sucrose

with H™, depends on a higher concentration of HT outside the cell.

This gradient is maintained by the active transport of H acrose the
plasma membrane. This is an example of coupled cotransport system,
so called because it uses energy from active transport to create a
gradient that drives the passive co-transport of two solutes.

In addition to a concentration gradient, HT and other ions also have an

electrical gradient because they are charged particles. Thus, ion transport
is also influenced by an electrical gradient. The combination of the
concentration gradient and the electrical gradient of ions is called
electro- chemical gradient.

63



BIO 203 GENERAL PHYSIOLOGY I

5.3.1.3 Bypassing Membrane Transport

Simple diffusion, facilitated diffusion, and active transport all entail
direct movement through the phospholipid bilayer or through proteins
embedded in its membrane transport is often bypassed by Exocytosis.

(Fig. 5.4)
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Exocytosis transports Iarge molecules out of cells. This kind of
transport involves membrane bound vesicles that fuse with the plasma
membrane.

Plant cells secrete polysaccharides and proteins across the plasma
membrane for assembly into cell, walls. Moreover, cells of root trip
secrete a slimy polysaccharide that. lubricates their passage through soil
as they grow, and cells converting leaves exude waxy substances into
their surface to inhibit water loss. leaves of the Venus's flytrap and
other insectivorous plants secrete enzymes that digest insect. However,
unlike the exocytosis of cell, wall make nail which occurs via
dictyosome vesicles, the secretion of digestive enzymes relies on
vesicles derived from the endoplasmic reticulum.

Substances can also bypass membrane transport into the cytoplasm by
punching of small coated pits in the plasma membrane. This process,
called endocytosis, is common in animal cells, but it is not ready
observed in plants. Plant cells do have coated pits, which is indirect
evidence for endocytosis.

Endocytosis is apparently more difficult in plants than in animals,
because; the plasma membrane of plant cells is usually processed
against the cell wall by turgor pressure. This turgor pressure hinders the
plasma membrane from invaginating into the cytoplasm.
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What is passive transport?

Self-Assessment Question 1

Why is Endocytosis is difficult in plants?

5.3.2 Movement of lons Across Membranes

Plasma and organellar membranes have unequal concentrations of
negatively charged ions (anions) and positively charged ions (actions)
on one side. For example, the cytoplasm has a higher concentration of
anions and a lower concentration of cations than does the matrix of the
cell wall. This unequal distribution of ions creates an electrical gradient
that is analogous to a concentration gradient. However, because an
electrical gradient is based on an electrical charge, the diffusion force of
a charge is an electrical potential instead of a chemical potential.
Because membranes selectively control the passage of ions, this
electrical potential is called the membrane potential. Like any other
electrical potential, membrane potential is measured in volts.

5.4.1 lon Pumps

Membrane potentials are maintained by protons that actively transport
ions. A membrane protein that pumps ions is called electrogenic pump
because it generates voltage across a membrane. Different ions are
pumped by different proteins but the main electrogenic pumps of plants

are proton pumps, the HT -

ATPases: One function of proton pumps, mentioned earlier, is to
provide energy for the coupled cotransport of uncharged solutes such as
sucrose. Another function is to regulate pH of chemical reactions in a
cell often incorporate or release ions that affect the pH of cells, the
uptake of ions from soil also affects pH. Pumping proton out of the cell
keep the cytoplasm at a constant pH of about 7.4, similarly pumping
protons into vacuoles keeps the pH there are about 5.0, this low pH is
ideal for enzymes that break down organic compounds that are dumped
into vacuoles for disposal.

Proton pumps also influence cellular elongation. When HT-ATPases in
the plasma membrane are stimulated, the outward transport of hydrogen
ions decreases the pH in the surrounding cell wall, this causes certain
enzymes in the cell wall, which are activated at the lower pH, to being to
degrade cellulose micro-fibrils. This degradation loosens the cell wall,
thereby allowing the cell to expand because of turgor pressure.
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Loosening of the cell wall can also be induced by applying auxin, a
plant hormone. Physiologist suspect that auxin stimulates cellular
elongation by stimulating the proton pump. You will learn more about
auxins and hormones unit.

5.4.2 ATP Synthesis

These are two main types of proton pumps. One type uses ATP and
occurs mainly in the plasma-membrane and in the tonoplast, the other
produces ATP-synthesizing organelles. ATP is made from ADP and a

phosphate group when the diffusion of H+energy. This is the opposite
of what happens in a proton pump that is drives by ATP. ATP is,

however, only made when a gradient of HT already exists, therefore,
energy must be used to maintain this gradient. In chloroplasts, the
energy for such a gradient comes from light energy diving
photosynthesis. In mitochondria, the energy comes from the
re-arrangement of chemical bonds during respiration. What is
Electrogenic pump?

5.3.3 Transport of lons across Membrane Barriers

If two ionic solutions are separated by a biological membrane, diffusion
Is complicated by the fact that the ions must move through the
membrane as well as across the open solutions. The extent to which a
membrane permits the movement of a substance is called membrane
permeability. Membrane permeability depends on the composition of
the membrane as well as on the chemical nature of the solute. In a loose
sense, permeability can be expressed in terms of a diffusion coefficient
for the solute through the membrane. However, permeability is
influenced by several additional factors, such as the ability of a
substance to enter the membrane, that are difficult to measure. Despite
its theoretical complexity, we can readily measure permeability by
determining the rate at which a solute passes through a membrane under
a specific set of conditions. Generally, the membrane will hinder
diffusion and thus reduce the speed with which equilibrium is reached.
For any particular solute, however, the permeability or resistance of the
membrane itself cannot alter the final equilibrium conditions.

3.3.3.1 Different diffusion rates for cations and anions produce
diffusion potentials

When salts diffuse across a membrane, an electrical membrane potential
(voltage) can develop. Consider the two KCI solutions separated by a
membrane . The K+ and CI- ions will permeate the membrane
independently as they diffuse down their respective gradients of
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electrochemical potential. And unless the membrane is very porous, its
permeability to the two ions will differ. As a consequence of these
different permeabilities, K+ and Cl- will initially diffuse across the
membrane at different rates. The result is a slight separation of charge,
which instantly creates an electrical potential across the membrane.

In biological systems, membranes are usually more permeable to K+
than to Cl-. Therefore, K+ will diffuse out of the cell faster than Cl-,
causing the cell to develop a negative electric charge with respect to the
extracellular medium. A potential that develops as a result of diffusion is
called a diffusion potential. The principle of electrical neutrality must
always be kept in mind when the movement of ions across membranes is
considered: Bulk solutions always contain equal numbers of anions and
cations. The existence of a membrane potential implies that the
distribution of charges across the membrane is uneven; however, the
actual number of unbalanced ions is negligible in chemical terms. For
example, a membrane potential of —100 millivolts (mV), like that found
across the plasma membranes of many plant cells, results from the
presence of only 1 extra anion out of every 100,000 within the cell—a
concentration difference of only 0.001%! All of these extra anions are
found immediately adjacent to the surface of the membrane; there is no
charge imbalance throughout the bulk of the cell.

In the example of KCI diffusion across a membrane, electrical
neutrality is preserved, because as K+ moves ahead of Cl- in the
membrane, the resulting diffusion potential retards the movement of K+
and speeds that of Cl-. Ultimately, both ions diffuse at the same rate, but
the diffusion potential persists and can be measured. As the system
moves toward equilibrium and the concentration gradient collapses, the
diffusion potential also collapses.
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How does membrane potential relate to ion distribution?

Because the membrane in the preceding example is permeable to both
K+ and Cl- ions, equilibrium will not be reached for either ion until the
concentration gradients decrease to zero. However, if the membrane
were permeable only to K+, diffusion of K+ would carry charges across
the membrane until the membrane potential balanced the concentration
gradient. Because a change in potential requires very few ions, this
balance would be reached instantly. Potassium ions would then be at
equilibrium, even though the change in the concentration gradient for
K+ would be negligible.

When the distribution of any solute across a membrane reaches
equilibrium, the passive flux, J (i.e., the amount of solute crossing a unit
area of membrane per unit of time), is the same in the two directions—
outside to inside and inside to outside:

This relationship, known as the Nernst equation, states that at
equilibrium: the difference in concentration of an ion between two
compartments is balanced by the voltage difference between the
compartments. The Nernst equation can be further simplified for a
univalent cation at 25°C:

All living cells exhibit a membrane potential that is due to the
asymmetric ion distribution between the inside and outside of the cell.
We can determine these membrane potentials by inserting a
microelectrode into the cell and measuring the voltage difference
between the inside of the cell and the extracellular medium.

The Nernst equation can be used at any time to determine whether a
given ion is at equilibrium across a membrane. However, a distinction
must be made between equilibrium and steady state. Steady state is the
condition in which influx and efflux of a given solute are equal, and
therefore the ion concentrations are constant over time. Steady state is
not necessarily the same as equilibrium. In steady state; the existence of
active transport across the membrane prevents many diffusive fluxes
from ever reaching equilibrium.

5.3.3.2 Nernst Equation

The Nernst equation distinguishes between active and passive transport.
The table below shows how experimental measurements of ion
concentrations at steady state in pea root cells compare with predicted
values calculated from the Nernst equation. In this example, the
concentration of each ion in the external solution bathing the tissue and
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the measured membrane potential were substituted into the Nernst
equation, and the internal concentration of each ion was predicted.

Prediction using the Nernst equation assumes passive ion distribution,
but notice that, of all the ions shown in the Table, only K+ is at or near
equilibrium. The anions NO*, CI", H,PO™ and SO,* all have higher
internal concentrations than predicted, indicating that their uptake is
active. The cations Na+, Mg2+, and Ca2+ have lower internal
concentrations than predicted; therefore, these ions enter the cell by
diffusion down their electrochemical-potential gradients and are then
actively exported.

The example shown in the Table is an oversimplification; plant cells
have several internal compartments, each of which can differ in its ionic
composition from the others. The cytosol and the vacuole are the most
important intracellular compartments in determining the ionic relations
of plant cells. In most mature plant cells, the central vacuole occupies
90% or more of the cell’s volume and the cytosol is restricted to a thin
layer around the periphery of the cell.

Because of its small volume, the cytosol of most angiosperm cells is
difficult to assay chemically. For this reason, much of the early work on
the 1onic relations of plants focused on certain green algae, such as
Chara and Nitella, whose cells are several inches long and may contain
an appreciable volume of cytosol. In brief:

. Potassium ions are accumulated passively by both the cytosol and
the vacuole. When extracellular K+ concentrations are very low,
K+ may be taken up actively.

. Sodium ions are pumped actively out of the cytosol into the
extracellular space and vacuole.
. Excess protons, generated by intermediary metabolism, are also

actively extruded from the cytosol. This process helps maintain
the cytosolic pH near neutrality, while the vacuole and the
extracellular medium are generally more acidic by one or two pH

units.
. Anions are taken up actively into the cytosol.
. Calcium ions are actively transported out of the cytosol at both

the plasma membrane and the vacuolar membrane, which is
called the tonoplast.

Many different ions permeate the membranes of living cells
simultaneously, but K+ has the highest concentrations in plant cells, and
it exhibits high permeabilities. A modified version of the Nernst
equation, the Goldman equation, includes all permeant ions (all ions

69



BIO 203 GENERAL PHYSIOLOGY I

for which mechanisms of transmembrane movement exist) and therefore
gives a more accurate value for the diffusion potential.

When permeabilities and ion gradients are known, it is possible to
calculate a diffusion potential across a biological membrane from the
Goldman equation.

The diffusion potential calculated from the Goldman equation is termed
the Goldman diffusion potential

Table 6.1 Comparison of observed and predicted
ion concentrations in pea root tissue

Concentration Internal concentration?

in external {mmal L)

medium
lon {mmal L) Predicted Observed
K 1 74 15
Ma* 1 74 ]
Mg?* 0.25 1340 3
Ca™ 1 5360 2
NO,™ F 00272 25
C 1 0.0136 7
H,PO L 1 0.0136 21
50,2 0.25 0.00005 19

Source: Data from Higinbotham et al. 1967.
Mote: The membrane potential was measured as =110 m\.

Antemal concentration values were derived from ion content of hot-water extracts of
1-to 2-cm intact root segments.

What idid you understand by steady state?

Self-Assessment Exercise 2

What is membrane permeability?

5.3.4 Cellular Communication

Cells in a complex organism interact with their environment (e.g.
gravity), with one another and with the cells of other organisms. Cell-to-
cell interactions occur where chemical or electrical signals released from
one cell are received by another where they exchange some aspect of
metabolism. Auxin is an example of an internal chemical signal -that is,
a signal that moves from cell to cell in the same plant. External signals
are those that pass between different organisms, for example, between
plants and bacteria or fungi.
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Auxin is an example of an internal signal between cells. Microbial
polysaccharides may function as a signal from bacteria to roots.

The reception of chemical signals and the transmission of their messages
are important functions of proteins in membranes. Studies of signal

transdution in plants have focused on the role of calcium ions (Ca2+ )
and calmodulin, a protein that is activated when it binds to calcium. In

its active form, the ca?* -calmodium complex activates enzymes in
membranes essentially telling them to get to work. As much as 2% of
the plasma membrane may be calmodulin.

5.3.4.1 Hormone Receptors

Signal transdution in plant cells begins when a hormone binds to a
receptor protein on the plasma membrane. Plants make several different
hormones, each of which must be recognized by a different receptor.
Studies of plant hormone receptor have concentrated on auxin receptors
because auxin has so many effects on plant growth and development.
Each auxin receptor causes different metabolic charges depending on
where it occurs in a plant.

Furthermore, the amount of binding varies from one tissue to the next,
for example, auxin receptors in leaf stalks bind more than one hundred
times more auxin than do receptors on fruits. The multiple
characteristics of hormone binding mean that there are probably many
different receptors for auxin as well as for each of the other plant
hormones.
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5.3.4.2 Membrane Interactions with other Organisms

Each plant is surrounded by other organisms, including animals, bacteria
fungi and other plants and interactions are common among plants and
many organisms in their fertilization can occur, if they do not fit
together the pollen tubes grow irregularly and incompletely, and
fertilization does not occur. In some cases, the pollen and stigma within
the same flower do not fit together which makes the plant self-
incompatible. Which hormone has great influence on plant growth and
development

Self-Assessment Questions
1) What is Nernst Equation?
Answer:

Nernst equation states that at equilibrium: the difference in
concentration of an ion between two compartments is balanced
by the voltage difference between the compartments

2) The energy used in active transport come from where?

Answer:

The energy required for active transport usually comes from the
hydrolysis of ATP

5.4  summary

Membrane lipids allow the unrestricted movement of small molecules
across the plasma membrane, but block the diffusion of ions and large
polar molecules. This property of membranes is called differential
permeability. Membranes also allow the transportation of solutes. These
energy requiring transport of solutes is called active transport. The most
common actively transported solutes are ions, especially hydrogen ion.
Transport proteins for hydrogen ions are called ATPases because they
use energy from the hydrolysis of ATP.

lon transport is affected by the concentration gradient of ions and by the
electrical gradient of their charges. Together the gradient creates an
electrochemical gradient across a-membrane. The electrical component
of this gradient is measured in volts and is called the membrane
potential. lon transport proteins, called electrogenic pump, maintain the
membrane potential. The most common electrogenic pumps are proton
pumps.

72



BIO 203 GENERAL PHYSIOLOGY I
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https://byjus.com » Biology » Biology Article

https://www.vedantu.com » guestion-answer » role-of-d...

https://milnepublishing.geneseo.edu » botany » chapter

https://courses.lumenlearning.com » chapter » water-pot...

https://www.sciencedirect.com » fopics » osmotic-potential

https://www.youtube.com/watch?v=nDZud2g1RVY &t=52s
https://www.youtube.com/watch?v=rXffq8B8Uiw
https://www.youtube.com/watch?v=R6jfNfNeSzI
https://www.youtube.com/watch?v=NIxt4VrcLyc

5.6 Possible Answers to Saes
Answer to SAE 1

Endocytosis is apparently more difficult in plants than in animals,
because; the plasma membrane of plant cells is usually processed
against the cell wall by turgor pressure. This turgor pressure hinders the
plasma membrane from invaginating into the cytoplasm

Answers to SAE 2

The extent to which a membrane permits the movement of a substance is
called membrane permeability. Membrane permeability depends on
the composition of the membrane as well as on the chemical nature of
the solute. In a loose sense, permeability can be expressed in terms of a
diffusion coefficient for the solute through the membrane

Glossary

ER= Endoplasmic Reticulum
RNA= Ribonucleic Acid
DNA= Deoxyribonucleic Acid
ATP= Adenosine Triphosphate
ADP= Adenosine diphoshate
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SP= Suction Pressure
DPD= Diffusion Pressure Deficit

End of Module Questions

1) Cells interact with other cells in an organism and their
environment (True or False)

2) A potential that develops as a result of diffusion is called a
diffusion potential. (True or False)

3) The energy required for active transport usually comes from the
hydrolysis of ATP (True of False)

4) If plasmolysed is placed in water or hypotonic solution,
endosmosis takes place (True or False)

5) Ribosomes are sites of protein synthesis (True or False)
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MODULE 2

Unit 1 Energy and its uses by Plant
Unit 2 Energy Metabolism |

Unit 3 Energy Metabolism |1

Unit 4 Respiration |

Unit5 Respiration |1

UNIT 1 ENERGY AND ITS USES BY PLANT
Unit Structure

1.1  Introduction
1.2  Intended Learning Outcomes
1.3 Main Contents
1.3.1 Energy and How to Measure It
1.3.2 Energy Conversions
1.3.3 The Laws of Thermodynamics
1.4 Summary
1.5 References/ Further Readings/Web Sources
1.6  Possible Answers to

1.1 Introduction

Energy the ability to do work is an important concept of study. Energy
and the control of it has been the root of major conflicts between
nations. Energy is also an essential component of living organisms
began the study of bioenergetics, which is a fascinating discipline that
helps us understand life. In this unit, you will learn about what energy is,
how it is measured and how the various forms of energy are converted.
The laws governing energy use in life termed the laws of
thermodynamics will also be treated. Examples will be given from real
life example to drive home these laws. The unit will end by identifying
how plants transform energy and mention will be made of the chemical
reactions that transform energy in plants and other organisms.

1.2 Intended Learning Outcomes
At the end of this unit, you should be able to:

e  define energy state the basic unit to measure energy
e name the two basic types of energy

e  state the first and second laws of thermodynamics

o list the two primary energy transformations in plants
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e give the general name for the chemical reactions that transform
energy in cells.

1.3 Main Contents
1.3.1 Energy and How to Measure It
a. What is Energy?

Energy is the ability to do work, that is, to bring about change or move
matter against an opposing force such gravity or friction. Because
energy is an ability to do work, it is not always as obvious to us as
matter, which has mass and occupies space.

We describe energy according to how if affects matter. Humans use
energy for conspicuous activities such as dancing, cultivating farmlands,
playing football and studying, plants on the other hand expend their
energy in subtle, nearly unrecognizable ways. For example the
philodendron plant uses its leaves to gather the energy available in
sunlight and use it to fuel its metabolism and growth. This plant has
large flowers that open for only a couple of days. At night when air
temperatures are near freezing, these flowers can reach temperatures

exceeding 460/1150 (by comparison, butter melts at
300C/880F).

These furnaces like flowers maintain their high temperature for many
hours in the cold night air. Understanding the bioenergetics of the plant
helps us to understand how they live. Bioenergetics is the energy
relationships of living organisms.

b. Measuring Energy

Energy exists in many forms. It is therefore measured with many units.
Most scientists measure energy in calories (cal) or joules (j) Calorie
(note the small c) is the amount of energy required to raise the

temperature of 1 gram of water by Oc. The most common unit
for measuring the energy content of food and the hear output of
organisms is a Calorie (note the large C) which is the energy required

to raise the temperature of liter of water by 10¢c.
The Calorie (written with a capital C) used to measure the energy

content of food is equivalent to 1,000 calories (written with c) or 1
Kcal.
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A joule (j) is the amount of energy needed to move 1 kilogram through

1 metre with an acceleration of 1 metre per second (1m) secz, for
comparison purposes 1 cal = 4.12). To help you put these units into
better perspective consider that one piece of meat pie provides enough

energy (1.5 x 10O J or 365 Cal) for a woman to run for an hour or for
a typist to enter about 15 million characters on a manual
typewriter (almost 11,000 typewritten pages).

Others units used in measuring energy include British thermal units
(Btu), watts (w) kilowatts hour (kWH) and horsepower (hp).

Energy Interconversions

1Btu = 1055

lcal = 41) =  000lKcal = 0.001C
lhp = 746W

1w = 0.00134hp.

What is Energy?

Self-Assessment Exercise 1

What is a Joule?

1.3.2 Energy Conversions and the Laws of the
Thermodynamics

a. Energy Conversions

All activities of living organisms such as cellular division, heat
production by flowers, moving from pace to place etc. involve the inter
converting of energy from one form to another. For example, we convert
the energy contained in oil to electricity, and then convert the
electricity to light energy to illuminate our homes and streets.

Similarly, plants convert sunlight into chemical energy that they use to
reproduce, repair their DNA, and now parts. This conversion of light
energy to chemical energy is photosynthesis, which sustains almost
all life on earth.

Animals stay alive by eating animals and/or plants and their stored
energy. All aspects of the lives of organism center on energy and
energy conversions.

There are two types of energy, Potential energy and Kinetic energy.
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Pushing a builder to the top of a hull requires an input of energy
because it increases the potential energy of the builder.

Potential energy is stored energy, that is, energy available to do work,
examples of potential energy include a teaspoon of sugar, an
unexploded/unlit knockout, and a rock on top of a hill. Potential energy
Is determined by the position (e.g. water held at an attitude behind a
dam) or arrangement (e.g. the type of chemical bonds) of matter. In
organisms, potential (i.e. latent) energy is stored in chemical bonds such
as those in sugar, starch and fats.

Kinetic energy is energy being used to do work. Examples of kinetic
energy include burning sugar, exploding a knockout, or rock rolling
down a hill or a nut forcing its way through soil. Kinetic energy effects
matter by transferring motion to other matter, just a moving ball
transfers kinetic energy to other place, if another man who is running
bumps into the man standing at a place, the stationary man acquires
some kinetic energy from the running man and then also some distance,
until the acquired energy is finished before he stops.) Similarly, a
flowing water can be used to turn a turbine, (this is what happens in
electricity generation at the Kainji Dam), and a growing root can break a
concrete floor. Kinetic energy moves objects, whether they be
mountains, molehills or molecules.

Heat is kinetic energy because it involves the movement by molecules.
Now, take another look at (Fig. 5.3). The rock on top of the hill contains
much potential energy the capacity to do work because of its position,
but since it is a rest, it has no Kkinetic energy. If the rock were given a
little energy a little push, it would spun tenuously roll down the hill
transforming its potential energy into Kkinetic energy, which could be
used to do work.
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Likewise, winding a watch transformed kinetic energy form the person
winding the watch into potential energy stored in the watch’s
mainspring. Thus under most conditions, potential and kinetic energy
are freely inter-convertible.

What is kinetic energy?
1.3.3 The Laws of Thermodynamics

Life depends on energy transformations. For examples, our bodies
transform the chemical energy in food to mechanical energy that enables
us to study, play and dance and our appliances convert electrical energy
to light for reading and to ban for cooking our food. Combustion
engines convert the chemical energy in petrol to mechanical energy that
sustains life on earth.

Energy transformations are regulated by laws of thermodynamics. These
laws involve a system and its surroundings. The collection of matter
being studied is called the system, and the rest of the universe is
referred to as the surroundings. A closed system, such as that
approximated by a thermos bottle, is isolated from. (i.e. does not
exchange energy with) its surroundings, conversely, an open system
exchanges energy with its surroundings.

The laws of thermodynamics are simple and based on common sense.
They are unbreakable laws that apply to all energy transformations,
whether they be combustion of petrol in a car, the breakdown of
glucose in a cell or the generation of heat by philodendron flowers.
These laws govern the existence of all organisms.

a. The First Law of Thermodynamics

The first law of thermodynamics is a law of conservation of energy. The
law states that energy cannot be created or destroyed, but only converted
to another forms. This law can be stated in other ways:

o In any process, the total amount of energy in a system and its
surroundings remains constant.

e  The total amount of energy in any isolated (i.e. closed) system is
constant.

e  The amount of energy in the universe is constant. -You can't get
something for nothing.

For example the energy used to wind a watch comes from the person

winding the watch. Similarly, a power plant (generator) does not create

energy. It merely transforms energy from one form (e.g. petrol) to
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another (e.g. Electricity). In the same way, green plants are not energy
producers, they merely trap and convert the energy in sunlight into
chemical bonds. The first law asserts that the energy in sunlight that
warms out plants and drives photosynthesis must come from somewhere
else in the system. In this case, it comes from the sun.

Energy conversions often generate heat, for example, as you are
studying this unit, your body generates the heat of a 100W bulb. Your
temperature is neither decreasing nor increasing because the heat
generated by your body is radiated into your surroundings. That is, there
iIs no change in the total amount of energy in the system. The energy
radiated from your body that heats the room you are in can be traced to
the energy contained in the food you ate. According to the first law of
thermodynamics, the amount of energy released by your body cannot
exceed the amount of the energy contained in the food you eat. If you
stop eating you will eventually run out of energy, die and stop releasing
heat.

The first law of thermodynamics has tremendous implications for
everyday life. For example, it explains why a car can only do a limited
distance regardless of its fuel efficiency or mileage rating, the energy
used to move the car cannot exceed that contained in the chemical bonds
of its fuel. When the car runs out of petrol, it can go no further until
more petrol is added. The addition of more petrol to the car (energy)
corresponds to a loss of energy from somewhere else - the storage tank
at the petrol station.

The first law of thermodynamics also dictates that the energy trapped by
leaves during photosynthesis cannot exceed the energy of the absorbed
light. For example, if 100 units of light energy strikes of leaf is not more
than 100 units of energy can be trapped in the carbohydrates produced
by photosynthesis. No matter how hard you tried, you can't get more
energy out of a system than you put in.

b. The Second Law of Thermodynamics

The second law of thermodynamics is the law of entropy, or disorder.
This law states that all energy transformations are inefficient, that is, that
the amount of concentrated useful energy decreases in all energy
transformed. This law can be expressed in other energy a follows:

System tends toward increasing entropy (disorder).

e  Anysystem tends spontaneously to become disorganized.

e In all energy transformations, some usable energy is lost as heat. -
Any spontaneous change decreases the amount of usable energy.
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To better understand this, consider a person throwing a ball or heating a
cup of tea. Both of these processes requires energy. According to the
first law, no energy has been created or destroyed in throwing the ball or
heating the tea, the energy used to heat the tea probably came from
breaking the bonds of natural gas, while that used in throwing the ball
came from energy in food used to contract muscles. However the
energies of the moving ball mid the heating the tea are drastically
different. The moving ball heats the air and any object that it strikes, and
is in coherent motion all of its parts move together in an orderly way. In
contrast, energy in the heated ten is contained in the random, incoherent
motion of its molecules. There is no order to it, the heat results only
forms of energy; any other form of energy can be converted completely
to heat, but heat cannot be completely converted to another forms of
energy.

This again goes back to our everyday experience. The thrown ball heats
the air and the glove that hit is, but applying the same amount of heat,
but heat cannot be completely to heat, but heat cannot be completely
converted to another form of energy.

This again goes back to our everyday experience. The thrown ball heats
the air and the glove that hit it, but applying the same amount of heat of
the air doesn’t move the ball.

All energy is ultimately converted to heat and heat is not usable energy.

Consider again the example of a combustion engine in a car. Petrol
(Gasoline) is a concentrated, orderly sources of energy, its energy
resides in the covalent bonds of octane. However, when these bonds
breaks and release energy in the car’s engine. Less than one-forth of the
energy is used to move the car (i.e. combustion engines are less than
25% efficient). According to the first law of thermodynamics, no energy
was lost when the car moved, the amount of energy used to move the
car, heat the engine block, (and the air around it), power the radio, ad
heat the tyres equals that originally contained in the petrol. However,
applying hear to the car does not move the car. That is, the energy
contained in the heated tyres, pavement, air and engine-block cannot be
recycled to run the car, because heat energy resides in randomly moving
molecules and it therefore not a concentrated, useful form. This heat
represents the inefficiency inherent in any energy transformation and is
the basis for the second law of thermodynamics. Because all energy
transformations produce heat (i.e. An unusable form of energy), all
things naturally become more disorganized.
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The consequences of the second law of thermodynamics are important
and familiar to everyone. For example, rocks tumble downhill rather
than up hill, and piece of jigsaw puzzle never spontaneously fall into
place when poured from a box. This second law explains why disorder
in the massive is increased continually.

Cells derive energy from sugar and fats for growth, repair and
reproduction. The chemicals reactions that free this energy are
inefficient and release much heat. The cells of most organisms extract
only about half of their fuel's energy for useful work (e.g. the energy
used to power your brain while you sleep is equivalent to that of a 60W
bulb). Thus, although organisms can channel the transformation of
energy from one form to another, they can inboard the energy in
reserves (e.g. Fat or Starch) or use if for repair, movement, or
reproduction-these diversions are only temporarily. Eventually, all
energy is transformed to heat.

To loss off useful energy as heat energy transformations increases the
entropy in a system, and only process that decrease the amount of useful
energy occur spontaneously. Therefore, there is a natural tendency for
things to become disorganized. Although the entropy of one system,
such as an organisms or cell, may decrease (i.e. the stem may become
more organized), the entropy of the universe is always increasing. Once
a more local level, or rooms and tables quickly become messy unless we
periodically straighten then.

Because organisms are highly ordered it might seem that they are
exceptions to the law of thermodynamics. The second law applies only
to closed isolated) system.

Organism remains organized because they are not closed system, they
use inputs of matter and energy such as food and sunlight to reduce
randomness (i.e. Decrease entropy) and stay alive. The energy that
keeps organisms alive comes ultimately from the sun that is plants
transform sunlight into chemical bond of carbohydrates, which humans
and other organisms use as an energy source. Life is only possible
because organisms temporarily store and later use some of the energy
flowing through the system. Plants and plant like organisms such as
algae are the first and most important part of the scheme.
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Plants are the products, that is, they transform energy in sunlight into
chemical energy. This energy then frown through and to used by
other

Energy transformations such as explosions, moving vehicles and
electricity which we are all familiar with releases large amount of
energy at once. However, energy transformations in cells involve small
amounts of energy. It is the cumulative effect of these many smell
transformation that we see a growth and development.

The two primary energy transformations in plant are photosynthesis and
cellular transportation.
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Plants use photo synthesis shown here as an uphill reaction, to make

energy rich sugars and O2 from energy pour CO2 and water. Plants
and other organisms use respiration, shown here as a downhill
action, to convert sugars to CO2 and water. Some of the energy
released during respiration is conserved in chemical bonds of other
molecules, especially ATP.

Photosynthesis uses light energy to convert CO2 and H20 (both

which are energy- pore) into sugars. In the process, oxygen gas,
(O2) is released.

Cells extract energy from sugar via cellular respirations. Some of this
energy is stored in molecules such as ATP (we study ATP in unit 7). If
all of energy in the chemical bonds of sugars were released at once (as
in explosion), the energy would be converted mostly to heat and produce
literally high temperatures. To avoid these problems, cell extract energy
from glucose and other molecules by slowly oxidizing the molecules in
the series of chemical reactions. During each reaction, there is a drop in
the potential energy of the molecules. Some of the energy is lost as heat
however much of it is trapped in the chemical bonds of other molecules
in the cell. The chemical reactions that transform energy in cells is
collectively called metabolism.
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What is the first law of thermodynamics

Self-Assessment Question 2

What is the second law of Thermodynamics?

Self-Assessment Questions
a) What are two primary energy transformation in plants?

Answer: The two primary energy transformation in plant are
photosynthesis are cellular respiration,

b) What is reaction that transform energy in living
organisms?

Answer: the chemical reactions that transform energy in plant and
other organisms is metabolism

1.4 SUMMARY

Energy, the ability to do work is an essential aspects of all events.
Everything involves energy including music, games, tides, seasons and
the orbits of the plants. Plants and animals are no exceptions. All aspect
of their lives, ranging from maintenance and repair exotic tasks such as
producing beautiful flowers, require energy. Consequently, we can only
understand and appreciate plants when we know about energy and how
it is used by plant.

All of life's activities require that energy be transformed from one form
to another. These energy transformations are governed by the laws of
thermodynamics.

1.5 References/Further Readings/Web Sources
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1.6 POSSIBLE ANSWERS TO SAES
Answer to SAE 1

A joule (j) is the amount of energy needed to move 1 kilogram through

1 metre with an acceleration of 1 metre per second (1m) secZ.

For comparison purposes 1 calorie = 4.12J.

Answers to SAE 2

The second law of thermodynamics is the law of entropy, or disorder.
This law states that all energy transformations are inefficient, that is, that

the amount of concentrated useful energy decreases in all energy
transformed.
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UNIT 2 ENERGY METABOLISM
Unit Structure

2.1  Introduction
2.2  Intended Learning Outcomes
2.3 Main Contents
2.3.1 Metabolism: Energy for Life's Work
2.3.2 Free Energy
2.3.3 Oxidation, Reduction and Energy Content
2.3.4 Other Compounds Involved in Energy Metabolism
2.4  Summary
2.5  References/ Further Readings/Web Sources
2.6  Possible Answers to SAEs

2.1 INTRODUCTION

In the last unit, we started the discussion on energy and its uses by
plans. You learnt what energy is and the different forms it takes (that is
energy conversion). You also learnt the laws of thermodynamics
and their relationship with life. We ended that unit by saying that the
chemical reactions that transform energy in cells are collectively called
metabolism. Plants harvest energy from the sun, convert it to
metabolically useful form, and move it in different forms within cells
according to energy budget.

Energy is needed for a whole range of things, which include: active
transport across membranes, biosynthesis of larger molecules from
smaller ones and moving molecules through the cytosol into and out of
organelles and cells.

In this unit, you are going to learn how metabolism works to get all the
energy needed for life's work; the various reactions involved in
metabolism and also the other compounds involved in energy
transformation in plants.

2.2 Intended learning outcomes
At the end of this unit, you should be able to:
e  give the meaning of the term metabolism

e  state what a metabolic pathway means
e  explain the meaning of the following terms:
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(a) Bond energy

(b)  Free energy

(c)  Enthalpy

(d)  Endothermic reaction
(e)  Exothermic reaction

2.3  Main Contents
2.3.1 Metabolism: Energy for Life's Work

Metabolism is a fundamental property of life arising from energy
transformations in cells. It is the totality of all the chemical reactions
that occur in an organism. These reactions do not occur randomly;
rather, they occur in step-by-step sequences called metabolic pathways.
In these reactions, the product of one reaction becomes another substrate
(that is the starting point) for another. The various metabolic pathways
in a cell are much like the roads on a map.

R
,-t@vs‘g,gl%} N

Cellular metabolism. This diagram traces some of the metabolic
reactions that occur in a cell. Thus represent molecules, and lines
represent reaction each catalysed by special enzyme-that changes
them.  The step wise sequences of reactions called metabolism
pathways shown in yellow is central to most other pathways.

Each reaction in a metabolic pathway rearranges atoms into new
compounds, and each one either absorbs or release energy. The amount
of energy required to break a particular bond is equivalent to the amount
of energy required for its formation. This amount of energy is called the
bond energy. For example, consider the energies of the following bonds.
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Energy (Kcal Mol'l)

C-C 83
C-0 &4
C-H 99
C=0 174
0=0 118
O-H 111

Thus C = O bonds are much stronger than C — C bonds. This is
important because metabolism continually breaks and reforms these
bonds to obtain energy for growth movement and repair.

During chemical reactions, the net release or uptake of energy equals the
difference of energy released and energy consumed. For example,
burning a mole (16g) of methane releases 160Kcal of energy.

— CH4+202 CO2 + 2H20

This heat of reaction is the heat that you feel from the stove (i.e the net
amount of energy released by the reaction) and is represented by H
(delta H). It is derived from the total potential energy of the molecules, a
measure called enthalpy. Therefore, we say that the heat released into
the surrounding comes from the enthalpy of the reacting molecules. In
the case of burning methane, the products (O2 and H20) have

160Kcal less enthalpy than the reactant (CH4). Such heat releasing

reactions are called exothermic reactions and change the molecules
so that their energy content decreases.

Although most exothermic reactions are spontaneous, some are not. To
accurately predict whether a reaction will occur spontaneously (that is,
without requiring any physical or chemical assistance. We will have
to study a new concept free energy.

What is metabolism?

Self-Assessment Question 1

What is Enthalpy?

2.3.2 Free Energy

The potential energy of a compound is contained in its chemical bonds.
When these bonds break, the energy that is released can be used to do
work, so as to form other bonds. The amount of energy available to form
other bonds is the free energy of the molecule and is represented by G
(for its discover, Joshua Gibbs).
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Josiah Willard Gibbs, an American mathematician, first described Gibbs
free energy in the 1870s. According to Gibbs, free energy is the total
energy of a system that is available to perform useful work. It is
expressed in kilojoules (kJ) and is also called “available energy.”
Another widely accepted definition of Gibbs free energy (which is often
denoted by the letter G) is that Gibbs free energy measures the
maximum work done by a thermodynamic system at constant pressure
and temperature.

The free energy is stored in the bonds present in the reactants and
products of a reaction. In a thermodynamic reaction, the change in Gibbs
free energy (AG) is represented as:

AG = total free energy of products — total free energy of reactants

When AG = 0, the reaction will be in equilibrium, which means the
concentration of products and reactants does not change. AG < 0, or a
decrease in free energy, means energy is released during the reaction,
and when AG > 0, or an increase in free energy, it means energy is used
up in the reaction.

ATP and free energy

Under standard conditions, glucose reacts with oxygen during glycolysis
to release Gibbs free energy. This is an exergonic reaction, which means
energy is released. In order to use up this free energy, this reaction is
coupled to other reactions in our body. One main way in which this free
energy is captured in our body is by producing adenosine triphosphate
(ATP) from adenosine diphosphate (ADP) by the addition of an
inorganic phosphate group. The formation of ATP from ADP is an
endergonic reaction, which means energy is used up in the reaction. So
by coupling this reaction with the exergonic glycolysis reaction, ATP
can be produced.

The oxidation of glucose and the production of ATP in humans results
in the storage of large amounts of Gibbs free energy in the phosphate
bonds of ATP, which can be released when ATP is hydrolyzed and its
phosphate group is removed to form ADP in the cells. This released
energy is used up by the body for several cellular processes.

Chemical reactions change the amount of free energy available for work.
This change in free energy is called A G. (delta G) and is the most
fundamental property of a chemical reaction. It is equivalent to the
change in the heat content minus the change in entropy.
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Those relationships are represented by the following formula:
G= H-TS
Where

G is the change in free energy of the reaction and is the part of the
potential energy that can do work. The remaining energy is not available
for work because of entropy.

H is the change in enthalpy (heat content), which is the energy in
chemical bonds.

T is the temperature measured on a scale of 9C above absolute zero
S is the change in entropy or disorder.

Entropy is amplified at higher temperatures because temperatures
measure random molecular motion (i.e. the intensity or potential of
heat), which increases disorder. Therefore higher temperatures speed
reactions and increase disorder. This is also why water evaporates faster
at higher temperatures. Spontaneous reactions change bond energies and
release heat. These reactions usually increase entropy and are called
Exergonic (energy outward) reactions. They have a G less than zero
and therefore form products with less free energy than their reactants.
This energy is potentially available for cellular work. All spontaneous
reactions decrease the amount of free energy because some energy is
dissipated, thereby increasing entropy. Because this energy can do no
work. Life is a constant struggle against entropy.

Not all reactions are spontaneous. For example, consider the formation
of sucrose (table sugar) and water from glucose and fructose.

Glucose + Fructose ——— Sucrose + H20

This reaction has a G of + 5.5Kcal, meaning that its products have

5.5kcal mol™l  more energy than it reactions. This reaction
absorbs energy from the surroundings and is not spontaneous. Such
reactions are

called endergonic (energy inward) reactions and will not occur without
a net input of energy.

The free energy of a particular reaction determines many of a reaction's
properties. Most important, the G of a reaction dictates how much
work a reaction can perform. For example consider the oxidation of a
mole of glucose to carbon dioxide and water

CeH12064%602 6CO2 + 6H20 + energy
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G = 686kcal Mol™L.

Since G of this reaction is less than zero, this reaction is exergonic and
spontaneous. The carbon dioxide and water it produces store 686 fewer
kcal than does glucose.

Endergonic Versus Exergonic Reactions

If a reaction requires an input of energy to move forward, then the
change in free energy, or the AG of the reaction is positive and the
reaction is considered endergonic—energy has entered the system. In
plants, the building of glucose molecules and oxygen from carbon
dioxide and water—with the help of sunlight—is considered endergonic.
The glucose molecules are considered as energy storage molecules.
Conversely, if energy is released in a reaction, then the change in free
energy, or AG is negative and the reaction is considered exergonic. The
products have less free energy than the reactants—energy has exited the
system. This occurs in animals that break down glucose using oxygen to
make carbon dioxide and water. The energy in the glucose molecules
has been released.

Free Energy and Chemical Equilibrium

When a chemical reaction reaches equilibrium, a G equals zero.
Similarly G increase as one moves away from equilibrium. Because all
of life's process requires work, cells must remain far from equilibrium to
stay alive. They accomplish this by continually preventing the
accumulation of any of the reactants of metabolic pathways. For
example, the hug difference in free energy between glucose and its
oxidation products (carbon dioxide and water) pulls cellular
metabolism quickly in one direction, as soon as reactants form; they are
quickly converted to new compounds by other reactions. What is
endergonic reaction?

Self-Assessment Exercise 2

What is Free Energy?

2.3.3 Oxidation, Reduction and Energy Content

Most energy transformations in organisms involve chemical reactions
called oxidations and reductions.
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¢ Reduced-- 1 Oxidized

“cornpound A ff R compound B
(reducing. - (oxidizing -
agent) " agent)

A s oxidized

Oxidized ‘

_ 5 A0 Reduced
compound A gl ¢ompound B

Oxidation and reduction occur simultaneously, as compound. A is
oxidized (i.e. dissolve electron) compound B is released (i.e. electron)

Oxidation is the loss of electrons either alone or with hydrogen, from a
molecule. This is equivalent to adding oxygen because oxygen is
strongly electronegative and therefore attracts electrons from the
original atom. Oxidation reactions, such as the breakdown of glucose to
carbon dioxide and water degrade molecules into simpler products and
are therefore examples of catabolism. They are reactions that breakdown
compounds to release energy.

Reduction is the addition of electrons either alone or with hydrogen to a
molecule. Reduction changes the chemical properties of a molecule, not
necessarily in its size. Electrons removed from a molecule during
oxidation reduce another molecule. Reduction reactions such as the
formation of lipids usually involve synthesis of more complex
molecules and are therefore examples of anabolism. They are reactions
that build up compound and require energy input. Oxidation and
reduction reactions always occur simultaneously; if something is
reduced something else must be oxidized.

Many energy transformations in living systems involve oxidation and
reduction of carbon. Reduced carbon contains more energy than
oxidized carbon. This explains why reduced molecules such as methane
(CHgy) are explosive, while oxidized molecule such as carbon dioxide

(CO2) are not. The same principle applies to other compounds, the
more reduced they are, the more energy they contain. For example
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Substance Energy Content (J kg-1)
Hydrogen 122,000,000
Natural gas 55,000,000
Gasoline 42,000,000
Wood (dry) 17,000,000
Starch 17,000,000
More reduced Sucrose 17,000,000
More oxidized Salad oil (or any fat) 37,000,000
Wheat floyr 15,000,000 (mostly starch)
otatoes, raw 3,000,000 (80% water)

eef, T-hone steak 17,000,000 (37% fat) Chicken (skinless)
,000,000 (2% fat)

This example should help you better appreciate how the different energy
content of foods affects our lives. Most University students require
about

3,000 Calories per day (that is the energy in one pound of butter).

Organisms extract energy from energy-rich compounds such as sugar
and fat via catabolic reactions that do work e.g. building cell walls, and
replicating genetic information an important substance through which
energy passes during cellular metabolism is adenosine triphosphate, a
compound more commonly known as ATP .

When cells need energy, they hydrolyse Adenosine triphosphate or
ATP. ATP is a nucleoside triphosphate made of adenine (a nitrogen
containing base), ribose (a five-carbon sugar) and three phosphate

(HPO42) groups (fig 5.9) ATP molecules contain much energy that is
released when the terminal phosphate group (represented by a squiggly
line,) is cleaved from the molecule. Because the breakdown of ATP
links energy exchanges in cells, ATP is the energy currency of the cells.
When cells need energy to do something, they "spend" ATP by
converting it to adenosine diphosphate (ATP), inorganic phosphate (Pi),
and energy.
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Structyre of ATP

. Energy roleased Irom ATP,
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ATP + Hy0 ——— ADP + Pi + energy
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G =-7.3 keal mol !

Several properties of ATP make it ideally suited as the energy currency
of cells.

The amount of energy released by converting ATP to ADP + Pi (7.3

kcal mol'l) is about twice as much as is needed to drive most cellular
reactions. The rest of the energy is dissipated as heat.

Much of its energy is immediately available to cells. Although fat and
starch also store large amounts of energy, their energy must first be
converted to ATP before it can be used. ATP represents the readily
available energy “cash” of a cell; fats and starch are analogous to
energy stocks and bonds.

Unlike the covalent bonds linking carbon and hydrogen in molecule
such as methane and glucose, the terminal phosphate bond of ATP is
unstable, that is why it breaks so easily.

ATP is a common energy currency — All cells of all organisms use ATP
for energy transformation. Like all of the different appliances that can
plug into an electrical outlet and do different things, so too can different
chemical reaction use cell's ATP to do different kinds of work.
Organisms use ATP for virtually all of their work including making new
cells and macromolecules, pumping materials and moving materials
through cells and throughout the organism. Accomplishing all of this
work requires huge amounts of ATP. For example, a typical adult uses
the equivalent of about 200kg (4401b) of ATP per day, but has only a
few grams of ATP on hand at anyone time. ATP is therefore recycled at
a very furious pace, turning over the entire supply every minute or so.

ADP + Pi + energy ATP G = +7.3 kcal mol'
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Since the G for this reaction is positive, each reaction requires an input
of energy which comes from molecules that are broken down in other
reactions that are coupled to the synthesis of ATP.

Coupled Reactions just as cells couple the breakdown of food to the
production of ATP, so too do they. Couple the breakdown of ATP to
other reactions that occur at the same time and place in the cell. These
coupled reactions drive other reactions that do work or make other
molecules.

Product 2

Product 1 Substrate 2

Coupled reactions. Energy released by an exergonic reaction can be
used to make ATP from ADP and PL. This ATP can then be used to
drive an endergonic reaction.

For example, consider again the formation of sucrose (table sugar) and
water from glucose and fructose.

Glucose + fructose —* sucrose + H20

G = +5.5Kcal mol'I

Because the G for this reaction exceeds zero, the reaction is not
spontaneous and will not occur without a net input of energy. This input
of energy is provided by two moles of ATP, each of which provide 7.3
Kcal mol-I of energy.

ATP—— ADP + Pi + energy

G =-7.3 Kcal mol™t

This changes the equation for sucrose synthesis to:

Glucoses + fructose + 2ATP Sucrose + H20 + 2ADP = 2Pi + energy

and makes the G =55 - 146 = -9.1 Kcal mol'l. Thanks to the
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expenditure of energy by the cell (i.e. as ATP). The reaction proceeds
because it's

overall G is negative. In this reaction, the breakdown of ATP is
coupled to the formation of sucrose.

ATP accomplishes much of its work by transferring its phosphate group
to another molecule in a process called phosphorylation.
Phosphorylation energizes the molecules receiving the phosphorylate
group so that they can be used in later reactions. The original “cost” of
this phosphorylation is returned in subsequent reactions. What is
oxidation?

Self-Assessment Question 3

What is Anabolism?

2.3.4 Other Compounds Involved in Energy Metabolism

Several other compounds beside ATP affect energy transformations in

plant cells . Cofactors are often ions, for example, Mg2+ is a
cofactor required to transfer phosphate groups between molecules.
Organic cofactors are called co-enzymes and usually carry
protons or electrons. These are often nucleotides, unlike ATP, their
energy content depends on their oxidation state, not on the presence or
absence of a particular phosphate bond. Co-enzymes are vitamins that
occur in all cells. Humans and other animals must obtain vitamins from
food, plants produce their own vitamins.

a) NAD™ Nicotinamide Adenine Dinucleotide

NAD" is similar to ATP in that it is made of adenine, ribose and
phosphate groups.
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However, the active part of NAD™ is a nitrogen containing ring,
called nicotinamide, which is a derivative of nicotinic acid (niacin, or
vitamin B3, one of the compounds added to products such as cornflakes

to make

them "vitamin fortified"). NAD™ is reduced when it accepts two
electron and a proton from the active site of an enzyme or from a
substrate.

NAD' +2nt 28— » NADH + HT
G =-52.6 Kcal mol'I

NADH + H' s fully reduced and is therefore energy rich. It is used
to make ATP land to reduce other compounds in cells.

b) NADP™: Nicotinamide Adenine Dinucleotide Phosphate
NAD™ has a structure similar to NAD™ with an added phosphate group
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iy ) Phosphate
- e (NDBFY)

NADPH supplies the hydrogen that reduces C02 to carbohydrate during

photosynthesis. NADPH also supplies the hydrogen used to reduce
nitrate to ammonia.

c) FAD: Flavin Adenine Dinucleotide

FAD is one of the coenzyme forms of rigo-flavin (vitamin B2)
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> Phosphile

FAD, like NAD, carries two electrons, however 'FAD accepts both
protons to become F ADH2 functions in cellular respiration.

d) Other Nucleoside Triphosphates.

Seven other nucleoside triphosphate function in cellular metabolism.
For example uridine triphosphate (UTP) is involved in making cell
walls, guanosine triphosphate (GTP) is involved in protein synthesis,
and cytidine triphosphate (CTP) is involved in membrane production.

Cytochromes like chlorophyll and haemoglobin, cytochromes are a

group of metal- containing molecules that participate in metabolism by
transferring electrons.

101



BIO 203 GENERAL PHYSIOLOGY I

o

Structures of electron carriers in plant cell (a) NAD (nicotinamide
adenine dinucleotide). The nicotinic acid ring is the part of NAD

List other compounds involved in energy metabolism.
Self-Assessment Questions

a) What is NAD?
Answer: NAD+ Nicotinamide Adenine Dinucleotide

b) What is the function of NADPH?

Answer: NADPH supplies the hydrogen that reduces CO02 to

carbohydrate during photosynthesis. NADPH also supplies the
hydrogen used to reduce nitrate to ammonia

24 SUMMARY

Metabolism is the sum of the vast array of energy and matter
transformation in cells. It occurs in step-by-step sequences called
metabolic pathways rearranges atoms into new compounds. Chemical
reactions change the amount of free energy available for work. This
change in free energy is the amount of energy available to form other
bonds.
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Many energy transformations in organisms involve chemical reactions
called oxidations and reductions. Oxidation is the loss of electron from a
molecule, reduction is the addition of electrons to a molecule. Oxidation
and reduction reactions always occurs simultaneously.

2.5 References/Further Readings/Web Sources
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2.6 Possible Answers To Saes

Answer to SAE 1

Enthalpy is the total potential energy of the molecules
Answers to SAE 2

The amount of energy available to form other bonds is the free energy
of the molecule and is represented by G

Answer to SAE 3

Anabolism is synthesis of more  complex molecules. Anabolic
reactions build up compound and require energy input.
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UNIT 3 ENERGY METABOLISM I1

3.1 Introduction
3.2  Intended Learning Outcomes
3.3 Main Contents
3.3.1 Enzymes and Energy
3.3.2 Regulating Metabolism
3.3.3 The Major Energy Transformations in Plants
3.4  Summary
3.5  References/Further Reading/Web Sources
3.6  Possible Answers to SAEs

3.1 Introduction

It was earlier learnt that metabolism of particular note was the two
major types of reactions, one of which is the spontaneous or exergonic
reactions. In the unit you are going to learn that the spontaneous reaction
do not just happen. They still need a little “push” to take off. This little
push is what is known as energy of activation and it must be present
before any reaction can occur. You will also learn that heat provides
energy of activation in some reactions, but in reactions occurring in
plants heat will not do. Other things now take over and these other
things are enzymes. The unit will end by introducing you to the two vital
energy transformation activities in plants. These are respiration and
photosynthesis.

3.2 Intended Learning Outcomes

At the end of this unit, you should be able to:

e  define enzyme

e  explain the mechanism of enzyme action

e  define energy of activation

e mention the two energy transformation activities in plants.

3.3  Main Contents
3.3.1 Enzymes and Energy
Exergonic reactions (e.g. the combustion of methane) are spontaneous.

The truth is that these reactions, even though they are spontaneous
require an energy input to start.
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Many chemicals reactions are similar to the rock on top of the hill, they
proceed only when activated by an energy input called energy of
activation (E act). In photosynthesis, the energy of activation is provided

by sunlight and the net gain of energy is trapped in products such a
wood.

gl
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Although this wood contains much energy, the wood is too stable to
bum spontaneously. That is, although it contains its potential energy, it

will not burm unless it is first heated.
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Energy of activation. (a) Plants use photosynthesis for make sugars
that are, in turn, used to make products such as wood. The energy
to do this that is, the activation energy for photosynthesis — comes
from sunlight. (b) The energy captured in wood is released when
wood burns. To start this reaction, activation energy must be provided
to ignite the wood.

The heat necessary to ignite the wood is the energy of activation. Once
ignited, the wood will continue to bum and release energy.
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Activation Energy

Activation energy (Ey) is the minimum energy
needed to start a chemical reaction.

A lighter supplies the activation
" energy to make wood burn.

sciencenotes.org

Although heat is generally an effective catalyst, it is usually not
effective for cells. Indeed the heat needed to activate most metabolic
reaction would Kill most cells. Thus cells rely on biocatalyst called
enzymes to start their reactions.

Enzymes are globular proteins that speed reactions by decreasing the
energy of activation of reaction.
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Enzymes speed the rate of chemical reaction by Iowering the energy of

activation of the reaction. From P. and H. Nature of Life Z”d ed.
Copyright @ 1992 McCraw Ltd. Inc., New York
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A
Activation energy (Ea)
without enzyme
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Activation energy (Ea)
with enzyme
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This they do by binding the substrate so that the reaction can occur. For
example, the energy of activation to degrade casein (a protein in milk) is

20,600kcal mol 1 without the reactions enzyme, but only 12,600kcal

mol™L in presence of enzyme. Decreasing the energy of activation
greatly speeds the reaction. For example, consider the fornulation of
H2CO3 from CO2 and H20, a reaction involves in gas exchange and

catalyzed by carbonic anhydrase.

—€O02+H0——> H2CO2
Carbonic anhydrase

Without carbonic anhydrase, only about 1 molecule forms per second.
This is far too slow to be useful to organisms. However, in the presence
of carbonic andydrase, H2CO3 form at a rate of about 600,000

molecules per second, an increase of more than 107. This
emphasizes the importance of enzymes, they are critical to life
because they speed spontaneous reactions to a biological useful rate.
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Higher temperatures typically increase enzymatic activity. Up to a point
enzymatic activity typically - doubles for every increase of 10°C.
However, beyond 60°C, entropy wins out as the protein is denatured and
the reactions stops. Although a few organisms can tolerate high
temperatures (e.g. some bacteria thrive at a temperature of 70°c), most
enzymes work best at lower temperatures. For example, most enzymes

in our bodies function best near body temperature (370C/98.60F). What
are enzymes?

Self-Assessment Question 1
What is activating energy?

3.3.2 Regulating Metabolism

Enzymes regulate energy transformations by controlling metabolic
reactions. If metabolism is linked to a series of interconnected roads,
then enzymes would function as traffic lights that control the flow of
energy in cells. How do enzymes do this?
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Some hypothesis were postulated as an explanation for enzymes action.
We will look at them before going on to discuss how enzymes really
work.

Hypothesis 1 - Enzymes decrease the G of a reaction. (G is the
amount of energy available to form bonds, also known as free

energy)

This hypothesis is not true. Enzymes do not change the G of a
chemical reaction.

Hypothesis 2 - Enzymes heat cells to increase reaction rates. This
second hypothesis is also not true. Enzymes do not heat cells. The heat
required to speed most metabolic reactions to useful rates would kill the
cells.

How, Then, Do Enzymes Regulate Metabolic?

The products of a pathway often affect the activity of the pathway. For
example, plants use a five -step pathway to make isoleucine from
threonine when isoleucine accumulates, it inhibits the first enzymes of
the (1) pathway, thereby decreasing production of isoleucine until the
current supply is used. This means of slowing a pathway when its
products are not needed is called feed back inhibition and is common in
plants and animals. Feedback inhibition balances supply and demand in
cells, thereby averting unnecessary excesses and deficiencies.
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Feedback inhibition. The metabolic conversion of threonine to
isolecutine consists of five steps, each controlled by an enzyme (En,
En; en,...). An accumulation of isolucine inhibits the first enzyme of
the pathway (en,), thereby preventing an unnecessary building of
isoleucine.

One means of feedback inhibition involves allosteric regulation in
which the product binds weakly to a receptor site on the enzyme that
differs from the active site. Allosteric regulation is common in enzymes
having more than one subunit. The binding of a molecule to an allosteric
site (usually located where their subunits join) changes the enzymes
activity, thereby affecting the cell's metabolism. For example, isoleucine
allosterically inhibits the first enzyme of its synthetic (2) pathway, and
thus prevents the unnecessary buildup of isoleucine.

Many enzymes are also inhibited by other molecules that compete for
the enzyme's active site. These competitive inhibitors mimic the
substrate and can be overcome by increasing the concentration of
substrate (i.e. diluting the concentration of the inhibitor). Drugs such as
sulfanilamide competitively inhibit enzymes.

Other compounds inhibit enzymes by binding to parts of the enzymes
that are different from the active site, thereby preventing the enzymes
from binding the substrate at its active site. Compounds that do this,
such as lead and nerve gas, called non-competitive inhibitor. Although
many non-competitive inhibitors bind reversibly to an enzyme, many do
not. For example, penicillin is noncompetitive inhibitors. Although
many competitive inhibitors that bind irreversibly to an enzyme (3) may
not for example, penicillin in a non-competitive inhibitor that binds
irreversibly to any enzyme that makes cell walls in bacteria. This
blockage of cell wall synthesis ultimately kills the bacteria, thus
accounting for the antibiotic effect or penicillin. Do enzymes change the
G of reaction?

3.3.3 The Major Energy Transformations in Plants
Photosynthesis and Respiration

The energy transformations that sustain life occur similarly in all
organisms. The most important energy transformation in plants are
photosynthesis and respiration.

The energy-requiring uphill stage of the process, is cellular respiration.
During this process, light energy absorbed by chloroplasts is used to
release oxygen and reduce carbondioxide (a low energy compound) to
carbohydrate (a high energy compound).
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Carbon dioxide + water + light

Carbohydrate + oxygen

Carbohydrate fuels the activities of plants and other organisms.

The energy-releasing (i.e. exergonic), downhill stage of the process is
cellular respiration. During this process, energy -rich molecules such as

sugars are oxidized to carbon dioxide and water.

Carbohydrate + oxygen

Carbon dioxide + water + energy
Respiration drives the cellular economy of most organisms.
a. The Flow of Energy

Examine the equations for photosynthesis and respiration again. Each
process involves oxidation or reduction of carbon by the addition or
removal of hydrogen. Photosynthesis removes hydrogen from water and
adds it to carbon, thus, carbon is reduced during photosynthesis. Cellular
respiration removes hydrogen from carbon and adds it to oxygen to form
water, thus carbon is oxidized during respiration.

Now examine
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The major transformations of energy by organisms: photosynthesis
and respiration. Photosynthesis provides food for virtually all
organisms, on earth. Organisms use cellular respiration to extract
energy from food. Although nutrients cycle in an ecosystem, energy
flows through an ecosystem. All energy is eventually converted to heat.

Although one equation is the reverse of the other, they proceed by
different mechanisms which shows how photosynthesis and respiration
are integrated in nature. This diagram illustrates an important concept
about energy. Energy flows through a system and is ultimately
converted to heat. For example, sunlight is the energy input that sustains
life on earth. This is possible only because plants convert sunlight into
chemicals energy (e.g. sugars). Animals stay alive by eating plants (or
by eating other animals that ate plants) and using their stored energy to
power their activities. These animals are then eaten by another animals
to fuel their activities. Ultimately, the organisms die and are
decomposed by bacteria and fungi.

In the process, the energy stored temporarily by organisms in this so-
called "food chain™ is released by heat. Organisms may temporarily
store various amounts of the energy, but the net effect is that it flows
through the system and is ultimately transformed to heat.
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According to the second law of thermodynamics, all of the energy
transformations at every step in the food chain are less than 100%
efficient. Indeed, there is a 90% loss of usable energy at each stage. This
has tremendous implications. For example, consider the corn crop, most
of the energy that strikes the plants' leaves is reflected or converted to
heat. Only a small amount of the energy is trapped by photosynthesis in
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sugars. When these sugars are converted to starch, more of the energy is
lost. When this starch is feed to cattle, only about 10% of the usable

EE— >

energy is stored by the cow, the rest is lost as heat. By the time we eat
beef made from the cow, another 90% of the useable energy has been
lost. Thus, the amount of usable energy in the steak is only about 1 % of
that contained in the starch of the corn.

100 Units 10 units of 1 unit of energy
energyincorn  energy in a herbivore in a carnivore

The inefficiency of these transformations, as predicted by the second
law of thermodynamics, makes this an inefficient process because much
of the energy is converted to heat. By inserting an extra energy
transformation between the corn plant and ourselves (i.e. the cow), we
lose much of the usable energy.

Heat Loss inn Food Chains

Solar Energy Producers Primary Consumers Secondary Consumers
(plants) {herbivores) {carmivores
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Also, although energy moves through the system in the one way flow
(i.e. toward heat), nutrients are cycled. That is photosynthesis produces
sugars and oxygen from carbon dioxide and water. Thus nutrients
cycles in an ecosystem. What are the major energy
transformation activities in organisms?

Self-Assessment Exercise 2

What is respiration?

Self-Assessment Questions
1) How are respiration and photosynthesis related?
Answer: Photosynthesis removes hydrogen from water and adds it to

carbon, thus, carbon is reduced during photosynthesis. Cellular
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respiration removes hydrogen from carbon and adds it to oxygen to form
water, thus carbon is oxidized during respiration.

2) What is the chemical equation for respiration?
Answer: C¢H,06 +O5=  CO,+H,0 + Energy
3.4 Summary

Enzymes catalyze biological reactions by lowering the energy of
activation of the reaction. Enzymes are critical to life because they speed
spontaneous reactions to the biologically useful rate. Enzymes, are
controlled by feedback inhibition, competitive inhibition, and non-
competitive inhibition.

Photosynthesis and respiration ate the major energy transformed in
organisms. Photosynthesis uses light energy to reduce carbon dioxide to
carbohydrate, while respiration converts carbohydrate to ATP. Together,
photosynthesis and respiration comprise a system by which energy
flows through an ecosystem and is ultimately converted to heat. Unlike
energy, nutrients cycle in an ecosystem.
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