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INTRODUCTION

BIO 203 General Physiology Is a onesemester, two credithour
course in the Departmenf Biological Sciences, Faculty of Science. It

Is a200 level, first semester undergraduate cowfered to students
admittedin the Faculty of Science, and other faculties that are offering
Biology or relatedprogrammes. This course is designed pritpdor
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 andplants; diffusion, osmotic pressure and osmolarity. Water
potential, turgor, plasmolysis, Gibionan relationship. Gas exchange,
partial pressures (Tension), Hydrogen concentration (pH).
Henderson Hasselbach equation, buffers in physiology. Nutrition;
photcautotrophism, heterotrophism (essential requirements of each),
Respiration and photosynthesis; metabolism, photosynthesis, oxygen
and carbon dioxide exchange.

It givesyou someguidanceon your Tutor- MarkedAssignments.
Thereis/are Sel-Assessmet Exercise(s)within the body of a unit
and/or atthe end of each unit. The exercise(s) is/are an overview of the
unit to help youassess yoursedittheendof everyunit.

COURSE COMPETENCIES

This courseis to provide a generalizedintroduction to thegeneral
physiology of organisms.

COURSE OBJECTIVES

In addition to the course competencieshe coursesets an overall
objective which must be achieved. In addition to the course objectives,
each of the units has its owspecific objectives. Youare advsed to
read properly the specific objectives for each unit at the beginning of
that unit. This will helpyou to ensurethat you achievethe objectives.

As you go through each unit, you should from time to time go back to
theseobjectivedo ascertairthelevelat which you have progressed.

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

osmotic pressure and osmolarity
Water potential

turgor

plasmolysis
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GibbsDonan relationship

Gas exchange

partial pressures

photoautotrophism

heterotrophism

Be ableto differentiatebetweemualitative and quantitative tests
especially for amino acids and proteins

=A =4 =4 =8 -8 -9

WORKING THROUGH THIS COURSE

In this course,you will be advisedto devote your time in reading
through the materialYou would be required to do all that has been
stipulatedin the course:studythe courseunits, read the recommended
referencetextbooksand do all the unit(s) self- assessment exercise (s)
and at some points, you are required to sulymitr assignment (TKs)

for assessment purpose. You should thereforail yourself of the
opportunity of being present during the tutorsmssions so that you
would be able to compare knowledge with yoalleagues.

REFERENCES AND FURTHER READINGS

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

PRESENTATION SCHEDULE

There is a timeaable 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 intext questions and the second is -sal§essment exercises, while

the third is the wrien 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 accaur®®% 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 couse, 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 appate 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 yeexin
guestions and SeHssessment 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 ya@a Animal Ecology, a suliscipline 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 soonas 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 facilitatdy telephone or -enail for
necessary assistance if

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

A You have difficulty with the selassessment activities.

A You have a problem or question with an assignment or with the
grading ofthe 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 pat out any problem encountered in the course of your
study.
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MODULE 1

Unit 1 Cell and its Discovery

Unit 2 Structureand Function of PlantCells:|
Unit 3 Structureand Function of PlantCells:|II
Unit4 Structureand Function of Membranes!|
Unit5 Functionsof theCell 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 The cell

1.3.2 Discovery of cdl

1.3.3 Cell theory

1.4 Summary

1.5 References and further Readifyeb Sources
1.6 Possible answers to SAEs

1.1 Introduction:

Cell is the basic unit of life. All livings are made up of (®lland 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 theendof this unit, students should be able to

) define cell
i) descibe its discovery
1)) explain cell theory

1.3 Main Contents
1.3.1 The Caell

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 orgams in thekingdoms of life

are composed of and depend on cells to function normally. Noglé|
however,are alike. There are two primary types of cediskaryotic 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 includanimal
cells plant cells andfungal cells Prokaryotic cellancludebacteriaand
Achaeans

Cells containorganelles or tiny cellular structures, that carry out
specific functions necessary for normal cellular operation. Cells also
containDNA (deoxyribonucleic acid) anBNA (ribonucleic acid), the
genetic information necessary for directing cellular activities.

Eukaryotic cells grow and reproduce through a complex sequence of
events called theell cycle At the end of the cycle, cells will divide
either through the processes ofitosis or meiosis Somatic cells
replicate through mitosis andex cells reproduce via meiosis.
Prokaryotic cells reproduce commonly through a type of asexual
reproduction calledinary fission Higher organisms are also capable of
asexual reproductionPlants,algae and fungi reproduce through the
formation of reproductive cells callegbores Animal organisms can
reproduce asexually through processes such as budding, fragmentation,
regeneration, anplarthenogenesis

Cell can also be defined as an organized uninucleats ofiggotoplasm
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 sesictur
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, molecularibgy, e.t.c.

Definea 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 1831velusar
dense spherical body in the cell which was later termed as nucleus.

M.J Schleiden andheodor Schwann (1839) propostx wellknown
CELL THEORY o006the cell i's the stru
pl ants and ani mal s660.

Roberts Remark (1841) amludol f Vi rchow (1858) s
arise from the division ofthepeex i sting cell s. 00


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 skidoe called protoplasm.

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

Self Assessment Exercise 1

)] What is cytology?
1)) Cell Biology is composed of what ottields?

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 preexsting cells.

In 1665, Robert Hooke publishedicrographia 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 lkimg at cork, Hooke observed

boxs haped structures, which he called fAcel
the cells, or rooms, in monasteries. Thisscdvery led to the
development of the classical cell theory.

The classical cell theory was proposed by Theddrwann 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 stataminmnis cellula e cellal (all cells come from
cells)

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

3
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formation of the modern cell theory, whidmas 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 oagas within cells.

Modern Cell theory states that cells are the basic structural, functional,
and organizational units of both singlelled and multicellular
organisms; cells divide and pass on hereditary information; and energy
flows within cells.Whatdid you understand bsodern cell theory?

SelfAssesment Exercise 2

1) What role did microscope invention played in cell biology

4.0 SelfAssessment Questions and Class Activity
4.1 SelfAssessment Questions

a) What is a cell?

Answer

The cell isthe 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 thsid 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 muiplied, was described by Rudolf Virchow in 1858, when he
statedomnis cellula e cellulgall 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 texdper into the cell
for more detailed information resulting in cell theory.

15 References/FurtherReadinggWeb Sources

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

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

Verma ,V. (2009) Text of Plant Physiology.Ane BooksPvt.Ltd. New

Delhi pp25
https://nios.ac.ini medi a U dof®4 ments U Lesson
http://www.sc.chula.acth cour se-@dalre G VI I |
https://ncert.nic.ini  t ext book U0 pdf U
https://www.houstonisd.oig Cent ri ci ty

https://www.khanacademy.org/science/biolaiiictureof-a-
cell/introductionto-cells/v/celttheory
https://www.youtube.com/watch?v=zk3vlhz1b6k

16 Possible Answers to SAEs
Answers to SAE 1

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

1)) 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 microscops, it

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 Contats
2.3.1 Components of plant cell
23.1.1 Why are Cell so Small

2.312 Membranesand Cell Compartment

2.3.1.3 The plant cytoskeleton consists of
microtubulesand microfilamats

2.3.1.4 Microtubules and Microfilaments Can
Assemble and Disassemble

2.3.15 Microtubules Function in Mitosis and
Cytokinesis

2.3.1.6 Microfilaments Are Involved in Cytoplasmic

Streaming and in Tip Growth
2.3.2 The cdl wall
2.3.2.1 How Cdl Walls Growth
2.3.2.2 Connedion baweenCells
2.3.3 The Nucleus
2.3.4 The Ribosomes
24  Summary
25 References/ Furth&eading/Web Sources
26 Possible answete SAEs

2.1 INTRODUCTION

All plantsconsistof cells,which arethe simplest unitsof plantthat can
live independatly. The smallest orgamsms are single cells, but plants
aremadeof billions of cells. Plarts cells have many shags andsizes.
The smallest of which are the dividing cdls at the tips of roots and
stems. Eachcell in a plant consigs of a cell thatis surounded by
a plasma membrane, which encloses many smadler parts called
organdles. Becauseach orgarelle hasits own sets of functions, the
job of each cellin a plant is determined by how many and which
organellesit consistsand whatthe organellesdo.

In this unit, we shdl be looking at why cells are so small, the
Membranesat cell compatmentsand the cytoskelebnand how it works.
We will then study thewall, the Nucleusandthe Ribosomes.
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2.2 Intended Learning Outcomes (ILOs)
At theendof thisunit, you shoud beableto:

mentionthe diff erentcomponentsf theplantcell
explainwhy cellsare so small

mentionthe threekindsof filamentfoundin the Cytoskekton.
distingush between the two typesof cell wall

identity the areaof connectionbetweencells
describdhestructue of the nucleus

=A =4 =4 -8 -8 -9

2.3 Main Contents
2.3.1 Componentsof the Plant Céll

The plant cell is composedof two basic parts: The cell wall and the
protoplastThecell wall hasthefollowing pats.

Middle lamella Prmary cdl wall Secondsy cell wall Plasmodesmata
TheProtglasthastwo main divisions:

Theprotodasm and the Ergastc substanes
TheErgasticsubsancesinclude: Starclgrains
Vacuolesapwith wage substanes suchastannins,
Crystalsetc.

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

Nucleoplam

Chromalin

Nucleolus.

Cytoplasm madeupof:

PlasmalemmaHyaloplasm Tonoplam Microbodes
Endoplamic Reticulum (Er) Dictyosomes
Spherosmes

Mitochordria

Plastids.



BIO 203 GENERAL PHYSIOLOGY |

Some of the components of the cytoplasm have other
smaller componerts. Theseare:

Hyaloplasmﬁgroundplasma
Ribosomes
Oil droples Cytpskelédon Microtubles Pergysomes Lysosomes
Glyoxysomes
Microbodies Perxysomes
Lysosomes
Glyoxysomes
Spherosme Lipid bodesWax bodies Fdly bodes
Plastids — Proplastils LeukoplasAmyloplasts Chloroplats
Chromogsplasts [

—

—

Some of thesecompaments ofthe cell that have functionalsignificance
will betrededin this unit andthenext(that is, in Units 2 and3)

2.3.1.1 Why are Cell so Small

For convine, most of the contents © a cell are referred toas its
cytoplasm. The ory component of the cell that isnot part of the
cytoplasm is the nucleus. The plasma membrane whichsurrownds the
cytoplasm, is a barrierthat proteds the cell from hamful substancs. It
hasthe consisency of saladoil andmustallow the passagef gasesand
nutrientsinto and out of the cell. Howeve, the suiface areaof the
membrane an serviceonly so muchcellular volume thatis the surface
to-volume ratio musthave a lower limit. Multicellular organsms avoid
this limit by makingmorebut smallercellsfor agivenvolume.Cels are
therdoresmallsoasto make room for more plasma membranes.

The needfor suficient amount of plasma membranefor the volume of
the cell only partially explans why most cells are so small. Other
importantfactorinclude thelimits on rate of synthesisandtransprt of
molecules within the cell and the requirement that a singlenudeus
managethe metaboism of theentirecell.
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2.3.1.2 Membranesand Cell Compart ment

Many metabolic fundions in a cell occurin or on membranes. The
Plasma membrane #&one is inadequatefor all of these processes
regardles®f the cell size.Additionalinternalmembranestachedo the
plasma membrane or included in organdédles ompensate for the
insuficiency of the plasmamembrane.The other membranesalso form
compartment that maintain differentenvirorments within the cell. For
example, incompatiblereactionssuchasthe hydrolysisanddehydraion
of carbdwydratesareisolatedfrom eactotherin differentcompartments.
Thesecompartmentsallow many diff erent kindsof reactions taccur in
thecell smultaneudy.

Biological membranes are usualy very small and consist of mostly
phosphailpids and proteins. In addition to the plasma membrane there
are membranes that surround nuclei, mitochondia, cHoroplasts,
vacuolesand microbodies. Membranesalso pervadethe cell beween
organellein a complex system that complements the functionsof the
organellarmembranes.You will learn more aboutthe characterists of
organellesand theinternal membrane system of cellslater.

2.3.1.3The plant cytoskeleton consists of microtubules and
microfilaments

Three major types of cytoskeletal elements have been dentedsina
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 thenonomeric 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. Cytoskefand al
variety of proteins.

a) Microtubules: are hollow cylinders with an outer diameter of 25
nm; they are composed of polymers of the protebulin. The tubulin
monomer of microtubules is heterodimer composed of two similar
pol ypept i d-ea ndhubblin,seacl{ baving an apparent
molecular mass of 55,000 daltons . A single microtubule consists of
hundreds of thousands of tubulin monomers arranged in 13 columns
calledprotofilaments

b) Microfilaments are solid, with a diameter of 7 nm. They are
composed of the monomeric form of the protaatin, called globular
actin, or Gactin. Monomers of @ctin polymerize to form a single
chain of actin subunits, also called a protofilamente Hctin in the

9

compone .|
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polymerized protofilament is referred to as filamentous actin;actia.
A microfilament is helical, a shape resulting from the polarity of
association of the @ctin monomers.

C) Intermediate filaments are a diverse group of helically walin
fibrous elements, 10 nm in diameter. Intermediate filaments are
composed of linear polypeptide monomers of various types. In animal
cells, for example, thewuclear lamins are composed of a specific
polypeptide monomer, while thé&eratins, a type of inteamediate
filament found in the cytoplasm, are composed of a different
polypeptide monomerList the three major types of cytoskeletal
elements in plant cell?

SelfAssessment Exercise 1

) Ergastic substances include what? |

2.3.1.4Microtubules and Microfilaments 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
pol arity ari ses f-aoudtubblih betenodmeaini t vy
microfilaments, the polarity arises from the polarity of the actin
monomer itself. The opposite ends of microtubules mmatofilaments

are termedplus 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 previoushplicated 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 thei constituent subunits. The subunits then repolymerize
before the start ofprophase to form thpreprophase band(PPB), a

ring of microtubules encircling the nucleus.

The PPB appears in the region where the future cell wall will form after
the completio 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 spec#icucture,
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. Inanimal cells the spindle microtubules radiate toward each
other from two discrete foci at the poles (the centrosomes), resulting in
an ellipsoidal or footbalshaped, and array of microtubules. The mitotic
spindle of plant cells, which lack centrosomasiiore 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 athed to the chromosomes at thairetochores

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, thecell plate that forms between incipient daughter
cells, is rich in pectism . Cell plate formation in higher plants is a
multistep process . Vesicle aggregation in the spindle midzone is
organized by thghragmoplast, a complex of microtubules and ER that
forms during late anaphase or early telophase from dissociated spindle
subunits Definecytokinesis

2.3.1.6 Microfilaments Are Involved in Cytoplasmic Streaming and
in Tip Growth

Cytoplasmic streamingis 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 unils have been
measured.

The mechanism of cytoplasmic streamirigvolves 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 proéatin with the
proteinmyosin in a fashiorcomparable 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 Hirolysis propels myosin molecules along the actin
microfilament from the minus end to the plus end. Thus, myosins belong
to the general class afotor proteins that drive cytoplasmic streaming
and the movements of organelles within the cell. Examples hadr ot
motor proteins include thekinesins 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 plen 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 arembded into wall material.
How is cytoplasmic streaming achieved?

- Actin filament

S

Fig. 2.1
Structural model of the threedifferent kinds of cytoskeletal filaments.

12
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How the cytoskeletonwork

When you hearthe word cytoskekton, what image comes toyour mind?

If you rea®n like me, you will immedidely think of a stationay lattice

of filaments thathods the cells in specfic shapes rd keeps cell

componerts in specfic places.This meansthat the cytoskeleton canot

be a rigid structure.This asserin is corfirmed by observations that
expansionof and internal movements in cells occur in conjunction
with the growth andbre&down of microtubules andactin filaments.

Suchobservéions areindirect evidencethat the cytoskeleton tas many

dynamic funcions inthecell.

The least understod partsof the cytoskeleton are the intermediate
filaments.Becauseheir proteinsare fibrous, intermediatefilaments do
not have globular subunits hat are easly assembled anddisasembled
like those of microtubules andaction filaments. Thus, intermediate
filamentsmay be relaively statc, tersion beaing structuresthatare not
asdynamic astheirlargerandsmaller counterpartsin the cytoskeleton.

The way the variousfilamentsof the cytoskeleton cooperatéo cortrol
the verall organisdion of thecell is still unknown.

23.2 TheCdl Wall

The cell wall gives a definite shape and provides protection to the
protoplasm. It is notiving 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
pol ygal acturoni c aeDigdlactaronmpadund i n  whi
unit are joined together by 1:4 glycosidic linkages. It is
hydrophilic in nature.

2. Primarywall (1-3 em thick and el astic): It ma
cellul ose, a | ong straighb chain p ol
glucose units are joined together by 1:4 glycosidic linkages. The
cellulose chains which form the crystalline region of the cell wall
are &sociated 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. Sone inorganic salts like silica and calcium are also
present in primary wall.

3. Secondary wall(5-10 em thick and rigid): secon
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 identifieah isecondary 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 andsaatskeletal
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 permeableusture during absorption of minerals

and solutes.

Their compostion vaiesin differentcell typesandfrom onespeces to
another.Up 60% of a cell wall may be cdlulose, otler components
include hemicelluloses, pectins,Lignins and proteins.Almost all plant
cellshavecellulosei containingcell walls.

Youngcellsandcellsin activdy growing areashaveprimary cell walls
that arerelativdy thin andflexible. Examplesof suchcells includethe
dividing cellsat tipsof rootsandshods. The primary wall is usualy less
than 25% cellulose, the remainder beng hemicelluloses, petins and
glycoprotens. Sme primary cell. Cdls can changeshape,divide or
differentiatanto other kindsof cells.

Certainkinds of cells stop growing when they reachmaturty. When
this occurs,these cellsormasecondsey cell wall insidethe primary cell
wall (fig. 2.2)

(Fig. 2.2)

" Interierofeell 1

“Layers of " i
secondary.
cellwall
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(Fig 2.2) Transmission eledron micrograph of cell walls. The Primary
wall is corstructed when the cell is young. Thicker secondary walls
are addedlater when the cell stop dawing, x 3,000

The secondsy cell wall is more rigid than the primary cell wall and
therdore functions asa strongsupport strudure. Although celulose is
one of their main componentsthe secadary walls of cell in wood are
up to 25% lignin, which addshardress andresistdeay, beauseof its
lignin content,woodis oneof thestrongestmaterialsknown.

Some cell walls, such as those of cork cells also cortain suberin.
Suberizedtissues inhibit water loss through bark, which is why cork
form thecork oak (Quercussuber) isusdul in making stgppersfor wine
bottle Secordary cell walls are rigid and lack glycoproteins, which
occursin primary cell walls. Most types of cells that have seconds
cell walls die whenthey reachmaturity.

Cellsthatadjan oneanotherare probably hdd togetherby pectins.The
pectin layer betweencells is called the middle lamella. (seefig 2.2).
Some tissues suclsthefleshof apples, aresorich in pectins thathese
polysacchardes are extractedfor use as thickening agentsin making
jamsandjellies.

2.3.2.1 How Cdl Walls Grow

All materialsnecesary for making cell wall come from inside the cell.
Dictyosomes pay a role in this processby transpoting pectins,
hemicelluloses, and glycoprotens to the plasma membrane. These
substancepass through the membrane in the region of cell-wall
synthesis wherethey are ase€mbledinside the existingwall. Thisis how
cellwallsthicken.

Cellularexpansion reuiresthe cell wall to stretchor deform as the cell
absorbsmore water. As the wall enlarges,the existing cellulose micro
fibrils mustseparatebecausehey cannotstretch. During expansion,new
cellulose micro fibrils are deposited ingde the loosened cell wall in
differentpatternsdepending onthe cell type. In stem cells micro fibrils
are oriented mosty perpendicularto the drection of cell exparsion
comparisa, micro fibrils are deposited, in randbm arays in cels of
storagetissuesand tissuesand tisste cultures. This pattern enables
growthin suchcellsto bemoreor lessuniformin all directions.
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2.3.2.2 Connedion betweenCells

Primary cell walls have thin areaswheremany tiny connectiors, called
plasmodesmata (sigular plasmodesma), ocur between adjacet cells.
Plasmodesmata ardined by the plasma membrane,therdoy forming an
uninterruped channel for the movement of materials,from onecell to

another. This means that all cells in a plant are interconnectedand
have thepotental to exchangesubstanesthroughthe plasmodesmata.

Plasmodesmata often occur in clustes where primary cell walls are
particulaty thin. Theseregionsarecalledprimary pit-fields(fig 2.3)

(Fig. 2.3)

Plasma Cull wall
membrang

Tubule  Endoplastiic
reticulum

Plasmodesma

(fig 2.3) Transmisson electron micrograph, x 17,000, and
accompanying drawing of primary cdl wall show the plasmodesna
(which a plasma membrane), and a tubule that connects the
endodaganic reticulum between adacent cells.

Primary pit-fields and plasmodesmata areabundantin conducting cells
andsecretoy cells such asthosein nectarglandsor oil glands.

The structureof plasmodsemata and the frequermy of this occurrence
in conductng andglandularcells suggesthattheseconnetionsfundion
in transportbetweencells. Direct evidencefor this functioncomesfrom
experments withdyes and electric currents. When a dye that doesnot
easly crossthe plasma membrane isinjected into one cell, it quickly
passesnto neigtboring cells. Despitesuch evidence cdls probably do
not exchange all materials fredy; neighboiing cells can diff erertiate
into diff erentcell typesandmaintain dif erentinternalconeentrations of
variouschemicals.

16
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Water-conducting tissue is an important exception to the general
Occurrencef plasmodesmata.Cells of this tissuedie asthey mature,so
they have no living material to share beween tkem. Instead, they
function as in animals "straws" formed by many cells. In flowering
plants,water movesthroughperforationsin the primary cell wall (fig
2.4)

(Fig. 2.4)

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

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

layered membrane made up of phospholipids antkims This is called
a NUCLEAR MEMBRANE. The nuclear membrane is at some places

17
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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 héneresidesthe whole apparatus of
heredity. The nuclei are usually7um 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 hrough 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:

It regulates grath and reproduction of cells.

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 th nucleus.

1.
2.

(Fig. 2.5)

(fig 25) Right micrograph of leaf cdls. Nuclear (dark red) were
stained byacto

The nucleuscontainsmost of the cells DNA, which occus with proteins
in threadike chomaosomes. (The nucleusis surroundedby two
membranes

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

The outer membrane is continuous with the membrane of the
endoplamic reticuum. The inner and outer nuclear membrares are
separatedy a very small space,but in some casesthey fuseto form
poresin the envdope. Thesewuclear paesare small circular opernings
borderedby protens that probaby influencethe passge of molecules
betweenthe nucleusand therest of the cell. For example, cettain
proteinsmove into the nucleuswherethey join with ribosomal to make
the subumnts of ribosomal. In turn, riboomal sutbunits andother RNA
contaning molecuks that are made in the nucleus move outinto the
cytosol throughthe nuclearpores. The cytosoal isthe semi fluid matrix
between organelles.

What is the main function of the nucleus?

2.3.4 Ribosaomes

Ribosomes are small spherical membrane less organelles. Thédyeare t
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 MRNA 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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Source: Jam (1974)

The free and attached type of ribosomes performs different functions.
The free ribosomel@ys 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 Rbosomes:
1. They provide the platform for protein synthesis
2. They have the machinery for protein synthesis

Defineribosone.

Self-Assessment Exercise 3

Where ribosomes are predominantly found?

SELF ASSESSMENT QUESTIONS

a) What are interradiate 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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26 Possible Answers to SAEs

Answer to SAE 1

Starch grains,Vacuole sap with wade substanes such as tannins,
crystals

Answers to SAE 2

All cells in a plant are interconnectedand have the potental to
exdchangesubstanesthrough the plasmodesmata.

Answer to SAE 3
Ribosomes areoluind in haemoglobin, enzymes and antibodies
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3.1 Introduction

In unit 2, we startedthe discussion orthe structureandfunctionof the
plart cell we haveidentified thateachcell of a plant consistsof a cell
wall that suroundsa plasma membrane, which encbsesmany smaller
parts caled organeles. Becase eaxh organelle has its own set of
functionsthejob of each cell in a plantis deteminedby how many and
which orgarelles it contains,and what the organelles doFor example,
leaf cells contain chloroplasts, nectar-seceting cells contain  many
dictysomes and the storage cdls of oil-containng seds have
dgyoxysomes. Theserganelleshave roles in photcsynthesis, andoll
metabolism, respetively.

Plant cell biology can be reducedto the study of the structureand
function ofsmaller components By andyzing the anabmy of a cell, we
canfind cluesto how the cell works.In this unit, we conclude oustudy
of theplantcell structure andhow it controls cellular processes.

3.2 Intended Learning Outcome (ILOS)
At theendof thisunit, you shoud be ableto:

1 describghe membranesystemin aplantcell
| describehe endopasmic reticulum

1 describdhestructue of the dictyosomes
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1 list the major conentsof vacuoles
1 identify thetwo mostimportantmicrobadies
1 name thetwo major organellegor enegy conversion

3.3 Main Contents
3.3.1 The Membrane System

All the membranesin al cells are connectedeither by direct contract
with each other or by the exchangeof membrane seggment. These
inter- connected membrares function together as a membrane
system that includeghe plasma membraneand the vanous organellar
membranes.

Many biochemical processecaur in or on membranesFor example,
the erzymes involved in phobsynthesis and in ATP synthesis are
embeddedin membranes Membranes also provide a framework for
making moremembranes.

All membraneshave a similar strudure, which corsists of a double
payer of phospholipidshatis impregnaéd with protein. However, not
all membranedaveexactlythe same structure and function; for
example, the permeablity of the plasmas membranediff ersfrom that of
the nuclearenvdope Eachmembranecontrols how muchand whatkind
of material passthrough it; that is each membrane ks a different
membraneseledcivity, which dependsn its compositon. Moreove, the
composiion andphysical propertiesof a membrane can change during
cel develpment.

In principle,internalmembranes increaske ratio of membranesuiface
cell volume. However,internalmembranesdo more thanthis. They are
physicaly and chemically distinct from the plasma membraneandfrom
eachother. Furthemore, they divide the cdl into functionaly digtinct
compatments (i.e. organelles) that are bounded by their own
differentialy permeable membranes. Thus, the cell is separadd into a
set of individual reaction vessels.Eachreaction vessel hagts own
speciailzed functians, which are performed by a uniquesetof ereymes
boundto or heldwithin 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 slldarcel

membrane are collectively called biological membrane. Cell membrane
consists of proteins, lipids and other substances.

23



BIO 203 GENERAL PHYSIOLOGY |

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 amimdaresidues which are
exposed at the surface of the membrane. These proteins cannot be
removed easily.

b. Extrinsic proteins or peripheral proteinsThey are attached to
the membrane surface by weak ionic interactions. These proteins
are not much ineed 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 phdspipids and
glycolipids usually contain 280 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 eretcellular 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 andosuads the
vacuole, hence, it is also known @acuolar membrane It is also

selectively permeable and liggyotein in nature. It acts as a barrier
between the cytoplasm and the vacuole.
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This is a network of paired membem folded in different ways and
enclosing spaces calletsternae. These membranes are lipootein in
nature and the whole membranous system is calladoplasmic
Reticulum (ER) or Ergastoplasm. When the ER is associated with the
ribosomes, it is callk Rough Endoplasmic Reticulum and when its
without ribosome it is calleBmooth Endoplasmic Reticulum

Functions of Endoplasmic Reticulum:

1)
2)
3)
4)
5)

6)

It plays significant role in protein synthesis as its associated with

ribosomes

It helps with the storage, segegion and export of proteins

synthesize in the cell to the exterior for extracellular use.
It is involved in the synthesis and storage of glycogen

It is associated with the synthesis and storage of triglycerides
ER is involved in the production and stgeaof cholesterol and

steroids hormones

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 knowrcy@esol. The cytosol
contains living and neotfiving substances. The living substances that are
membrane bound are callecell-organelles while the norliving
substances arealled Ergastic substancesor cell iinclusionsMention

the three physiological parts of cytoplasm

Selfi Assessment Exercise 1

What are peripheral proteins?

3.3.1.2 Dictyosames

The Golgi body (CamiloGolgi) consists of a stock of-@ 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. Golgibody
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 throughtlut 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.

Golgi Apparatus

Cis face
l Incoming
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Functions of Golgi Body

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

2) Golgi bodies also synthesisnoncellulosic cell wall
polysaccharides such as hegeilulose and protein.

3) Other functions of Golgi bodies are Suphation (removing
radioactive sulphur), lipid metabolism, plasma membrane
formation, origin of lysosomesMention the main function of
Goalgi 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
wate 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

1. Isolating materials that might be harmful or a threat to the cell.

2. Stores waste products.

3. Maintains internal hydrostatic pressure or turgor within the cell.

4. Maintains an acidic internal pH.

5. Exports unwanted substances from tak. c

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

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

chemicals in the cytosol.
8. In seeds, stored proteins needed for gemtion are kept in
protein bodies which are modified vacuole.
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Fig 3. 4 Vacudes. (a) transmission eledron micrograph from a coleus
leaf (Coleus Bumer). The expandng cerntral vacuwle compresss the
cytoplasm into a small space against the cell wall, x 20,000 (b)
schematic diagram of cell growth, showing howan increase in cdlular
volume can occur without a large increase in the amount of
cytoplasm. Theperipheral layer of cytoplasm may be interconnected
through the vacuode by cytoplasm strands that radiate from the
region of the nudeus.
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As plant cells grow, most of their enlagement resultsfrom the
absorption ofwaterby vacuoleswhich expand andpushthe rest of the
cell's contentinto a thin largeraganstthe cell wall. Vacuoles hat are
filled with watercreatepressurealledturgor pressuregn the cdl walls,
which contibutesto structuralrigidity of the cell. Whena plant reeives
very little water turgor pressuredecrasedand the plant wilts. We can
seethe eff ectsof tugor pressurdoy letting carrots or vegetables dy out.
They bemme flaccid and we canmakethem crisp agairby putting them
in water. This reacqured crispnesgtuga) is causedby vacuolesthat
havebeenfilled with water.

Vacuoles are versatie organellesas indicated by the diversity of
substances thaiccurin them. In addition to water, vacuolescontain
ereymes and other protein water solude pigments, growth
hormones andions. Vacuolar enzymes digest strong materials and
components from other organelles for recycling into the cytosol
pigmentsin vaauoles especi®y red and blue anthayanins, impart
bright caoursto flowers,fruits andother plant parts.Same plants may
labar toxic alkaloids or othersecondey products in their vacuoles.
Thesealkaloids,which are watersolubleat the acidic pH of vacuoles,
may deter insectsand other ammals from eatingthe plantsthat contain
them.

lons such as potassim and chloride are stored in vacuolesfor easy
retrieval to the cytosol whenneededfor cellular metabolsm. In plants
specializedor high cell habitatons, skh asthosealong coastinesand
near marine estuares, vacuole can acamulate chbride sals to
concentratns seeral thousandtimes grae than in cytosol. The
cytoplasm of theseplant cells is proteced from salt toxicity, enalbing
the plantsto thrive in their harshenvironmert. Mention four functions
of vacuole

Self Assessment Exercise 2

What is Suphonation

3.3.1.4 Micro Bodies

The smallestmembrane i boundorgarellesin a cell are called micro
bodiesMicrobodes,which areboundby a single membrane,areusually
spherical.Thesetiny organellesare often asociatedwith membranes of
the ER, but they may also be closely assaiated with chloroplags and
mitochondia. Diff erent types of micro bodies have spefic ereymesfor
certainmetabolic pathways. Two of the most important kinds of micro
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bodies are periaxysames, whch ocaur primarily in leaws and
glyoxysomes, which are common in germinating oil-bearing seeds ard
theyoungseedlimsthat growfrom 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)

Nucleus —

Nucleolus —__ — Nucleopore

Ribosomes ——— 7

Rough —— /7] QLAY
Endoplasmic Vi

Reticulum ~ Mitochondrion

Smooth ——
Endoplasmic
Reticulum

Lysosomes

Golgi Body

Microtubule —
Centrioles

Source: Hopkins (1995)
SPHEROSOMES

Spherosomes are minute spherical structures of abo® @udin size

and are surrounded by a memiwa 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. Aey also facilitate binding of other proteins to
organel |l eds surface. Spher osomes
function to digest the cell contents.

GLYOXYSOMES

Glyoxysomes are usually spherical in shape, aboul @b in diameter

and consist of five gmular 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 partids 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 photosynthesi¢hat are Spherosomes?

3.3.20rganédlesfor Energy Conversion

Cells thrive on the erergy of ATP. Two kinds of organeles,
chloroplastsand mitochandria, produce most of the ATP needed
for cdlular metabolsm.These organellesare similar in several
respets. For example, both are bounded by two membranesand much
of their interral membranes is folded and stackedo form complex
compatmernts. Theirinternal membrane containghe erzyme ATPase,
which uses the electroclemical enegy of protons to phaosphaylate
ADP into ATP. Chloroplasts and Mitochowlria alsocontain DNA

that controls the synthesisof many of the ereymesnecessigy for their

respective metabolic patlays. Finally, Chloroplats and Mitochondria
are seminauonomous; tley grow and dividein the cell ontheir own.

The different between chloroplastsand Mitochordria include their
espectivesourcesor energy for making ATP their appearze,andtheir
composiion. hloroplasts usdahe enegy of light, which mitochandria
useenegy of chemical bonds,Chloroplastscontainchlorophyll, which
makes them green, while mitochandria are colourless.Photosynthesis
occursin chloroplasts, andmost of respiraton occursin mitochondria.
Each process requres a different set of erzymes; Chloroplasts have
many shapesand sizs, and aregenerdly larger than mitochondia.
Mitochordria areoften cigarshaped.

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 usually02nicrometers

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 aqueousd fiound inside the
chloroplast. The stroma contains the machinery required for carbon
fixation, circul ar DNA, 70 S ri bosomes
semiautonomous organelle) etc. within the stroma the stacks of
thylakoids are arranged as stacks called grawahylakoid 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 ghchloroplast.

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 rfothe dark reaction of
photosynthesis.

4. The chloroplast has its own genetic system and igsplicating.
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 ramg from 0.5m1mp 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
conceltric 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 ibjiea

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

mol ecul es and 70 S ribsesosallet as (t hat 6s W
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 foundhe inner
membrane or cristae of mitochondria.

4. Heme synthesis occurs in mitochondria.

5. Controls the cytoplasmic €aconcentration

Mitochondria Structural Features

Inner
Membrane

Outer
Membrane

Cristae

Matrix

Figure 1

Source: Verma, (2009)

Each mitochondrion got an envelope consisting of two delalyiered

lipooprotein membranes. The space enclosed in between the two

membranes is called intermembrane space. The inner mitochondrial

membrane is invaginated witplatelike, fingerlike feets which are

called CHRISTAE. The aqueous ground phase of mitochondrion is

call ed MATRI X. Al l enzymes necessary for
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 vamsounetabolic
activities of the cellList three functions of mitochondria

Selfi assessment Exercise 3

Whatrole do Glyoxysomesplay insidethe cell

3.3.3 Cedl Movement

Cell preparedor studywith microscops are usualy arrestedin static
positions. It is therdore not possibleto seethat they are in corstant
motion. Whencdls areviewedunderthe light microscopeghar internal
movements are easily seen.In addition to internal movemens, some
entirecellsaremotile, thatis they canswim.

3.3.3.1 Internal Movement

Living plant cels as seen under the light microscope havethen
cytoplasm in constant motion. Organelles and other particles usually
move 'in a circle around the centralvacuole.This streaming movement
is calledcyclosis.

Chloroplats and mitochondria move along definite paths that are
associatedvith adins filamentsand microtubules ofthe cytoskekton.
The outermost regionof the cytoplasm is more anchoredandrelatively
immobile, whereas the innermost region is more fluid. Cyclosis
enhancedthe exchange of materials among orgarelles, letween
membranesandorganellesandeven between cells.

Cell that Swim

Cells that swim have hair like locomotor organellesthat protrudeinto
the medium surrourding thecell. In plant cells, thesehairs are called
flagella(singularflagellum). Such cells aréoundonly in spem cells of
some plants. Example, in the mosss, these span cells have two
flagella, and in cycads, the flagella may be up to severalthousars.
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Micrograph of sperm cell from showing, x 250, (b) Photo of a that
produces sperm di

Some algae,watermolds andanmals also have flagellatedsperm cells.
Certainwater molds and algaehaveother kindsof cellsthatalsoswim
by flagella.

All flagellain plants,anmals, fungi and protesthavethe same internal

structureand the same mechansm of action. Eachflagellum consigs of
a membrane thatsurroundsten pairsof microtubule. Onepair occupies
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the centreof the flagdlum ard nine pairs occur in a ring around centre
pair.

Cross-gectional
Lonqlludlnai v

w::rnlubu'.e A '

oy
» .
“‘
»

o

(Flagella. a) Transmission dectron micrograph of a flagellum in the.
reproductive cél of the green algae. Ulvaria. Longitudinal section
shows that the membrane | surrounding the flagellum is continuous
with the plasma membrane

Eachouter par of microtubuleis connectedo its neighlouring pairsby
sideam that are evenly spacedalong the length of the flagelum.
Similarly, spokelike extensionsfrom the outer microtubules canect to
theinner microtulules.

Quier doublm ——t
m#cfolubulss

CFP—y | :I:. { /s — Dyhoin arm
membrine A | od DSl o,

Flagella. a) Transmission dectron micrograph of a flagellum in the.
reproductive cdl of the green algae. Ulvaria. Longitudinal section
shows that the membrane | surrounding the flagellum is continuous
with the plasma membrane
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Thesdeam andspokes aremadeof theprotein dynein.What is cyclosis
and what is it function?

3.4 Summary

The cellular components are called cell organellesse cell
organellesnclude both membrane and rorembrandound organelles,
present within theells 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 providirghape and support,
whereas some are involved in the locomotion and reprodustiarcell.
There are various organelles present within the cell andlassified
into three categories based the presence or absence of membrane.
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36 Possible Answers to SAEs

Answer to SAE 1

Extrinsic proteins or periphergroteins:- 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: |
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4.1 Introduction

Most of the important activitiesof cells are associatedith membranes.
For example, proteins destned for secréion or for insertioninto cell
membrares are made by ribosomesthat are attachedo a membrane
system cdled the endoplasmic reticulum.

Suggestins about the structure of membranes thatappearedin the
1920s was based on the soap like properties of phosphalpids in
artificial membrare. Phospholipds have a dual soluwility. Their long
hydrocarlon 'tails' are non polar and hydrophobic (water-fearing. In
contact the ionic phosphate ‘head’ of phospholipds is polar and
hydrophilic (water loving). In water phosphalpids aggregate
spontaneosly into a bilayer which is a double membrane withan
interior of hydrophobc hydrocarbas andan exterior of hydrophilic
phosphate The above explanatbnswasnot enoughto explainthe great
diversty of membrane functions. The properties of membranesalso
dependn proteinswhich aretheir mainingredients.
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In this unit, we lookedat the geneal structure of membrares. We then
list it variousfunctions and discussedhe first one which is movement
of waterandsolutes.

4.2 Intended Learning Outcomes

At theendof thisunit, you shaild be ableto:

1 describehe structureof the cell membrane usng thefluid mosaic
model

list 5 importantadivitiesof membranes
discusghesignificanceof thefollowing to

(@) Plantdiff usion

(b) Potental enegy

(c) Waterpotential

statethe biologicalimportanceof osmosis discusgvhy plarts wilt
explain the following terms

(a) Osmotic pressure

(b) Osmotic potential

(c) Turgorpressure

(d) Plasmolysis.

= =

= =4

4.3 Main Contents

4.3.1 Structure of Membranes

Ealy ideasabaut the structureof phaspholipds bibyersexplained how
some moleculesincluding non-polar molecues of gases(Nitrogenand

Oxygen) and small polar moleaules suchas water coud flow across
membranes

LARGE UNCHARGED POLAR MOLECULES  Glucgse —

1ONS] i Na?, HCOy', K, Ca, Cir, Mig™

HYDROPHOBIGMOLECULES  Hysrocarbons, O; =

BMALL UNGKARGED POLAR MOLECULES  H,0, GO, st

Fig. 4.1 Selective permeability of a phospholipids bilayer. The
bilayer is much more permeable to hydropholic molecuesand small
unchanged polar moleculesthan it isto andlarge polar moleaules.
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However lipid bilayers couldnot accountfor theready passgeof larger
polarmoleculessuch as monosactaridesand amino acids.

The passageof thesemoleculesthrough membranewasfirst explained
in the 1930sby H. Davsonand JF. Danelli, who suggeted that the
lipid bilayer was coated on both sideswith hydrophilic protens that
were attacted to the polar headsof phosgolipids. According to this
model, the hydrophilic proteinsabsabedpolar moleaules and somehow
easedheir passagehroughthe non-polarlarger of themembrane.

In the 1950s,the first electronmicrographs of membranes seed to
corfirm thismodd.

Transmission eectron micrograph of two membranes. Each
membrane appees as two dark linesthat are sepaated by alighter
regon. At first, micrographs of this sort seemed to contain the
Dawvson-Danielli model of membrane structure, butthis interpretation
was later found to beincorr ect.

Thesepicturesshowedmembranesto havean electrontransparat inner
region sardwiched beaweentwo eledron-dense outerayers. The other
layers were assimed to be made of proteinsand phospholipids heads,
and the inner region was believed to be madeof the hydrocabons in
phopholipd tails.

Despite the apparent supportfrom electron microsc@y, flaws in the
DavsonDanielli model began to aacumulate. For example, cell
biologists found that this model codd not explain structure and
biochemical variatils found among different kinds of membranes.
Mitochordria membrane for instanceare thinner than plasma
membranesand contan a higher proportion of protein. This and other
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findings contradiced the Davson-Danidli model, which held that
membrane protens must be hydrophilic (water loving), and' that all
membranes havethe general strudure of a proteinlipid-protein
"sandwid".

The currentview of membrane structe hasseenthe DavsonDanielli
model go through a series of modificaons. Thesenewer version
proposed in1972 is cdled the fluid mosaic model. It holds that
proteins occuasamosaicn afluid bilayer of phosplolipids.

(Fig. 4.3)

"™ Hydrophilic
region of protein

Plant celt Hydrophobic

ragion ol protein

Fig. 4.3 The fluid model of membrane structure. Poteins are
dispersedin the phaspholi pidsbilayers according to the model

Visual evidencefor the fluid mosaic model comes from scaming
electronmicroscy of freezefracturedmembranes.The intenor of the
membrane ighen seenasa dottedplain. The plainis a seaof lipids and
thedotsareprotensinsertednto them.
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Primary structure of a thylakoid protein. Fiveregions of the protein

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

Primary structureof a thytakoid proteinfive regionsof the proteinoccur
in the membrane (boxes A-E); the remainingregionsprovide or into the
interior of the thytakoid. This membrane potein consistof 352 each
designatedby a one-letter.

The name fluid mosaic model implies that the membrane conaéins
liquid. Thelipid bilayer is only its fluidity is dueto theloos packing of
the fatty add tails of the phogholipids. The mosaic of protansis a
significant feature or the fluid mosaic model. It accoumns for the
movement and intermingling of proteinsthat must touch eachother to
function.

Anotherimportantfeatureof the membrane structureis its asymmdry,

thatis, on sideof amembraneis diff erentfrom the othe. This difference
comesmostly from the carbdwydratesthat areattachedo protens on the
outsidesurfaceof the membraneproteinswith carbdydratesattachedto

them are caled glyco-proteins,and they do not usualy occur on the
innersurfacesof membranes.

431.1 Functionsof Membranes

Proteinscontrol most of thefunctionsof membranesThesemay befifty
or more differentkinds of proteinsin plasmamembranesand pethaps
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as many in the tonoplast or other orgarelles membranes..This
diversity of proteinsis reflected in the emormous range of activities
as®ciated withmembranes.Some of the importantof theseactivities
are discussed in the sectons that follow. We will howewer give a
summay of the activitieshere.

a) Movementof waterand solutes.The plasma membranegeneraly
alows the unrestriced passge of water and certain dissolved
substancegnto or out of the cell. Water balanceis crucial
for maintaining tugor pressure, wbih makesthe cell rigid and
helpscellularexpanson during growth.

b) Differential permeabity - Membranes contol or block the
passag®f some kinds molecdessuchmembranes areeferredto
asdifferentialy permeablemembrares.

C) lon pumps - certain ions, such as K" and H+, are pumped
through membranes. dn pumps in the plasma membranesare
enegy from ATP to movelonsfrom the cell while lon pumpsin
mitochondria and chloroplasimmembranes are important for
makng ATP.

d) Enzyme activity - Enzymes that cogperatein multistep processes
such as ATP synthesis or the absorptionof light enegy often
occurtogetherin a particulaispot ona membrane.

e) Cellular communication - The plasma membrane contans
proteins that bind molecules eleased from other cels. Once
bound to an external molecule, these protans activate other
proteins in the membrane that causemetabolic changesin the
cdl.

List4 importantactivitiesof membranes

SelfAssessment Exercise 1

What dd 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 oasgous 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 concentratiore Tate 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 distied 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
presswe 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 incress if the

a Diffusion pressure gradient is steeper
b. Temperature is increased
c
d

Density of diffusing particle is lesser
Medium through which the diffusion occurs is less concentrated
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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 likspiration,
photosynthesis, passive uptake of ions from the soil and transpitation.
what ways do plants move substances from one plant to another?

4.3.2.2 &Gmosis

Osmosis is a special kind of diffusion of liquid. When two solutions of
different concemtitions are separated by means of a gmmmneable
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, diffugdrsolvent
takes place both ways across the membrane but the diffusion of solvent
is more from thesoluteion of lesser concentration to that of higher
concentration.
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4.3.2.2.2 Type of Solutions:

1. Isotonic 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 amaoiuof water on either side. "ISO"
means the same.

2. Hypotonic Solutions
The word "HYPO" means less, in this case there are less solute
(salt) molecules outside the cell, since salt sucks, water will move
into the cell.
The cell will gain water and gw 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 owf the cell to prevent this.

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 vater 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 typespafssive 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 proteitiss
process is calledacilitated diffusion. List the three types of
solution in the cell environment

Self-Assessment Exercise 2

Definediffusion?

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 sempermeable membrane, a pressure is developed in
solution due to the presence of dissolved solute inhts Ts called
Osmotic Pressure (OP). Osmotic pressure is measured in terms of
atmosphere. O.P is directly proportional to the concentration of
di ssolved solute in the solution.
higher the osmotic pressure.

In osmoss, 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 moleculeslwnot occur if the two solution
separated by the seipermeable 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 sapritagertain 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 separmeable membrane. The solvent in
case of plant is alays 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 ENDSMOSIS. As a result of water entry, a
pressure is developed whiphesses 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 isotosplution.

Partially permeable membrane

\\ .
0] @ ._ Sucrose
— 0 B
¢ ¢ molecule
. 0 *— . . .
Water ¢ ¢ 0
molecule\-\. ® o <o .
. O
o]
o i [
0 I

Dilute solution containing

a high concentration of
water molecules

Concentrated solution
containing a low
concentration of water

molecules

| Net movement of water molecules >

DefineTurgor Pressure

4.3.2.2.4 Roles Of Osmosis In Plants

a.

b.

Plants absorbs large amountwéter from the soil through the
root hairs by osmotic mechanism.

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

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

The turgor of guard cell is essential for opening of stomata.
Growth of young cell is brought about by the osmotic pressure
and turgor pressure of these cells.

High osmotic concentration helps the planmtsrésist freezing
temperature and desiccation

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 solutiors 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: \érma (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 PLASMQYSIS. 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

Cellwall (7
®
Cells showing

Normal cell

Plasmolysing
solution

\ Plasmolysed
contraction cell
of cytoplasm

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 Ewmthan 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 increa, 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 te 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 osmotic pressure and turgor pressure of cell sap
and wall pressure as follows:

D.P.D(S.P)=CP-W.P

W.P=T.P
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..D.P.D (S.P)=0O.PT.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.P

OP=TP

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

On the other hand, themoval of water cell sap (edsmosis) 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 wateldenotes 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 Taylr (1960) . |t i's define
bet ween the parti al speci fic Gibbs:¢
under consideration and of free, p u

Water potential is measured in terms of pressure and the unit of
measirement is Pascal Pa. water potential is represented by the Greek
l etter 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 wd, 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 etlcelf are
1. Concentration

2. Pressure and

3. Gravity.

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

The term s denotes the concentrati
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 celbbf 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 potenti al

positive, it will add tothe water potential, but if it is negative, it will
reduce the value of water potential.

SOLUTES: The term(s, called thesolute potential or the osmotic
potential, represents the effect of dissolved solutes on water potential.
Solutes reduce the freamargy 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 théie osmotic potential is independenttloé
specific nature of the solutd-or dilute solutions of nondissociating
substances such as sucrose, the osmotic potential may be approximated
by:

ds =TRTes whereR is the gas constant (8.32 J iiblKi 1), T is the
absolute temperature (in degrees Kelvin, or K), aads the solute
concentration of the solution, expressedsasiolarity (moles of total
dissolved solutes per volume of water [mofll). 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 Ai deal 06 solutions. Real
ideal, espeally at high concentratiodsfor example, greater than 0.1

mol Li 1. Temperature also affects water potential. In our treatment of
water potential, we will assume that we are dealing with ideal solutions.

PRESSUREThe term(p, called thepressure 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 tasyor pressure
Negative hydrostatic pressures, which frequently develop in xylem
conduits, are referred to tension As you will see, tension is important

in moving water long distances through tHanp. 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 definitiondp = 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. gragitational
potential (dg) depends on the heighh)(of the water above the
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referencestate water, the density of water ([Jw), and the acceleration
due to gravity @). In symbols, we write the following:

Qg = Uwgh

where [Jwg has a value of 0.01 MPaim Thus, raising water a
distance of 10 m translates into a 0.1 MPa increase in water potential.
The gravitational componeng@@) is generally omitted in considerations

of water transport at the cell leyebecause 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:

q=ds+{p

water
potential

.| Transpiration Atiosphere

= - Cohesion,
24 Cohesionand by

°' adhesionin  hydrogen
% the xylem bonding

___ ,Water
4/ molecule

HIGH
water
. potential

N particle

Water
Water uptake from soil

&L/«/i

f/i’ AN

Source: Taiz and Zeiger

The term g I's gravity potenti al
water potential of a water column in a vertically grogviplant. 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
pl ants of smal | height (Il ess than b5metr e
taken into account.

He n one = s + P

Water potential values of plant cells under different osmotic conditions
are as follows
w s ( p Iis zero) eeeeein
w s + p éééééeéeéeé..in pa
w zeroéeeeéeééeéeee...in full
How is water poteidl 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 dsgeds 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. Imibition pressure is also called MATRIX
POTENTI AL ( 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 imbibais equal to its matrix potential
(always negative) plus turgor or pressure potential which may be
Il mposed upon the i mbibant. 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 factorkdt 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 $ 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 cei$ essential for opening of stomata.

4.4  Summary

Membranes consst of two main components; posphdipids and
proteins. The structure of membranesis best descriled by the fluid
mosaic model. The phosphalpids form a fluid bilayer with the
hydrophdbic tails of fatty acids at its core and the hydrophilic leadsof
phosophtpids on both sides.Proteins moven the fluid. Thelipid layer
allows the unrestrcted diff usion of small molecules aarss the plasma
membrane,but membranelipid block the diffuson of lons and large
polar moleaules. This propety of membranes is called diff erential
permeability. The diffusion of hydrophilic solutesis facilitated by
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proteinsembeddedn the membranes. Thediffusionof waterthrougha
differentially pemeable membrane is called osmosis. Plarts regulate
osmosis by controlling the uptake of ions or by making osmotically
active solues. In so doing, cells maintain turgor pressure, prevents
furtherupteke of water,the wateroutsde the cell exertspresure called
osmotic pressure. Its counterpart inside the cell is the osmotic
potential of the cell, which is expresse@sa neggtive number.
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4.6 PossibleAnswers To Saes
Answer to SAE 1
In 1930 H. Davson and JF. Danelli, hypothesizedhat the lipid

bilayer was coated on both sideswith hydrophilic protens that were
attacled to the polarheadsof phosgolipids.
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Answers to SAE 2

Diffusion is the moements 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 theqgioplasm and cell as whole assume their original
shape and size respectively. This is called DEPLASMOLYSIS.

58



BIO 203 GENERAL PHYSIOLOGY |

UNIT5 FUNCTIONS OFTHE CELL MEMBRANE
Unit Structure

5.1 Introduction
5.2 Intended Learning Outcomes
5.3 Main Contents

5.3.1Differential Permeability of Membrane
5.4 Movement of ions across membrane
5.5 Transport of ions across membrane barriers
5.6 Cellular Communication
54  Summary
55 References/ Further Readgiy/eb Sources
5.6 Possible Answertb 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 sauotes,
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 othetscednd 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 knowrtrassport. Local
transport of solutes into or within celsregulated mainly by membrane
proteins. Largescale 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 theendof thisunit, you shoud beableto:

explainthe diff erentialpermeability of membranes

explain the following terms (a) facilitated diffusion (b) active
transporic) bypasing membrandransport

1  distingush between exocytosis and endaytosis ddine the
following terms (a) membranepotential (b) selectrgenticpump

T
1
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1 statethe unit of measuement of membrane potential bridly -
descibe how cells communicate.

5.3 Main Contents
5.3.1 Differential Permeability of Membranes

In unit, 4 you leamt that biological membranes aredifferentialy
permeable.This is one of their most important propertiesbecaise
it keepsmetabolicaly importantsubstancesnside the cell or organelle
and preventsnapproprate ortoxic substanes include ions and larger
polar molecules, suchas sugars, which only pass through specfic
membrane proteinsdledtransport proteins.

According to Fickods first | aw, t he
always proceeds spontaneously, down a gradient of free emergy
chemical potential, until equilibrium is reaeld. The spontaneous
Adownhill 6 movement paskive tnanspertcAtl es i
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 potentiad,r @A up hi | dctiv®tramsgort.ite r me d
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 hydsolysi

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 potentignergy gradient. For uncharged solutes this
gradient is often a simple function of tlkfference 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 dnpstatic potentials (and the chemical
potential under standard condition$he importance of the concept of
chemical potential is that it sums all the forces that may act on a
molecule to drive net transport

Betweenthe two forms becauseof their greater number, molecules on
the hypertonic acid of the membranewould have more frequentcontact
with transrt protans than those on the hypotonic side of the
membranethus,solutes would movedown their concentréion gradient.
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Sugargypicdly moveby facilitateddiff usionthatinvolvesco-transport
with anothersolute. For example, suadose movesinto conducting cells
of leaf veinsby hitching ride with hydrogenion (fig, 5.1). The energy

for sucrosetrarsport comesfrom the force of H™ diffusion. The force
of H diffusion can be powerful enoughto move suciose aganst its
own concentratin gradent.

5.31.1 Facilitated Diffusion

Like simple diffusion,facilitated difusionis driven by a conceitration
gradient Solutes move throughtrangort proteins from the hyperionic
sideof themembrane.

Fig. 5.1 A possible medchanism for facilitated diffusion. The
transport protein (purple) accepts solute moleaules (red spheres) on
one side of the membrane andrelease them on the other side. The
transport protein alternative between two forms deperding whether
itisfiop e riodoneside of the membraneor the other.

Each trangort proteins from a continuous, hydrophiic pathway for
polarmolecules.Same proteinsallow only onesoluteto diffuseatatime
whereasother only work whentwo solutes move at the same time, by
co-transpot.

Little is known about how transrt proten work. The best guesss that
they alternde between, two forms. One form of the protein acepts a
solutemolecule on one sideof the membrane which changesthe protein
to the otherform. That secondform of the transport proteineleasethe
soluteon the other side of the membrane.Accordingto this modd, we
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must also assume that "empty" protein flip-flop rancomly between the
two forms. Because of their greater number, molecules on the
hypertonicacid of themembranewould havemore frequentcontactwith
transport praéins than thoseon the hypotonic side of the membrane,
thus,solueswould move downtheir conentrationgradient.

Sugarsgypicdly moveby facilitateddiff usionthat involvesco-transport
with anothersolute. For example, suadose movesinto conducting cells
of leafveinsby hitching ride with hydrogenion.

I 'Difluélonof.ﬂ* __ @Sucrose" R

/.

Qeﬂaoamo

dika D 1 el N
Co tranSpOI’t acCross membranes Uses energy from the force of

diffusion of one solute (H ) to move another solute® (sucrose)
against itsconcentration gradient.

. li cl Ju‘...

The enegy for sucroseransportcomesfrom the force of H™ diffusion.

The force of HY diffusion can be powerful enoughto move sucrose
againsits ownconcerirationgradeent.

5.3.1.2 Active Transport

Many substancesmove into or out of cells and organelles aainst a
concentrathn gradent without the aid of facilitated diffusion by co-
transport. The uptakeof potassium mentiwed earlierin unit 4, is one
example. Likewise, Marue algaesecretesodium, eventhough the sea
water surrownding then is much saltier than their cytoplasm. In both
casesthetransprt of solutesrequiresenergy fromthe cell to overcome
theenegy of themal motion that drivespasive transpat.
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The enegy required for active transport usualy comes from the
hydrolysis of ATP.  Thisreadion is catdysed by membrane bound
erzymescalled ATP phosphdydrolasegATPases); whiclaretransport
proteinsthat usethe energy of ATP trangortions.

Active transport uses enegy released by the hydrolysis of ATP by
ATPasesin the membrane. This energy is spent in transporting

N
il

ions (H+) against their concentration gradient. Phosphate (P)
from ATP bindsto ATPases during hydolysis.

Many ATPasesactivdy transmrt ions aganst the ion's congentraion
gradient,therdoy creding potential enegy for the passiveco-transport
of othersoluies backacrossthe membranesThe co-transport ofsucrose

with H™, dependson a higher concentation of HT outsidethe cell.

This gradientis maintained by the acive transpat of H™ acrcse the
plasmamembrane.This is an example of coupledcotransportsystem,
so called becauset usesenergy from active transport to create a
gradientthat driveshe passiveco-transportof two solutes.

In additionto a concentrationgradent, HT and otherions also have an

electricalgradientbecausethey are charged particles. Thus, ion trangort
Is also influencedby an electrical gradien. The combination of the
concentrabn gradientand the electrical gradient of ions is called
electre chemical gradient.
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5.3.1.3 Bypassing Membrane Transport

Simple diffusion, facilitated diffusion, and active transportall entail
direct movement through the phosphdipid bilayer or through proteins
embeddedhn its membranetranspat is oftenbypassedoy Exocytosis.

(Fig. 5.4)

r..” m"

,ﬁ,oococ ':'“ .Oo.
i .

Exocytosis transports Iarge moIecdes out of cells. This kind of
trangport involves membrane bound vesiclesthat fuse with the plasma
membrane.

Plant cells secretepolysacchardes and proteins acrossthe plasma
membranefor asembly into cell, walls. Moreover,cells of root trip
secretea slimy palysaccharidethat. lubricatesheir passagehrough soll
asthey grow, and cels convertng leavesexude waxy substacesinto
their suface to inhibit water loss leavesof the Venuws's flytrap and
other insectivoous plantssecreteerzymesthat digestinsect. Havever,
unlike the exccytosis of cell, wall make nail which occurs via
dictyosome \esicles, the secretion ofdigestive ereymes relieson
vesiclesderivedfromthe endoplamic reticdum.

Substancesan also bypass membranetransport into the cytoplasm by
punchingof small coated pits in the plasma membrare. This process,
called endaytosis, is commonin animal cells, but it is not ready
observed inplants. Plant cells do have coaed pits, which is indirect
evidencdor endaytosis.

Endaytoss is appaently more difficult in plants than in animals,
because;the plasma membrane of plant cells is usualy procesed
againstthe cell wall by turgor pressure. fiis turgor pressuréiindersthe
plasma membrane from invagimting into the cytoplasm.
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What is passive transport?

Self-Assessment Qugsn 1

Why is Endocytosis is difficult in plants?

5.3.2 Movement of lons Across Membranes

Plasma and organellar membranes have unequal concentratons of
negativéy chargedions (anions)and positively charged ions (acions)
on oneside. For example, the cytoplasm hasa higher concentratn of

anionsand a lower concentration ofcationsthandoesthe matrix of the
cell wall. This unequal distribuion of ions createsan electrical gradient
thatis analogousto a concentréion gradient. However, beause an
electricalgradientis basedon an electricalcharge, the diff usionforceof

a chargeis an electrical potenial instead of a chemical potential.

Becausemembraneselectively control the passageof ions, this
electrical potendl is called the membranepotential. Like any other
electricalpatential,membranepotential is measuredn volts.

5.41 lon Pumps

Membranepotentialsare maintainedby protons that activdy transport
ions. A membraneprotein that pumps ionsis calledelectrogenic pump
because itgeneratesvoltage acrossa membrane. Different ions are
pumpedby diff erentproteinsbut the main electrogenic pmpsof plants

areprotonpumps,the HT -

ATPases One function of proton pumps, mertioned edier, is to
provide enegy for the coupledcotransportof unchargedwolutessuch as
sucrose Another functionis to requlate pH of chemical reationsin a
cell often incorporateor releaseions that affect the pH of cells, the
uptakeof ions from soil alsoaff ectspH. Pumping pioton out of the cell
keepthe cytoplasm at a constantpH of about 7.4, similarly pumping
protons intovaauoles keepsthe pH thereare about5.0, this low pH is
ideal for erzymesthat breakdown organiccompounds thatre dumped
into vacudesfor disposal.

Protonpumps alsoinfluencecellular elongaton. When HT-ATPas in
the plasma membraneare stimulated, theoutward transportof hydrogen
ions decreaseshe pH in the surrounding ell wall, this causescertain
erzymesin the cell wall, which areadivatedat thelower pH, to beng to
degradecellulose micro-fibrils. This degdation loosens the cell wall,
therdoy allowing the cell to expand because of turgor presure.
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Looseningof the cell wall can aso be induced by applying auxn, a
plant hormone. Physiologist sispect that auxin stimulates cellular
elongationby stimulating theproton pump. You will learn more about
auxinsandhormonesunit.

5.42 ATP Synthesis

Theseare two main types of proton pumps. Onetype uses ATP and
occursmainly in the plasma-membrane andn the tonoplast,the other
producesATP-synthesizing organelles. ATP is madefrom ADP and a

phosphateggroup whenthe diff usion of H+energy. This is the opposite
of what happens ina proton pump that is drives by ATP. ATP is,

however, only made when a gradient of Ht alrealy exids, therefore,
enegy must beused to maintan this gradient. In chloroplasts, the
enegy for such a gradient comes from light enegy diving
photesynthesis. In  mitochondia, the enemgy comes from the
re-arranggment of chamical bords 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 musove through the
membrane as well as across the open solutions. The extent to which a
membrane permits the movement of a substance is aakgdbrane
permeability. Membrane permeability depends on the composition of
the membrane as well as on the chemiealire 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 tmembrane, 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.

3.3.3.1Different diffusion rates for cations and aniors 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 Clions will permeate the membrane
independently as they féise 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 Clwill 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 Ci. Therefore, K+ will diffuse out of # cell faster than C|
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 adiffusion potential. The principle of electrical neutrality must
alwaysbe 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;Jeowthe
actual number of unbalanced ions is negligible in chemical terms. For
example, a membrane potentialidf0O millivolts (mV), like that found
across the plasma membranes of many plant cells, results from the
presence of only 1 extra anion out okgy 100,000 within the cdll 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 diffusionacross a membrane, electrical
neutrality is preserved, because as K+ moves ahead iofinCthe
membrane, the resulting diffusion potential retards the movement of K+
and speeds that of ClUItimately, 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.

Compartment & Compartment B

Membrane LS =
Initial conditions: - _\-
[KCI, = [KCl]g :':..:-=...- LA
e :..._ - . a ®
- w L | -
': . .rln. -:.: .‘l - -
Diffusion potential exists &« " o & o ]
until chemical equilibrium . ® e IF a e, *
is reached. . * . ".Ej‘ ] .4 ]
II' ..'... L] ..‘l-‘,.
-
‘s - * ﬂ.. ol Bk
Equilibrium conditions: M - .
[KClla = [KCl]g e 8”e "l " e
- 5 - -
- ™ - ¥ - I‘ -
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Source: Taizt al(2018)
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How does membrane potential relate to ion distribution?

Becauseéhe membrane in the preceding example is permeable to both
K+ and CT 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 carhacges 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 changethe concentration gradient for

K+ would be negligible.

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

This relationship, known as thé&lernst equation states that at
equilibriunt 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 membraneteptials 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 membrane. However, a distinction
must be made between equilibrium and steady stadady statés 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 neessarily the same as equilibrium. In steady state; the existence of
active transport across the membrane prevents many diffusive fluxes
from ever reaching equilibrium.

5.3.3.2Nernst Equation

The Nernst equation distinguishes between active and passive ttanspor
The table belowshows 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 bagttie 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 iorghown in the Table, only K+ is at or near
equilibrium. The anions N®, CI' , H,PO* and SQ* all have higher
internal concentrations than predicted, indicating that their uptake is
active. The cations Na+, Mg2+, and Ca2+ have lower internal
concentratias than predicted; therefore, these ions enter the cell by
diffusion down their electrochemicpbtential gradients and are then
actively exported.

The example shown in the Table is an oversimplification; plant cells

have several internal compartmentsgle 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%o0r more of the cell 6s volume and the
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 ionic relations of plants focused on certain green algae, such as
CharaandNitella, whose cells are several inches long and may contain
an appreciable volume of cytosol. In brief:

A 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.

A Sodium ions are pumped actively out of the cytosol into the
extracellular space and vacuole.

A 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.

Calciumions are actively transported out of the cytosol at both

the plasma membrane and the vacuolar membrane, which is

called the tonoplast.

o o

Many different ions permeate the membranes of living cells
simultaneously, but K+ has the highest concentrationsaint jgells, and

it exhibits high permeabilities. A modified version of the Nernst
equation, theGoldman equation includes all permeant ions (all ions
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for which mechanisms of transmembrane movement exist) and therefore
gives a more accurate value for thHudiion 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 did you understand bsteady state?

SelfAssessment Exercise 2

What is membrane permeability?

5.3.4 Cdlular Communication

Cells in a complex organsm interact with their environment (e.g.
gravity), with one andherandwith thecellsof other organism<Cel-to-
cell interactions occurwherechemical or electrical signalsreleasedrom
one cell are receivedby andher wherethey exchamge osme aspect of
metabolism. Auxin is an example of anintemal chemical Sgnal-thatis,
a signalthat movesfrom cell to cdl in the same plant. Exterral signals
are thosethat passbetweendiff erentorganisns, for example, betveen
plantsandbacteriaor fungi.
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Auxin is an example of an internal signal between cdls. Microbial
polysaccharidesmay function asa signal from bacteriato roats.

Therecepion of chemical signds andthe transmissionof theirmessges
are important functions of proteinsin membranes. &dies of signal

transddion in plantshavefocusedon the role of calciumions (Ca2+ )
and camodulin, a protein that is adivatedwhenit bindsto cdcium. In

its active form, the caZt -camodium complex activateserzymes in

membranesessentialy telling them to get to work. As much as 2% of
the plasma membranemay be cd modulin.

5.3.41 Hormone Recepors

Signal transddion in plant cells beginswhen a hormone binds to a
receptorprotein on the plasma membrare. Flantsmake severaldiff erent
hormones,eachof which must be recanized by a differentreceptor.
Studiesof planthormonerecepor have concentratedon auxin recegors
becauseauxin has so many effectson plant growth and develgment.
Each auxin receptorcausesdiff erent metabolic chargesdependng on
whereit occursin a plant.

Furthemore, the amount of binding variesfrom onetissue to the next,
for exanple, auxinreceptors inleaf stalksbind more thanone hundred
times more auxin than do receptors on fruits. The multiple
characteristis of hormonebinding meanthat there are probalty many
different receptorsfor auxinas well as for eachof the otherplant
hormones.
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5.3.42 Membrane Interactionswith other Organisms

Eachplantis surounded by otherorgansms,includinganmals,baderia
fungi and other plantsand interactions arecommonamong plantsand
many organisms in their fertilization can occur, if they do not fit
together the pollen tubes grow irregularly and incompletely, and
fertilization doeshot occur. In some casesthe pollenand stigma within

the same flower do not fit together whichmakes the plant sef-
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 equilibnm 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 enegy required for active transport usualy comes from the
hydrolysisof ATP

5.4 summary

Membranelipids allow the unrestriced movement of small molecules
acrossthe plasma membrane,but block the diffusion of ions andlarge
polar moleaules. This propety of membranes is called differential

permeablity. Membranesalsoallow the transportationof solutes.These
enegy requiring trangort of solutesis called activetransport. The most
common adively transportedsolutes areions, especidly hydrogenion.

Transportproteinsfor hydrogenions are called ATPases becaise they

useenegy from the hydroysisof ATP.

lon transportis aff ecied by the concentationgradientof ionsandby the
electrical gradientof their charges.Togeher the gradientcreatesan
electroclemical gralient acrossa-membrane.The eledrical component
of this gradientis measured involts and is called the membrane
potential.lon transport proteins,called electogenic ump, maintain the
membranepotertiial. The most common electrogenicpumps are proton
pumps.
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5.6 Possible Answersa Saes
Answer to SAE 1

Endaytoss is appaently more difficult in plants than in animals,
because;the plasma membrane ofplant cells is usualy procesed
againstthe cell wall by turgor pressure. fiis turgor pressuréiindersthe
plasma membranerom invagirating 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 esqates 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 Pessure Deficit

End of Module Questions

1)
2)
3)
4)

5)

74

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

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

The enepgy requiredfor acive transportusualy comesfrom the
hydrolysisof ATP (True of False)

If plasmolysed is placed in water or hypotonic solution,
endosmosis takes placEr@e or False)

Ribosomes are sites of protein synthesisu¢ or False
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MODULE 2

Unit 1 Energy andits usesby Plant
Unit 2 Enegy Metabolism |

Unit 3 Enegy Metabolism I

Unit 4 Respiration

Unit5 Respirationl

UNIT 1 ENERGY AND ITSUSES BYPLANT
Unit Structure

1.1 Introduction
1.2 Intended Learning Outcomes
1.3 Main Contens
1.3.1 Enegy and How to Measaure It
13.2 Enegy Conversions
1.3.3 The Laws of Thermodynamics
14 Summary
15 References/ Further Read#fii¢yeb Sources
1.6 Possible Answers to

1.1 Introduction

Enegy the ability to do work is an importantconceptof study. Energy
and the contol of it has beenthe root of major corilicts between
nations. Enegy is also an essential omponent of living organsms
beganthe study of bioenergetics, wileh is a fascinatingdiscipline that
helpsus undestandlife. In thisunit, youwill learnabait whatenepy is,
how it is measued and how the variousforms of enegy areconverted.
The laws governng enegy use in life temed the laws of
thermodynamicswill also be treaed. Exampleswill be givenfrom real
life example to drive hometheselaws. The unit will end by identifying
how plantstrangorm enemgy and mention will be madeof the chemical
reactionghat trangormenemgy in plans andotherorgansms.

1.2 Intended Learning Outcomes

At theendof thisunit, you shoud beableto:

define enepy statethe basic unitto measureenegy
name thetwo basictypesof enegy

statethefirst andsecond lawsof thermodynamics
list thetwo primary energy trangormationsin plants

=A =4 =4 =N
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1 give the generalname for the chemical readions that trangorm
enegy in cdls.

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

Enengy is the ability to do work, thatis, to bring aboutchangeor move
matter againstan opposing force such gravity or friction. Because
enegy is an ability to do work, it is not always as obvious to us as
matter, which hasmassandoccupes space.

We descibe erergy accordingto how if affects matter. Humans use
enepy for conspicwusactivitiessuch asdarcing, cultivating famrmlands,
playing football and studying, plants on the other hand expend their
enegy in subtle, nealy unremgnizable vays. For example the
philodendon plant uses its leawes to gaher the enegy availablein
sunlightand useit to fuel its metabolsm and growth. This plant has
large flowers that open for only a coupleof days. At night when air
temperaturesre near freezing,theseflowers can reach temperaures

exceeding 460/1150 (by  comparison, butter melts at
300C/830F).

Thesefurnacedlike flowers maintain their high temperatre for many
hoursin the cold night air. Understading thebioenegeticsof the plant
helps us to understad how they live. Bioenergetics isthe enegy
relationshipsof living organsms.

b. Measuring Energy

Enegy existsin many forms. It is therdore measuredwith many units.
Most scientsts measire enegy in calories(cal) or joules (j) Cdorie
(note the small c) is the amount of enagy required to raise the

temperatureof 1 gram of water by Oc. The most common unit
for measuring the enemgy content of food and the hear output of
organsms isa Calorie (note the largeC) which is the energy required

to raisethe temperaturef liter of waterby 1%,
The Calaie (written with a capital C) usedto measue the enegy

contentof food is equivalentto 1,000 calaries (written with c) or 1
Kcal.
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A joule (j) is the amaunt of enegy neededto move 1 kilogram through

1 metre with an aceleration of 1 metre per second (1m) se(.z, for
comparisonpurposesl cal = 4.12J. To hdp you put theseunits into
betterperspective cosider thatone pieceof meat pie provides erough

enegy (1.5 x lOO J or 365 Cal) for a womanto run for an hour or for
a typist to enter about 15 million characters ona manual
typewriter (almost 11,000typewritten pages).

Othersunits usedin measuring enegy indude British thermal units
(Btu), watts (w) kilowatts hour(kWH) andhorsepowelhp).

Energy Interconversions

1Btu = .105%J
1 cal = 41 = 0.001Kcal = 0.001C
1lhp = 746W
1w = 0.00134p.
Whatis Energy?

SelfAssessment Exercise 1

What is a Joule?

13.2 Energy Conversions and the Laws of the
Thermodynamics

a. Energy Conversions

All activities of living organsms such as cellular division, heat
productionby flowers, moving from paceto placeetc. involve the inter
convertingof enegy fromone formto anotler. For example, we convert
the enepgy contaired in oil to electricty, and then convert the
electriaty to lightenepgy to ill uminate our homes andstreds.

Similarly, plants conwert sunlightinto chemical enegy thatthey useto
reproduce repair their DNA, and now parts. This conversionof light
enegy to chemical energy is photosynthesis which sugains almost
all lifeonearth.

Animals stay alive by eating animals and/or plarts and their stored
enegy. All aspectsof the lives of organismcenter on enegy and
enegy corversions.

Therearetwo typesof enegy, Paentialenergy and Kinetic enegy.
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Pushing a builder to the top of a huII rquires‘an input of energy
because it increases the potertial energy of the builder.

Potential energy is storedenegy, thatis, energy availabbe to do work,
examples of potental enegy include a teaspoon of sugar, an
unexplodé/unlit knockout, anda rock on top of a hill. Potental energy
Is detemined by the position (e.g. water held at an attitude behind a
dam) or arranggement (e.g. the type of chemicalbonds)of matter. In
organsms, potental (i.e. latent) errgy is staredin chemical bondssuch
asthosein sugar starch andfats.

Kinetic energy is enegy beng usedto do work. Examplesof kinetic
enegy include burning sugar, explading a knockout, or rock rolling
downa hill or a nutforcingits way throughsoil. Kinetic enemgy effects
matter by trangerring motion to other matter, just a moving ball
trangerskinetic erergy to other place,if another man who is running
bumps into the man standing at a place, the stationay man acquires
some kinetic energy from the runningman andthenalsosome distance,
until the acaquired energy is finished before he stops.) Similarly, a
flowing watercan be usedto turn a turbine, (this is what happers in
electricty generatioraet theKainji Dam), anda growingroot canbreak a
concrete floor. Kinetic enegy moves objects, whether they be
mountainsmolehlls or molecules.

Heatis kinetic enggy becauset involvesthe movement by molecues.
Now, take anotherlook at (Fig. 5.3). Therock ontop of thehill contains
much potental enepgy the capaciy to do work becauseof its positon,
but sinceit is a rest,it hasno kinetic enemgy. If therock weregiven a
little enegy a little push, it would spun tenuousy roll down the hill
trandorming its potential enegy into kinetc enegy, which could be
usedto do work.
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Likewise, winding a watchtrangormed kindéic enegy form the person
winding the watch into potental enegy stored in the watch 6
mainsprirg. Thus under most conditions, potential and kinetic energy
arefredy inter-convetible.

What is kinetic energy?
1.3.3 The Lawsof Thermodynamics

Life dependson enegy trandormations. For examples, our bodies
trangormthe chemical enegy in foodto mechanicalenegy thatenables
usto study, play and danceandour appliances convertelectrial energy
to light for readingand to ban for cooking ourfood. Combudion
enginesconvertthe chamical enegy in petrolto mechanical enegy that
sustaingdife on eath.

Enegy trangormationsareregulatedoy laws of themodynamics.These
laws involve a system and its surroundings. Theollection of matter
being studied is cdled the system, and the rest of the universeis
referred to as the suroundngs. A closed system, such as that
appoximated by a themos bottle, is isolated from. (i.e. does not
exchangeenagy with) its surroundiags, ®nversely, an open system
exchangeg&negy with its surroundags.

The laws of thermodynamics aresimple andbasedon common sense.
They are unbreakable laws that apdy to all enegy transformations,
whether they be combustion of petiol in a car, the breakabwn of
glucosein a cell or the generationof heatby philodendon flowers.
Thesdawsgoven the existenceof all organisms.

a. The First Law of Thermodynamics

Thefirst law of thermodynamicsis alaw of conservatiorof enegy. The
law stateghat enegy cannotbe creadd or destroyed,but only conwerted
to anotherforms. Thislaw canbestaedin otherways:

1 In any process,the total amountof enegy in a system and its
surroundngsremainsconstant.

1  Thetotal amount of enegy in any isolated(i.e. closed)system is
constant.

1  Theamountof enegy in the universeis consint. -You can't get
something for nothing.

For example the enegy used to wind a watch comesfrom the person

winding thewatch.Similary, a power plant (generator) doesnot create

enepgy. It merdy transforms enegy from one form (e.g. petrol) to
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another(e.g.Electricity). In the sane way, greenplantsare not energy
producers,they merdy trap and convertthe enegy in sunight into
chemical bonds.The first law assertsthat the enegy in sunight that
warms out plantsand drives phobosynthesis must ®me from somewhere
el in thesystem. In this casejt comesfrom thesun.

Enegy conwrsions often generateheat, for example, as you are
studying this unit, your body generags theheatof a 100W bulb. Y our
temperatureis neither decreamsig ror increasing lkcause the heat
generatedby your bady is radatedinto your surroundigs. That is,there
IS no change in the total amount of enegy in the system. The energy
radiatedfrom your body that heatsthe room you arein canbe tracedto
the enegy containedin the food you ate. Accordingto the first law of
thermodynamics, theamount of enegy releasedby your body cannot
exceedthe amountof the enegy containedin the food you eat. If you
stopeatingyou will eventualy run out of enegy, die and stopreleasing
heat.

The first law of thermalynamics has tremendous implications for
evayday life. For example, it exdainswhy a car canonly do a limited
distanceregardlss of its fuel efficiency or mileagerating, the energy
usedto movethe carcannotexceedhat coninedin thechemical bonds
of its fuel. Whenthe car runs out of petol, it cango no further until
more petrol is added.The addition of more petrol to the car (enegy)
correspods to aloss of enegy from somewhereelse- the storgye tank
atthepetrolstation.

Thefirst law of thermodynamics alsodictatesthatthe enegy trappedby
leavesduring phaosynthesis canot exceed the enegy of the absorbed
light. Forexample,if 100units oflight enepy strikesof leaf is not more
than 100 units of enegy can be trappedin the carbdiydratesproduced
by phaosynthesis. No matter how hard you tried, you carit get more
enepy out of asystem thanyou putin.

b. The Second Law of Thermodynamics

The secand law of thermalynamics isthe law of entrqy, or disarder.
Thislaw statesthat all enegy trangormationsareinefficient, thatis, that
the amount of concentrated u$el enegy decreasesn all enepgy
trangormed. Thislaw canbeexpressedn otherenegy afollows:

System tendstowardincreasingentopy (disorder).

1  Any system tendsspamtaneouby to becomedisorganized.

1 In all enegy trangormations,some usalbe erergy is lost asheat.-
Any sportaneougshangedecreasethe amount of usablesnegy.
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To betterunderstad this, considera person throwing aball or heating a
cup of tea.Both of theseprocessesequites enegy. According to the
first law, no energy has beencreated or destoyed in throwingthe bdl or
heatingthe tea, the enelgy usedto heatthe tea probalty came from
breaking bhe bondsof naturalgas,while that usedin throwing the ball
came from enepgy in food usedto contract muscles. However the
energiesof the moving ball mid the heaing the tea are drastcally
different.The moving ball heatsthe air andany objectthat it strikes,ard
is in coheent motion all of its partsmove togetherin anordetty way. In
contrast, engy in the heatedenis containedin the rancom, incoheent
motion of its molecules. Thereis no orderto it, the heatresultsonly
forms of enepy; any otherform of enegy can be convertedcompletely
to heat, but heatcamot be completely convertedto anotter forms of
enegy.

This againgoesback to our eva'yday experience. Thethrownball heats
the air andthe glove that hit is, but apdying the sameamount of heat,
but heatcannotbe completdy to heat, but heatcanrot be completely
convertedo anotheform of enepgy.

This againgoes lack to our eveyday experience. Thethrown ballheats
the air andthe glove that hit it, but apdying the same amount of heatof
theair doesn @rbve the ball.

All enepy is ultimatdy convertedo heatand heatis not usableenergy.

Consideragain the example of a combustion enginein a car. FRtrol
(Gasoline)is a concentrated, orddy sources of enepy, its energy
residesin the covalentbondsof octane. Howevemnvhenthesebonds
breaksandreleaseerergy in thecad s e nLgss thaeoneforth of the
enegy is usedto move the car (i.e. combugion engnesare lessthan
25% dficient). According to the first law of thermodynamics,no energy
was lost whenthe car moved, the amountof enegy usedto move the
car, heatthe engineblock, (andthe air araund it), power the radio, ad
heatthe tyres equalsthat originaly cortained in the petrol. However,
apdying hearto the car doesnot move the car. That is, the energy
containedn the heatedtyres, pavement, air and engineblock canmt be
recycled to run the car, becausdeatenegy resides inrancomly moving
moleculesand it therefore not a conentraied, uséul form. This heat
representshe inefficiency inherent in any energy trangormation and is
the basisfor the second law of themodynamics. Becauseall erergy
trangormations produce heat (i.e. An unusableform of enegy), all
thingsnatrally becomemoredisorganized.
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The consguencesof the secondlaw of thermodynamics areimpartant
and familiar to everyone. For example, rocks tumble downhill rather
than up hill, and piece of jigsaw puzzle never spontaneudy fall into
placewhenpouredfrom a box. This second law explains why disorder
in themassive is increasedcontirually.

Cells derive enegy from sugar and fats for growth, repair and
reproducton. The chemicals reactions that free this emgy are
inefficient andreleasemuch heat. The cells of most organsms extract
only about half of their fuels enegy for useful work (e.g.the enegy
usedto poweryour brain while you sleepis equivalent tahat of a 60W
bulb). Thus, although organsms can channel the trangormation of
enegy from one form to another, they can inboad the enegy in
reserves(e.g. Fat or Starch) or use if for repair, movement, or
reproducton-these dversions are only temporariy. Eventualy, all
enegy is trandormed to heat.

To loss off usdul erergy as heat enggy trandormations inadeaseshe
entrqy in a system, and only processthat decreasethe amountof useful
enegy occursponaneoudy. Therefore,there is a naturaltendermy for
things to bemme disorganized. Altlough the entrqpy of one system,
suchasan organsms or cell, may decrease(i.e. the stem may become
more organized),the entropy of the universes always increaing. Once
amore local leel, or rooms andtablesquickly bemme messy unless we
periodicaly straigltenthen.

Becauseorganisms are highly ordeed it might seem that they are
exceptions tahe law of themodynamics. The secondaw apdiesonly
to closedisolated)system.

Organsm remains organized becaise they are not closedsystem, they
use inputsof matter and enegy suchas food and sunlightto reduce
rancbmness (i.e. Deaeaseentrqpy) and stay alive. The enegy that
keepsorgansms alive comes ultimatdy from the sun that is plants
trangorm sunlight into chemical bond of cabohydrates, whicthumans
and other organsms use as an enegy souce. Lfe is only possble
becauseorganisms temporariy store and later use some of the energy
flowing throughthe system. Plantsand plant like organsms such as
algaearethefirstandmostimportantpart of thescreme.
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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

Enegy trandormations such as exgdosions, moving vehicles and
electricty which we are all familiar with releases largamount of
enegy at once.However, enegy trangormations incels involve small
amountsof enegy. It is the cumulative effect of thesemany smell
trangormationthatwe seea growth anddevel opment.

Thetwo primary enemgy trangormationsin plantare phaosynthesisand
cellulartransportaton.
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_Phatosynthesis il -;-Re.sfbiration
Plants use photo synthesis shown here as an uphill reaction, to make

enagyrich sugars and O2 from enegy 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
moleaules, especially ATP.

Low ¢

Photesynthesis uses light enegy to convert CO2 and H20 (both

which are enegy- pore) into sugars.In the process, @&ygen gas,
(O2) is released.

Cells extract enegy from sugarvia cellular respiratiors. Some of this
enegy is storedin maoleculessuchasATP (we study ATP in unit 7). If
all of enegy in the chemical bondsof sugarswerereleasedt once(as
in explosion),the energy would be conveted mostly to heatandproduce
literally high temperdures.To avoid these problems, cell extractenergy
from glucose and other moleculesby slowy oxidizing the molecules in
the saiesof chemical reactions. During eachreactionthereisadrop in
the potentialenegy of the molecuks. Some of the enepy is lost asheat
howevermuch of it is trappedin the chemical bondsof othermolecules
in the cell. The chemical reactios that trangorm enegy in cells is
collectively calledmetabolism.
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Whatis thefirst law of the modynamics

SelfAssessment Question 2

Whatis the secondaw of Thermodynamics?

Self-Assessment Questions
a) What are two primary energy transformation in p&nt

Answer: Thetwo primary energy trangormation in plant are
phosynthesis are cellularrespiration,

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

Answer: the chemical readions that trangorm energy in plantand
otherorganismsis metababm

14 SUMMARY

Enegy, the ability to do work is an essential aspectsof all events.
Everything involves enelgy including music, games, tides, seasons&nd
the orbits of the plants.Plantsandanimals are no exaeptions. All agect
of their lives, rangingfrom maintenance andepairexotic taskssuchas
producingbeautful flowers,requre enegy. Consequatly, we canonly
understandind appredate plantswhenwe know aboutenegy andhow
it is usedby plant.

All of life's activitiesrequirethatenegy be tandormedfrom oneform
to another.These enegy trangormations are governedby thelaws of
thermodynamics.
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16 POSSIBLE ANSWERS TO SAES
Answer to SAE 1

A joule (j) is theamaunt of enegy neededto move 1 kilogram through

1 metre with an aceleration of 1 metre per second(1m) se(,2.
For comparisonpurposesl calorie = 4.12J.

Answers toSAE 2
The secand law of thermalynamics isthe law of entrqoy, or disarder.
Thislaw statesthat all enegy trangormationsareinefficient, thatis, that

the amount of concentrated u$el enegy decreasesn all enepgy
trangormed.
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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 Metabolsm: Eneagy for Life's Work
2.3.2 Free Energy
2.3.3 Oxidation, Redudion and Enegy Content
2.3.4 OtherCompounds Involvedin Enegy Metabolism
24  Summary
25 References/ Further Read#y/eb Sources
26 Possible Answers to SAEs

2.1 INTRODUCTION

In the lastunit, we startedthe discusion on enegy andits useshy
plans.You learntwhat erergy is andthe differentforms it takes(thatis
eneagy conversiol. You also learnt the laws of thermodynamics
and their relationshp with life. We ended that unit by saying that the
chemical reactionghat transform enepy in cells are colledively called
metabolism. Plants harvest enggy from the sun, convert it to
metabolicaly usdul form, and move it in differentforms within cells
accordingo enegy budget.

Enegy is neededfor a whole rangeof things, which include: adive
transport across membranes, losynthesis of larger molecules from
smalleronesand moving molecules thoughthe cytosolinto andout of
organellesandcells.

In this unit, you are going to learnhow metéolism warks to get all the
enegy needed for life's work; the various reactbns involved in
metabolism and also the other compounds invdved in energy
trangormationin plants.

2.2 Intended learning outcomes
At theendof thisunit, you shoud beableto:
1  givethemeaningof theterm metabolism

1 statewhata metabdic pathway means
1  explainthemeaningof thefollowing terms:
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(a) Bondenegy

(b)  Freeenepgy

(c) Enthapy

(d)  Endothemicreacton
(e) Exothemic reaction

2.3  Main Contents

2.3.1 Metabolism: Energy for Life's Work

Metabolsm is a fundamental propety of life arising from enegy
trangormationsin cels. It is the totality of all the chemical readions
that occurin an organism. Thesereactions do not occur rancomly;
rather,they occurin sep-by-stepsequenescalled metabolic pathways.
In these reactius, the productof onereacton beammesanoter suostrate
(that is the starting point) for anothe. The variousmetabolicpathways
in acellaremuchliketheroadsonamap.

Cellular metabolism. This diagram traces same of the metabdic
reactions that occurin a cdl. Thus represent moleaules, and lines
represent reaction each caalysed by special erzyme-that changes
them. The stp wise sequences of reactions called metabolism
pathwaysshown in yellowis central to most other pathways.

Each reaction in a metabolic pahway rearrangesatoms into new
compourds, andeach oneeitherabsorbsor releaseenegy. The amount
of enepgy requredto breaka particularbondis equivalento the amount
of enepgy requiredfor its formation. This amountof enepy is called the
bondenegy. For example, consicer the erergiesof thefollowing bonds.
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