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1.1.1CellTheory

CellTheory

Until microscopes became powerful enoughto view individual cells,no-one knew forcertain
what living organisms were made from
Ascientistcalled Robert Hooke came up with the term "cells"inthe 1660's afterexamining the
structure of cork
Matthias Schleidenand TheodorSchwannwere two scientists who studied animal and plant
cells

= In1837,theycame up with the ideathat allliving organisms are made of cells

= Thisideais knownas ‘celltheory’

= The celltheoryis aunifyingconceptinbiology(meaningitis universally accepted)

The celltheoryincludes three mainideas:
= Allliving organisms are made up of one or more cells
= Cells are the basic functional unit (i.e.the basic unit of structure and organisation)inliving
organisms
= Newcells are produced from pre-existing cells

Althoughcells varyinsize and shape theyall:
= Are surrounded byamembrane
= Containgenetic material
= Have chemicalreactions occurringwithin the cell that are catalysed by enzymes
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CellTheory: Atypical Examples

NOS: Looking fortrendsand discrepancies; although most organismsconformtocell
theory,there are exceptions

= Scientists studyingcells (e.g.Robert Hooke, Schwann & Schleiden and Pasteur)
discovered trends when makingobservations of organisms

= The organisms theyexamined,usingmicroscopes, allappeared to be made of smaller
compartments (whichwe nowreferto as cells). Theydiscovered that eventhe smallest
organisms,suchas Amoeba,were made fromatleastone cell

= However,advancementsintechnology(particularlyaround what canbe detailed and seenunder
amicroscope) have enabled scientists to examine many more organisms and discrepancies
have beendiscovered whichraise questions about whethercelltheoryapplies to all organisms

Atypical examples

= Striated muscle fibres, aseptate fungal hyphae and giant alga are three examples of cells/tissue
with structures that questionthe integrity of the celltheory

Striated muscle fibres

= Striated muscle fibres (fused muscle cells) are:
= Longer thantypicalcells (upto 300 mminlengthincomparisonto acardiac muscle cell
whichhas alengthof100-150 uym)
= Have multiple nucleisurrounded bya single membrane (sarcolemma)

= These features questionthe celltheorybecause striated muscle cells are formed from multiple
cells which have fused together(whichis how theyhave manynucleiratherthanone) that work
togetheras asingle unit,challengingthe conceptthat cells workindependentlyof each other
eveninamulticellularorganism

Aseptate fungalhyphae

= Fungihave manylong, narrow branches called hyphae

= Hyphae have cellmembranes, cellwalls and some have septa

= Aseptate fungalhyphae do not have septa, thus these cells are multinucleated with continuous
cytoplasm

= This questions the celltheorybecause the cells have no end walls makingthem appearas one
cell

Giant Alga (e.g. Acetabularia)

= Acetabulariacan grow to heights of 100 mm, and yet consist of only one cell with asingle nucleus
= Acetabulariahave arelativelycomplexstructure.Theyare divided into three parts:rhizoid, stalk
and cap
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= The features above questionthe celltheorybecause the trend formostunicellularorganisms is
to be smallinsize and simple instructure

Three atypical examples of the cell theory

O Exam Tip

Don’tworryaboutlearning the name of the scientists described above orwhen the celltheory
was firstdescribed.Youjust need to know the three maincomponents of the celltheoryand why
(bylooking at trends and discrepancies) scientists have made exceptions to the theory.
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1.1.2 Functions of Life

Functions of Life

= Unicellular(single-celled)and multicellular(manycells) organisms must carry out the following
functions to stayalive:

Metabolism - all the enzyme-catalysed reactions occurringinacell,including cellrespiration
Reproduction -the productionof offspring. It maybe sexual orasexual

Homeostasis - the abilityto maintain and regulate internal conditions withintolerable limits,
including temperature

Growth - the permanentincreaseinsize

Response - (orsensitivity), the ability to respond to external orinternal changes (stimuli) in
theirenvironment. Thus improving theirchance of survival

Excretion -the disposal of metabolic waste products,includingcarbondioxide from
respiration

Nutrition - the acquisition of energy and nutrients forgrowth and development, either by,
absorbing organic matterorbysynthesising organic molecules (e.g.photosynthesis)
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Functions of Life: Paramecium & Chlorella

Paramecium

Parameciumare unicellularprotozoans commonlyfound infreshwater. Theyrange insize from 50

to 320 um

Chlorella
Chlorellais asmall (2to 10 um) unicellulargreen alga.Theyare abundant in freshwaterand can be

found inasymbiotic relationship with Paramecium
= As Chlorellaare living theycarryout all the functions of life, although due to different structures,

there are some differences to Paramecium

Comparisonof the Functions of Life BetweenParamecium and Chlorella
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Response The beating of the cilia moves | Chlorophyll pigments
the Awameciwn through the located in the
wadter in response to changes chloroplast absorb light
in the environment

Excretion Waste products (e.g. carbon Metabolic waste
dioxide) are expelled or products (e.g. oxygen)
diffuse out through the diffuse out of the cell
plasma membrane through the plasma

membrane
Nutrition Food particles that are Synthesises

swept into the oral groove
are pdckaged into food
vacuoles. After the enzymes,
contained within the vacuoles,
digest the particles the
nutrients are absorbed into
the cytoplasm

carbohydrates
through photosynthesis
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The functions of life in Paramecium
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The functions of life in Chlorella

O Exam Tip

To rememberthe functions of life think of MRH GREN. Note the similarities inthe functions of life
between Parameciumand Chlorella.
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1.1.3Surface Areato Volume Ratio

Surface Areato Volume Ratio

= Forcells to survive, metabolic reactions must be occurring, these reactions depend on:
= Materials constantlybeing exchanged across the plasmamembrane
= Thevolume ormass of cytoplasm (as this is where the reactions take place)

= Asorganismsincrease insize theirSA:Vratio decreases
= Thereisless surface areaforthe absorptionof nutrients and gases and secretionofwaste
products
= The greatervolume resultsinalongerdiffusiondistance to the cells and tissues of the
organism

= Thus therate atwhichsubstances (e.g.oxygenand heat) are exchanged across the plasma
membrane is dependent onthe surface area(the larger the surface areathe more substances
are exchanged)

= Therate atwhichacellmetabolisesis dependentonthe mass orvolume of the cytoplasm (the
larger the mass orvolume the longer it takes formetabolic reactions to occur)

Limitationstocellsize

= Single-celled organisms have a high SA:Vratio which allows forthe exchange of substances to
occurviasimple diffusion
= Thelarge surface areaallows formaximum absorption of nutrients and gases and secretion
of waste products
= The smallvolume means the diffusiondistance to allorganelles is short

= Aconsequence ofthe SA:Vratio is that cells cannot grow biggerindefinitely. Once the ratio
becomes too small,growth must stop and the cells must divide
= To overcome this, large multicellularanimals and plants have evolved adaptations to facilitate
the exchange of substances betweentheirenvironment
= Theyhave alarge varietyof specialised cells, tissues,organs and systems
= Eg.gas exchange system, circulatorysystem,lymphatic system, urinary system, xylem and
phloem
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As the size of an organism increases, it’s surface area : volume ratio decreases. Notice for this particular
shape the distance between the surface and the centre increases with size.

Q ExamTip

Rememberthe rate of metabolismis dependent onthe mass orvolume of the cellwhereas the
rate of exchange is dependentonthe surface area.
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1.1.4 Cell Specialisation

Emergent Properties

= Multicellularorganisms are able to undertake functions that unicellularorganisms cannot, e.g.
move overvastdistances and digestlarge macromolecules
= Thisis aresultof properties emergingwhenindividual cells organise and interact to produce
living organisms
= Scientists sometimes summarise this with the phrase "The wholeis greaterthan the sum of its
parts"

= Traditionally,scientists have approached the studyof biologyfromareductionist perspective,
looking at the individual cells,however,due to emergent properties there is anargument that the
systems approachshould be used

The organisation of multicellular organisms

= |Inmulticellularorganisms, specialised cells of the same type grouptogetherto formtissues
= Atissueisagroupofcells thatworktogetherto performaparticular function. Forexample:
= Epithelialcells group togetherto form epithelial tissue (the function of which, in the small
intestine,is to absorbfood)
= Muscle cells (anothertype of specialised cell) group togetherto form muscle tissue (the
functionofwhichis to contractinorderto move parts of the body)

= Differenttissues worktogetherto formorgans.Forexample:
= The heartis made up of manydifferent tissues (including cardiac muscle tissue,blood vessel
tissues and connective tissue, as well as manyothers)

= Differentorgans worktogetherto formorgansystems
= Organsystems worktogetherto carryout the life functions of acomplete organism
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The organisation of multicellular organisms

Levels of OrganisationinHumans Table
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Cell Differentiation

= Incomplexmulticellular organisms eukaryotic cells become specialised forspecific functions.
This canalso bereferred to as the divisionof labour
= Specialisationenables the cellsinatissue to functionmore efficientlyas theydevelop specific
adaptations forthatrole.The development of these distinct specialised cells occurs by
differentiation
= These specialised eukaryotic cells have specific adaptations to help them carry out their
functions
= Forexample,the structure of acellis adapted to helpit carryoutits function(thisis why
specialised eukaryotic cells canlook extremely different fromeach other)
= Structuraladaptationsinclude:
= Theshape ofthecell
= The organelles the cellcontains (ordoesn’t contain)

= Forexample:
= Cells that make large amounts of proteins willbe adapted forthis function by containing
many ribosomes (the organelle responsible forprotein production)

The biconcave shape of erythrocytes increases the surface area available foroxygen absorption
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Gene Expression

= Everynucleus withinthe cells of amulticellularorganism contains the same genes, thatis, allcells
of anorganismhave the identicalgenome

= Despite cells havingthe same genome, theyhave adiverse range of functions because during
differentiationcertain genes are expressed (‘switched'on)

= Controllinggene expressionis the keyto development as the cells differentiate due to the
different genes being expressed

= Once certaingenes are expressed the specialisation of the cellis usuallyfixed so the cellcannot
adaptto anew function
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Expression of genes resulting in cell differentiation
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1.1.5Stem Cells

StemCells

= Astemcellisacellthat candivide (bymitosis)anunlimited number of times
= Eachnewcell(produced whenastemcelldivides) has the potentialto remainastemcellorto
developinto aspecialised cellsuchas ablood celloramuscle cell(byaprocess knownas
differentiation)
= This abilityof stemcells to differentiate into more specialised celltypesis knownas potency
= There are fourtypes of potency:
= Totipotency -totipotentstemcells are stemcells that candifferentiate into any celltype
foundinanembryo, as well as extra-embryonic cells (the cells that make up the placenta).
The zygote formed whenaspermcell fertilises aneggcellis totipotent, as are the embryonic
cellsupto the16-cellstage of human embryo development
= Pluripotency - pluripotent stem cells are embryonic stem cells that candifferentiate into
any celltype foundinanembryo but are not able to differentiate into extra-embryonic
cells (the cells that make up the placenta)
= Multipotency - multipotent stemcells are adult stem cells that can differentiate into closely
related celltypes (e.g.bone marrow stem cells differentiate into differentblood cells)
= Unipotency -unipotentstemcells are adult cells that can only differentiate into
theirownlineage, e.g.heart muscle cells (cardiomyocytes) can generate new
cardiomyocytes through the cellcycle to build and replace heart muscle.Most cells inanimal
bodies are unipotent
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There are different levels of potency that cells can have. Totipotent cells have the highest potency and
can therefore differentiate into any type of cell. Unipotent cells have the lowest potency, only being able
to divide into one cell type.

Q ExamTip

Rememberthe two keyproperties of stemcells are that theycanself-renew (capacity to divide)
and candifferentiate.Make sure youlearnthe three levels of potencyof stemcells described
above,and whatrange of celltypes these stemcells candifferentiate into.Don’'t forget, while
stillclassed as stemcells (as they candivide anynumberof times),onlyalimited range of
specialised cells canbe formed fromadult stemcells as theyhave already partially
differentiated.Forexample,stemcellsinbone marrow canonly produce cells that differentiate
into the different types of blood cells.
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StemCells: Therapeutic Use

Currently, there are very few therapeutic uses of stemcells, although scientists around the world
are activelyinvolved inresearching potential therapies

Theresearchis being carried out onembryonic (totipotent and pluripotent) and adult
(multipotent) stems cells

Use of embryonic stemcells

Due to theirability to differentiate into multiple cell types, stem cells have huge potentialinthe
therapeutic treatment of disease
Formanycountries,such as the USA and some countries within the EU, the use of embryonic stem
cellsisbanned,evenforresearch
Inothercountries,suchas the UK, the use of embryonic stemcellsis allowed forresearchbutis
very tightly regulated
Embryonic stemcells canbe one of two potencies:

= Totipotentiftakeninthe first 3-4 days afterfertilisation

= Pluripotentiftakenonday5

The embryos used forresearch are oftenthe waste (fertilised) embryos from invitro
fertilisationtreatment

= This means these embryos have the potentialto develop into humanbeings

= Thisis whymanypeople have ethical objections to usingtheminresearchormedicine

Stargardt'sdisease

Stargardt's disease is the mostcommoninherited form of juvenile macular degenerationand
mainly affects childrenand adolescents

The maculaislocated inthe centralregion of the retina and damage to this arealimits ourcentral
visionand colourperception

The diseaseis commonlycaused byamutationof the ABCA4generesultinginaproteininthe
retina malfunctioning, eventuallyleaving the personlegally blind

One treatment that was researched was the injectionof retina cells derived from embryonic
stemcellsinto patients eyes. This treatment had success and no harmful side effects were
experienced,howevertrials are stillongoing

Use of multipotent adult stemcells

As tissues,organs and organsystems develop, cells become more and more specialised
Having differentiated and specialised to fulfil particularroles,most adult cells graduallylose the
ability to divide until, eventually, they are no longerable to divide

However,smallnumbers of stemcells (known as adult stemcells) remain to produce new cells
forthe essentialprocesses of growth, cellreplacement and tissue repair
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= Althoughthese adultstemcells candivide (by mitosis) anunlimited numberof times, theyare only
able to produce alimited range of celltypes - theyare multipotent
= Forexample,the stemcells foundinbone marrow (hematopoietic stemcells) are
multipotent adult stemcells - theycanonlydifferentiate into blood cells (red blood cells,
monocytes, neutrophils and lymphocytes)
= |nadults, multipotentstemcells canbe found throughout the body (eg.inthe bone marrow,
skin, gut, heart and brain)

= Researchis beingcarried outonstemcelltherapy,whichis theintroductionof adultstemcells
into damaged tissue to treat diseases (eg.leukemia) and injuries (eg. skinburns)

Leukaemia

= |Leukaemiais the generalised termreferringto agroup of cancers that developinthe bone
marrow

= |tis caused bymutationsingenesresultinginthe over-productionof abnormal white blood
cells (leukocytes)

= To destroythese mutated cells inthe bone marrow patients undergo chemotherapy

= However,as the chemicals injected into the patient's bodyduringchemotherapydestroyall
bone marrow cells,hematopoietic stemcells (HSCs), the adult stemcells found inbone marrow,
areremoved using alarge needle before treatment

= These HSCs are stored frozen and afterchemotherapy, theyare returned via a transfusion. Once
inthe body,the HSCs re-establishthemselves in the bone marrow where theybeginproducing
blood cells
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Therapeutic uses of embryonic and adult stem cells
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Stem Cells: Ethics

NOS: Ethicalimplicationsof research;researchinvolving stemcellsisgrowingin
importance andraisesethicalissues

= Ethics are therules provided byexternal sources that allow us to determine whethersomethingis
right orwrong
= Beforescientists undertake researchitis importantforthemto considerthe ethics and
consequences
= Researchinvolvingstemcells may:
= |ead scientists to make discoveries and create beneficialtechnologies that would nothave
occurred if theresearchhad beenbanned
= Curediseases ordisabilities
= Enable organs to be regenerated orrepaired, thus reducing the demand fororgan transplants

Sourcesof StemCells

= Oneoftheethicalconsiderations researchers need to take is to determine what the source of
the stemcellsis to be.There are three possible sources:
= Embryos,whichcanbe created using therapeutic cloning
= Cordblood (umbilical) of new-bornbabies, whichcanbe frozenand stored
= Specific adulttissues,e.g.bone marrow

Ethicsof Using StemCells
Argumentsfor:

= Embryonic stemcells:

= Thesecells are totipotent orpluripotent therefore theycandifferentiate into anycell type
and thus give the patient a higher chance of living a healthy life

= Embryonic stemcells are not differentiated. Therefore there is less chance of genetic
damage, due to anaccumulation of mutations, whichimproves the likelihood of a healthy
life forthe patient

= Anyofthese cells produced byIVF that have beensetaside to be discarded could instead
be used forresearchinto incurable diseases

= Cordbloodstemcells:
= Canbe easily obtained and stored and therefore are readily available whenrequired
= Are fullycompatible with the tissues of the adult, as they are geneticallyidentical,and
thereforereduce theriskof rejectionif used
= Would belostwhenthe umbilicalcordis discarded

= Adultstemcells:
= |tisless controversialto use adult stemcells compared to embryonic stemcells because
the donoris able to give permission, e.g.,,manypeople donate bone marrow to help treat
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leukaemiapatients

= Thereis alowerchance of rejectionas the patient's ownadult stemcells are beingused to
treatthem

= Alowerchance of developinginto tumours

= Canberemoved withoutanylong-lastingside effects to the patient

Argumentsagainst:

= Embryonic stemcells:
= These cells have ahigherrisk of developinginto tumours
= The processinvolves the creationand destructionof embryos (butatwhichpoint are
embryos considered alive)

= Cordbloodstemcells:
= The cells are multipotent and therefore have alimited capacity to differentiate into different
celltypes

= Adultstemcells:
= Adultstemcells are difficult to obtain as there are a smallnumberof themand so theycanbe
painful to extract as theyare buried deepintissue
= Are multipotent and therefore have alimited capacityto differentiate into differentcelltypes
= |fadultstemcells are beingdonated fromone personto anothertheyneed to be aclose
matchinterms of blood type and otherbodyantigens orthereis achance that the cells used
will be rejected by the patient's immune system

StemCellEthics Table
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O Exam Tip

Itisimportant to learnarguments forand against using the three sources of stemcells for
therapeutic uses.
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1.1.6 Skills: CellTheory

Practical 1: Using aMicroscope

= Manybiological structures are too smallto be seenbythe naked eye

= Optical(light) microscopes are aninvaluable tool forscientists as theyallow fortissues, cells and
organelles to be seenand studied

= Forexample,the movement of chromosomes during mitosis canbe observed usinga
microscope

How optical (light) microscopeswork

= Lightis directed throughthe thinlayerof biological material thatis supported onaglass slide

= Thislightis focused throughseverallenses so that animage is visible through the eyepiece

= The magnifyingpowerof the microscope canbe increased byrotating the higherpower
objective lensinto place

Apparatus

= The keycomponents of anoptical(light) microscope are:
= Theeyepiecelens
= The objectivelenses
= Thestage
= Thelightsource
= Thecoarseand fine focus

= Othertoolsused:
= Forceps
= Scissors
= Scalpel
= Coverslip
= Slides
= Pipette
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Image showing all the components of an optical (light) microscope

Method

= Preparingaslide usingaliquid specimen:
= Addafewdrops of the sample to the slide usinga pipette
= Covertheliquid/smearwithacoverslip and gentlypress downto remove airbubbles
= Weargloves to ensure thereis no cross-contaminationofforeigncells

= Preparingaslide usingasolid specimen:

= Usescissorsto cutasmallsample of the tissue

= Peelawayorcutavery thinlayerof cells fromthe tissue sample to be placed onthe slide
(usingascalpelorforceps)

= Some tissue samples need be treated with chemicals to kill/make the tissue rigid

= Astainmaybe required to make the structures visible dependingonthe type of tissue being
examined

= Gentlyplaceacoverslipontopand press downto remove anyairbubbles

= Take care whenusingsharp objects and weargloves to prevent the stain from dying your skin
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Place the microscope slide onthe stage, fixin place using the stage clips (ensure the
microscope is pluggedinand on)
Whenusinganopticalmicroscope always start withthe low powerobjectivelens:
= |tis easierto find whatyouare lookingforinthe field of view
= This helps to prevent damage to the lens orcoverslipincase the stage has beenraised too
high

Whilst looking throughthe eyepiece lens move the coarse focusing knob until the specimen
comes into focus.The fine focusingknob should be used to sharpenthe focus onparticular
parts (and at higherobjective lens only)
To examine the whole slide move it carefullywithyourhands (orif using abinocularmicroscope
use the stage adjustingknobs)
Once youhave focused onthe object/structure then carefullymove to higher objective lens
(10Xand 40X).If resistance s feltdo not continue to move the turret. At the higher objective
powers only use the fine focusing knob

= Do not move the stage downwhenmovingto higherobjective lens

Unclearorblurryimages:
= Switchto the lowerpowerobjective lens and tryusing the coarse focus to getaclearer
image
= Considerwhetherthe specimensampleis thinenoughforlight to pass throughto see the
structures clearly
= There could be cross-contaminationwithforeigncells orbodies

Use acalibrated graticule to take measurements of cells

= Agraticuleis asmalldisc that has anengraved scale. It canbe placed into the eyepiece of a
microscope to actas arulerinthe field of view

= As agraticule has no fixed units it must be calibrated forthe objective lens thatisinuse.This
isdone byusingascale engraved onamicroscope slide (astage micrometer)

= Byusingthe two scales togetherthe numberof micrometers each graticule unitis worth can
be worked out

= Afterthisis knownthe graticule canbe used as arulerinthe field of view
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The stage micrometerscale is used to find out how many micrometers each graticule unit represents

Drawing cells

= Torecordthe observations seenunderthe microscope (orfromphotomicrographs taken) a
labelled biologicaldrawingis oftenmade

= Biologicaldrawings are line pictures which show specific features that have beenobserved
when the specimenwas viewed

= There are anumberofrules/conventions that are followed when making a biological drawing

Guidelinesfor microscope drawings

= The conventions are:

The drawing must have a title

The magnificationunderwhich the observations shown by the drawing are made must be
recorded

Asharp HB pencilshould be used (and agood eraser!)

Drawings should be on plain white paper

Lines should be clear, single lines (no thick shading)

No shading

The drawing should take up as much of the space onthe page as possible

Well-defined structures should be drawn

The drawing should be made withproper proportions
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= Labellines should notcross orhave arrowheads and should connect directly to the part of

the drawing beinglabelled
= Labellines should be keptto one side of the drawing (in parallel to the top of the page) and

drawnwith aruler

= Drawings of cells are typicallymade whenvisualising cells at a highermagnification power,
whereas plandrawings are typicallymade of tissues viewed underlower magnifications
(individual cells are neverdrawnin a plan diagram)

An example of a tissue plan drawn from alow-powerimage of a transverse section of aroot. Thereis no
cell detail present.

Magnification calculations

= Magnificationis how many times bigger the image of aspecimenobservedisincomparisonto

the actual (real-life) size of the specimen
= The magnification(M) of anobject canbe calculated if boththe size of the image (/),and the
actual size of the specimen (4),is known
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An equation triangle for calculating magnification
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