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1.3.1Phospholipid Bilayer Properties

Amphipathic Properties
Phospholipids

= Phospholipids formthe basic structure of the membrane (the phospholipid bilayer)

= Theyare formed byahydrophilic phosphate head bondingwith two hydrophobic hydrocarbon
(fatty acid)tails

= As phospholipids have ahydrophobic and hydrophilic part theyare known as amphipathic

= The phosphate head of aphospholipidis polar (hydrophilic) and therefore soluble inwater

= The fatty acid tail of aphospholipid is nonpolar (hydrophobic) and therefore insoluble inwater

The generalised molecular structure of a phospholipid

= Due to theiramphipathic properties, phospholipids display an emergent property whenplaced
into water
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= The hydrophilic phosphate heads orientate towards the waterand the hydrophobic
hydrocarbontails orientate inwards (away from the water)
= Theyformaphospholipid monolayer

A phospholipid monolayer

= |f phospholipids are mixed/shakenwith watertheyform spheres with the hydrophilic phosphate
heads facingout towards the waterand the hydrophobic fatty acid tails facinginwards
= Thisis called amicelle

A micelle

= Alternatively,whenthereis asufficient concentration of phospholipids present thentwo-layered
structures mayform
= Thesesheets are called phospholipid bilayers - this is the basic structure of the cellmembrane
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A phospholipid bilayeris composed of two layers of phospholipids; their hydrophobic tails facing
inwards and hydrophilic heads outwards

The two layers of phospholipids are looselyheld togetherbyweak hydrophobic interactions
between the hydrocarbon tails allowing some membrane fluidity

The amphipathic properties resultin the phospholipid bilayeracting as abarrier to most water-
soluble substances (the non-polarfattyacid tails prevent polarmolecules orions from passing
across the membrane)

This ensures water-soluble molecules suchas sugars, amino acids and proteins cannot leak
out of the celland unwanted water-soluble molecules cannot getin
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Animal CellMembranes: Cholesterol

= Phospholipids and cholesterolare the two maincomponents of animal cell plasma membranes
(cholesterolis absentinplant membranes)

Cholesterol

= Cholesterolis alipid that belongs to the steroid group

= |tis amphipathic, withthe majority of the cholesterolmolecule beinghydrophobic and
therefore attracted to the hydrophobic hydrocarbontails of the phospholipid

= The hydroxylgroup of the cholesterolmolecule is hydrophilic.ltis attracted to the phosphate
heads of the phospholipid

= Thereforeinthe plasmamembrane cholesterolis positioned between phospholipids

The molecular structure of cholesterol
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Mammalian Membranes: Role of Cholesterol

= The plasmamembrane is fluid, meaning the components are free to move
= The fluidity of the membrane needs to be controlled:
= |fitwas too fluid the cellcould notregulate what moved inand out
= [fitwas notfluid enoughthenthe cellwould not be able to move and substances would be
unable to move into orout of the cell

= Cholesterolhelps withthe regulation of the membrane fluidity and permeability
= [nteractionbetweencholesteroland phospholipid tails stabilises the plasma membrane at
higher temperatures by stopping the membrane frombecoming too fluid
= Cholesterolmolecules bind to the hydrophobic tails of phospholipids, stabilising them
and causing phospholipids to packmore closelytogether

= Atcoldertemperatures cholesterolincreases the fluidity of the membrane, stoppingit
crystallizingand becomingtoo rigid

= Thisoccurs because cholesterolstops the phospholipid tails packingtoo closely
together

= Theimpermeability of the membrane to hydrophilic ions (e.g.sodiumand hydrogen)is also
reduced bycholesterol

= Cholesterolincreases the mechanical strengthand stability of membranes (without it
membranes would break down causing cells to burst)

O Exam Tip

Itisimportant to rememberthat cholesterol affects membrane fluidity and the permeability o f
hydrophilicions (e.g.sodium and hydrogen) in mammal membranes.
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1.3.2 Membrane Proteins

Membrane Proteins

= The phospholipid bilayercarries out the mainfunction of the plasmamembrane -to controlthe
movement of substancesinto and out of the cell
= The otherfunctions are carried out byproteins inthe membrane
= Plasmamembranes are globular proteins
= These proteins are grouped into two categories:
= Integral - these are partiallyhydrophobic and therefore are embedded inthe phospholipid
bilayer(eitherinbothlayers orjust one)
= Peripheral -these are hydrophilic and so are temporarilyattached to eitherthe surface of
integral proteins (inside oroutside the cell) orconnected to the plasmamembrane viaa
hydrocarbon chain

= Theproteincontentof membranes canvarydepending on the function.Membranes of the
mitochondriaand chloroplasts have the highest proteincontent withtheirmanyelectron carriers

Membrane proteinfunctions

= Membrane proteins carryout manyfunctions:transport,receptors, celladhesion,cell-to-cell
recognitionand immobilized enzymes

Transport

= Transport proteins create hydrophilic channels to allow ions and polar molecules to travel
throughthe membrane
= There are two types:
= Channel(pore) proteins
= Carrierproteins
= Carrierproteins change shape to transportasubstance across the membrane e.g.
protein pumps and electron carriers

= Eachtransport proteinis specific to aparticularionormolecule
= Transportproteins allow the cellto controlwhich substances enterorleave

Receptors

= Receptors are forthe binding of peptide hormones (e.g.insulin), neurotransmitters orantibodies
= Thebinding generates asignal that triggers aseries of reactions

Immobilized enzymes
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= |mmobilized enzymes are integral proteins with the active site exposed onthe surface of the
membrane (canbe inside oroutside the cell)
Celladhesion
= Celladhesionallows tight junctions to be formed betweencells
Cell-to-cellrecognition

= Glycoproteins actas cellmarkers orantigens,forcell-to-cellrecognition(eg.the ABO blood
group antigens are glycolipids and glycoproteins that differslightlyintheircarbohydrate chains)

Examples of the functions of membrane proteins
Q ExamTip

As you go throughthe Biologycourse youwilllearn specific examples of how membrane proteins
are used so tryto make the links, this will help yourememberin the exams.
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1.3.3 History of Fluid Mosaic Model

History of Fluid Mosaic Model

NOS: Using modelsasrepresentationsof therealworld; there are alternative models
of membrane structure

= Scientistsuse models to representrealworld ideas, organisms, processes and systems that
cannotbe easilyinvestigated. Scientists can experiment onthe models enablingthemto test
predictions and develop explanations forobservations made

= Overtime as technological developments have beenmade the models used to represent the
structure of membranes of cells and organelles have changed

1920'sGorter and Grendel

= The Gorterand Grendelmodelshowed that the phospholipids inthe membrane of cells were
arranged into abilayer
= Evidence forthis model:

= The numberofphospholipids extracted fromred blood cellmembranes was double the area
of the plasmamembrane if it was arranged as amonolayer

= Problems with this model:
= Theirmodeldid notexplainthelocationof proteins orhow molecules that wereinsoluble in
lipids moved into and out of the cell

1930'sDavson and Danielli

= Davsonand Danielli's model of the membrane suggested that the proteins were arranged in
layers above and below the phospholipid bilayer

« Evidence for this model:

= Membranes were effective at controlling the movement of substancesin

and out of cells

= Electronmicrographs showed the membrane had two dark lines with alighterband between.
Inelectronmicrographs, proteins appeardarkerthan phospholipids

= Problems with this model:
= Freeze-etched electronmicrographs of the centre of the membrane showed globular
structures scattered throughout
= |mprovementsintechnologyused to analyse the proteins inthe membranes showed that
proteins were globular, varied insize and had parts that were hydrophobic
= These problems suggested it was unlikely that the proteins would formcontinuous layers

1970'sSinger and Nicolson
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Singer and Nicolsonproposed the fluid mosaic modelwhich stated that membranes were fluid
and that the globularproteins were both peripheral and integral (with some crossingboth
membranes) and dispersed throughout the membrane
Evidence forthis model:
= Analysis of freeze-etched electronmicrographs showed proteins extendinginto the
centre of membranes
= Biochemicalanalysis of the plasmamembrane components
= Theuseofcoloured fluorescent markers of antibodies. Antibodies were tagged withred
and green fluorescent markers.These antibodies were bound to membrane proteins on
differentcells. Fortyminutes afterthese cells were fused togetherthe markers were seento
have mixed throughout the fused cells membrane showing that membrane proteins are free
to move withinthe layer

Three models of membrane structure
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Future models

= Withfurtherdevelopmentsintechnologymoreis still to be discovered about the plasma
membrane and so the modelwe use to representit continues to evolve
= e.g.the presence of the cellularcytoskeletononthe inside and the extracellularmatrixonthe
outside makes the membrane less fluid than suggested by the fluid mosaic model

O ExamTip

Youwillneed to learnthe difference between the Davson-Danielliand Singer-Nicolsonmodel of
membrane structure and the reasons why theyproposed theirmodels.

1.3.4 Membrane Transport

Passive Transport
Simple diffusion

= Simple diffusionis atype of transportationthatinvolves particles passingbetween
phospholipids inthe plasmamembrane
= |tcanbedefined as:
= The net movement, as aresult of therandommotionofits molecules orions,of a
substance fromaregionof its higher concentrationto aregionof itslower concentration

= Themolecules orions move downaconcentrationgradient

= Therandommovementis caused bythe natural kinetic energy of the molecules orions

= Asaresultofdiffusion,molecules orions tend to reach anequilibrium (given sufficient time),
where theyare evenly spread within a givenvolume of space

Diffusion across the cellmembrane
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= Therate atwhichasubstance diffuses across amembrane depends onseveralfactors:
= 'Steepness'of the concentrationgradient - the greaterthe difference the higherthe rate
of diffusion
= Temperature - the higherthe temperature the higherthe rate of diffusion
= Surface area-the greaterthe surface areathe higherthe rate of diffusion
= Properties of the molecules orions
= Large molecules diffuse more slowlyas theyrequire more energyto move
= Uncharged molecules (e.g.oxygen) diffuse fasteras theymove directlyacross the
phospholipid bilayer
= Non-polarmolecules diffuse more quicklyas theyare soluble inthe non-polar
phospholipid bilayer
= Althoughpolarmolecules cannot easily pass through the hydrophobic part of the
membrane, smaller polar molecules (e.g.urea) candiffuse atlow rates

Facilitated diffusion

= Certainsubstances cannotdiffuse through the phospholipid bilayerof cellmembranes.These
include:
= Large polar molecules suchas glucose and amino acids
= Jons suchas sodiumions (Na*)and chlorideions (CI?)

= These substances canonlycross the phospholipid bilayerwith the help of certain proteins
= Thisformofdiffusionis known as facilitated diffusion
= There are two types of proteins that enable facilitated diffusion:

= Channelproteins

= Carrierproteins (these canalso be used during active transport)

= Theyare highly specific (theyonlyallow one type of molecule orionto pass through)

Channelproteins

= Channelproteins are water-filled pores

= Theyallow charged substances (eg.ions)to diffuse through the cellmembrane

= Thediffusionoftheseionsdoesnotoccurfreely, mostchannelproteins are ‘gated’, meaning
that part of the channel proteinonthe inside surface of the membrane canmove inorderto close
oropenthe pore

= This allows the channelproteinto controlthe exchange ofions
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A channel protein (open and closed)

Carrier proteins

Unlike channel proteins which have a fixed shape, carrier proteins canswitchbetweentwo
shapes

Initially, the binding site of the carrierproteinis opento one side of the membrane

When the carrierprotein switches shape it opens to the otherside of the membrane

The directionof movement of molecules diffusingacross the membrane depends ontheir
relative concentrationoneachside of the membrane

During facilitated diffusion, the net diffusionof molecules orionsinto oroutofacellwilloccur
downaconcentrationgradient (froman area containingmanyof that specific molecule to an
area containingless of thatmolecule)

A carrier protein changing shape during facilitated diffusion
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Osmosis

= Allcells are surrounded bya cellmembrane whichis partially permeable
= Watercanmoveinand out of cells byosmosis
= Osmosisis the diffusionof water molecules fromadilute solutionto amore concentrated
solutionacross a partiallypermeable membrane
= |Indoingthis,wateris movingdownits concentrationgradient
= Adilute solutionhas ahighconcentrationof watermolecules and aconcentrated
solutionhas alow concentrationof watermolecules
= The cellmembrane is partially permeable whichmeans it allows smallmolecules (like water)
throughbut notlargermolecules (like solute molecules)

Osmosis and the partially permeable membrane

= Thetermosmolarity canbe used to describe the solute concentrationofasolution;asolution
with highosmolarityhas ahigh solute concentrationand asolutionwithlow osmolarityhas alow
solute concentration.
= Waterwillmove fromasolutionoflow osmolarity to asolutionof highosmolarity across a
partially permeable membrane
= Osmosis canalso be described as the net movement of water molecules fromaregionof
higher water potentialto aregionoflower water potential, through a partially permeable
membrane
= Waterpotentialdescribes the tendencyofwaterto move out of asolution;this termis used
to avoid confusionbetweenwaterconcentrationand solute concentrationof asolution
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How osmosis works. The water moves from the region of higher water potential (dilute solution) to the
region of lowerwaterpotential (concentrated solution).

O Exam Tip

Rememberthat the movement of molecules fromhighconcentrationto low concentrationis
diffusion.If this movementrequires the aid of aprotein (forexample because the molecule is
charged and cannot pass directlythrough the phospholipid bilayer) this is facilitated diffusion,
and ifitinvolves the movement of wateracross a partiallypermeable membrane itis osmosis.
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Facilitated Diffusion: Example

Axons

The axonis partof anerve cell(neuron)

Itis along, narrow tube (it canbe one metre inlengthwith adiameterof one micron) containing
cytoplasmsurrounded byamembrane

Axons transmit nerve impulses

These nerve impulses occurbecause sodiumand potassiumions are beingmoved across the
axonmembrane creatingavoltage difference

Facilitated diffusion of potassium

Voltage-gated channel proteins (enabling facilitated diffusion) allow the movement of the
potassiumions
Potassiumions require channel proteins to diffuse across the axon as theyare charged and
bond withwaterwhentheydissolve inthe cytoplasm
Potassium channels are integral proteins and allow only potassiumions throughbecause:

= Otherpositivelychargedions are too large to move through the channel

= Otherions are too smallto formbonds withthe amino acids located inthe channelso they

remainattached to watermolecules

The potassiumchannels inaxons are voltaged gated

The channel proteins willopen(to allow potassiumions to diffuse out) whenthe charge inside
the axonis relativelymore positive thanoutside

However, the channel proteins rapidly close due to the presence of an extra globularprotein
subunit. This subunit fits inside the open channelwithin milliseconds of the channel opening
blocking anyfurtherdiffusionout of the potassiumions

The subunitremains in place until the potassium channelcloses
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Voltage-gated potassium channels facilitate the diffusion of potassium ions
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Prevention of OsmosisinMedical Procedures

= Anpimalcells canlose and gainwater as aresult of osmosis

= Asanimalcells do not have asupporting cellwall (unlike plant cells), the results of thisloss or
gainofwateronthe cell are severe

= Thisis whyaconstant waterpotential must be maintained inside the bodies of animals

Animal cellslosing water

= |fananimalcellis placedinasolutionwithalowerwater potential thanthe cell, waterwill leave
the cellthroughits partially permeable cell surface membrane by osmosis and the cell will shrink

and shrivelup
= Thisis crenation(the cellhas become crenated), whichis usually fatalforthe cell

= Crenationoccurs whenthe cellis inahypertonic environment (the solutionoutside of the cell
has ahigher solute concentrationthantheinside of the cell)

Animal cellsgaining water

= |fananimalcellis placedinpure water oradilute solution, waterwillenter the cellthroughits
partiallypermeable cell surface membrane by osmosis, as the pure waterordilute solutionhas a
higher water potential
= The cellwillcontinue to gainwaterbyosmosis until the cellmembrane is stretched too farand
the cellbursts (cytolysis),asithas no cellwallto withstand the increased pressure created
= Thisis fatalforthecell

= Lysisoccurswhenthe cellisinahypotonic environment (the solutionoutside of thecellhas a
lower solute concentrationthanthe inside of the cell)

Animalcellsinisotonic environments

= [fananimalcellisinanisotonic environment (the solutionoutside of the cellhas the same solute
concentrationas the inside of the cell)

= The movement of watermoleculesinto and outofthe celloccurs atthe same rate (no net
movement of water) and there is no change to the cells
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Effect of osmosis on animal cells
Osmolarity of solutionsused in medical procedures

= Tissues and organs that are to be used inmedical procedures must be keptinsolutionto
prevent damage to the cells
= The osmolarityof the solutionis key
= The osmolarity of asolutionmeasures the number of solute particles (that canformbonds with
water) per1Lof solvent
= Osmolarityis expressed as osmoles ormilliosmoles perlitre of solution (Osm/LormOsm/L)
= Humantissueis normally 306 mOsm/L
= Asolutionwiththe same osmolarity =isotonic
= Asolutionwith a higher osmolarity =hypertonic

= Asolutionwithalower osmolarity =hypotonic

Isotonic sodiumchloride solutions (normal saline) are generallyused as theycanbe:
= Frozento create aslushusedto packdonororgans fortransportation
= |njectedinto apatient's blood system
= Used to sterilise wounds
= Usedaseyedrops
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1.3.5Active Transport & Bulk Transport

Active Transport

= Active transportis the movement of molecules and ions throughacellmembrane fromaregion
of lowerconcentrationto aregionof higher concentrationusing energy fromrespiration

= Active transportrequires carrier proteins (each carrier protein being specific foraparticular type
ofmolecule orion)

= Althoughfacilitated diffusionalso uses carrierproteins, active transportis different as itrequires
energy

= The energyis required to make the carrier protein change shape, allowingit to transferthe
molecules orions across the cellmembrane

= Theenergyrequiredis provided by ATP (adenosine triphosphate) produced duringrespiration.
The ATPis hydrolysed to release energy

Active transport across the cellmembrane
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Active Transport: Example

Sodium-potassiumpumpsin axons

Sodium-potassiumcarrierpump proteins are integral proteins that enable anelectrochemical
gradient (resting membrane potential) to be maintained betweenthe inside and outside of the

axon
Nerve impulses that travel along axons are dependentonsodiumand potassiumions being
moved across the axonmembrane to create this gradient

The sodium-potassiumpumps move three sodiumions out of the axonand two potassium
ions into the axonusingone ATP molecule percycle

The pumps are always moving the ions against their concentrationgradient via active transport
The cycle continues until the resting membrane potential is reached

The steps to this cycle are:

Three sodiumions fromthe inside of the axonbind to the pump

ATP attaches to the pump and transfers aphosphate to the pump (phosphorylation)
causingitto change shape, resultingin the pump openingto the outside of the axon
The three sodiumions are released out of the axon

Two potassiumions fromoutside the axonenterand bind to theirsites

The attached phosphate is released altering the shape of the pump again

The changeinshape causes the potassiumions to be released inside the axon
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Active transport of sodium and potassium ions in axons using sodium-potassium pump carrier proteins
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Bulk Transport

Bulktransport

The processes of diffusion,osmosis and active transport are responsible forthe transport of
individualmolecules orions across cellmembranes
However, the bulktransport of larger quantities of materials into orout of cellsis also possible
Examples of these largerquantities of materials that might need to cross the membrane include:
= |Large molecules suchas proteins orpolysaccharides
= Partsofcells
= Whole cells eg.bacteria

Bulk transportinto cells =endocytosis

Bulk transportout of cells =exocytosis

These two processes require energy and are therefore forms of active transport

Theyalso require the formation of vesicles whichis dependent on the fluidityof membranes

Fluidity of membranes

The phospholipid bilayeris looselyheld togetherbyweak hydrophobic interactions betweenthe
hydrocarbon tails

These weakinteractions allow forsome degree of membrane fluidity

The membrane fluidity allows larger substances to move inand out of the cellin vesicles
formed whenproteins and ATP are used to pinch off smallregions of the plasma membrane

Vesicles

Vesicles are small spherical sacs of plasmamembrane containingwaterand solutes

Theywilloftencontainlargermolecules that cannot pass across the plasmamembrane (e.g.

proteins)

The formationofvesiclesis anactive process requiring ATP and proteins and involves a small

regionof the plasmamembrane being pinched off

Vesicles are normally presentineukaryotic cells

Vesicles move materials withincells. These materials maybe required by otherorganelles ormay

berequired outside the cell

Anexample of materials moved byvesicles out of the cellis digestive enzymes

= |nexocrine pancreatic gland cells, proteins synthesised byribosomes onthe rough

endoplasmic reticulum are packaged into vesicles that move themto Golgiapparatus.Here
the vesicles fuse with the membrane of the Golgi apparatus and the proteins are modified.
New vesicles then pinch off and move to the plasmamembrane to secrete the digestive
enzymes into the pancreatic ducts

Vesicles canalso be used to move membrane proteins and phospholipids to the plasma
membrane so cells cangrow orto organelles inthe cytoplasmso theycanincreaseinsize
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Endocytosis

= Endocytosisis the process bywhichthe plasmamembrane engulfs material, formingasmall sac
(or‘endocytic vacuole’) around it
= There are two forms of endocytosis:
= Phagocytosis:

= Thisis the bulkintake of solid materialbyacell
= Cellsthatspecialise inthis process are called phagocytes
= Thevacuoles formed are called phagocytic vacuoles
= Anexampleis the engulfing of bacteria by phagocytic white blood cells

= Pinocytosis:
= Thisis the bulkintake of liquids
= |fthe vacuole (orvesicle) thatis formed is extremely small thenthe processis called
micropinocytosis

The process of phagocytosis of a bacterium by a phagocyte (white blood cell)

Exocytosis

= Exocytosisis the process bywhich materials are removed from,ortransported out of, cells (the
reverse of endocytosis)
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= Thesubstancesto bereleased (suchas enzymes,hormones or cellwallbuilding materials) are
packagedinto secretory vesicles formed fromthe Golgibody

= Thesevesicles thentravelto the cell surface membrane

= Here theyfuse with the cellmembrane and release their contents outside of the cell

= Anexampleis the secretionof digestive enzymes from pancreatic cells

The process of exocytosis

O Exam Tip

Remember - active transport,endocytosis and exocytosis all require energy. This energyis
provided by ATP produced duringrespiration.To get the markinthe examyouhave to specifically
state 'exocytosis' forbulk transportout of the celland 'endocytosis' (orevenbetter:
phagocytosis, pinocytosis) forbulk transportinto the cell. Simply stating 'bulk transport'is not
specific enough, the examinerwillwant to know what type of bulk transport and forthis you
need to state the scientific name!
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1.3.6 Skills: Membrane Structure & Transport

Drawing the Fluid Mosaic Model
Membranes

= Membranes are vital structures foundinallcells

= The cellsurface membrane creates anenclosed space separating the internal cell environment
fromthe external environment

= [ntracellular membranes (internal membranes) form compartments within the cell,such as
organelles (including the nucleus, mitochondria and RER) and vacuoles

= Membranes notonlyseparate different areas but also controlthe exchange of materials
passing through them;theyare partially permeable

= Membranes form partially permeable barriers betweenthe celland its environment, between
cytoplasmand organelles and also within organelles

= Substances cancross membranes bydiffusion, facilitated diffusion, osmosis and active
transport

= Membranes playaroleincellsignaling byactingas aninterface forcommunicationbetween
cells
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Membranes formed from phospholipid bilayers help to compartmentalise different regions within the
cell, as well as forming the cell surface membrane

Fluid Mosaic Model
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= The fluid mosaic modelof membranes was first outlined in 1972 by Singer and Nicolsonand it
explains how biological molecules are arranged to form cellmembranes
= The fluid mosaic modelalso helps to explain:
= Passive and active movement betweencells and their surroundings
= Cell-to-cellinteractions
= Cellsignalling

= The fluid mosaic modeldescribes cellmembranes as ‘fluid’ because:
= The phospholipids and proteins canmove around via diffusion
= The phospholipids mainlymove sideways, withintheirown layers
= The manydifferenttypes of proteinsinterspersed throughout the bilayermove about withinit
(abitlikeicebergsinthe sea) althoughsome may be fixed in position

= The fluid mosaic modeldescribes cellmembranes as ‘mosaics’ because:
= The scattered patternproduced bythe proteins withinthe phospholipid bilayerlooks
somewhat like amosaic whenviewed fromabove

= The fluid mosaic modelof membranes includes fourmaincomponents:
= Phospholipids
= Cholesterol
= Glycoproteins and glycolipids
= Transport proteins

The main components of cellmembranes. The distribution of the proteins within the membrane gives a

mosaic appearance and the structure of the proteins determines their position in the membrane.
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O Exam Tip

When drawing the fluid mosaic modelrememberto include (and label) the phospholipid bilayer
(makingit clearwhich partis the phosphate head and which parts are the hydrocarbontails), the
thickness of the membrane (7 - 10 nm), integral proteins (show thenembedded inthe
phospholipid bilayerand include acouple of different types e.g.channel/carrier), peripheral
proteins (do not extend the proteininto the hydrophobic region),glycoprotein(witha
carbohydrate attached) and finallycholesterol(ensure the orientationis correct, OH group next
to the phosphate heads and the rest positioned next to the tails).
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Analysis of Evidence: Davson-DanielliModel

= Analysis of evidence fromelectronmicroscopy led to the proposal of the Davson-Danielli
model

= Othermethods were thenused to furtherinvestigate the modeland suggested evidence
againstthe model
= Freeze-etchings
= Fluorescentmarkers of membrane proteins

Transmission electron micrograph (TEM) of the plasma membrane

= Whenanalysing transmissionelectron micrographs commenton:
= Howthe membrane has two darkerlayers surrounding alighterline
= Proteins were knownto appeardarkerinelectron micrographs

= These were the observations that supported Davson-Danielli's model

TEM of a plasma membrane suggests evidence for Davson-Danielli's model
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Freeze-etchedelectron micrographs

= Whenasked to analyse freeze-etched electron micrographs note that the verysmallbumps
seenonthe membranes are the integral proteins

= This provided evidence against Davson-Danielli’'s modelas it showed proteins extendinginto
the centre of the membrane

= Be carefulif theimageis of anuclearmembrane as the largercircles represent the nuclearpores

Freeze-etching of a nucleus suggests evidence against Davson-Danielli's model

Fluorescent markerson membrane proteins
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= Whenanalysingdataonthe use of red and greenfluorescent markers attached to membrane
proteins, the keyevidence to note,is thatas time progresses afterthe fusionof the different
cells with the different markers has occurred, more mixing of the markers is observed

= This evidence did not support Davson-Danielli’s model that the proteins were auniformlayer
above and below the phospholipids

= |tsupported the ‘fluid’ part of Singer & Nicolson’s fluid mosaic model as it suggested that
membrane proteins can move

Fluorescent markers on membrane proteins suggest evidence against Davson-Danielli's model

Falsification of Davson-DanielliModel

NOS: Falsification of theorieswith one theorybeing superseded byanother;
evidence falsified the Davson-Daniellimodel

Forabout 30 years the technologyavailable to scientists supported the Davson-Daniellimodel
of membrane structure

Fromthe1950's anadvancementintechnologyled to the accumulation of evidence which
resulted inthe Davson-Daniellimodel being superseded by the Singer-Nicolson 'fluid mosaic
model'

Analysis of freeze-etched electronmicrographs showed proteins extendinginto the centre
of membranes
Biochemical analysis of membranes suggested thatit was unlikely proteins formed continuous
layers because it showed:

= Proteins were globular

= Variedinsizes

1 Theyhad parts that were hydrophobic

The use of coloured fluorescent markers of antibodies showed that withinforty minutes of
fusing cells withdifferent coloured fluorescent markers the markers had mixed
= This suggested that membrane proteins were free to move withinthe layer
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O Exam Tip

Itisimportant to be able to provide the reasons whythe evidence collected falsified the
Davson-Daniellimodel.

1.3.7 Skills: Estimation of Osmolarity

Practical 2: Estimation of Osmolarity

NOS: Experimental design;accurate quantitative measurementsin osmosis
experimentsare essential

= Planningis anessential part of experimental biology, it willhelp ensure that valid conclusions can
be made
= Preliminary (meaning "to come before")researchmustbe completed to ensure the experiment
designconsiders:
= Theresults thatwillbe collected
= Quantitative dataallows more valid conclusions to be made
= Qualitative data(descriptive) canbe useful to support the conclusions

= How measurements willbe made so theyare as precise and as accurate as possible
= Thechoice of apparatus and techniques should be based onthe science surrounding
the issue beinginvestigated

= How manyrepeats willbe undertakento ensure the datacollected s reliable
= The variables that willbe tested and need to be controlled

= Once the preliminaryresearchhas beencompleted thenpreliminary studies canbe conducted
to furtheraid the experimental design
= These studies are veryimportant for:
= |dentifyingadditional variables that affect the experiment
= Findingthe bestwayto controlthese variables
= Decidingonthe quantities and volumes of substances thatare needed so thatyoudo not
runout of reactants/reagents

= Anyexperiment conducted without preliminaryresearchorstudies is likelyto be invalid as the
othervariables that affect the results in the experiment willnot have beenidentified and
controlled

Practical2: Estimationof osmolarityintissuesbybathing samplesinhypotonic
and hypertonic solutions

= The osmolarity of asolutionmeasures the number of solute particles (that canformbonds with
water) per1Lof solvent

= Osmolarityis expressed as [popoverid="XqIR9B3GzVySI6JG" label ="osmoles"] ormilliosmoles
perlitre of solution (Osm/LormOsm/L)

= Ahypotonic solutionhas alower osmolarity thanthe tissue beingbathed init(so the tissue will
increase inmass orlength) whereas ahypertonic solutionhas a higher osmolarity (so the tissue
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willdecrease inmass orlength)

= Anisotonic solutionwill have the same osmolarity as the tissue (so the mass orlength willremain
unchanged)

= [tispossible toinvestigate the effects of immersing plant tissue insolutions of different
osmotic concentrations (osmolarity)and to use theresults to estimate the osmolarity of the
plant tissue itself

= The mostcommonosmosis practical of this kind involves cuttingcylinders of potato and
placingtheminto solutions with arange of different osmotic concentrations

= Usually sucrose solutions of increasingconcentration - atleast5 different concentrations
are usuallyrequired

Apparatus

= Potato x2(same variety)

= Corkborer(e.g.5mm)

= White tile

= Scalpel

= lOcmrulerorverniercalipers

= Weighingbalance (2dp)

= JO0cm3sucrose solution (O mol/dm3,0.25 mol/dm3,0.5 mol/dm3,0.75 mol/dm3,1.00 mol/dm3)
= 5Stesttubes (intesttuberack)

= ]O0cm3measuringcylinder

= Papertowels

Method

= Therequired numberofpotato cylinders are cut
= Atleast5foreachofthe solutionsyou are testingto ensure you have sufficient repeats

= Theyare allcut to the same lengthand,once blotted dryto remove anyexcess moisture, their
initial mass is measured and recorded before placinginto the solutions
= The potato cylinders are leftinthe solutions forasetamount of time (eg. 30 minutes), usuallyina
waterbath(setataround 309)
= The solutions are prepared byserial dilutions of aspecific solute concentrationdetermined
during the preliminaryresearch/trials)

= Thecylinders are thenremoved and dried
= Thisisdonetoremove excess liquid

= The finallengthand mass of eachpotato cylinderis thenmeasured and recorded
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You willneed to use apparatus appropriately to measure out the volumes of your solutions and
record your measurements

Analysis

= The percentage change inmass foreachpotato cylinderis calculated and thenplotted
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To find the percentage change in mass, the change in mass must be divided by the initial mass and then
multiplied by 100
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A positive percentage change in mass indicates that the potato has gained water by osmosis

= Apositive percentage change inmass indicates that the potato has gained waterbyosmosis
(netmovement of waterfromthe solutioninto the potato) meaning the solutionhad alower
osmolarity thanthe potato
= The gainofwatermakes the potato cells turgid, as the waterexerts turgorpressure (or
hydrostatic pressure) onthe cellwalls - the potatoes will feel hard

= Anegative percentage change suggests the opposite, thatis, the solutionhad a higher
osmolarity thanthe potato
= Thepotato cylinderinthe strongest sucrose concentrationwillhave decreased inmass the
most as there is the greatest concentrationgradient in this tube betweenthe potato cells
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(lowerosmolarity) and the sucrose solution (higherosmolarity)

= More watermolecules willmove out of the potato cells byosmosis, making them flaccid and
decreasingthe mass of the potato cylinder - the potato cylinders will feel floppy

= [flooked atunderneaththe microscope,cells fromthis potato cylindermight be
plasmolysed, meaning the cellmembrane has pulled away fromthe cell wall

= |fthereis apotato cylinderthathas neitherincreased nordecreased inmass,itmeans there was
no overallnet movement of waterinto orout of the potato cells

= Thesolutionthat this particularpotato cylinderwas inhad the same osmolarity as the solution
found inthe cytoplasmof the potato cells,so there was no concentrationgradient and
therefore no netmovement of waterinto orout of the potato cells

= Theconcentrationofsucroseinside the potato cylinders canbe found if a graphis drawn
showinghow the percentage change in mass changes withthe concentrationof sucrose
solution

= Thepointatwhichtheline of bestfitcrosses the x-axis is the concentration of sucrose inside
the potato cylinders

Investigating osmolarityusing onion cells

= Evidence of osmosis occurringinplant cells canbe shownwhen the cells undergo plasmolysis:

= |faplantcellis placedinasolutionwith a higher osmolarity thanthe cell(suchas a
concentrated sucrose solution), waterwillleave the cell throughits partially permeable cell
surface membrane by osmosis

= Aswaterleaves the vacuole of the plant cell,the volume of the celldecreases

= The protoplast (living part of the cellinside the cell wall) gradually shrinks and no longerexerts
pressure onthe cellwall

= Asthe protoplastcontinues to shrink, it begins to pullawayfrom the cell wall

= This processis knownas plasmolysis - the plant cellis plasmolysed

= Thisprocess canbe observed usingepidermalstrips (sections of the verythinouterlayerof
tissueinplants)
= Plants withcoloured sap (suchas red onionbulbs, rhubarb petioles and red cabbage) make
observations easier

= The epidermalstrips are placed inarange of molarities of sucrose solutionorsodiumchloride
solutions, of graduallydecreasing water potential
= The strips are thenviewed underalight microscope and the totalnumber orpercentage of
onioncells that have undergone plasmolysis canbe counted
= Plasmolysis maytake several minutes to occur
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Light micrographs of normal red onion cells alongside those that have plasmolysed (artistic impression).
The cells on the left are epidermal cells that have been immersed in distilled water, whilst the cells on the
right are epidermal cells that have been immersedin 1.0 mol dm-3sucrose solution.

O Exam Tip

Questions involving experiments investigating osmolarityand osmosis are common and you
should be able to use yourknowledge of osmosis to explain the results obtained.Don’t worryif it
is anexperimentyouhaven’'tdone - simplyfigure out where the higherconcentration of water
moleculesis - this is the solution with the lowerosmolarity - and explain which way the molecules
move due to the differences inosmolarity.
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