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1.3.1 Phospholipid Bilayer Properties

Amphipathic Properties

Phospholipids

Pho spho lipids fo rm the basic structure o f the membrane (the pho spho lipid bilayer)

They are fo rmed by a hydro philic pho sphate head  bo nding with two  hydro pho bic hydro carbo n

(f atty acid) tails

As pho spho lipids have a hydro pho bic  and hydro philic  part they are kno wn as amphipathic

The pho sphate head  o f a pho spho lipid is po lar (hydro philic) and therefo re so luble  in water

The f atty acid tail o f a pho spho lipid is no npo lar (hydro pho bic) and therefo re inso luble  in water

The generalised molecular structure of a phospholipid

Due to  their amphipathic  pro perties, pho spho lipids display an emergent pro perty  when placed

into  water
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The hydro philic  pho sphate heads o rientate to wards the water and the hydro pho bic

hydro carbo n tails o rientate inwards (away fro m the water)

They fo rm a pho spho lipid mo no layer

A phospholipid monolayer

If pho spho lipids are mixed/shaken with water they fo rm spheres with the hydro philic pho sphate

heads facing o ut to wards the water and the hydro pho bic fatty acid tails facing inwards

This is called a micelle

A micelle

Alternatively, when there is a su�cient co ncentratio n o f pho spho lipids present then two -layered

structures may fo rm

These sheets are called pho spho lipid bilayers  – this is the basic structure o f the cell membrane
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A phospholipid bilayer is composed of two layers of phospholipids; their hydrophobic tails facing

inwards and hydrophilic heads outwards

The two  layers o f pho spho lipids are lo o sely held to gether by weak hydro pho bic interactio ns

between the hydro carbo n tails allo wing so me membrane �uidity

The amphipathic pro perties result in the pho spho lipid bilayer acting as a barrier to  mo st water-

so luble substances  (the no n-po lar fatty acid tails prevent po lar mo lecules o r io ns fro m passing

acro ss the membrane)

This ensures water-so luble mo lecules such as sugars, amino  acids and pro teins canno t leak

o ut o f  the cell and unwanted water-so luble mo lecules canno t get in
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Animal Cell Membranes: Cholesterol

Pho spho lipids  and cho lestero l are the two  main co mpo nents o f animal cell plasma membranes

(cho lestero l is absent in plant membranes)

Cholest erol

Cho lestero l is a lipid that belo ngs to  the stero id  gro up

It is amphipathic, with the majo rity o f the cho lestero l mo lecule being hydro pho bic  and

therefo re attracted  to  the hydro pho bic hydro carbo n tails  o f the pho spho lipid

The hydro xyl gro up o f the cho lestero l mo lecule is hydro philic. It is attracted to  the pho sphate

heads  o f the pho spho lipid

Therefo re in the plasma membrane cho lestero l is po sitio ned between pho spho lipids

The molecular structure of cholesterol
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Mammalian Membranes: Role of Cholesterol

The plasma membrane  is �uid, meaning the co mpo nents are free to  mo ve

The �uidity o f the membrane needs to  be co ntro lled:

If it was to o  �uid the cell co uld no t regulate what mo ved in and o ut

If it was no t �uid eno ugh then the cell wo uld no t be able to  mo ve and substances wo uld be

unable to  mo ve into  o r o ut o f the cell

Cho lestero l helps with the regulatio n o f the membrane �uidity  and permeability

Interactio n between cho lestero l and pho spho lipid tails stabilises the plasma membrane at

higher temperatures by sto pping the membrane fro m beco ming to o  �uid

Cho lestero l mo lecules bind to  the hydro pho bic tails o f pho spho lipids, stabilising them

and causing pho spho lipids to  pack mo re clo sely to gether

At co lder temperatures  cho lestero l increases the �uidity o f  the membrane, sto pping it

crystalliz ing and beco ming to o  rigid

This o ccurs because cho lestero l sto ps the pho spho lipid tails packing to o  clo sely

to gether

The impermeability o f the membrane to  hydro philic io ns (e.g. so dium and hydro gen) is also

reduced by cho lestero l

Cho lestero l increases the mechanical strength and stability o f  membranes  (witho ut it

membranes wo uld break do wn causing cells to  burst)

Exam T ip

It is impo rtant to  remember that cho lestero l a�ects membrane �uidity and the permeability o f

hydro philic io ns (e.g. so dium and hydro gen) in mammal membranes.
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1.3.2 Membrane Proteins

Membrane Proteins

The pho spho lipid bilayer carries o ut the main functio n o f the plasma membrane - to  co ntro l the

mo vement o f substances into  and o ut o f the cell

The o ther functio ns are carried o ut by pro teins  in the membrane

Plasma membranes are glo bular pro teins

These pro teins are gro uped into  two  catego ries:

Integral - these are partially hydro pho bic  and therefo re are embedded in the pho spho lipid

bilayer (either in bo th layers o r just o ne)

Peripheral - these are hydro philic  and so  are tempo rarily attached to  either the surface o f

integral pro teins (inside o r o utside the cell) o r co nnected to  the plasma membrane via a

hydro carbo n chain

The pro tein co ntent o f membranes can vary depending o n the functio n. Membranes o f the

mito cho ndria and chlo ro plasts have the highest pro tein co ntent with their many electro n carriers

Membrane prot ein f unct ions

Membrane pro teins carry o ut many functio ns: transpo rt, recepto rs, cell adhesio n, cell-to -cell

reco gnitio n and immo biliz ed enz ymes

 Transport

Transpo rt pro teins  create hydro philic channels to  allo w io ns and po lar mo lecules to  travel

thro ugh the membrane

There are two  types:

Channel (po re) pro teins

Carrier pro teins

Carrier pro teins change shape  to  transpo rt a substance acro ss the membrane e.g.

pro tein pumps and electro n carriers

Each transpo rt pro tein is speci�c to  a particular io n o r mo lecule

Transpo rt pro teins allo w the cell to  co ntro l which substances enter o r leave

Recept ors

Recepto rs are fo r the binding o f peptide ho rmo nes (e.g. insulin), neuro transmitters o r antibo dies

The binding generates a signal that triggers a series o f reactio ns

Immobiliz ed enz ymes
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Immo biliz ed enz ymes are integral pro teins with the active site expo sed o n the surface o f the

membrane (can be inside o r o utside the cell)

Cell adhesion

Cell adhesio n allo ws tight junctio ns  to  be fo rmed between cells

Cell-t o-cell recognit ion

Glyco pro teins act as cell markers o r antigens, fo r cell-to -cell reco gnitio n (eg. the ABO blo o d

gro up antigens are glyco lipids and glyco pro teins that di�er slightly in their carbo hydrate chains)

Examples of the functions of membrane proteins

Exam T ip

As yo u go  thro ugh the Bio lo gy co urse yo u will learn speci�c examples o f ho w membrane pro teins

are used so  try to  make the links, this will help yo u remember in the exams.
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1.3.3 History of Fluid Mosaic Model

History of Fluid Mosaic Model

NOS: Using models as represent at ions of  t he real world; t here are alt ernat ive models
of  membrane st ruct ure

Scientists use mo dels to  represent real wo rld ideas, o rganisms, pro cesses and systems that

canno t be easily investigated. Scientists can experiment o n the mo dels enabling them to  test

predictio ns and develo p explanatio ns fo r o bservatio ns made

Over time as techno lo gical develo pments have been made the mo dels used to  represent the

structure o f membranes o f cells and o rganelles have changed

1920's Gort er and Grendel

The Go rter and Grendel mo del sho wed that the pho spho lipids  in the membrane o f cells were

arranged into  a bilayer

Evidence  fo r this mo del:

The number o f pho spho lipids extracted fro m red blo o d cell membranes was do uble the area

o f the plasma membrane if it was arranged as a mo no layer

Pro blems with this mo del:

Their mo del did no t explain the lo catio n o f pro teins o r ho w mo lecules that were inso luble in

lipids mo ved into  and o ut o f the cell

1930's Davson and Danielli

Davso n and Danielli's  mo del o f the membrane suggested that the pro teins  were arranged in

layers abo ve  and belo w the pho spho lipid bilayer

Evidence for this model:

Membranes were e�ective at controlling the movement of substances in

and out of cells
Electro n micro graphs sho wed the membrane had two  dark lines with a lighter band between.

In electro n micro graphs, pro teins appear darker than pho spho lipids

Pro blems  with this mo del:

Freez e-etched electro n micro graphs o f the centre o f the membrane sho wed glo bular

structures scattered thro ugho ut

Impro vements in techno lo gy used to  analyse the pro teins in the membranes sho wed that

pro teins  were glo bular, varied in siz e and had parts that were hydro pho bic

These pro blems suggested it was unlikely  that the pro teins wo uld f o rm co ntinuo us layers

197 0's Singer and Nicolson
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Singer and Nico lso n pro po sed the �uid mo saic mo del which stated that membranes were �uid

and that the glo bular pro teins  were bo th peripheral and integral (with so me cro ssing bo th

membranes) and dispersed thro ugho ut  the membrane

Evidence  fo r this mo del:

Analysis o f f reez e-etched electro n micro graphs  sho wed pro teins extending into  the

centre o f  membranes

Bio chemical analysis  o f the plasma membrane co mpo nents

The use o f co lo ured �uo rescent markers  o f antibo dies. Antibo dies were tagged with red

and green �uo rescent markers. These antibo dies were bo und to  membrane pro teins o n

di�erent cells. Fo rty minutes after these cells were fused to gether the markers were seen to

have mixed thro ugho ut the fused cells membrane sho wing that membrane pro teins are f ree

to  mo ve  within the layer

Three models of membrane structure
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Fut ure models

With further develo pments in techno lo gy mo re is still to  be disco vered abo ut the plasma

membrane and so  the mo del we use to  represent it co ntinues to  evo lve

e.g. the presence o f the cellular cyto skeleto n o n the inside and the extracellular matrix o n the

o utside makes the membrane less �uid than suggested by the �uid mo saic mo del

Exam T ip

Yo u will need to  learn the di�erence between the Davso n-Danielli and Singer-Nico lso n mo del o f

membrane structure and the reaso ns why they pro po sed their mo dels.

1.3.4 Membrane Transport

Passive Transport

Simple di�usion

Simple di�usio n is a type o f transpo rtatio n that invo lves particles passing between

pho spho lipids in the plasma membrane

It can be de�ned as:

T he net mo vement, as a result o f  the rando m mo tio n o f  its mo lecules o r io ns, o f  a

substance f ro m a regio n o f  its higher co ncentratio n to  a regio n o f  its lo wer co ncentratio n

The mo lecules o r io ns mo ve do wn a co ncentratio n gradient

The rando m mo vement is caused by the natural kinetic energy  o f the mo lecules o r io ns

As a result o f di�usio n, mo lecules o r io ns tend to  reach an equilibrium (given su�cient time),

where they are evenly spread within a given vo lume o f space

Di�usion across the cell membrane
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The rate  at which a substance di�uses acro ss a membrane depends o n several facto rs:

'Steepness' o f  the co ncentratio n gradient  - the greater the di�erence the higher the rate

o f di�usio n

Temperature  - the higher the temperature the higher the rate o f di�usio n

Surf ace area - the greater the surface area the higher the rate o f di�usio n

Pro perties o f  the mo lecules o r io ns 

Large mo lecules  di�use mo re slo wly as they require mo re energy to  mo ve

Uncharged  mo lecules (e.g. o xygen) di�use faster as they mo ve directly acro ss the

pho spho lipid bilayer

No n-po lar mo lecules di�use mo re quickly as they are so luble in the no n-po lar

pho spho lipid bilayer

Altho ugh po lar mo lecules canno t easily pass thro ugh the hydro pho bic part o f the

membrane, smaller po lar mo lecules (e.g. urea) can di�use at lo w rates

Facilit at ed di�usion

Certain substances canno t di�use thro ugh the pho spho lipid bilayer o f cell membranes. These

include:

Large po lar mo lecules  such as gluco se and amino  acids

Io ns  such as so dium io ns (Na ) and chlo ride io ns (Cl )

These substances can o nly cro ss the pho spho lipid bilayer with the help o f certain pro teins

This fo rm o f di�usio n is kno wn as f acilitated di�usio n

There are two  types o f pro teins that enable facilitated di�usio n:

Channel pro teins

Carrier pro teins  (these can also  be used during active transpo rt)

They are highly speci�c  (they o nly allo w o ne type o f mo lecule o r io n to  pass thro ugh)

Channel prot eins

Channel pro teins are water-�lled po res

They allo w charged substances  (eg. io ns) to  di�use thro ugh the cell membrane

The di�usio n o f these io ns do es no t o ccur freely, mo st channel pro teins are ‘gated’, meaning

that part o f the channel pro tein o n the inside surface o f the membrane can mo ve in o rder to  clo se

o r o pen the po re

This allo ws the channel pro tein to  co ntro l the exchange o f io ns

+ -
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A channel protein (open and closed)

Carrier prot eins

Unlike channel pro teins which have a �xed shape, carrier pro teins can switch between two

shapes

Initially, the binding site o f the carrier pro tein is o pen to  o ne side o f the membrane

When the carrier pro tein switches shape it o pens to  the o ther side o f the membrane

The directio n o f mo vement o f mo lecules di�using acro ss the membrane depends o n their

relative co ncentratio n o n each side o f the membrane

During f acilitated di�usio n, the net di�usio n o f mo lecules o r io ns into  o r o ut o f a cell will o ccur

do wn a co ncentratio n gradient  (fro m an area co ntaining many o f that speci�c mo lecule to  an

area co ntaining less o f that mo lecule)

A carrier protein changing shape during facilitated di�usion
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Osmosis

All cells are surro unded by a cell membrane which is partially permeable

Water can mo ve in and o ut o f cells by o smo sis

Osmo sis is the di�usio n o f  water mo lecules  fro m a dilute so lutio n to  a mo re co ncentrated

so lutio n acro ss a partially permeable membrane

In do ing this, water is mo ving do wn its co ncentratio n gradient

A dilute so lutio n has a high co ncentratio n o f water mo lecules and a co ncentrated

so lutio n has a lo w co ncentratio n o f water mo lecules

The cell membrane is partially permeable which means it allo ws small mo lecules (like water)

thro ugh but no t larger mo lecules (like so lute mo lecules)

Osmosis and the partially permeable membrane

The term o smo larity  can be used to  describe the so lute co ncentratio n o f a so lutio n; a so lutio n

with high o smo larity has a high so lute co ncentratio n and a so lutio n with lo w o smo larity has a lo w

so lute co ncentratio n.

Water will mo ve f ro m a so lutio n o f  lo w o smo larity to  a so lutio n o f  high o smo larity  acro ss a

partially permeable membrane

Osmo sis can also  be described as the net mo vement o f  water mo lecules  fro m a regio n o f

higher water po tential to  a regio n o f lo wer water po tential, thro ugh a partially permeable

membrane

Water po tential describes the tendency o f water to  mo ve o ut o f a so lutio n; this term is used

to  avo id co nfusio n between water co ncentratio n and so lute co ncentratio n o f a so lutio n
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How osmosis works. The water moves from the region of higher water potential (dilute solution) to the

region of lower water potential (concentrated solution).

Exam T ip

Remember that the mo vement o f mo lecules fro m high co ncentratio n to  lo w co ncentratio n is

di�usio n. If this mo vement requires the aid o f a pro tein (fo r example because the mo lecule is

charged and canno t pass directly thro ugh the pho spho lipid bilayer) this is facilitated di�usio n,

and if it invo lves the mo vement o f water acro ss a partially permeable membrane it is o smo sis.
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Facilitated Di�usion: Example

Axons

The axo n is part o f a nerve cell (neuro n)

It is a lo ng, narro w tube (it can be o ne metre in length with a diameter o f o ne micro n) co ntaining

cyto plasm surro unded by a membrane

Axo ns transmit nerve impulses

These nerve impulses o ccur because so dium and po tassium io ns  are being mo ved acro ss  the

axo n membrane  creating a vo ltage di�erence

Facilit at ed di�usion of  pot assium

Vo ltage-gated channel pro teins  (enabling facilitated di�usio n) allo w the mo vement o f the

po tassium io ns

Po tassium io ns require channel pro teins  to  di�use acro ss the axo n as they are charged  and

bo nd with water when they disso lve in the cyto plasm

Po tassium channels are integral pro teins  and allo w o nly po tassium io ns  thro ugh because:

Other po sitively charged io ns are to o  large to  mo ve thro ugh the channel

Other io ns are to o  small to  fo rm bo nds with the amino  acids lo cated in the channel so  they

remain attached to  water mo lecules

The po tassium channels in axo ns are vo ltaged gated

The channel pro teins will o pen (to  allo w po tassium io ns to  di�use o ut) when the charge inside

the axo n is relatively mo re po sitive  than o utside

Ho wever, the channel pro teins rapidly clo se due to  the presence o f an extra glo bular pro tein

subunit. This subunit �ts inside the o pen channel within milliseco nds o f the channel o pening

blo cking any further di�usio n o ut o f the po tassium io ns

The subunit remains in place until the po tassium channel clo ses
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Voltage-gated potassium channels facilitate the di�usion of potassium ions
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Prevention of Osmosis in Medical Procedures

Animal cells can lo se and  gain water as a result o f o smo sis

As animal cells do  no t have a suppo rting cell wall (unlike plant cells), the results o f this lo ss o r

gain o f water o n the cell are severe

This is why a co nstant water po tential must  be maintained inside the bo dies o f animals

Animal cells losing wat er

If an animal cell is placed in a so lutio n with a lo wer water po tential than the cell, water will leave

the cell thro ugh its partially permeable cell surface membrane by o smo sis  and the cell will shrink

and shrivel up

This is crenatio n (the cell has beco me crenated), which is usually f atal fo r the cell

Crenatio n o ccurs when the cell is in a hyperto nic enviro nment  (the so lutio n o utside o f the cell

has a higher so lute co ncentratio n than the inside o f the cell)

Animal cells gaining wat er

If an animal cell is placed in pure water o r a dilute so lutio n, water will enter the cell thro ugh its

partially permeable cell surface membrane by o smo sis, as the pure water o r dilute so lutio n has a

higher water po tential

The cell will co ntinue to  gain water by o smo sis until the cell membrane is stretched to o  far and

the cell bursts (cyto lysis), as it has no  cell wall to  withstand the increased pressure created

This is f atal fo r the cell

Lysis o ccurs when the cell is in a hypo to nic enviro nment  (the so lutio n o utside o f the cell has a

lo wer so lute co ncentratio n than the inside o f the cell)

Anim al cells in isot onic environm ent s

If an animal cell is in an iso to nic enviro nment  (the so lutio n o utside o f the cell has the same so lute

co ncentratio n as the inside o f the cell)

The mo vement o f water mo lecules into  and o ut o f the cell o ccurs at the same rate  (no  net

mo vement o f  water) and there is no  change to  the cells
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E�ect of osmosis on animal cells

Osmolarit y of  solut ions used in medical procedures

Tissues and o rgans that are to  be used in medical pro cedures must be kept in so lutio n to

prevent damage  to  the cells

The o smo larity o f the so lutio n is key

The o smo larity  o f a so lutio n measures the number o f  so lute particles  (that can fo rm bo nds with

water) per 1 L o f  so lvent

Osmo larity is expressed as o smo les o r millio smo les per litre o f so lutio n (Osm/L o r mOsm/L)

Human tissue is no rmally 306 mOsm/L

A so lutio n with the same o smo larity  = iso to nic

A so lutio n with a higher o smo larity  = hyperto nic

A so lutio n with a lo wer o smo larity  = hypo to nic

Iso to nic so dium chlo ride  so lutio ns (no rmal saline) are generally used as they can be:

Fro z en to  create a slush used to  pack do no r o rgans fo r transpo rtatio n

Injected into  a patient's blo o d system

Used to  sterilise wo unds

Used as eye dro ps
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1.3.5 Active Transport & Bulk Transport

Active Transport

Active transpo rt is the mo vement o f  mo lecules and io ns thro ugh a cell membrane f ro m a regio n

o f  lo wer co ncentratio n to  a regio n o f  higher co ncentratio n using energy f ro m respiratio n

Active transpo rt requires carrier pro teins  (each carrier pro tein being speci�c fo r a particular type

o f mo lecule o r io n)

Altho ugh facilitated di�usio n also  uses carrier pro teins, active transpo rt is di�erent as it requires

energy

The energy is required to  make the carrier pro tein change shape, allo wing it to  transfer the

mo lecules o r io ns acro ss the cell membrane

The energy required is pro vided by AT P (adeno sine tripho sphate) pro duced during respiratio n.

The ATP is hydro lysed  to  release energy

Active transport across the cell membrane

Page 19 of 39
For more help visit our website www.exampaperspractice.co.uk



Active Transport: Example

Sodium-pot assium pumps in axons

So dium-po tassium carrier pump  pro teins are integral pro teins  that enable an electro chemical

gradient (resting membrane po tential) to  be maintained between the inside and o utside o f the

axo n

Nerve impulses that travel alo ng axo ns are dependent o n so dium and po tassium io ns  being

mo ved acro ss  the axo n membrane  to  create this gradient

The so dium-po tassium pumps  mo ve three so dium io ns o ut  o f the axo n and two  po tassium

io ns into  the axo n using o ne AT P mo lecule  per cycle

The pumps are always mo ving the io ns against their co ncentratio n gradient via active transpo rt

The cycle co ntinues until the resting membrane po tential is reached

The steps to  this cycle are:

T hree so dium io ns  fro m the inside  o f the axo n bind  to  the pump

AT P attaches  to  the pump  and transf ers  a pho sphate  to  the pump (pho spho rylatio n)

causing it to  change shape, resulting in the pump o pening to  the o utside o f the axo n

The three so dium io ns  are released  o ut o f the axo n

T wo  po tassium io ns  fro m o utside  the axo n enter and bind  to  their sites

The attached pho sphate  is released  altering the shape o f the pump again

The change in shape causes the po tassium io ns to  be released inside  the axo n
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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

Bulk t ransport

The pro cesses o f di�usio n, o smo sis and active transpo rt are respo nsible fo r the transpo rt o f

individual mo lecules o r io ns  acro ss cell membranes

Ho wever, the bulk transpo rt o f  larger quantities o f  materials  into  o r o ut o f cells is also  po ssible

Examples o f these larger quantities o f materials that might need to  cro ss the membrane include:

Large mo lecules such as pro teins o r po lysaccharides

Parts o f cells

Who le cells eg. bacteria

Bulk transpo rt into  cells = endo cyto sis

Bulk transpo rt o ut  o f cells = exo cyto sis

These two  pro cesses require energy and are therefo re fo rms o f active transpo rt

They also  require the fo rmatio n o f vesicles  which is dependent o n the �uidity o f membranes

Fluidit y of  membranes

The pho spho lipid bilayer is lo o sely held to gether by weak hydro pho bic interactio ns between the

hydro carbo n tails

These weak interactio ns allo w fo r so me degree o f membrane �uidity

The membrane �uidity  allo ws larger substances  to  mo ve in and o ut  o f the cell in vesicles

fo rmed when pro teins  and AT P are used to  pinch o � small regio ns  o f the plasma membrane

Vesicles

Vesicles  are small spherical sacs  o f plasma membrane co ntaining water and so lutes

They will o ften co ntain larger mo lecules that canno t pass acro ss the plasma membrane (e.g.

pro teins)

The fo rmatio n o f vesicles is an active  pro cess requiring AT P and pro teins and invo lves a small

regio n o f the plasma membrane being pinched o �

Vesicles are no rmally present in eukaryo tic cells

Vesicles mo ve materials within cells. These materials may be required by o ther o rganelles o r may

be required o utside the cell

An example o f materials mo ved by vesicles o ut o f the cell is digestive enz ymes

In exo crine pancreatic gland cells, pro teins synthesised by ribo so mes o n the ro ugh

endo plasmic reticulum are packaged into  vesicles that mo ve them to  Go lgi apparatus. Here

the vesicles fuse with the membrane o f the Go lgi apparatus and the pro teins are mo di�ed.

New vesicles then pinch o � and mo ve to  the plasma membrane to  secrete the digestive

enz ymes into  the pancreatic ducts

Vesicles can also  be used to  mo ve membrane pro teins and pho spho lipids to  the plasma

membrane so  cells can gro w o r to  o rganelles in the cyto plasm so  they can increase in siz e
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Endocyt osis

Endo cyto sis is the pro cess by which the plasma membrane engulf s material, fo rming a small sac

(o r ‘endo cytic vacuo le’) aro und it

There are two  fo rms o f endo cyto sis:

Phago cyto sis:

This is the bulk intake o f so lid material by a cell

Cells that specialise in this pro cess are called phago cytes

The vacuo les fo rmed are called phago cytic vacuo les

An example is the engul�ng o f bacteria by phago cytic white blo o d cells

Pino cyto sis:

This is the bulk intake o f liquids

If the vacuo le (o r vesicle) that is fo rmed is extremely small then the pro cess is called

micro pino cyto sis

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

Exocyt osis

Exo cyto sis is the pro cess by which materials are remo ved fro m, o r transpo rted o ut o f , cells (the

reverse o f  endo cyto sis)
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The substances to  be released (such as enz ymes, ho rmo nes o r cell wall building materials) are

packaged into  secreto ry vesicles  fo rmed fro m the Go lgi bo dy

These vesicles then travel to  the cell surface membrane

Here they f use  with the cell membrane and release their co ntents  o utside o f the cell

An example is the secretio n o f digestive enz ymes fro m pancreatic cells

The process of exocytosis

Exam T ip

Remember – active transpo rt, endo cyto sis and exo cyto sis all require energy. This energy is

pro vided by ATP pro duced during respiratio n.To  get the mark in the exam yo u have to  speci�cally

state 'exo cyto sis' fo r bulk transpo rt o ut o f the cell and 'endo cyto sis' (o r even better:

phago cyto sis, pino cyto sis) fo r bulk transpo rt into  the cell. Simply stating 'bulk transpo rt' is no t

speci�c eno ugh, the examiner will want to  kno w what type  o f bulk transpo rt and fo r this yo u

need to  state the scienti�c name!
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1.3.6 Skills: Membrane Structure & Transport

Drawing the Fluid Mosaic Model

Membranes

Membranes are vital structures fo und in all cells

The cell surf ace membrane  creates an enclo sed space separating the internal cell enviro nment

fro m the external enviro nment

Intracellular membranes  (internal membranes) fo rm co mpartments  within the cell, such as

o rganelles  (including the nucleus, mito cho ndria and RER) and vacuo les

Membranes no t o nly separate  di�erent areas but also  co ntro l the exchange o f  materials

passing thro ugh them; they are partially permeable

Membranes fo rm partially permeable barriers  between the cell and its enviro nment, between

cyto plasm and o rganelles and also  within o rganelles

Substances can cro ss membranes by di�usio n, f acilitated di�usio n, o smo sis  and active

transpo rt

Membranes play a ro le in cell signaling by acting as an interf ace  fo r co mmunicatio n between

cells
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Membranes formed from phospholipid bilayers help to compartmentalise di�erent regions within the

cell, as well as forming the cell surface membrane

Fluid Mosaic Model
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The �uid mo saic mo del o f membranes was �rst o utlined in 1972 by Singer and Nico lso n and it

explains ho w bio lo gical mo lecules are arranged to  fo rm cell membranes

The �uid mo saic mo del also  helps to  explain:

Passive and active mo vement between cells and their surro undings

Cell-to -cell interactio ns

Cell signalling

The �uid mo saic mo del describes cell membranes as ‘�uid’ because:

The pho spho lipids  and pro teins  can mo ve aro und  via di�usio n

The pho spho lipids mainly mo ve sideways, within their o wn layers

The many di�erent types o f pro teins interspersed thro ugho ut the bilayer mo ve abo ut within it

(a bit like icebergs in the sea) altho ugh so me may be �xed  in po sitio n

The �uid mo saic mo del describes cell membranes as ‘mo saics’ because:

The scattered pattern pro duced by the pro teins  within the pho spho lipid bilayer lo o ks

so mewhat like a mo saic when viewed fro m abo ve

The �uid mo saic mo del o f membranes includes fo ur main co mpo nents:

Pho spho lipids

Cho lestero l

Glyco pro teins and glyco lipids

Transpo rt pro teins

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

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

Page 27 of 39
For more help visit our website www.exampaperspractice.co.uk



Exam T ip

When drawing the �uid mo saic mo del remember to  include (and label) the pho spho lipid bilayer

(making it clear which part is the pho sphate head and which parts are the hydro carbo n tails), the

thickness o f  the membrane (7  - 10 nm), integral pro teins  (sho w then embedded in the

pho spho lipid bilayer and include a co uple o f di�erent types e.g. channel/carrier), peripheral

pro teins (do no t extend the pro tein into  the hydro pho bic regio n), glyco pro tein (with a

carbo hydrate attached) and �nally cho lestero l (ensure the o rientatio n is co rrect, OH gro up next

to  the pho sphate heads and the rest po sitio ned next to  the tails).

Page 28 of 39
For more help visit our website www.exampaperspractice.co.uk



Analysis of Evidence: Davson-Danielli Model

Analysis o f evidence fro m electro n micro sco py  led to  the pro po sal o f the Davso n-Danielli

mo del

Other metho ds were then used to  further investigate the mo del and suggested evidence

against the mo del

Freez e-etchings

Fluo rescent markers o f membrane pro teins

Transmission elect ron micrograph (T EM) of  t he plasma membrane

When analysing transmissio n electro n micro graphs co mment o n:

Ho w the membrane has two  darker layers  surro unding a lighter line

Pro teins  were kno wn to  appear darker in electro n micro graphs

These were the o bservatio ns that suppo rted  Davso n-Danielli's mo del

TEM of a plasma membrane suggests evidence for Davson-Danielli's model
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Freez e-et ched elect ron micrographs

When asked to  analyse freez e-etched electro n micro graphs no te that the very small bumps

seen o n the membranes are the integral pro teins

This pro vided evidence against  Davso n-Danielli’s mo del as it sho wed pro teins extending into

the centre  o f the membrane

Be careful if the image is o f a nuclear membrane as the larger circles represent the nuclear po res

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

Fluorescent  markers on membrane prot eins
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When analysing data o n the use o f red and green �uo rescent markers attached to  membrane

pro teins, the key evidence to  no te, is that as time pro gresses  after the fusio n o f the di�erent

cells with the di�erent markers has o ccurred, mo re mixing o f the markers is o bserved

This evidence did no t suppo rt Davso n-Danielli’s mo del that the pro teins were a unifo rm layer

abo ve and belo w the pho spho lipids

It suppo rted  the ‘�uid’ part o f Singer & Nico lso n’s  �uid mo saic mo del as it suggested that

membrane pro teins can mo ve

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

Falsi�cation of Davson-Danielli Model

NOS: Falsi�cat ion of  t heories wit h one t heory being superseded by anot her;
evidence f alsi�ed t he Davson-Danielli model

Fo r abo ut 30 years the techno lo gy available to  scientists suppo rted the Davso n-Danielli mo del

o f membrane structure

Fro m the 1950's an advancement in techno lo gy led to  the accumulatio n o f evidence which

resulted in the Davso n-Danielli mo del being superseded  by the Singer-Nico lso n '�uid mo saic

mo del'

Analysis o f f reez e-etched electro n micro graphs  sho wed pro teins extending into  the centre

o f  membranes

Bio chemical analysis  o f membranes suggested that it was unlikely pro teins fo rmed co ntinuo us

layers because it sho wed:

Pro teins  were glo bular

Varied in siz es

They had parts that were hydro pho bic

The use o f co lo ured �uo rescent markers  o f antibo dies sho wed that within fo rty minutes o f

fusing cells with di�erent co lo ured �uo rescent markers the markers had mixed

This suggested that membrane pro teins were f ree to  mo ve  within the layer
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Exam T ip

It is impo rtant to  be able to  pro vide the reaso ns why the evidence co llected falsi�ed the

Davso n-Danielli mo del.

1.3.7 Skills: Estimation of Osmolarity

Practical 2: Estimation of Osmolarity

NOS: Experiment al design; accurat e quant it at ive measurement s in osmosis
experiment s are essent ial

Planning is an essential part o f experimental bio lo gy, it will help ensure that valid co nclusio ns can

be made

Preliminary  (meaning "to  co me befo re") research must be co mpleted to  ensure the experiment

design co nsiders:

The results  that will be co llected

Quantitative data allo ws mo re valid co nclusio ns to  be made

Qualitative data (descriptive) can be useful to  suppo rt the co nclusio ns

Ho w measurements  will be made so  they are as precise and as accurate  as po ssible

The cho ice o f apparatus  and techniques  sho uld be based o n the science  surro unding

the issue being investigated

Ho w many repeats  will be undertaken to  ensure the data co llected is reliable

The variables  that will be tested  and need to  be co ntro lled

Once the preliminary research has been co mpleted then preliminary studies  can be co nducted

to  further aid the experimental design

These studies are very impo rtant fo r:

Identifying additio nal variables that a�ect the experiment

Finding the best way to  co ntro l these variables

Deciding o n the quantities and vo lumes o f substances that are needed so  that yo u do  no t

run o ut o f reactants/reagents

Any experiment co nducted witho ut preliminary research o r studies is likely to  be invalid as the

o ther variables that a�ect the results in the experiment will no t have been identi�ed and

co ntro lled

Pract ical 2: Est im at ion of  osm olarit y in t issues by bat hing  sam ples in hypot onic
and hypert onic solut ions

The o smo larity  o f a so lutio n measures the number o f  so lute particles  (that can fo rm bo nds with

water) per 1 L o f  so lvent

Osmo larity is expressed as [po po ver id="XqIR9B3Gz VySI6JG" label ="o smo les"] o r millio smo les

per litre o f so lutio n (Osm/L o r mOsm/L)

A hypo to nic so lutio n has a lo wer o smo larity  than the tissue being bathed in it (so  the tissue will

increase in mass o r length) whereas a hyperto nic so lutio n has a higher o smo larity  (so  the tissue
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will decrease in mass o r length)

An iso to nic so lutio n will have the same o smo larity  as the tissue (so  the mass o r length will remain

unchanged)

It is po ssible to  investigate the e�ects o f immersing plant tissue in so lutio ns o f  di�erent

o smo tic co ncentratio ns (o smo larity) and to  use the results to  estimate the o smo larity o f  the

plant tissue  itself

The mo st co mmo n o smo sis practical o f this kind invo lves cutting cylinders o f  po tato  and

placing them into  so lutio ns with a range o f  di�erent o smo tic co ncentratio ns

Usually sucro se so lutio ns o f  increasing co ncentratio n – at least 5 di�erent co ncentratio ns

are usually required

Apparat us

Po tato  x 2 (same variety)

Co rk bo rer (e.g. 5mm)

White tile

Scalpel

10cm ruler o r vernier calipers

Weighing balance (2dp)

10 cm³ sucro se so lutio n (0 mo l/dm³, 0.25 mo l/dm³, 0.5 mo l/dm³, 0.75 mo l/dm³, 1.00 mo l/dm³)

5 test tubes (in test tube rack)

10 cm³ measuring cylinder

Paper to wels

Met hod

The required number o f po tato  cylinders are cut

At least 5 fo r each o f the so lutio ns yo u are testing to  ensure yo u have su�cient repeats

They are all cut to  the same length and, o nce blo tted dry to  remo ve any excess mo isture, their

initial mass is measured and reco rded  befo re placing into  the so lutio ns

The po tato  cylinders are left in the so lutio ns fo r a set amo unt o f time (eg. 30 minutes), usually in a

water bath (set at aro und 30 )

The so lutio ns are prepared by serial dilutio ns o f a speci�c so lute co ncentratio n determined

during the preliminary research/trials)

The cylinders are then remo ved and dried

This is do ne to  remo ve excess liquid

The �nal length and mass o f each po tato  cylinder is then measured and reco rded

o
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Yo u will need to  use apparatus appro priately to  measure o ut the vo lumes o f  yo ur so lutio ns and

reco rd yo ur measurements

Analysis

The percentage change  in mass fo r each po tato  cylinder is calculated and then plo tted
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To �nd 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

A po sitive  percentage change in mass indicates that the po tato  has gained water by o smo sis

(net mo vement o f water fro m the so lutio n into  the po tato ) meaning the so lutio n had a lo wer

o smo larity  than the po tato

The gain o f water makes the po tato  cells turgid, as the water exerts turgo r pressure (o r

hydro static pressure) o n the cell walls – the po tato es will feel hard

A negative  percentage change suggests the o ppo site, that is, the so lutio n had a higher

o smo larity  than the po tato

The po tato  cylinder in the stro ngest sucro se co ncentratio n will have decreased in mass  the

mo st as there is the greatest co ncentratio n gradient  in this tube between the po tato  cells
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(lo wer o smo larity) and the sucro se so lutio n (higher o smo larity)

Mo re water mo lecules will mo ve o ut o f the po tato  cells by o smo sis, making them �accid  and

decreasing the mass o f the po tato  cylinder – the po tato  cylinders will feel �o ppy

If lo o ked at underneath the micro sco pe, cells fro m this po tato  cylinder might be

plasmo lysed, meaning the cell membrane has pulled away fro m the cell wall

If there is a po tato  cylinder that has neither increased no r decreased in mass, it means there was

no  o verall net mo vement o f  water into  o r o ut o f the po tato  cells

The so lutio n that this particular po tato  cylinder was in had the same o smo larity  as the so lutio n

fo und in the cyto plasm o f the po tato  cells, so  there was no  co ncentratio n gradient  and

therefo re no  net mo vement o f water into  o r o ut o f the po tato  cells

The co ncentratio n o f sucro se inside the po tato  cylinders can be fo und if a graph is drawn

sho wing ho w the percentage change in mass changes with the co ncentratio n o f sucro se

so lutio n

The po int at which the line o f best �t cro sses the x-axis  is the co ncentratio n o f sucro se inside

the po tato  cylinders

Invest igat ing osmolarit y using onion cells

Evidence o f o smo sis o ccurring in plant cells can be sho wn when the cells undergo  plasmo lysis:

If a plant cell is placed in a so lutio n with a higher o smo larity than the cell (such as a

co ncentrated sucro se so lutio n), water will leave  the cell thro ugh its partially permeable cell

surface membrane by o smo sis

As water leaves the vacuo le  o f the plant cell, the vo lume o f the cell decreases

The pro to plast (living part o f the cell inside the cell wall) gradually shrinks and no  lo nger exerts

pressure o n the cell wall

As the pro to plast co ntinues to  shrink, it begins to  pull away fro m the cell wall

This pro cess is kno wn as plasmo lysis  – the plant cell is plasmo lysed

This pro cess can be o bserved using epidermal strips  (sectio ns o f the very thin o uter layer o f

tissue in plants)

Plants with co lo ured sap (such as red o nio n bulbs, rhubarb petio les and red cabbage) make

o bservatio ns easier

The epidermal strips are placed in a range o f  mo larities o f  sucro se so lutio n o r so dium chlo ride

so lutio ns, o f gradually decreasing water po tential

The strips are then viewed under a light micro sco pe and the to tal number o r percentage  o f

o nio n cells  that have undergo ne plasmo lysis  can be co unted

Plasmo lysis may take several minutes to  o ccur
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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 immersed in 1.0 mol dm⁻³ sucrose solution.

Exam T ip

Questio ns invo lving experiments investigating o smo larity and o smo sis are co mmo n and yo u

sho uld be able to  use yo ur kno wledge o f o smo sis to  explain the results o btained. Do n’t wo rry if it

is an experiment yo u haven’t do ne – simply �gure o ut where the higher co ncentratio n o f water

mo lecules is – this is the so lutio n with the lo wer o smo larity – and explain which way the mo lecules

mo ve due to  the di�erences in o smo larity.
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