Guiding Questions
How do molecules of lipid and protein assemble into biological membranes?

What determines whether a substance can pass through a biological membrane?

What processes depend on active transport in biological systems?

What are the roles of cell membranes in the interaction of a cell with its environment?
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SL Learning Content

Lipid bilayers as the basis of cell membranes

Lipid bilayers as barriers

Simple diffusion across membranes

Integral and peripheral proteins in membranes

Movement of water molecules across membranes by osmosis
and the role of aquaporins

Channel proteins for facilitated diffusion
Pump proteins for active transport
Selectivity in membrane permeability

Structure and function of glycoproteins and glycolipids

Fluid mosaic model of membrane structure

Phospholipids and other amphipathic lipids naturally form continuous sheet-like bilayers in water.
Students should understand that the hydrophobic hydrocarbon chains that form the core of a membrane
have low permeability to large molecules and hydrophilic particles, including ions and polar molecules, so

membranes function as effective barriers between aqueous solutions.
Use movement of oxygen and carbon dioxide molecules between phospholipids as an example of simple
diffusion across membranes.

Emphasize that membrane proteins have diverse structures, locations and functions. Integral proteins are
embedded in one or both of the lipid layers of a membrane. Peripheral proteins are attached to one or other
surface of the bilayer.

Include an explanation in terms of random movement of particles, impermeability of membranes to solutes
and differences in solute concentration.

Students should understand how the structure of channel proteins makes membranes selectively permeable
by allowing specific ions to diffuse through when channels are open but not when they are closed.
Students should appreciate that pumps use energy from adenosine triphosphate (ATP) to transfer specific
particles across membranes and therefore that they can move particles against a concentration gradient.
Facilitated diffusion and active transport allow selective permeability in membranes. Permeability by simple
diffusion is not selective and depends only on the size and hydrophilic or hydrophobic properties of particles.
Limit to carbohydrate structures linked to proteins or lipids in membranes, location of carbohydrates on the
extracellular side of membranes, and roles in cell adhesion and cell recognition.

Students should be able to draw a two-dimensional representation of the model and include peripheral and
integral proteins, glycoproteins, phospholipids and cholesterol. They should also be able to indicate
hydrophobic and hydrophilic regions.



s HL Learning Content e

Unsaturated fatty acids in lipid bilayers have lower melting points, so membranes are fluid and therefore

82111 Relationships between fatty acid composition of lipid bilayers flexible at temperatures experienced by a cell. Saturated fatty acids have higher melting points and make
and their fluidity membranes stronger at higher temperatures. Students should be familiar with an example of adaptations in
membrane composition in relation to habitat.
Students should understand the position of cholesterol molecules in membranes and also that cholesterol
B2.1.12 Cholesterol and membrane fluidity in animal cells acts as a modulator (adjustor) of membrane fluidity, stabilizing membranes at higher temperatures and
preventing stiffening at lower temperatures.
B2.1.13 Membrane fluidity and the fusion and formation of vesicles Include the terms “endocytosis” and “exocytosis”, and examples of each process.
82.1.14 L Oy T u— Include nicotinic acetylcholine re§eptors as an example of a neurotransmitter-gated ion channel and sodium
and potassium channels as examples of voltage-gated channels.
B2.1.15 RO\ U-POARSIN AUMps R AR ST 61 Shga Include the importance of these pumps in generating membrane potentials.
transporters
82116 Sodium-dependent glucose cotransporters as an example of Include the importance of these cotransporters in glucose absorption by cells in the small intestine and
indirect active transport glucose reabsorption by cells in the nephron.
Include the term “cell-adhesion molecules” (CAMs) and the understanding that different forms of CAM are
B2.1.17 Adhesion of cells to form tissues used for different types of cell-cell junction. Students are not required to have detailed knowledge of the

different CAMs or junctions.



B2.1.1—Lipid bilayers as the basis of cell membranes. B2.1.2—Lipid bilayers as barriers.
B2.1.4—Integral and peripheral proteins in membranes. B.2.1.9—Structure and function of
glycoproteins and glycolipids. B2.1.10—Fluid mosaic model of membrane structure

Q cell structure A2.2

Cell membranes are an essenlial component of all cells : @ allows internal condilions to be gifferent from sorroundings @ controls entcy and exit of substances ® allows sensitivity and communication

flvid mosaic model’ - accepted view of Jhe cell membrane steucture pmposed by Singer and Nicolson. (1972) : ()ynamic, flesible steuctore made p{imarily of a phospholipid bilayer with proteins and carbohydrates .

S “flvid” Components can move latecally  +  “mosaic” : non-uniform; made of many different componeats (Iipir), carbohydrate, and proten'n) in variovs configurations

. C——)
X 1he previous 'Prohein-lip.‘d Sandwich.' model by Davson and Danielli (1935) was folsified using : Rﬁﬁﬂﬁﬁmﬂ Cholesterol - amphipathic Iipi(), a.llou.'n3 > help control membrane—-ﬂvidiwi
S Mﬂﬂlmmlﬂ it to integrate within ensuring they are not foo fluid or too stiff
immunofluescence where {agged membrane proteins moved laterally P proteins were mobile je. flvid bilayer hydrophobic
hydrophilic ‘HO —> expanded in HL

> freeze- fracturing where the membrane bilayer was split open showing proteins P integral transmembrane proteins
Phospholipids ace amphipathic and spantaneously form bilayers in selvtions @ tieios BLT

How to draw: /
olesterol

_ hydrophilic, polar head A Semi- permeable bacrier befween aqueous selutions

hydrophilic °=f|"°' > phosphate group * glycerol i-. inside and oulside the cell:
region L O o v hydrophobic melecules - high permeability
= HC -C—CHy
Ll : ex: non-polar steroids (Lestosterone)

hydrophobic phospholipid | “&§" V' very small non-polar molecules - high permeability

\ bilayer ex: 0,, Co,
n 18N v Small,uncharge:) polar molecvles - permeable
O OU - ex: H,0, elhanol, urea., glycerol

X large uncharged polar molewlesil low permeability

core resi on lLl)
kydrophilic
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kydrophobio , non-polar tajls ex: glucose , sucrose require transport

fatty acid hydrocacbon chains X charged molecules and ions proteins

(saturated or unsaturated) ex: amino acids, Nat, Kt, CI°, Ca?*, H*
’r\tejral proteins : proteins Permanentlj embedded in the membrane Per‘sphzral prokeins - Proteins attached (often 'l:tmpororﬂ_y) Glycoprol:dn. . Polypgpbdg bound > glycocalyx "Susar coat fnﬁng the extracellvlar

to 1he surface of fhe membrane to a carbohydrate space of cells
AN monotopic (one side) > teansmembrane ( both sides) ﬁjﬂ or on on integral protein |_[
Rﬁﬁﬂﬁégﬂﬂﬁ G|}:colipid : “pi() bovnd to a 0t é% ‘
short carbohydrate chain _

Peciphecal proteins are hydrophilic

Integral brane proteins are amphipaihic ;
ﬁﬂﬁgﬁﬂﬁ Rﬂﬂﬁ hw?rr\\g :\;:of:hi'l‘i: fegions ::J hy:‘:ophobic unuun% ollowing Them to interact on > mognition e ol s i i L

Mmmmm Hlnm fegions allowing fhem to integrate within the surface of the bilayer
unique shape of glycoproteins and glycocalyxes of adjacent cells fuse, holding

the ghospholipid bilayer
ex:  transporter alycoh")ids act as aatigen or surface cells and tissues boadher

ex: Channel carrier /pump enzyme receptor O m markers, allowing cells o recognize self
o from non-self through. binding ex: N-CAM
\V{
\ / ex: red blood cells ex: cadherin
mor have glycoprotein
ontigens (A.B,O)




B2.1.3—Simple diffusion across membranes.

B2.1.5—Movement of water molecules across

membranes by osmosis and the role of aquaporins. B2.1.6 —Channel proteins for facilitated diffusion.
B2.1.7—Pump proteins for active transport. B2.1.8 —Selectivity in membrane permeability

Han}n of the peocesses of life (Such as metabolism, homeostasis, nvirition, cxcrdion.) require transpor t of malerials in and out of cells. This can occur both passively or actively

Passiue f(aospott : net movement of parl-icles from on area

’
"‘r,oooa
® pacticles are constantly in random motion (doe o Kinetic mcrsy) and move independent of each ofher but as there are

more porticles in areas of high concentration That can randomly move to areas of low concentcation than the other
Lay arownd, a net movement from high to low concentration will aecur passively.

of high concenteation fo low concentration
without the vse of ATP

® rate con be increased by increasing concencentration gradient and membrane surface area and decreasing distance needed to move

gas or liguid N
S Simple diffusion passive net movement of porticles from an area of high concentcation 1o low concentration in fluids
® small pon-polar molecvles can diffuse easily across membranes : %% : %g’ : _ ES -
N> able to pass hrough hydrophobi il | ES. ES 25
oble pass vd ydfophobic core CaSI_y . gg 5 §§ . Eé:% A
able to pass in behueen  phosphalipid molecules — 3 %% = : gg - - : gg L
ex: oxygen (0;) 0=0. and carbon dioxide (Coz) 0=C=0. 4 %% . : Eé% %g
- '..gg' . EE - .
X not selective : only depends on size and water- affinity [ » [] G > [] (-] = []

\s  Facilitated diffusion : passive net movement of particles from on area of high concenteation fo low Concentration
usn'n3 membrane proteins <5uch as chanpel or carcier prob:in,s)

Ne* Mot Mot Na*
Na* Na*
Na* Nat

® Channel proteins
RiTiRA

* integral membrane proteins which have a hydrophilic
pore allowing o passage for charged (Nat, K*, CI}
CA”) or polar molecules (slucose, uaier) to cross

the membrane's hydrophobic core easily

hydrophilu‘ ¢ core

X chennels are Sclccl:ively permeable : Shape [size/ charse of pore ensures specilicity ex: Nat channels only allow Nat
some (like voltage- gated ion chanaels) can be open or closed, allowing control

S Osmosis passive net movement of woter from on area of low solute concentration fo high solvte Concentration
across a Semi-permeable membrane

Active "'fﬂﬂSPd({ * movement of particles from an I BR

0 area of low concentration 1o

® paclicles in an acea of low concentration are less likely fo move to an area of high concentration

. anﬂt ': :o.:
chMhm K coele

high concenteation using ATP .

then dhe olher way around, fhus for this to occur reliably an external energy input is required
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® ATP is the cell's ‘energy currency' storing poteatial
energy from eellular respiration.. When hydrolyzed
it releases fhis energy fo power melabolic processes

@cell respiration Cl.2

® Pump proteins’ * Transmembeane. proteins which use chemical energy - ATP in ordec to
transpart particles across membranes againsf their concenteation gradient

X Pump proteins allow selective permeability : only transpoct Specific jons or molecules in one dicection
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TR AL KRR
SAKLE T AN

0:000) OO + ®

Pump is open fo other side and has low affinity for particle,
releasing it against ils concentration gradient. Pump reverts
back 1o its original, stable conformation - ready for reuse

ATP is hydrolyzed to ADP, celeasing
energy. €nergy cavses conformational
change 10 o more unstable form ,
causing it to be open o the other

side of {he membrane

)

]—wa{er enteced cell Aquaporins * channel Pro!:eu‘ns which, Selective\y allow passage of water

® greatly increages permeability

to water and osmotic rate ﬂﬁﬂﬁ

® located in collecting ducts Hﬁ!

Aquapon'n has a very
narrow pore which is

positively charged only

in Kidneys and plaat roots allowing water through

Qwﬁkf Pohnﬂal D23 102 %7:;2 @Oaw & .
£ v
® membranes allow the passage of water but restrict the movement g% oyt
E= Y- o /
of Iarger or ctharged solvtes, thus causing water fo move more %g /(O;
® when water is interacting with and dissolving solotes its £2 “‘6
. . s % » E=3 s, o r':‘:(n/ b
movement is restricted P water in a dilvte solution is .Y ¢d £33 b ¢
==
more free and likely fo move o a mare concentrated Solubion 4 [solute] = 1 [selote]
o=
ot equilibrium whea overall solote concentration is equal on both sides 196 movement =25 ¥ °€ movement

cell is more concentrated .. taKes in water (net)

for water absorption (exduding H*)



B2.1.11—Relationships between fatty acid composition of lipid bilayers and their fluidity.

HL

B2.1.12—Cholesterol and membrane fluidity in animal cells. B2.1.13 —Membrane fluidity

and the fusion and formation of vesicles. B2.1.17 —Adhesion of cells to form tissues
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Temperature impacts membrane fluidity i.e. the degeee of
random movtment of The components, namely phospholipids
which can move laterally, rotate and even swifh positions

lower fluidity
lower Pc{meabi Iil_:y

i

ospholipid fatty acid composition on membrane

Impact of

S the {-'a{i) acid composition of Phosphah‘pids can be Satvrated (no double bonds) or upsaturated ( 2| double bond) M

T
NN

kiskcr percentoge of
saturated {-'o.tty acids

less flvid / mofe ViScovs ﬂ stronger

less permeable
ﬂ too solid

less flexible
ﬂ foo flvid

ﬂ Llvid

kislur percentage of
unSaturated (-'aﬂ.y acids

fatﬁy acid tuils —> pack very l:ishl-_ly - high dcnsﬂ‘y
Sakvrated ~ highintermoleculac forces
higk mel&inj point

more €luid /less viscos
more permeable

more flexible

""" =% The temperate fieshwater fish. A.fulvescens inceeases

its membrane unsatvrated content LS,

fatty acid tails  —> pack loosely - lower density
unsaturated = low intermolecular forces

ot

\> General trend: the relative percentage composition of saturated and
unsoturated fats differ depending on surrounding temperature

" low mzlh’nj point

S Adapl:ann. Fish h‘w‘nd in Antarctic waters <@
( such as C.hamatus) have membranes
rich in vnsaturated fatty acids

anmPles :

when lake temperatures decrease <

The cacibov R.torandus has different membrane fatty acid composition in different tissues, as a trend:
the forther away tissves are fiom ihe body care , the more unsaturated fatty acids (hooves > vgper leg > bady)

Impact of cholesterol on membcane Flvidity
ﬁﬁ% ﬁﬂ X cholesterol is present in animal but not plant membranes

S cholestecol embeds itself in the plasma
membrane as its amphipathic -

OH 'head’ is polar, body is nen-polar
flvid
\> cholesterol acts as a membrane £ lvidity modulator : 2
ﬂ ﬁﬁ%ﬂﬁ Cholesterol decreases €luidity by Constaining ;
phosphalipid movement - stabilizing membrane _§
£ : —  with cholesterol
— = T =+ membrane Temp
ﬁ ﬁﬁ %(liﬂ Cholesterol incceases fluidity by disrupting solid
phosphalipid packing = preventing stiffening low Temperature high

The fluidity of fhe membrane ollows for phospholipid bilayers fo change shape and fuse,
ond thes the formation (em)ocyfosis)and fusion (cxocyl:osis) of vesicles

Endoc]l:osis * the formotion of a vesicle fiom the invagination and pinching off of a piece
of the plasma membrane - lprin3|'15 ex:l:raceHUEar Eagtenf
Process requires  ATP flvios (pinocy{-.osis) solids (phAJocytos;s>

ex:
Phagaeytic whike blood Developing fetus fakes R S
" y W
cells and paramecio. in antibodies into
engulf and desiroy its blood stream \ placente
pathogens / food pacticles fiom the mother ™
using phagocy tosis via. the placenta fetal side
>
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Exocytosis the fusion of vesicle a with the plasma. membrane - discharging vesicle contents
into the cxtracellvlar space (i-e. outside the cell). Process requires  ATP

ex:
Neucotransmitters Pancreas secretes Pacamecio. osmoregulate by
L ey
(such as AceEylcholine) digestive enzymes Vdm'\’ loa.ding and expelling excess water
are released by a‘c (such as lipqse) vsing contractile vacvoles

3

g V\‘V

propegate nerve impulses

o

into the and hormones

during Synaptic
(such as insulin) into the blaod

transmission in order to

steeam for sianalina

cell-adhesion. molecules’ (CAMs) ° cell - sucface proteins /glycoproteins which link cells with other
cells formina Junctions - providing Slucture and Eissve formation

S sea| cells together, ¢reating a barrier
act as a bridge , allowin\g communication and material exchange

S connect cells to extracellvlar malrix, Provid€n3 onchorage
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B2.1.14—Gated ion channels in neurons. B2.1.15—Sodium—-potassium pumps as an example of exchange

transporters. B2.1.16 —Sodium-dependent glucose cotransporters as an example of indirect active transport

Channel proteins allow for facilitated diffusion , transporting specific materials thal otherwise would oaly diffuse
Slowly or not ot all across & phospholipid bilayer (such as ions). while they do not contral direction of flow
( alwoys a net flow high to low concentration ) Ihey can be opened or closed reversibly to control transport

0 itter- io

annel  ° Transmembrane prohin channels which allow the diffusion of a specific ion

‘Gated' as they open oc close in response to binding of o neurotronsmitter

X nevrotrensmitters are signalling molecules which are Secreled by o neoron. ot synapses fo couse on effect
ex: Ace{:yldsoh'ne, Glutamate , GABA, Dopamine, Serotonin, Epinephrine

\> Nicotinic acetylcholine receptors : gated ion chennel allowing diffusion of sadiom (No*) into the cell

when two

No' Nt Ne O No* No*
Not No* No* No" No¥ . A
No" X No* No¥ No* No¥ No No.

sy U fnes o || e
ouun) X (o i) | (o

N“* Na*
_lsp view
-

(or nicotine) molecules bind to fhe recep tor,
causing the cell fo depolarize and on action poteatial to be propagated

is secrebed feom the
pre - synaptic neuren into the
synaptic cleft and diffuses across
Before binding, ceceptor is closed,
preventing No from diffusing
Two molecules bind
to the receplor, induting a conformational
chagge , opeaing a poce and allowing
Net fo difbuse fhrough

Volkagc- goted jon channel  * Transmembrane protein channels which allow the diffusion of a specific ion
‘Gated' as they open or close in response to a specific membrane potential (voll-ngc)

X potential difference or voltage is the amount of electric potential energy between fwo points (Vo sc”)
membeane potential is the difference in electric potential (V) bekween {he inside and ovtside of Jhe cell
\> inside of the cell v -FOmV compared fo the outside —> generoted by the sadium - potassiom pump

S Vollaae -3al:eJ sodium chapnel aaied ion channel allowinj o ffusion of codiom (No* ) into the cell

when there is an increase in membrane poteniiol. (-F0mV to -55 mV)

cavsing the cell to depolorize (nesakive to pasitive )

Na* No¥ Not No' Not Not
¥
Not Na

R
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R
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No* No™ Na

activation gote inactivation gote o

R
SLA0

No¥

@ nevral signalling C2.2

activation gate closes channel,
blocking No* giffusion (-70mV)
activation gate opens, allowin
Not to diffuse into cell (-Sva§

inactivate gate rapidly closes channel,

halting Na* giffusion (30mV)

(ankiporw)

\S Sodium - Potassjum pump
( Na"/K+ - ATPase)
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X as the pump undergoes vnequel exchange of cations (lose 3, take in 2)

€Mhan3e transporkers’ * Transmembrane protein which tcanspocts different substances in opposite directions across
ihe membrane asainsi their respective 3radu'e/«€$, thus 'exchaas.‘na' them

* exchange fanspocter moving 3 Not and 2 K* against their respective
concentration Srm)imts atross the membrane vsing ATP

Pump binds 3 No® from cykoplasm
of cell with high af('iniiy

ATP s hydrolyzed to ADP, binding
phosphate to (phcsphorylalinj) pump
Phosphorylation causes a change in pump
conformation , reducing its aflinity for
Nat) releasing > Mot gutside cell

New pump shape binds 2 K* from
outside cell with. high offinity
Binding K' teiggers release of phosphate,
Cavﬁnj pump to revert bo o:ig.'na(
conformation and release 2K+ jnto cell

it maintains a relative negative membrane potential (-7omV) Pump ceady for ceose.

[ndirect active transport - uses the enerqy produced by the movement of one substance down its concentration gradient
to transport another against its concentration gradient . Direct ATP use not reguired

\> Sodium- glucose cotransporter * (otronsporter protein which fransporks glucose against its concentration gradient
into the cell using the energy {rom simoltancously fransporting No® down its gradient

T[Na"] »L[slucose] )

RN R — i
NI )/l
$[ve] 1 [gease]

" moves down its gradient ex:

it binding onto cotransporter. L
g)l This energy is vsed to bind
) and move glucose into cell

S voltase.-saked potassivm channel :aa&d ion channel allowinj 0iffusion of potassivm. (K*) ovt of the cell
when the membrane potentiol has flipped (-70mV to 30mV) cavsing
the cell to repolorize (Pos;l;iue to ncsakivc)

K K
K+

R
SuLl

K* K*

R
AR

activation gote dloses channel,
blackin3 K* diffusion (‘70mV)
activation gate opens , allowing
K* to diffuse ovt of cell (30mV)

inactivate sa{e rar.‘dly closes channel,
K halkins K*' diffusion ('70mV)

R
SLUB

K Kt K*
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