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What	Do	Membranes	Do?	

•  Cell	membrane	surrounds	the	cell	
•  Protects	the	cell	
•  Semi-permeable	barrier-	channel&transporter	



What	Do	Membranes	Do?	
•  Maintain	concentra7on	of	various	substances	
o Homeostasis	
•  Allows	cell	recogni7on/communica7on	
o Proteins	and	carbohydrates	



What	Do	
Membranes	

Do?	

•	Allows	recep7vity	
•	Allows	to	maintain	cell	shape	
•	Helps	to	compartmentalize	subcellular	domains	



What	Do	Membranes	Do?	
•  Links	adjacent	cells	together	by	membrane	
junc7ons.	Desmosome	(selec7n)	

•  Anchors	cells	to	the	extracellular	matrix.	
hemidesmosome	(integrin)	



What	Are	Cellular	Membranes	Made	
Of?	

•  Lipids	………………………..	42%	
						-		Phospholipids	…	25%	
						-		Cholesterol	…….	13%						Lipids	
						-		Other	lipids	……..		4%	
•  Proteins	…………………….	55%	
•  Carbohydrates	……………		3%	

high	permeability	to	lipid-soluble	
substances	CO2,	steroid	

low	permeability	to	water-soluble	
substances	ions,	glucose	

transporters,	enzymes,	hormone	
receptors,	cell-surface	an7gens	

Core	of	membrane-barrier	

Cell	coat-	cell-cell	int.	an7genicity	



Cell	Membrane	Structure	and	Func?on	
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Phospholipid	Component		
of	Cell	Membranes	

ü  Phosphorylated	Glycerol	Head	
(polar	&	hydrophilic).	

ü  Hydrocarbon	chains	of	2	faDy	acid	
tails	(nonpolar	&	hydrophobic)	

Hydrophilic	(water-loving)	
Hydrophobic	(water-fearing)	
Amphipathic	(both)-	phospholipid	
molecules	



Lipid	Bilayer	
In	cell	membranes,	phospholipids	
orient	so	the	lipid-soluble	fa`y	acid	
tails	face	each	other	and	the	water	
soluble	glycerol	heads	point	away	

from	each	other	

Dominant	phospholipids	
1.  	Phosphoglycerides	
•  Phospha7dylethanolamine	
•  Phospha?dylserine	
•  Phospha7dylcholine	
	
2.	Sphingomyelin	
§  Phospha7dylinositol	

	



• 		barrier	to	water	and	water-soluble	substances	

ions glucose H2O 
urea 

Lipid	Bilayer: 

CO2 
O2 

N2 

halothane 

Cell	Membrane	
Lipid	Bilayer	
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The	Fluidity	of	Membranes	
•  Membrane	molecules	have	weak	hydrophobic	
interac7ons.	

•  Components	dria	laterally,	but	rarely	flip-flop.	

Lateral	movement	
(~107	7mes	per	second)		

Flip-flop	
(~	once	per	month)	



Cell	membrane	must	be	more	than	lipids…		
•  In	1972,	S.J.	Singer	&	G.	Nicolson	proposed	that	
membrane	proteins	are	inserted	into	the	
phospholipid	bilayer	

It’s like a fluid… 
It’s like a mosaic… 
It’s the  
Fluid Mosaic Model! 

Membrane	is	a	collage	of	proteins	&	
other	molecules	embedded	in	the	fluid	
matrix	of	the	lipid	bilayer	
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Ø The	fluidity	of	a	lipid	bilayer	depends	on	both	its	
composi?on	and	its	temperature	

•  Temperature	

The	Fluidity	of	Membranes	



Membrane	Lipid	Composi?on	Varies	
Ø  Lipid	composi?on	affects	flexibility	
o  membrane	must	be	fluid	&	flexible	
o  about	as	fluid	as	thick	salad	oil	
•  %	unsaturated	faDy	acids	in	phospholipids	
o  keep	membrane	less	viscous	
o  cold-adapted	organisms,	like	winter	wheat	
o  increase	%	in	autumn	
•  cholesterol	in	membrane	
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Ø  Cholesterol	modulates	the	proper7es	of	lipid	
bilayers.	

Ø  Between	phospholipid	molecules	
Ø  At	warm	temperatures	(such	as	37°C),		↓	fluidity.	
Ø  At	cool	temperatures,	it	maintains	fluidity	by	

preven7ng	7ght	packing.	

Cholesterol	

“temperature	buffer”		

Cholesterol	Component		
of	Cell	Membranes	



The	carbohydrates	are	not	inserted	into	the	
membrane,	they	are	too	hydrophilic	for	that.		

Extracellular	fluid	

Cholesterol	

Cytoplasm	

Glycolipid	

Transmembrane	
proteins	

Filaments	of	
cytoskeleton	

Peripheral	
protein	

Glycoprotein	

Phospholipids	

They	are	a`ached	to	proteins-	glycoproteins,	Lipids-	glycolipids	



General	Func?ons	of	
Cell	Membrane	Carbohydrates	

•  Play	a	key	role	in	cell-cell	recogni7on	
o  ability	of	a	cell	to	dis7nguish	one	cell	from	another	

(an7gens)	
•  A`ach	cells	to	each	other.	
•  Act	as	receptor	sides.	Some	involved	in	immune	

reac7ons.	
•  important	in	organ	&	7ssue	development	
•  	Give	most	of	cells	overall	nega7ve		
surface	charge.	

ü Primarily	aDached	to	the	outer	
surface	of	the	membrane	as:	
	
-	Glycoproteins	…	(most	of	it).	
-	Glycolipids	……	(1/10).	



	
Surface	molecules	cons7tute	a	layer	at	the	surface	of		

the	cell	called	«cell	coat	or	glycocalyx».	Made	inside	the	
cell	and	secreted	

Other	Func?ons	
•  protect	the	membrane	against	the	harsh	condi7ons	
•  preven7ng	unwanted	cell–cell	interac7ons	



Protein	Component	Of	Cell	
Membranes	

•  Proteins	determine	membrane’s	specific	func7ons	
–	cell	membrane	&	organelle	membranes	each	have	
unique	collec7ons	of	proteins	
	
	
•  Membrane	proteins:	

1.	Integral	proteins	
2.	Peripheral	proteins	



Cell	Membrane	Proteins	
1.	Integral	proteins:	/	Internal	or	intrinsic	
•  Permanently	embedded	in,	and	anchored	to	the	cell	

membrane	by	hydrophobic	interac7ons	
•  They	can	be	defined	as	those	proteins	which	require	a	

detergent	(such	as	SDS	or	Triton	X-100)	or	some	other	a	polar	
solvent	to	be	displaced.	

E.G	
•  Ligand-binding	receptors	(hormones)	
•  Transporter	proteins	(Na+-K+	)	
•  Cell	adhesion	molecules	
•  GTP-binding	proteins	
•  Ion	channels	



Integral	Proteins	
•  Integral	polytopic	proteins	(transmembrane)	are	

permanently	a`ached	to	the	lipid	membrane	and	span	
across	the	membrane	

•  provide	structural	channels	or	pores,	Cell-surface	receptors.	
•  Only	transmembrane	proteins	can	func7on	on	both	sides	of		

the	bilayer	or	transport	molecules	across	it.	

•  Integral	monotopic	proteins	are	permanently	a`ached	to	
the	lipid	membrane	from	only	one	side		

					and	do	not	span	across	the	membrane.	



Cell	Membrane	Proteins	
2.	Peripheral	proteins:	/	external	or	extrinsic	proteins	
•  Found	on	one	side	(face)	of	the	membrane.	(not	covalently	bound) 

loosely bound to surface of membrane 

•  temporarily	associated	with	lipid	bilayer	or	with	integral	
membrane	proteins	

•  Easily	removed	by	high	salt	solu7ons	or	elevated	pH	

Intracellular;	enzymes,	regulatory	side		
of	ion	channels,	carrier,			
vesicle	trafficking	
	
Extracellular;	Receptors,	enzymes,		
An7gens,	adhesion	molecules.	



•  	membrane	proteins	are	amphiphilic		having	
hydrophobic	and	hydrophilic	regions.	

	

single-pass	 mul7pass	

Integral	Proteins	 Peripheral	proteins	



Many	Membrane	Proteins	Are	
Glycosylated	

•  	Most	transmembrane	proteins	in	animal	cells	
•  sugar	residues	are	added	in	the	lumen	of	the	
ER	and	the	Golgi	apparatus	

•  oligosaccharide	chains	are	always	present	on	
the	noncytosolic	side	of	the	membrane	

•  polysaccharide	chains	of	integral	membrane	
proteoglycan		molecules		as	part	of	the	
extracellular	matrix	

•  	carbohydrate-binding	proteins	called	lec7ns	



Outside	

Plasma	
membrane	

Inside	
Transporter	 Cell	surface	

receptor	
Enzyme	
ac?vity	

Cell	surface		
iden?ty	marker	

structural	support	
ADach	to	CS&ECM.	

Cell	adhesion	

“An?gen”	

“Channel”	

Many	Func?ons	of	Membrane	Proteins	



Membrane	Poten?als		



	Outline	

① Membrane	Poten7als			
② Membrane	Excita7ons	
	

	



Membrane		
Poten?al	

² Electrical	poten7al	
difference	across	the	cell	

membrane		
² caused	by	different	
concentra7ons	of	K+,	Na
+,	and	Cl-	ions	on	each	
side	of	the	membrane.		



Func?ons	of	The	Membrane		
Poten?al		

		
	 	*It	allows	a	cell	to	func7on	as	a	baDery	

	
	 	*In	electrically	excitable	cells	such	as	neurons	and	muscle	
cells,	it	is	used	for	transmiwng	signals	between	different	
parts	of	a	cell.	



Excitable	Tissues	

Excitable Non-excitable 

Red	cell	
GIT	

neuron	

muscle	

• RBC	
• Intes7nal	cells	
• Fibroblasts	
• Adipocytes	

• Neuron	
• Muscle		

• Skeletal	
• Cardiac	
• Smooth	



Electrical	Proper?es	of		
Membranes	

	

•  All	cells	have	electrical	proper2es.	
•  Cell	interior	is	nega?ve	with	
respect	to	the	exterior		

•  voltage	difference	(Vm)	that	
exists	across	the	plasma	
membrane	

•  Moving	ions	into	or	out	of	a	cell		
Charge	imbalance	between	the	

ICF	and	the	ECF	



	
“Chemical”	due	to	the	number	and	types	of	ions	

“Electro”	due	to	the	charges	of	the	ions	

FORMATION	OF	MEMBRANE		
POTENTIALS	



ION	CHANNELS	
•  Integral	membrane	spanning	proteins	
•  when	open,	permit	the	passage	of	certain	ions	
•  Selec?ve;	size,	charges	
•  controlled	by	gates	
•  The	gates	on	ion	channels	are	controlled	by	three	types	of	

sensors.		

Na,	Ca,	Cl,	K	

Second	
messenger-gated	
channels	

cardiac	sinoatrial	node-	cAMP	Nerve-Hormones,	NT	

1	 2	 3	



Types	of	Membrane	Poten?als	

•  Diffusion	poten7als		

•  Equilibrium	poten7als		

•  Res7ng	poten7als		

•  Threshold	membrane	poten7al	

•  Ac7on	poten7als	



Diffusion	Poten?als		
	

potassium	ions	have	
charge,	so	their	movement	

causes	a	diffusion	
poten?al	to	form	across	

the	membrane.		
	

poten7al	difference	
generated	across	a	

membrane	when	a	charged	
solute	diffuses	down	its	
concentra?on	gradient.		



Cl-	

Opposite	charges	a`ract	to	each	other,	
potassium	movement	slow	down	and	eventually	it	stops.	



Equilibrium	Poten?als	(E)	
At	electrochemical	equilibrium,	the	chemical	and	electrical	driving	
forces	ac7ng	on	an	ion	are	equal	and	opposite,	and	no	further	net	

diffusion	occurs	

in	other	words,	if	a	ca7on	diffuses	down	its	concentra7on	gradient,	it	
carries	a	posi7ve	charge	across	the	membrane,	which	will	retard	and	

eventually	stop	further	diffusion	of	the	ca7on.		



Res?ng	Membrane	Poten?al	(VR)	RMP		
Constant		membrane	poten7al	present	in	cells	of	non	
excitable	7ssues	and	those	of	excitable	7ssues	when	

they	are	at	rest	
	

•  Some	ion	channels	are	open	at	rest.	

•  Res7ng	Vm	(res?ng	poten?al=	sum	of	the	diffusion)	
poten7als	generated	by	each	of	these	ions	flowing	
through	open	channels.	

•  	The	equilibrium	condi7on,	in	which	there	is	no	net	
flow	of	ions	across	the	plasma	membrane,	defines	
the	res7ng	membrane	poten7al		for	this	idealized	
cell.	



The	Membrane	poten?al:	
	Balance	of	Two	Forces	



Membrane	Poten?al	

•  Proteins	and	phosphates	are	nega7vely	charged	at	
normal	cellular	pH.	

•  These	anions	a`ract	posi7vely	charged	ca7ons	that	
can	diffuse	through	the	membrane	pores.	

•  Membrane	more	permeable	to	K+	than	Na+.	
–  Concentra7on	gradients	for	Na+	and	K+.	

•  Na+/	K+ATP	pump	3	Na+	out	for	2	K+	in.	

Ø All	contribute	to	unequal	charge	across	the	
membrane.	



Res?ng	Membrane	Poten?al	(VR)		

*Different	membrane	permeabili7es	due	to	
passive	ion	channels	for	Na+,	K+,	and	Cl-		

															
*The	K+	permeability	is	

	higher	than	Na+	
*more	of	the	K+	leakage	channels	than	Na+	

	



Ions	in	the	Extracellular	and	Intracellular	Fluid	

	
*Na+	K+	pump	is	an	ac7ve,	it	
needs	energy	taken	from	ATP	
	
	
*Very	important	to	maintain	the	
concentra?on	gradient	across	
the	cell	membrane	

*Na+	ions	are	ac?vely	transported	
to	maintain	the	res7ng	poten7al.	
	
*The	sodium-potassium	pump	
exchanges	three	Na+	ions	for		
two	K+	ions.		



Maintenance	of	Membrane	Poten?al-
Transporter	Contribu?on	

•  Without	energy,	the	membrane	poten7al	
would	eventually	be	destroyed	as	

–  K+	leaks	out	the	cell	due	to	membrane	leakage	channels	
–  Na+	leaks	in	due	to	membrane	leakage	channels	

•  Na+/K+	ATPase	(Sodium-Potassium	Pump)	
restores	the	balance	pumping	Na+	out	and	K+	back	
in.	



Excitable	Tissues	

•  Excitable	7ssues	have	more	
nega7ve	RMP		
	

o  -70	mV	Neurons	
o  -90	mV	Skeletal	Muscle	

excitable	 Non-excitable	

Red	cell	
GIT	

neuron	

muscle	

•  Non-excitable	7ssues	have	
less	nega7ve	RMP		

o  -53	mV	epithelial	cells	
o  -8.4	mV	RBC	
o  -20	to	-30	mV	fibroblasts	
o  -58	mV	adipocytes	



Excitable	Membranes	

•  Excitable	Tissues	–	electrically	ac7ve	7ssues	

•  Tissues	which	are	capable	of	genera7on	and	
transmission	of	electrochemical	impulses	
–  nervous	7ssue	
–  muscle	7ssue	
	



ExCita?on	

The	electrical	changes	caused	by	increased	
membrane	permeability	to	ions	

(e.g.,	Na+	versus	K+	or	Cl−)	
	



How	These	Cells	Use	This	Exitaiton???	

•  Nerve	cells	use	this	exita?on	for	signaling	
nerve	to	muscle	or	nerve	to	nerve		



•  The	muscle	cell,	in	turn,	uses	a	change	exita?on	to	
ini7ates	muscle	contrac?on.	

	
•  Neuronal	and	muscle	ac7on	poten7als	coordinated	
selec7ve	passage	of	ions	(	Na+,	Ca2+,	and	K+)	between	
ICF	and	ECF.	



How Neurons Communicate at Synapses 

Copyright © 2003 Pearson Education, Inc. publishing as Benjamin Cummings

“information” must not only 
be conducted along nerve 
cells information” BUT 
ALSO, be transferred from 
one nerve cell to another 
across the synapse 





Continuation of the Nerve 
Impulse between Neurons 

•  Impulses are able to cross 
the synapse to another 
nerve 

1.   Neurotransmitter is 
released from a nerve’s 
axon terminal 

2.  The dendrite of the next 
neuron has receptors 
(Ach gated Na 
channel) that are 
stimulated by the 
neurotransmitter 

3.  An action potential is 
started in the dendrite 



Membrane	Poten?al	
Changes	

•  The	inside	of	a	cell	nega?ve	
than	ECF.		

•  Na+	in:	Membrane	loses	
polariza7on	called		
membrane	depolariza?on.		

•  K+	out:	Caused		membrane	
hyperpolariza?on.		



3.	Ini7ally	membrane	is	slowly	depolarised	
(Na	influx)	

•  Un7l	the	threshold	level	is	reached	
–  (This	may	be	caused	by	the	s7mulus)	

-90	

+35	

Threshold	level	

Ac?on	Poten?al	



Ac?on	Poten?als-Threshold	poten?al	
	

4.	The	electrical	voltage	needed	to	open	the	voltage	
dependent	Na+	channels	required	to	trigger	an	
ac7on	poten7al.	

•  This	occurs	in	most	excitable	7ssues	at	-60mV	
•  Once	the	threshold	level	is	reached		

–  AP	is	set	off	and	no	one	can		
stop	it	!	Like	a	gun	



Physiological	Basis	of	Depolarisa?on	

4.	When	the	threshold	level	is	reached	
–  Voltage-gated	Na+	channels	open	up	

•  (Na+	conc.	outside	is	higher	than	the	inside)	
– More	Na+	goes	inside	the	cell	
–  The	posi7vity	of	the	membrane	poten7al	increases	and	causes	
depolarisa?on	

-90	

+30	

outside	

inside	

Na+	
Voltage-gated	Na+	channel		

-60	



Physiological	basis	of	Repolarisa?on	

5.	When	membrane	poten7al	reaches	+30	mV,	Na+	
channels	are	inac?vated		
–  Then	K+	channels	open,	K+		goes	outside	
–  Posi7ve	ion	leaving	the	inside	causes	nega7vity	at	ICF	
–  Repolarisa?on	occurs	

-70	

+30	
outside	

inside	

At	+30	

K+	



•  The	ac7on-poten7al	peak	oaen	“overshoots”	the	
zero-poten7al	line,	and	the	inside	of	the	cell	
becomes	posi7vely	charged	with	respect	to	the	ECF.	

Ac?on	Poten?als-Overshoot	
	

-70	

+30	



•  Refractory	period	
is	a	period	during	
which	another	
normal	ac7on	

poten7al	cannot	
be	elicited	in	an	
excitable	cell.	



5.	The	downstroke	is	caused	in	
part	by	voltage-dependent	K+	
channels	that	open	to	allow		K+	
efflux,	causing	Vm	to	repolarize.		

Ac?on	poten?als-Aler	Poten?als	
	



	
6.	A	hyperpolarizing	aaerpoten7al	(hyperpoten7al)	
takes	the	membrane	nega7ve	to	Vm	for	a	period	
before	eventually	se`ling	at	the	normal	res7ng	
poten7al.	

Ac?on	poten?als-Aler	Poten?als	
	



Role	of	Na+/K+	pump	
•  Since	Na+	has	come	in	and	K+	has	gone	out	
•  Membrane	has	become	nega?ve	
•  But	ionic	distribu7on	has	become	unequal	

•  Na+/K+	pump	restores	Na+	and	K+	conc.	slowly.	
– By	pumping	3	Na+	ions	outward	and	2+	K	ions	inward	




