
Transport across cell membrane 



 

1. Non-carrier mediated 

ÅDiffusion 

ÅOsmosis 

2. Carrier-mediated 

ÅFacilitated diffusion 

ÅActive transport 

3. Vesicle mediated 

ÅExocytosis 

ÅEndocytosis 

ÅPinocytosis 

Åphagocytosis 



Non carrier mediated 



Diffusion  

ÅDiffusion  is the  tendency  for  molecules  to spread  out  

evenly  into  the  available  space 

ÅSubstances  diffuse  down  their  concentration  

gradient,  the  difference  in  concentration  of a 

substance  from  one area to another  

ÅThe diffusion  of a substance  across  a biological  

membrane  is passive  transport  because  it  requires  

no energy  from  the  cell  to  make  it  happen  



  

 

 Rate of Diffusion dependent upon 

ÅThe magnitude of concentration gradient. 

ÅPermeability of the membrane. 

ÅTemperature. 

ÅHigher temperature, faster diffusion rate. 

ÅSurface area of the membrane. 

ÅMicrovilli increase surface area. 









Osmosis 

 
ÅOsmosis is the diffusion of water across a selectively permeable 

membrane 

 

ÅWater diffuses across a membrane from the region of lower solute 
concentration to the region of higher solute concentration 





Water Balance of Cells Without Walls 

ÅTonicity is the ability of a solution to cause a cell to gain or lose water 

 

ÅIsotonic solution: Solute concentration is the same as that inside the 
cell; no net water movement across the plasma membrane 

 

ÅHypertonic solution: Solute concentration is greater than that inside 
the cell; cell loses water 

 

ÅHypotonic solution: Solute concentration is less than that inside the 
cell; cell gains water 
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Reverse osmosis 

A way to get clean water out of dirty water or salt water by 

forcing water under pressure through a membrane. An example 

of reverse osmosis is the process of filtering polluted water 

under pressure. 

 





Facilitated Diffusion: Passive Transport Aided by Proteins 

ÅIon channels that open or close in response to a stimulus 

(gated and nongated channels) 

ÅAquaporins, for facilitated diffusion of water 

ÅGlucose Transporter 

ÅBicarbonate-chloride Co- transporter  

 



 Channels and Transporters differs in 
 

1.  Stereo specificity  

2.  Rate Of Diffusion  

3.   Saturation 

 

  







EXTRACELLULAR 
FLUID  

Channel protein  

(a) A channel protein  

Solute  
CYTOPLASM  

Solute  Carrier protein  

(b) A carrier protein 





Fig. 7-17 
Passive transport  

Diffusion  Facilitated diffusion  

Active transport  

ATP 



Ion Channels: Structure and Function 

Ion channels are membrane protein complexes  

Ion channels provide a high conducting, hydrophilic pathway 

across the hydrophobic interior of the membrane.  

The channel, or pore structure, is said to catalyze the 

'reaction' of transporting charged molecules across The 

'catalytic site', the central channel, is either open or closed.  

The open channel conformation can be compared to the 

transition state of the enzyme-substrate complex, where ions 

are tightly associated to the catalytic site.  



 

The conformational  change  between  closed  and  open  state  

is called  gating . 

Ion  channels  can  be classified  according  to which  chemical  

or physical  modulator  controls  their  gating  activity .  

üLeakage (ion)  channel  = Nongated  (ion)  channel  

üGated  (ion)  channel  



 

 

ÅLeakage (ion) channel = Nongated (ion) channel - an integral 
membrane protein which is an ion channel within a cell's outer cell 
membrane which is always open and permits the diffusion of one or 
more ions in the direction which is in accord with their concentration 
and charge gradients. 

 

ÅGated (ion) channel - an integral membrane protein which is an ion 
channel within an excitable cell's outer cell membrane which opens 
and closes in response to some stimulus, ie..Membrane potential 
(voltage) changes, the arrival and binding of a specific ligand or signal 
molecule (hormone, neurotransmitter, local hormone) or to 
mechanical pressure or to light energy. 



Voltage gated (ion) channel ς  

Opens and closes in response to a stimulus which is a change 
in membrane potential (voltage)  

Propagation in excitable cells such as neurons, muscle cells, 
and gland cells 

 

Chemically gated (ion) channel ς  

Opens and closes in response to a stimulus which is the arrival 
and binding of a specific ligand or signal molecule (hormone, 
neurotransmitter, local hormone) 



Mechanically gated (ion) channel   

opens and closes in response to a stimulus which is a mechanical pressure 
or vibration;  

(sensory cell responding to touch, vibration, compression or stretch). 

 

Light-gated (ion) channel ς  

a photosensitive excitable cell's outer cell membrane which opens in 
response to a stimulus which is the arrival of a photon of light energy;  

(sensory cells, rods and cones responding to light in the retina of the eye). 

 





Ionophores-Valinomysin(K+),Monencin(Na+) 

An ionophore  is a chemical  species  that  reversibly  binds  ion  

Neutralises  the  charge  of ions  and  carry  them  down  its  
concentration  gradient . 

Disrupts  secondary  transport  processes . 

Thus  kills  microbial  cells  

Carrier ionophores that bind to a particular ion and shield its charge from the surrounding 
environment. This makes it easier for the ion to pass through the hydrophobic interior of the 
lipid membrane. valinomycin, potassium cation. Carrier ionophores may be proteins or other 
molecules. 

Channel formers that introduce a hydrophilic pore into the membrane, allowing ions to 
pass through without coming into contact with the membrane's hydrophobic interior. An 
example of a channel former is gramicidin A. Channel forming ionophores are usually large 
proteins. 

https://en.wikipedia.org/wiki/Electrical_charge
https://en.wikipedia.org/wiki/Hydrophobe
https://en.wikipedia.org/wiki/Valinomycin
https://en.wikipedia.org/wiki/Potassium
https://en.wikipedia.org/wiki/Cation
https://en.wikipedia.org/wiki/Hydrophilic
https://en.wikipedia.org/wiki/Hydrophobic
https://en.wikipedia.org/wiki/Gramicidin
https://en.wikipedia.org/wiki/Gramicidin
https://en.wikipedia.org/wiki/Gramicidin
https://en.wikipedia.org/wiki/Protein




ÅTetrodotoxin (TTX), used by puffer fish and some types of 
newts for defence. It blocks sodium channels. 

ÅSaxitoxin is produced by a dinoflagellate also known as 
άwŜŘ tide". It blocks voltage-dependent sodium channels. 

ÅConotoxin is used by Cone snails to hunt prey. 

ÅLidocane and Novocane belong to a class of local 
anaesthetics which block sodium ion channels. 

ÅDendrotoxin is produced by Mamba snakes, and blocks 
potassium channels. 

ÅIberiotoxin is produced by the Bunthus tamulus (Eastern 
Indian scorpion) and blocks potassium channels. 

ÅHeteropodatoxin is produced by Heteropoda venatoria 
(brown huntsman spider or laya) and blocks potassium 
channels. 

 



 

Block acetylcholine receptors or prevent the opening 
of its ion channel 

ÅTurbocurarine or curare- Arrow poison in Amazon region- 

ÅCobratoxin- Cobra 

ÅBungaro toxin- Krait 



Ion channels 





The structure  of a bacterial  K + channel  was determined  by 

x-ray  crystallography   

 

ÅThe channel  is made  from  four  identical  transmembrane  

subunits,  which  together  form  a central  pore  through  the  

membrane . 

ÅNegatively  charged  amino  acids  are concentrated  at  the  cytosolic  

entrance  to the  pore  and  are thought  to  attract  cations  and  repel  

anions,  making  the  channel  cation -selective . 

ÅEach  subunit  contributes  two  transmembrane  helices,  which  are 

tilted  outward  in  the  membrane  and  together  form  a cone,  with  its  

wide  end  facing  the  outside  of the  cell  where  k + ions  exit  the  

channel . 

https://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A5365/


ÅThe polypeptide  chain  that  connects  the  two  transmembrane  
helices  forms  a short  Ȁ helix(the  pore helix)  and  a crucial  loop  
that  protrudes  into  the  wide  section  of the  cone to form  the  
selectivity  filter .  

ÅThe selectivity  loops  from  the  four  subunits  form  a short,  
rigid,  narrow  pore,  which  is lined  by the  carbonyl  oxygen  
atoms  of their  polypeptide  backbones . Because  the  selectivity  
loops  of all  known  K+ channels  have similar  amino  acid  
sequences , it  is  likely  that  they  form  a closely  similar  
structure .(GYGVT) 

ÅThe crystal  structure  shows  two  K+ ions  separated  by about  8 
Å. Mutual  repulsion  between  the  two  ions  is thought  to help  
move them  through  the  pore  into  the  extracellular  fluid .  

 

https://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A5787/
https://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A5787/
https://www.ncbi.nlm.nih.gov/books/n/mboc4/A4754/def-item/A5787/


Å5 oxygen  rings  (4 carbonyl, 1 threonyl ) Each  ring  
with  4 O atoms  

Å8 O atoms  can  coordinate  with  a single  K+ ion  
replacing  its  normal  water  of hydration .  

Å4 K+ binding  sites,  but  only  2 are occupied  at  a 
time . 

ÅNa+ smaller  ,canõt perfectly  co-ordinate  with  
carbonyl  oxygens . 

 



 Carrier/Transporter proteins undergo a subtle change in shape 
that translocates the solute-binding site across the membrane 

  

 1.Uniporter 

 

 2.Co transporter 

  -Symporter 

  -Antiporter 

 



Aquaporins -water channels 
ÅAQP1- water reabsorption PCT, Aqueous humour 
secretion 

ÅAQP2- Renal collecting duct(ADH/Vassopressin) 

ÅAQP3-Water retention in collecting duct 

ÅAQP4-CNS 

ÅAQP5-Salivary gland 

ÅAQP7-Glycerol and urea, adipocytes 

Å  tip- Plant vacuole, turgor pressure 

 



 Transport proteins/carrier proteins speed the passive movement 

of molecules across the plasma membrane 

 -Glucose transporters  

  Glut-1 Ubiquitous 

  Glut-2 Liver, pancreas islets, intestine-insulin release regulation 

  Glut-3 Brain 

  Glut-4 Muscle, adipocytes,  

  Glut-5 Intestine, testis, kidney, sperm-Fructose 

  Glut-6 Spleen, leucocytes, brain- No transporter function 

 



  Chloride-bicarbonate exchanger 
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