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Membrane Transport & Osmosis

Differential Permeability

� Semi-permeability

� Molecules vary in
� Size

� Polarity

� Charge

Membrane Transport

� Transport Processes
� Passive processes 

� No cellular energy (ATP) required

� Substances moves down their concentration gradients

� Active processes

� Energy (ATP) required

� Substances move against their concentration gradients

� Occurs only in living cell membranes

Membrane Transport

� Passive processes
� Diffusion

� Simple

� Facilitated 

� Osmosis

Simple Diffusion

� Movement of a molecule from high to low concentration

� Concentration gradient

� Driven by kinetic energy of molecules

� No ATP required

Figure 3.8a

(a) Membrane permeable to both solutes and water

Solute and water molecules move down their concentration gradients

in opposite directions. Fluid volume remains the same in both compartments.

Left
compartment:
Solution with
lower osmolarity

Right
compartment:
Solution with 
greater osmolarity

Membrane

H2O

Solute

Solute
molecules
(sugar)

Both solutions have the
same osmolarity: volume
unchanged
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Simple Diffusion 

� Small, non-polar, uncharged molecules may diffuse 
directly through lipid bilayer
� Examples

� Oxygen 

� Carbon dioxide

� Fat soluble vitamins (although these are larger molecules)

� Steroid hormones (which is how the birth control patch works)

Figure 3.7a

Extracellular fluid

Lipid-

soluble

solutes

Cytoplasm

(a) Simple diffusion of fat-soluble molecules 

directly through the phospholipid bilayer

Facilitated Diffusion

� Passive transport – no energy required

� Utilizes carriers or channels embedded in membrane

� Relies on concentration gradient

� Examples
� Aquaporin (channel)

� Glucose transporter (carrier)

Copyright 2009 John Wiley & Sons, Inc.

Figure 3.7c

Small lipid-

insoluble 

solutes

(c) Channel-mediated facilitated diffusion

through a channel protein; mostly ions 

selected on basis of size and charge

Figure 3.7b

Lipid-insoluble 

solutes (such as 

sugars or amino 
acids)

(b) Carrier-mediated facilitated diffusion via a protein

carrier specific for one chemical; binding of substrate 

causes shape change in transport protein
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Osmosis

� Diffusion of water molecules through a differentially 
permeable membrane

� Follows its concentration gradient

More on this later…

Active Transport

� Dependent upon carriers
� Moves substances against concentration gradient

� Requires ATP

Active Transport

� Advantages
� “Stocking up” on needed substances

� Elimination of overabundant intracellular substances

� Can build up concentration on one side of a membrane for 
later use in signaling, driving other processes

� Example

� Sodium-potassium pump

Active Transport

� Sodium-potassium pump (Na+/K+ ATPase)

� Located in all plasma membranes

� Maintains electrochemical gradients essential for 
functions of muscle and nerve tissues

Figure 3.10

Extracellular fluid

K+ is released from the pump protein
and Na+ sites are ready to bind Na+ again.

The cycle repeats.

Binding of Na+ promotes
phosphorylation of the protein by ATP.

Cytoplasmic Na+ binds to pump protein.

Na+

Na+-K+ pump

K+ released

ATP-binding site
Na+ bound

Cytoplasm

ATP
ADP

P

K+

K+ binding triggers release of the
phosphate. Pump protein returns to its

original conformation.

Phosphorylation causes the protein to
change shape, expelling Na+ to the outside.

Extracellular K+ binds to pump protein.

Na+ released

K+ bound

P

K+

P
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Other Transport Processes

� Passive processes
� Filtration

� Active processes

� Endocytosis

� Phagocytosis

� Pinocytosis

� Receptor mediated endocytosis

� Exocytosis
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Figure 3.13a

Phagosome

(a) Phagocytosis

The cell engulfs a large 

particle by forming pro-
jecting pseudopods (“false 

feet”) around it and en-

closing it within a membrane 

sac called a phagosome. 

Figure 3.13b

Vesicle

(b) Pinocytosis

The cell “gulps” drops of 

extracellular fluid containing 
solutes into tiny vesicles. 

Figure 3.13c

Vesicle

Receptor recycled

to plasma membrane

(c) Receptor-mediated

endocytosis

Extracellular substances 
bind to specific receptor 

proteins in regions of coated 

pits, enabling the cell to 

ingest and concentrate 
specific substances 

in protein-coated 

vesicles. 

Exocytosis

� Examples 
� Hormone secretion 

� Neurotransmitter release 

� Mucus secretion 

� Ejection of wastes 

Figure 3.14a

1 The membrane-

bound vesicle 

migrates to the 

plasma membrane.

2 There, proteins

at the vesicle 

surface (v-SNAREs) 

bind with t-SNAREs 

(plasma membrane 

proteins).

The process of exocytosis

Extracellular

fluid

Plasma membrane

SNARE (t-SNARE)

Secretory

vesicle
Vesicle

SNARE

(v-SNARE) 

Molecule to

be secreted

Cytoplasm

Fused

v- and

t-SNAREs

3 The vesicle

and plasma 

membrane fuse 

and a pore 

opens up.

4 Vesicle

contents are 

released to the 

cell exterior.

Fusion pore formed

Osmosis

� Definition

� Body fluid compartments
� Intracellular

� Extracellular

� Plasma

� Interstitial
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Osmosis

� Molarity
� Number of moles of a solute in a liter of solution

� When solutions of different molarity are separated 
by a membrane that is not permeable to the solute, 
osmosis occurs until equilibrium is reached

Molarity

1 M  0.5 M

Which of the above solutions has a higher 
concentration of solute?

Assuming the membrane is permeable to the solute,

in which direction will the solute diffuse?

Molarity

1 M  0.5 M

� Now let’s assume the membrane is not permeable to   

the solute

�As solute concentration ↑, solvent concentration ↓

Which of the above solutions has a higher 
concentration of water? 

Molarity

1 M  0.5 M

� Osmosis is the diffusion of water

� Water will simply follow its concentration gradient

� Which way will the water flow here?

Osmosis

� Tonicity
� The ability of a solution to cause a cell to shrink or swell

� Isotonic

� A solution with the same solute concentration as that of the 
cytosol

� Hypertonic

� A solution having greater solute concentration than that of the 
cytosol

� Hypotonic

� A solution having lesser solute concentration than that of the 
cytosol
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FYI

� Osmolarity versus tonicity
� Osmolarity is a measure of total solute concentration

� Tonicity is a property of a solution which depends on the 
osmotic force exerted across the membrane

� This force is influenced by the differing concentrations of solutes

� May cause cell to shrink or swell

Figure 3.8a

(a) Membrane permeable to both solutes and water

Solute and water molecules move down their concentration gradients

in opposite directions. Fluid volume remains the same in both compartments.

Left
compartment:
Solution with
lower osmolarity

Right
compartment:
Solution with 
greater osmolarity

Membrane

H2O

Solute

Solute
molecules
(sugar)

Both solutions have the
same osmolarity: volume
unchanged

A B A B

Figure 3.8b

(b) Membrane permeable to water, impermeable to solutes

Both solutions have identical
osmolarity, but volume of the
solution on the right is greater
because only water is 
free to move

Solute molecules are prevented from moving but water moves by osmosis.

Volume increases in the compartment with the higher osmolarity.

Left
compartment

Right
compartment

Membrane

Solute
molecules
(sugar)

H2O

A B

Osmosis

� Osmotic pressure
� The measure of the tendency of water to move into a solution 

with a higher solute concentration

Figure 3.9

Cells retain their normal size and

shape in isotonic solutions (same

solute/water concentration as inside

cells; water moves in and out).

Cells lose water by osmosis and 

shrink in a hypertonic solution 

(contains a higher concentration 

of solutes than are present inside 

the cells).

(a) Isotonic solutions (b) Hypertonic solutions (c) Hypotonic solutions

Cells take on water by osmosis until

they become bloated and burst (lyse)

in a hypotonic solution (contains a

lower concentration of solutes than

are present in cells).
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RBC with internal osmolarity of 0.3 M

0.3M 0.3M

0.8 M Distilled Water

Which way will the water flow?

RBC with internal osmolarity of 0.3 M

0.3M 0.3M

0.8 M Distilled Water

Crenation Swelling

Solutes

� Electrolytes
� Dissociate into ions in solution

� NaCl  → Na+ + Cl-

� Electrolytes have greater osmotic power than 
non-electrolytes
� Greater ability to cause fluid shifts

Electrolytes

NaCl     � Na+ + Cl– electrolyte; two particles

MgCl 2 � Mg2+ + 2 Cl - electrolyte; three particles

glucose � glucose              non-electrolyte; one particle

glucose does not dissociate in water

Thought Question

A 0.5 M NaCl solution would be  isotonic 

to a ___M glucose solution

Thought Question

When the blood becomes hypotonic to the tissues, 
which of the following conditions results?

a) blood volume increases

b) edema develops

c) hypertension develops

d) all of the above


