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Transport through cell 
membranes 

• The phospholipid bilayer is a good barrier around cells, 
especially to water soluble molecules. However, for the 
cell to survive some materials need to be able to enter and 
leave the cell. 

• There are 4 basic mechanisms: 
 
1. DIFFUSION and FACILITATED DIFFUSION 

 
2. OSMOSIS 

 
3. ACTIVE TRANSPORT 

 
4. BULK TRANSPORT 
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11.3 Solute Transport across Membranes 
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Passive Transport Is 

Facilitated by 

Membrane Proteins 

 
Energy changes 

accompanying passage 

of a hydrophilic solute 

through the lipid bilayer of 

a biological membrane 

Figure 11.2  Overview of membrane transport proteins. 
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Figure 11.3  Multiple membrane transport proteins function together in the plasma membrane of 

metazoan cells. 
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• Facilitated transport 

– Passive transport 

– Glucose – GLUT 
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Cellular uptake of glucose mediated 
by GLUT proteins exhibits simple 
enzyme kinetics 

12 
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Regulation by insulin of glucose transport by 

GLUT4 into a myocyte 

Effects of Osmosis on Water 

Balance 
• Osmosis is the diffusion of water across a selectively 

permeable membrane 

• The direction of osmosis is determined only by a 

difference in total solute concentration 

• Water diffuses across a membrane from the region of 

lower solute concentration to the region of higher solute 

concentration 
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Water Balance of Cells Without 

Walls 
• Tonicity is the ability of a solution to cause a cell to 

gain or lose water 

• Isotonic solution:  solute concentration is the same as 

that inside the cell; no net water movement across the 

plasma membrane 

• Hypertonic solution:  solute concentration is greater 

than that inside the cell; cell loses water 

• Hypotonic solution:  solute concentration is less than 

that inside the cell; cell gains water 

• Animals and other organisms without rigid cell walls have 

osmotic problems in either a hypertonic or hypotonic 

environment 

• To maintain their internal environment, such organisms 

must have adaptations for osmoregulation, the control of 

water balance 

• The protist Paramecium, which is hypertonic to its pond 

water environment, has a contractile vacuole that acts as a 

pump 
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Water Balance of Cells with 

Walls 
• Cell walls help maintain water balance 

• A plant cell in a hypotonic solution swells until the wall 

opposes uptake; the cell is now turgid (firm) 

• If a plant cell and its surroundings are isotonic, there is no 

net movement of water into the cell; the cell becomes 

flaccid (limp), and the plant may wilt 

• In a hypertonic environment, plant cells lose water; 

eventually, the membrane pulls away from the wall, a 

usually lethal effect called plasmolysis 

Structure of the water-channel protein aquaporin. 

Aquaporin increase membrane permeability to 

water  

Frog oocytes 



9/15/2014 

10 

19 

ATP-Powered Pumps 
 

 

The four classes of ATP-powered transport proteins 
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Maintenance of Membrane 

Potential by Ion Pumps 
• Membrane potential is the voltage difference across 

a membrane 

• Two combined forces, collectively called the 

electrochemical gradient, drive the diffusion of ions 

across a membrane: 

– A chemical force (the ion’s concentration gradient) 

– An electrical force (the effect of the membrane 

potential on the ion’s movement) 
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• An electrogenic pump is a transport protein that 

generates the voltage across a membrane 

• The main electrogenic pump of plants, fungi, and 

bacteria is a proton pump 

24 

P-Type ATPases Undergo 

Phosphorylation during Catalytic Cycles- 

Na+K+ ATPase 
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Figure 11.10  Operational model of the Ca2+ ATPase in the SR membrane of skeletal muscle cells. 

P-Type Ca2+ Pumps Maintain a Low 

Concentration of Calcium in the Cytosol- 

Effect of V-class H+ pumps on H+ concentration gradients and electric potential gradients across 

cellular 
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F-Type ATPase Are 

Reversible, ATP-

driven Proton Pumps 

 

Structure of the FoF1 

ATPase/ATP 

synthase 

Figure 11.15  The multidrug transporter ABCB1 

(MDR1): structure and model of ligand export. 
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In vitro fluorescence-quenching assay can detect 

phospholipid flippase activity of ABCB4. 

• Certain ABC 

proteins flip 

phospholipids and 

other lipid-soluble 

substrates from one 

membrane leaflet to 

the other 

• i.e. ABCB1 – liver 

cell plasma 

membrane  

Structure and function of the 

cystic fibrosis transmembrane 

regulator (CFTR). 

• CFTR – ABCC7 : Cl-channel 

• Reuptake Cl- lost by sweating  
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The Chloride-Bicarbonate Exchanger Catalyzes 

Electrochemical Cotransport of Anions across the 

Plasma Membrane 

32 

Active Transport Results in Solute Movement against 

a Concentration or Electrochemical Gradient 
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Ion Gradients Provide the Energy for 

Secondary Active Transport 

34 

Lactose uptake in E. coli 
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Figure 11.29  Concentration of ions and sucrose by the plant vacuole. 

Figure 11.30  Transcellular transport of glucose from the intestinal lumen into the blood. 
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Figure 11.31  Acidification of the stomach lumen by parietal cells in the gastric lining. 

Figure 11.32  Dissolution of bone by polarized osteoclast cells requires a V-class proton pump and 

the ClC-7 chloride channel protein. 
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Ion channel 

• Movement of ions 

through Ion 

channel generate 

transmembrane 

electric potential  

39 

40 

Structure and 

function of the K+ 

channel of 

Streptomyces 

lividans - 

 

Diagram of the K+ 

channel in cross 

section 
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K+ binding sites in the selectivity pore of the K+ 

channel 

Figure 22.1  Typical morphology of two types of mammalian neurons. 
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Experimental Figure 22.2  Recording of an axonal membrane potential over time reveals the 

amplitude and frequency of action potentials. 

44 

The Neuronal Na+ Channel Is a Voltage-Gated 

Ion Channel 
 

Voltage-gated Na+ channel of neurons  
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Voltage-gated Na+ 

channel of neurons- 

 

 

The voltage-sensing 

mechanism involves 

movement of helix 4 

perpendicular to the 

plane of the membrane 

in response to a 

change in potential 

Figure 22.6  Depolarization of the plasma 

membrane due to opening of gated Na+ channels. 

Unidirectional conduction of an action potential 

due to transient inactivation of voltage-gated 

Na+ channels. 
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Figure 22.9  Unidirectional conduction of an action potential due to transient inactivation of voltage-

gated Na+ channels. 
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The Acetylcholine Receptor Is a Ligand-Gated Ion 
Channel 
Structure of the acetylcholine receptor ion channel  
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Defective Ion Channels Can Have Adverse 

Physiological Consequences  

Bulk transport across the plasma 

membrane occurs by exocytosis and 

endocytosis 

• Small molecules and water enter or leave the cell 

through the lipid bilayer or by transport proteins 

• Large molecules, such as polysaccharides and proteins, 

cross the membrane via vesicles 
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Plasma membrane: 

Cytoplasmic face 

Extracellular face 
Transmembrane 

glycoprotein 

Plasma membrane: 

Secreted 

protein 

Vesicle 

Golgi 

apparatus 

Glycolipid 

Secretory 

protein 

Transmembrane 

glycoproteins 

ER 


