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Transport of solutes across 
membranes

S. Ensign, Chem. 5700
2

Simple diffusion: solutes move down a 
concentration gradient to reach equilibrium 

High [S] Low [S]

“downhill” movement
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Passive transport: solutes move down a 
concentration gradient  in a process 

facilitated by a transmembrane protein

High [S] Low [S]

“downhill” movement
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Insulin regulation of glucose transport
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The chloride-bicarbonate exchanger
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Active transport: solutes transported against
a concentration gradient 

low [S] high [S]

“uphill” movement

S. Ensign, Chem. 5700
12

Active transport

• Primary: solute movement is coupled 
directly to an exergonic reaction

• Secondary: solute movement is coupled to 
exergonic movement of a different solute, 
that was earlier pumped uphill by primary 
active transport
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Primary active transport: 
the Na+ K+ ATPase

• Animal cells: higher [K+] 
and lower [Na+] than 
external environment

• Breakdown of ATP 
coupled to ion movement 
against concentration 
gradients

• 2K+
out + 3Na+

in + ATP 
2K+

in + 3Na+
out + ADP + 

Pi

• Generates a 
transmembrane electrical 
potential

• ~25% of human’s energy 
yielding metabolism goes 
to support this reaction
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Bacteriorhodopsin: a light-driven 
proton pump

• Requires retinal, covalently linked to a lys
• Where have we seen this coenzyme 

before?
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Vitamin A and vision
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The two conformations of bacteriorhodopsin
(see kinemage EMS 8a)
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Secondary Active transport

1. Form an ion gradient by primary 
transport of Na+ or H+ against a 
concentration gradient

2. Couple downhill flow of Na+ or H+ to 
uphill pumping of another metabolite
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Form an ion gradient by primary transport of Na+ or H+ against a concentration gradient

Couple downhill flow of Na+ or H+ to uphill pumping of another metabolite
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Ion channels
• Formed by proteins
• Extremely high affinity for 

substrate
• Not saturable
• Downward movement of 

ions
• Gated (regulated) 

– Ligand-gated
– Voltage-gated
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Looking down the K+ channel from the cytosolic side 

S. Ensign, Chem. 5700
26

S. Ensign, Chem. 5700
27

Porins: channel-forming proteins

• Trimers, identical 30-50 kDa
subunits

• Permit passage of small solutes 
(e.g. nutrients)

• Each monomer made of a 16 
stranded anti II β barrel

• Pore length = 55 Å,inner
diameter ~7 Å

• Membrane-exposed side chains 
are hydrophobic
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Porin structure
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Valinomycin: a peptide ionophore

K+
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Summary of transport strategies/mechanisms
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The bacterial reaction center structure 
(Nobel prize)


