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1) Overview –- Cell acquires nutrients and ions by using various mem-

brane-localized protein carriers that include pores (e.g., aquaporins 
and non-specific porins in outer membrane of gram-negative 
bacteria and mitochondria), specific transporters (permeases) and 
ion channels in plasma membrane that maintain cellular levels of 
solutes sufficient to meet metabolic needs. 

2) Passive diffusion –- concentration-dependent equalization of trans-
membrane concentrations of uncharged molecules in absence of a 
carrier; for charged molecules, depends on charges and transmem-
brane concentrations – transported species provides driving force. 

3) Facilitated diffusion -- mediated by intramembrane protein facilitat-
ors, e.g., erythrocyte glucose and anion transporters; show satura-
tion kinetics, solute flows in thermodynamically favored direction, 
may be phosphorylated, metabolized. 

4) Active transport systems -- energy-driven mediators of selective 
membrane permeability, accumulate solutes against a concentra-
tion gradient. Driven by ATP hydrolysis, light, or cotransport of a 
second species down its electrochemical gradient. 

a.) P-type ATPase -- undergo phosphorylation during catalytic cycle: 
(i) Na+K+-ATPase -- plasma membrane Na+K+-antiporter that main-

tains cellular Na+ and K+ levels, and Na+ and K+ gradients for 
driving amino acid, sugar and nucleotide transport; undergoes 
phosphorylation-induced conformational changes, cycling bet-
ween phosphorylated and dephosphorylated forms with different 
ion affinities at membrane surfaces. 

(ii) Ca2+ transport by Ca2+-ATPase -- carries Ca2+ from muscle cell 
cytosol to sarcoplasmic reticulum, inducing muscle relaxation; 
structure shows distinct membrane (Ca2+ gate), nucleotide bind-
ing, actuator and phosphorylation domains --phosphorylation 
state alters conformation between E1 (Ca2+ binding) and E2 
(Ca2+-releasing) states. 

(iii) Gastric H+,K+-ATPase -- maintains H+ gradient @pH 1.0 in stom-
ach lumen, facilitating digestion; catalyzes electrically neutral H+ 

flow into stomach lumen and K+ flow back into cell, K+ re-cycled 
via K+ channel; Cl- channel provides Cl- for lumen HCl. 

b.) ABC transporters – use ATP to drive active transport  
(i) Multidrug-resistance transporter (MDR1) ATPases mediates ATP-

energized active efflux of foreign molecules, promote resistance 
to chemotherapeutic agents and multiple drug resistance. 

(ii) Cystic fibrosis transmembrane conductance regulator (CFTR), 
normally an ATP-gated Cl- channel; mutated forms unable to 
undergo phosphorylative activation and result in airway and 
gastric CF defects. 

c.) Ion-gradient driven secondary active transport processes – 
(i) H+, Na+, other cation and anion gradients drive the transport of 

amino acids and sugars by symport (ion and solute movement in 
same direction) or antiport (movement in opposite directions) 
mechanisms. 

(ii) Lactose permease (major facilitator superfamily), lactose/H+ 
symport, alternate access mechanism for breaching membrane 
barrier, alters lactose binding site accessibility and affinity (in/ 
out). 

d.) Light-driven active transport performed by bacteriorhodopsin, a 
light-transducing H+ pump, uses photon as energy source to trans-
port H+ across membrane against electrochemical H+ gradient, 
resulting in altered affinities for H+ on opposite sides of memb-
rane; establishes H+ gradient driving transport and ATP synthesis. 

5) Aquaporins (AQPs) ubiquitously distributed specialized membrane 
pores that form constitutive H20-selective channels for osmotical-
ly-directed H20 flow; selectivity dictated by H-bonding of H20 to 
selectivity filter, with positively charged residues and helix dipoles 
preventing H+ leaks. 

6) Prokaryotic tetrameric K+ channel -- an ion selective channel with 
pore selectivity filter; K+ passes through channel by liganding 
carbonyl oxygens of polypeptide backbone; channel opened and 
closed by cellular signals. 

 
Reading: Lehninger, Nelson, Cox (2005) Principles of Biochemistry, 
4th Edition, Chapter 11, pp. 389-410 




