ION AND SOLUTE PUMPS


Active transport to develop gradients


Complex mechanisms due to energy coupling



Slow transport rates, highly specific


Variety of energy sources



Light – rhodopsin



Redox potential 



Decarboxylation



Pyrophosphate hydrolysis



**ATP** - ubiquitous


Ion gradients drive many processes



Mechanical



Chemical (ATP synth)



Signal trans.



Chemiosmotic (glucose)



Osmotic volume regulation

BACTERIORHODOPSIN:  light-driven proton pump


Protons return to generate ATP


Structure:

7TM helices enclose RETINAL (chromophore – light absorbing)



Retinal divides proton conducting pathway in half




Cytoplasmic – hydrophobic/narrow ( barrier to proton movement




Extracellular – hydrophilic/wide ( allows proton to leave once 

halfway through



D96 – pKa of 10 ( protonated under neutral circumstances



D85 – pKa of 2 ( deprotonated usually



Proton flow:




Cytoplasm ( D96 ( retinal ( light driven isomerization ( D85 

( another retinal conf. change ( D85 pKa drops ( extracellular



**small conf. changes in retinal make it act as transient switch**



similarities between pumping and signal transduction

Electroneutral pumps:


all energy of ATP hydrolysis (7.3 kcal/mol) goes into generating chem.. gradient


electrogenic pumps squander much energy as membrane potential (elec. grad.)


**can generate huge gradients using electroneutral pumps (H+/K+)**

Transport ATPases:


F – H+ transport to make ATP


V (vacuolar) – ATP hydrolysis to transport H+


P – monovalent/divalent cation transport


ABC – variety of substrate transport

F TYPE ATP SYNTHASES


freely reversible in vitro and in bacteria;        counterproductive in eukaryotes 


(generate ion gradient for other processes)    (only function is to make ATP ( 

inhibitory protein binds under anoxic 

condition to prevent ATP hydrolysis)


STRUCTURE:



F1 – water soluble; catalyzes ATP hydrolysis (B-subunit)



F0 – membrane embedded; conducts protons (via proton binding)


FUNCTION:  BINDING CHANGE MECHANISM

- strongly cooperative and cyclical sequence of 3 catalytic sites

· cycle only occurs if both tight and loose sites are bound

- energy is required for cyclical activity



tight – high affinity (binds ATP)



loose – low (binds ADP + P)



open – no binding (ATP freely disassociates)



shaft confers asymmetry and B subunit assoc. makes for tight-binding



shaft rotates during proton transport




cytoplasmic half channel ( rotor ( rotation ( 

extracellular half channel

VACULOLAR ATPase (V1V0)


mostly in endomembrane compartments


can be found in plasma membrane of spec. cells (cells that secrete protons)


Function:


compartmental acidification


electrochemical H+ gradient that can be coupled to other solute transport


**V1 and V0 must be associated to function as an ATPase proton pump**



assembly is regulated ( regulates proton pumping



can’t run backwards because only 6 proton binding sites (12 in F1F0)




it takes 12 protons pumped/turn to hydrolyze 3 ATP’s




V1V0 can only do 6 per turn for 3 ATP’s ( not enough

P-TYPE ATPases


found throughout cell


3Na+/2K+ 
( 
generate Na/K gradient


1H+/1K+ 
(
acidification


2Ca++/2H+
(
maintain low cytosolic Ca


H+

(
H+ electrochem. gradient  (plants)


Cu++

( 
Cu uptake in TGN


**eukaryotes:  most important role in creating PRIMARY ION GRADIENT**


2 conformations – E1, E2


ATP necessary because of asp phosphorylation during reaction


vanadate inhibition (phosphate analog)

1. E1 binds ATP, C+ (cation)

2. ATP hydrolysis ( E1:P:C+

3. RDS:  E1-P ( E2-P (C+ moves from cytosol to lumen and is released due to 

low C+ affinity by E2)

4. countertransport to return to E1 state can be electrogenic

ABC TRANSPORTERS

Odd Properties – mechanisms unknown


highly variable substrates


varying modes of function (pump, channel, flippase)


channel regulators

**modular design** - can occur separately or be fused to varying degrees


2 membrane spanning (6TM helices each)


2 nucleotide binding


bacteria:  binding protein also (to concentrate the substrate)


CFTR:  R domain is phosphorylated (regulation)

structures are highly debatable

Unconventional Pumps:


CFTR:  Cl is transported DOWNhill, ATP is necessary only for gating



many ABC tranporters act as regulators of channels


MDR2:  flippase (INTRAmembrane transport, not intermembrane)


MDR1:  unnatural substrates (hydrophobic drugs)

SUMMARY


 - pumps are energy transduction machines, often using ATP as their energy source

 - coupling between ATPase activity and ion translocation achieved by conf. changes

 

conf. changes assoc. with changes in ion affinity

- alternating access of ion binding site

