CHAPTER 7- Cell Membrane Structure and Function

PLASMA MEMBRANE 

· Main components = phospholipids & proteins


~ phospholipids are amphipathic- have both phobic/philic regions


~ membranes form bilayer to keep phobic tails away from water

· Fluid-mosaic model- mosaic of constantly moving proteins embedded in bilayer
 Previous models-
        ~ Gorter & Grendel- 1st call it a bilayer

        ~ Hugh Davson & James Danielli – Phospholipids sandwiched between two protein layers  
        ~ Singer & Nicolson-mosaic of proteins bobbing in fluid phospholipid bilayer 
· Fluidity- lipids/some proteins can move laterally rapidly; rarely flip-flop to other side


Temperature at which a membrane solidifies depends on types of lipids present



Unsaturated lipids- stay fluid at lower temps (increase in plants during cold season)



Cholesterol (animal cells)- makes it less fluid at warm temps



     Lowers temp it solidifies
 
· Controls what enters/leave cell

· Selectively permeable- 

~lets some molecules pass through, keeps others out

     Hydrophobic/non-polar molecules- pass through easily

     Ions/polar molecules- repelled by phospholipids tails
· Membrane proteins – determine membrane functions

~ Peripheral proteins- loosely bound to surface 


~ Integral proteins- penetrate hydrophobic core



Transmembrane proteins- go all the way through



1, Transport- move substances across membrane


2. Enzymatic activity- can carry out chemical reactions


3. Signal transduction- binds to external chemical messenger relays signal inside


4. Cell-cell recognition- glycoproteins/glycolipids recognize “self”



Ex: blood types; recognize germs; organ transplants


5. Intercellular joining – hook adjacent cells together


6. Attach to ECM/cytoskeleton- stabilize cell shape
· Sidedness- molecules on inside face of ER end up on outside face of plasma membrane

PASSIVE TRANSPORT  [Higher] → [Lower]; No energy required
   A. Diffusion-

· molecules spread out to fill available space 

· move until = everywhere (equilibrium)

· Examples: movement of oxygen/CO2 across membrane
   B.  Osmosis (diffusion of water)

~ if solutes can’t cross membrane, water will move to equalize concentration

~ maintaining balance of water and ions = osmoregulation



TONICITY- ability of solution to cause cell to gain or lose water

     HYPERTONIC- Solute concentration outside cell is greater than inside


Water will leave cell – 



    animal cell - shrinking = crenation


    plant cell- cell membrane pulls away from cell wall – plasmolysis



Osmotic pressure inside cell decreases- plant wilts = flaccid


     HYPOTONIC- Solute concentration outside cell is less than inside



Water will enter cell-



    Animal- cell will swell & burst = cytolysis




Freshwater critters have contractile vacuoles to collect and remove excess water



    Plant – cell wall keeps cell from bursting




Osmotic (turgor) pressure inside increases = turgid




     ISOTONIC- Solute concentration outside cell = inside


    Cells stay the same size

   C. Facilitated diffusion

· assisted across membrane by transport proteins in membrane 


     ~ carriers are specific- only transport particular substance

· TWO TYPES



1. channel proteins 



        may be gated- open in response to chemical/ electrical signals 


        Ex: Aquaporins- move massive amounts of water 




 Ion channels – move ions Cl-, Na+, K+, Ca++  




  Certain neurotransmitters move Na+ into nerve cells 



2. carrier proteins 



        Attach, change shape, flip molecule across membrane

· Certain genetic disorders result from mutations of transport proteins




~ cystic fibrosis-





defect in Cl-  ion channel proteins





thick mucous builds up in respiratory/digestive system

ACTIVE TRANSPORT   [Lower] → [Higher]; Energy required

~ allows cell to maintain internal conditions that differ from environment



Ex: Normal animal cell- higher K+/lower Na+  inside 

Two forces drive movement (~ electrochemical gradient)




1. chemical force (concentration gradient)




2. electrical force (membrane potential)

Ex:[Na+] in resting nerve lower than outside




When stimulated, gated channels open, Na+ moves in due to low Na+ inside, and attraction of




  cations for – inside of cell
~ All carrier proteins/no channel proteins

   ~ All cells have voltages (electrical potential energy) across membrane





Separation of opposite charges





    Cytoplasm = - charged compared to extracellular fluid





Membrane potential ranges from -50 to -220 millivolts (mV)





Acts like battery/affects traffic of charged substances





    Favors passage of cations (+) into cells





Transport protein that generates voltage = electrogenic pump 


~ energy required comes from ATP
Na+-K+ pump (main electrogenic pump in animals)



     



Attachment of Pi to transport protein causes conformation change




EX: Sodium-potassium pump moves 3 Na+ out of cells & 2 K+ in



   Charges up cell membrane- pumps more + out

Proton pump (main electrogenic pump in plants, fungi, and bacteria)





Actively moves H+ ions out of cell





Make cytoplasm more negative





Stored energy can be used for COTRANSPORT




COTRANSPORT



 Active transport from ATP-powered pump linked to the passive transport of another substance



Substance pumped across a membrane can do work as it moves back across by diffusion




Ex: Proton pump moves H+ ions outside cell; return coupled to transport of sucrose into cell 



     Gatorade adds solutes to blood/causes body to save more water (rehydrates you)
    BULK TRANSPORT



Endocytosis uses vesicles to take in substances




Small molecules/fluids= pinocytosis




Large molecules/whole cells= phagocytosis



     Ex: White blood cells “eat” bacteria


     
Receptor-mediated = substance binds to specific ligands in cell membrane



     Ex: cholesterol attached to LDL’s bind to LDL-receptors to enter cells


   Exocytosis uses vesicles to release substances from cell



Ex: Golgi release secreted proteins (pancreas releases insulin)



     Plant cells deposit materials for cell wall formation outside cell




     Nerve cells release neurotransmitters to send signal to next cell


~ Also used to rebuild cell membranes

  
