Chapter 4: Plasma Membrane

4.1 Plasma Membrane Structure and Function

Plasma Membrane
- phospholipid bilayer



- has a fluid consistency comparable to that of light oil


- outer living boundary of the cell



- mechanical strength



- regulates passage of molecules



- identifying markers (“self”)

- there are 2 types of lipids

- Glycolipids ~ similar to phospholipids except that the hydrophilic head is a variety of sugars joined to form a straight or branching carbohydrate chin

- Choloesterol ~ is a lipid that is found in animal plasma membranes
- reduces the permeability of the membrane to most biological molecules

fluid-mosaic model
- phospholipid bilayer (“oily fluid”) with scattered proteins embedded (“mosaic”)

-bilayer consistency of light oil is more fluid with unsaturated fatty acids



- proteins determine specific functions

phospholipid bilayer
- molecule spontaneously arrange in a double layer (bilayer)



- hydrophilic (water-loving) polar heads face outward

- hydrophobic (water-hating) nonpolar tails face inwards to each other

- carbohydrate chains on lipids glycolipids and proteins glycoproteins


- project externally (“sugar-coated”)


- cell-recognition of body’s own cells

- animal cell membranes also obtain scattered cholesterol


- flexibility, but reduce permeability

Proteins in membrane
- integral proteins


- found within the membrane



- have hydrophilic regions that project from both surfaces of the bilayer



- equals to glycoproteins




- have an attached carbohydrate chain



- as with glycolipids, the carbohydrate chain projects externally


- Peripheral proteins


- occur either on the cytoplasmic side or the outer surface side of the membrane


- can be disrupted by gentle shaking or by change in the pH

- the two halves are not identical



- on the inside, some proteins serve as links to cytoskeletal filaments



- on the outside, some serve as links to an extracellular matrix

membrane is a mosaic
- plasma membrane of a red blood cell contains over 50 different types of proteins
Protein types
- channel allows a particular ion or molecule to cross the membrane

- carrier interacts with a specific molecule or ion and uses energy to transport it across the membrane

- receptor shape provides on attachment site for a specific molecule such as a hormone or even a virus

- enzymatic catalyzes specific metabolic reactions in the cell
cell recognition
- carbohydrate (15 sugars usual, or 100s) chains on glycolipids and glycoproteins vary species and also cell-to-cell



- developing tissues sort out their cells



- rejection of tissue/organ transplants



- blood type (red cell glycoporoteins)


- glycoproteins form the major histo compatibility complex (MHC)



- another person’s cells are attacked by white blood cells (immunity)
4.2 How Molecules Cross the Plasma Membrane

movement of

- size and change determine passage 

molecules


- large molecules (macromolecules) cannot diffuse





- small molecules (gases) diffuse





- charged molecules cannot cross hydrophobic layer





- non-charged and lipid soluble molecules pass freely





- water passes by channel proteins




- semi-permeable membrane limits movement of most molecules





- also known as selectively of differentially permeable 

   membrane




- assisted passage of most molecules





- large molecules are taken in by vesicle formation 

   (phagocytosis)





- ions, amino acids, & sugars are transported by carrier 

   proteins

types of movement
- passive transport (no energy required)





- simple diffusion: gradient (“downhill”)





- facilitated transport: carrier, gradient




- active transport (energy required)





- active transport: carrier





- exocytosis: vesicle discharged





- endocytosis: vesicle formation

4.3 Diffusion and Osmosis

simple diffusion
- movement through a membrane from a high concentration to low





- material (solute) in water (solvent)





- requires no energy (“downhill”)




- some types of small molecules





- lipid-soluble molecules (alcohols)





- gases (oxygen, carbon dioxide)

osmosis

- diffusion of water across a membrane





- hydrostatic or osmotic pressure moves the water





- membrane prevents solute passing





- occurs constantly in living cells




- strength of a solution outside the cell is referred to as tonicity





- isotonic: same inside and out of the cell, no net gain or 

   loss of water

- hypotonic: less solute (more water) outside the cell and 

   causes it to burst

- hypertonic: more solute (less water) outside the cell, water 

   leaves the cell and causes it to shrink

4.4 Transport by Carrier Proteins

carrier protein

- combine with and transport only a certain type of molecule





- mechanism is unclear but involves the protein changing 

   shape

facilitated transport
- like diffusion, a concentration gradient is needed and no energy is    

   used


- also known as facilitated diffusion

- carrier proteins combine temporarily to increase diffusion


- glucose and some amino acids

- glucose carrier switches between 2 configurations 100X per sec.


- glucose binds to open end and the carrier closes behind it


- glucose moves along, the carrier changes shape and 

   releases glucose

- carrier returns to the 1st shape to receive the next glucose

active transport
- molecules and ions are moved across a membrane against higher 

   concentration


- iodine in the thyroid gland


- nutrient absorption in the gut


- sodium reabsorption in kidneys

- carrier protein (often called pumps) and ATP energy are required


- heavily active kidney cells have many ATP-producing 

   mitochondria near their membranes

pumps


- proteins involved in active transport





- especially nerve and muscle cells




- sodium-potassium pump moves Na+ to outside the cell and K+ to 

   inside


- specific-shape carrier takes up Na+

- phosphate attaches, changes carrier shape, releasing Na+ 

   outside

- new shape takes up K+ from outside

- phosphate detaching returns original carrier shape, 

   releasing K+ inside

salt passage

- chloride ions (Cl-) diffuse out through specific channels 

(Na+Cl-)


- drawn by positive charge of Na+ which are pumped out




- genetic disorder cystic fibrosis causes malfunction of chloride ion 

   channels
4.5 Endocytosis and Exocytosis

endocytosis

- take in macromolecules too large to be transported by     



carrier proteins





- polypeptides, polysaccharides polynucleotides

· substance enters the cell in a vesicle (small vacuole) formed at the membrance

· requires energy regardless of a gradient 

· three types



- phagocytosis (“cell-eating”) cells, cell parts, food particles



- pinocytosis (cell-drinking) liquids macromolecules, very small particles

exocytosis
- a vesicle fuses with the cell membrance and discharges 


contents

· secretion: exocytosis of cell products (hormones, enzymes)

phagocytosis

- when material taken in by endocytosis is large, such as a    food particle or another cell

· common in unicellular organisms like amoebas and in amoeboid-type cells like marcrophages
