Chapter 7 – Membrane Structure and Function

· plasma membrane controls traffic into and out of the cell

· selective permeability – allowing some substances to cross more easily than others

· PM principles also apply to internal membranes of cells

7.1  Cellular Membranes are Fluid Mosaics of lipids and proteins

· amphipathic molecule - it has both a hydrophilic region and a hydrophobic region

· fluid mosaic model – fluid structure – mosaic of proteins in the phospholipids layer

Membrane models:  Scientific Inquiry

· 1915 – chemical analysis – lipids and proteins in membranes

· 1925 – Gorter and Grendel – phosholipid bilayers
· 1935 - Davson – Danielli model – both sides of bilayer coated with hydrophilic proteins

· 1960’s – Davson-Danielli sandwich model widely accepted

· didn’t account for differences in membranes

· issues with the hydrophilic proteins

· 1972 – Singer and Nicolson – membrane with a mosaic of proteins

· Freeze Fracture (see fig 7.4) – shows this visually

· many models before current models were accepted

The fluidity of membranes

· hydrophilic interactions hold the membrane together 

· components can drift laterally 

· phospholipids can rarely flip

· See fig 7.5

· these movements occur quickly

· temperature alters membrane fluidity

· phospholipids with unsaturated tails allow fluidity at lower temperatures

· cholesterol in animal membranes 

· decreases fluidity at high temperature

· increases fluidity at low temperatures

· fluidity is important to the selectively permeable nature
Membrane Proteins and their Functions

· two major types of membrane proteins

· integral proteins

· penetrate hydrophobic core

· many are transmembrane

· peripheral proteins 

· not imbibed in lipid bilayer

· loosely bound to the surface 

· major functions of membrane proteins 


The Role of Membrane Carbohydrates in Cell-Cell Recognition

· communication is important between cells
· recognize each other by binding to surface molecules (often carbohydrates)

· glycolipids – carbs covalently bonded to lipids (some)

· glycoproteins – carbs covalently bonded to proteins (most)

· differences in the carbs indicate differences in cell type

Synthesis and Sidedness of Membranes

· membranes have a distinct inside and outside face

· molecules that start out on the inside face of the ER end up on the outside face of the plasma membrane

· see figure 7.10

http://media.pearsoncmg.com/bc/bc_campbell_biology_7/media/interactivemedia/activities/load.html?7&A
7.2  Membrane structure results in selective permeability

The Permeability of the Lipid Bilayer

· Hydrophobic (nonpolar) molecules, such as hydrocarbons, carbon dioxide, and oxygen, can dissolve in the lipid bilayer of the membrane and cross it with ease

· hydrophobic core of the membrane impedes the direct passage of ions and polar molecules

· Polar molecules such as glucose and other sugars pass only slowly through a lipid bilayer, and even water, an extremely small polar molecule, does not cross very rapidly

Transport Proteins

· allow molecules to avoid contact with the lipid bilayer

· channel proteins – works like a tunnel

· aquaporins – channel proteins for water

· carrier proteins – hold on to passengers and change shape to shuttle them across the membrane

· each transport protein is specific for the type of molecule it allows to cross

http://myphlip.pearsoncmg.com/altcc/faculty/ab2redirect.cfm?vid=18808&vbcid=10526&vtype=462
7.3  Passive transport is diffusion of a substance across a membrane with no energy investment

· diffusion – tendency for molecules to spread out evenly in the available space

· movement is random, but overall movement of the population can be directional

· see fig 7.11

· In the absence of other forces, a substance will diffuse from where it is more concentrated to where it is less concentrated
· any substance will diffuse down its concentration gradient
· this does not require work
· each substance can diffuse down its own concentration gradient regardless of the concentration gradients of other substances
· this is called passive transport because energy is not required
http://media.pearsoncmg.com/bc/bc_campbell_biology_7/media/interactivemedia/activities/load.html?7&C
Effects of Osmosis on Water Balance

· osmosis – diffusion of water across a selectively permeable membrane

· see fig 7.12

Water Balance of Cells without Walls

· tonicity – the ability of a cell to gain or loose water

· isotonic – solution has the same concentration as the cell

· hypertonic – solution has a higher concentration than the cell

· cell looses water

· cell shrivels

· hypotonic – solution has a lower concentration than the cell

· cell gains water

· cell swells and may burst

· osmoregulation – the control of water balance

· note===  this is only for cells with no cell wall

Water Balance of Cells With Walls

· lots of water in the cell – turgid (very firm)

· this is the state of a healthy plant cell

· cell in a isotonic solution – water is not entering
· flaccid (limp) – unhealthy plant

· hypertonic solution – not even the cell wall can save you now!

· cell will shrivel and pm will pull away from the cell wall

· plasmolysis

· can be lethal to the cell

http://media.pearsoncmg.com/bc/bc_campbell_biology_7/media/interactivemedia/activities/load.html?7&C
http://media.pearsoncmg.com/bc/bc_campbell_biology_7/media/videos/Plasmolysis-V.html
Facilitated Diffusion:  Passive transport aided by proteins

· facilitated diffusion – diffusing passively with the help of transport proteins that span the membrane
· remember channel proteins and carrier proteins 

· special channels

· gated channels – stimulus causes them to open

· ion channels

· subtle changes in shape seem to help these proteins do their job

http://media.pearsoncmg.com/bc/bc_campbell_biology_7/media/interactivemedia/activities/load.html?7&E
7.4  Active Transport Uses energy to move solutes against their gradients

The need for energy in active transport

· active transport – pumping a molecule AGAINST its concentration gradient

· uses carrier proteins rather than channel proteins

· this allows cells to maintain very specific concentrations

· ATP supplies the required energy

· example:  sodium-potassium pump  see fig 7.16 

· see fig 7.17

· http://media.pearsoncmg.com/bc/bc_campbell_biology_7/media/interactivemedia/activities/load.html?7&F
Maintenance of membrane potential by ion pumps

· voltage across pm in all cells

· cytoplasm negative compared to extracellular matrix

· this is called membrane potential  -50 to -200 millivolts

· this gives an electrical gradient as well as the chemical gradient we discussed earlier

· electrochemical gradient

· electrogenic pumps generate voltage across membranes

Cotransport:  coupled transport by a membrane protein

· ATP powered pump moves one specific solute – indirectly drives the active transport of other solutes

· see fig 7.19 – H+ ions diffusion back into the cell allow for the transport of sucrose

7.5  Bulk transport across the plasma membrane occurs by exocytosis and endocytosis.

· vesicles fuse with the plasma membrane
Exocytosis – on the way out

Endocytosis – on the way in

fig 7.20

phagocytosis and pinocytosis

http://media.pearsoncmg.com/bc/bc_campbell_biology_7/media/interactivemedia/activities/load.html?7&G
