Chapter 5: Membrane structure and function
Outline
	· Introduction
· Fluid mosaic model
· A membrane's molecular organization results in selective permeability
· Passive transport is diffusion across a membrane
· Osmosis is the passive transport of water
· Cell survival depends on balancing water uptake and loss
· Specific proteins facilitate the passive transport of selected solutes
· Active transport is pumping of solutes against their concentration gradients
· Cotransport: membrane protein couples the transport of one solute to another
· Endocytosis and exocytosis transport large molecules
· Membrane proteins and signal transduction 
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Introduction
· The plasma membrane is the edge of life, a boundary 8 nm thick that separates the living cell from its nonliving surroundings. It controls traffic into and out of the cell (Fig 7.1). Membranes are selectively permeable, i.e allow some substances to cross but not others. This ability of the cell to discriminate in its chemical exchanges with the environment is fundamental to life.
· In this chapter we study how biological membranes control passage of substances, with emphasis on the plasma membrane. 

Fluid mosaic model
· The main ingredients of membranes are lipids, proteins, and some carbohydrates. The Fluid Mosaic Model is the most widely accepted model for the arrangement of these molecules in membranes.
· Phospholipids 
· most abundant lipid in membranes
· form bilayers spontaneously in water (associated with an increase in the entropy of water).
Amphipathic = has both a hydrophobic and hydrophilic regions.
· phospholipid bilayer is 2 molecules thick (8 nm)
· Bilayer is a stable boundary between two aqueous solutions because the molecular arrangement shelters the hydrophobic tails of the phospholipids from water, while exposing hydrophilic heads to water.
(Fig 7.2) 
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· The fluid mosaic model proposes that proteins are dispersed and individually inserted into the phospholipid bilayer, with only their hydrophilic regions protruding far enough from the bilayer to be exposed to water ( Fig 7.3). The membrane is seen as a mosaic of protein molecules bobbing in an oily bilayer of phospholipids. 

Fluidity of membranes
· Lipids move laterally in a membrane, but flip-flopping is rare. 
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· Unsaturated hydrocarbon tails of phospholipids have kinks that keep molecules from packing together, enhancing fluidity.
· Cholesterol reduces fluidity at moderate temps, but prevents membrane solidification at cold temps. 

· Membranes must be fluid to work. When it solidifies, its permeability changes. Cells can regulate fluidity by controlling type of lipids present in membrane. 
· Some proteins also drift in the bilayer, as shown by cell fusion studies (7.6). 
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· Others are anchored to cytoskeleton and do not move much. 

· A membrane is a mosaic because it is a collage of many different proteins embedded in the fluid matrix of the lipid bilayer (Fig 7.7). 

· The lipid bilayer is the main fabric of the membrane, but it is the proteins which determine most of the membrane's specific functions. 

· The plasma membrane and the other membranes in the cell vary in their proteins, thus affording them unique functions (Fig 7.9). These functions include:
· Anchoring to cytoskeleton
· Enzymes
· Receptors
· Intercellular junctions
· Cell-cell recognition (some glycoproteins serve as identification tags which are specifically recognized by other cells)
· Transport proteins.
· Two types of membrane proteins.
· 1. Integral proteins - penetrate far enough into the hydrophobic regions to be surrounded by the hydrocarbon tails of lipids (Fig 7.8).
· 2. Peripheral proteins - not embedded in lipid bilayer. They are appendages attached to surface of membrane, often the exposed portions of integral proteins. 

· Membrane has distinct cytoplasmic and extracellular sides. This quality is determined when membrane is first synthesized by ER and Golgi ( Fig 7.10).
A membrane's molecular organization results in selective permeability
· Membranes aren't just barriers to movement, they are also selective in what moves in and out. Transport of materials across a membrane is a central aspect of cell function. So much so, that, in E.coli, 20% of genes encode proteins involved in some aspect of transport. 

· Selective permeability results from two factors:
· 1. Permeability of lipid bilayer
· hydrophobic core of membrane impedes transport of ions and polar molecules.
· hydrophobic molecules, (small hydrocarbons, O2) dissolve in membrane and dissolve with ease.
· permeable to very small polar molecules (H2O, CO2), but impermeable to larger uncharged polar molecules (sugars) or even small ions (H+, Na+ etc...)
· 2. Transport proteins
· span membrane
· some are channels, others actually bind solute and move it to other side of membrane.
· each transport protein is specific for only one solute. 

· Two basic types of transport:
1. Passive transport = no energy expended
2. Active transport = energy expended 
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· The rest of this chapter studies transport across membranes in more detail. 

Passive transport is diffusion across a membrane
· Diffusion = tendency for molecules of any substance to spread out into the available space (Fig7.11). 
· Dynamic equilibrium = no net movement across a membrane 

· The rule of diffusion is: " any substance will diffuse from where it is concentrated to where it is less concentrated" i.e substances diffuse down their concentration gradients.
· No work is required. Diffusion is a spontaneous process because it decreases free energy ( increase in entropy).
** Note: each substance diffuses down it own concentration gradient, and is unaffected by the concentration of other substances.
· Much of the traffic across cell membranes occurs by diffusion.
· In passive transport, the concentration gradient itself represents potential energy and drives diffusion. 

Osmosis is the passive transport of water
· Osmosis = diffusion of water across a selectively permeable membrane (Fig 7.12). (passive)
· Hypertonic = solution with high [solute]
· Hypotonic = solution with low [solute]
· Isotonic = equal [solute] 

· The direction of osmosis is determined only by the difference in total solute concentration, not by the nature of the solutes.
· Water moves from a hypotonic solution to a hypertonic solution, even if the hypotonic solution has more kinds of solutes. 

Cell survival depends on balancing water uptake and loss
· Cells without walls (Fig 7.13):
· shrivel in hypertonic solutions
· lyse in hypotonic solutions
· do well in isotonic solutions
· many unicellular organisms have special adaptations to living in hypotonic environments
· many organisms are isotonic with their environment, e.g. crabs, sea stars.
· animals living in hypertonic or hypotonic environments must have special adaptations for osmoregulation (i.e. control of water balance)(Fig 7.14). 

· Cells with walls:
· plasmolysis (plasma membrane pulls away from cell wall) in hypertonic solutions
· flaccid in isotonic solutions (wilting)
· turgid in hypotonic solutions. Plant cells are healthiest in hypotonic solutions. 
Specific proteins facilitate the passive transport of selected solutes
· Facilitated diffusion = passive transport of solutes across a membrane by transport proteins (Fig 7.15).
· Some may bind solute and undergo conformational change such that solute is translocated from one side of membrane to another.
· Some may act as channels. Some of these can be gated channels, responding to electrical or chemical stimuli.
· There are several diseases associated with defective transport systems, e.g. cystinuria, cystic fibrosis. 

Active transport is pumping of solutes against their concentration gradients
· Active transport = movement of solutes by transport proteins against their concentration gradients (7.16).
· major factor in the ability of a cell to maintain internal concentrations of small molecules that differ from concentrations in the surrounding medium (e.g. Na+/K+ pump)
· Active transport is performed by proteins embedded in the membranes. Energy is supplied by ATP.
· Some ion pumps generate a voltage across membranes, such that inside is usually more negative than outside. This is called a membrane potential. 
· Membrane potential is an energy source that affects the traffic of all charged substances across the membrane. Membrane potential favors passive transport of cations into the cell and anions out of the cell. 

· Thus the two forces that drive diffusion across a membrane are:
1. chemical force (i.e ion's concentration gradient)
2. electrical force (i.e effect of membrane potential on movement of ions) 

· These two forces combined are known as the electrochemical gradient. Thus passive transport can be restated as: ' ions diffuse down their electrochemical gradient"
· Some membrane proteins contribute to membrane potential. A transport protein that generates voltage across a membrane is called an electrogenic pump (Fig 7.18). In animals, Na+/K+ pump is major electrogenic pump. In plants, bacteria and fungi, the main electrogenic pump is a proton pump . 
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Cotransport: membrane protein couples the transport of one solute to another
· In cotransport, a specialized transport protein can couple the "downhill" diffusion of a substance to the "uphill" transport of a second substance(Fig 7.19).
· e.g. use of proton motive force to move sucrose against its concentration gradient. This is important in phloem loading in plants. 

Endocytosis and exocytosis transport large molecules
· Transport of large molecules, such as protein and polysaccharides, across the membrane is by endocytosis and exocytosis (Fig 7.20).
· Exocytosis = secretion of macromolecules by the fusion of vesicles with the plasma membrane (many secretory cells export their products this way, e.g. mammary cells). 

· Endocytosis = cell takes in macromolecules and particulate matter by forming vesicles derived from the plasma membrane. 

· Three type of endocytosis
· 1. Phagocytosis
· cell engulfs a particle by wrapping pseudopodia around it and packaging it within a membrane-enclosed sac large enough to be classified as a vacuole.
· 2. Pinocytosis
· cell "gulps" droplets of extracellular fluid in tiny vesicles.
· unspecific to what it brings into cell.
· 3. Receptor-mediated endocytosis
· ligands bind to receptor in cell membrane, which are then engulfed.
· receptors often clustered in regions of membrane called coated pits.
· this method allows cell to acquire bulk quantities of specific substances, even though those substances may not be very concentrated in the extracellular fluid. 

Specialized membrane proteins transmit extracellular signals to the inside of the cell.
· Some membrane proteins function in sensing their external environment. These receptor proteins transmit chemical signals from extracellular environment to the inside of the cell. The binding of ligand to these receptors is first step in a chain of molecular interaction known as signal-transduction pathways. 
