Chapter 7 
MEMBRANE STRUCTURE AND FUNCTION
The plasma membrane separates the cell (living) from the outside world (non-living) and defines the cell as a distinct entity.


The plasma membrane is selectively permeable; it shows selective permeability.
· It allows some substances to pass through and prevents others from passing through.
The main functions of the plasma membranes.

The main functions of the plasma membranes.

1. The plasma membrane helps maintain a life-supporting internal environment by regulating the passage of materials in and out of the cell.

2. Plasma membranes receive information that permits the cells to sense changes in the environment and respond to them.

3. Communication between cells takes place through the plasma membrane.

4. Biochemical reactions occur on their surface.

MEMBRANE STRUCTURE

Biological membranes are made of lipids and proteins forming a double layer or bilayer. There are also carbohydrates. 
The most common lipids are phospholipids. 

Phospholipids are amphipathic molecules; they have a hydrophobic and a hydrophilic region.

Membrane proteins also have hydrophobic and hydrophilic regions.

History

1895 - Charles Overton hypothesized that membranes were made of lipids.

1917 - Irving Langmuir made artificial membranes by adding phospholipids dissolved in benzene.

1925 - E. Gorter and F. Grendel proposed that membranes were a phospholipid bilayer 

two molecules thick. 

1935 - Hugh Davson and James Danielli proposed a sandwich model: a phospholipid 

bilayer between two layers of globular proteins.

In 1950's - electron microscopy seem to support the Davson-Danielli model and by...

By 1960's - the Davson-Danielli had become widely accepted as the structure of the 

plasma membrane.

By the end of 1960's - questions about all cell membranes being identical began to arise.

· Differences in thickness and appearance between plasma and mitochondrial membranes.

· Differences in phospholipid and protein content and type.

· Position of proteins and their hydrophobic parts.

1972 - S. J. Singer and G. Nicolson proposed that the proteins are embedded in the 

bilayer with only the hydrophilic region exposed to the liquid medium. This is called the fluid mosaic model. 

Membranes are fluid

Membrane proteins are mostly mobile and do not remain static in one location.

· Phospholipids move laterally in a membrane.

· They may flip-flop from the outer layer to the inner layer or vice-versa. This is a rare event.

· Unsaturated hydrocarbon tails have kinks that prevent phospholips from packing together. This helps the fluidity of the membrane.

· Proteins are much larger than phospholipids and some drift along the membrane. 

· The movement of some proteins is very directed probably due to connections to the cytoskeleton.

· Many proteins are, however, anchored to the cytoskeleton and remain fixed.

· Cholesterol molecules are part of the plasma membrane.

· At high temperatures, 37°C in humans, it interferes with phospholipid drifting and membrane fluidity.

· At low temperatures interferes with the packing of phospholipids and the freezing of the membrane. It lowers the solidification point of the membrane.
· Changes in the fluidity of the membrane will affect its function.
· Read: http://www.mmeade.com/cheat/cholesterol.html
MEMBRANE PROTEINS

Proteins are embedded in a matrix of phospholipids.

The proteins determine most of the specific functions of the membranes.

INTEGRAL PROTEINS are embedded in the bilayer with the hydrophilic side exposed to the aqueous environment and the hydrophobic side inside the bilayer.

TRANSMEMBRANE PROTEINS are integral proteins that pass through the bilayer from side to side.

Transmembrane proteins may function as channels or pores through which small ions and water-soluble molecules can pass; others act as carriers that bind to a substance and move it through the membrane. 

PERIPHERAL PROTEINS are not embedded in the bilayer but are usually bonded to integral proteins by non-covalent interactions.

The outer and inner sides of the plasma membrane have different arrangement of proteins. 
Proteins are arranged asymmetrically and each side of the membrane has different characteristics.

On the cytoplasmic side of the plasma membrane, some proteins are held in place by the cytoskeleton.

On the exterior side of the plasma membrane, some proteins are attached to fibers of the extracellular matrix. 

The two layers of the membrane may differ in phospholipid composition and the proteins have a directional orientation in the membrane.

The membrane also has carbohydrates, which are restricted to the exterior surface. Some carbohydrates are attached to membrane proteins.

The asymmetrical distribution of phospholipids, proteins and carbohydrates is determined as the membrane is being built by the endoplasmic reticulum.

Function of the membrane proteins

1. Transport across the membrane.

2. Enzymatic activity.

3. Signal transduction.

4. Intercellular joining.

5. Cell-cell recognition.

6. Attachment to the cytoskeleton and ECM

Role of carbohydrates in cell to cell recognition

Cells have the ability to distinguish one type of neighboring cell from another.

This is important during embryonic development when the sorting out of cells into tissues occur.

It is the basis for the rejection of foreign cells by the immune system.

Carbohydrates are important in cell-cell recognition.

Membrane carbohydrates are usually short-chained saccharides called oligosaccharides, consisting of less than 15 sugar units.

Membrane carbohydrates on the external side of the plasma membrane vary from species to species, among individuals of the same species and from one cell type to another in the same individual. 

Some are covalently bonded to phospholipids forming glycolipids; most are bonded to proteins forming glycoproteins.

· Membrane proteins and lipids are synthesized in the ER. Carbohydrates are added here to make glycoproteins and glycolipids. The carbohydrate portion may then be modified.
· The glycoproteins are transported from the ER to the Golgi complex in small vesicles and released in the cis portion of the Golgi facing the same way as in the ER: the side that was facing the lumen in the ER also faces the lumen in the Golgi apparatus.

· Enzymes in the Golgi complex lumen further modify the carbohydrate branch of the glycoproteins and incorporate it into secretory vesicles.

· The secretory vesicles move to the plasma membrane and fuse with it exposing the carbohydrate chain of the glycoprotein to the outside of the cell.

· Membrane proteins are involved in the transport of materials in and out of the cell, act as enzymes, receive stimuli and transmit information, function in cell recognition and link cells together.

Oligosaccharides on the external side of the membrane vary from species to species, individual to individual and from cell to cell. They act as markers than distinguish one cell from another.

In signal transduction, a receptor protein converts an extracellular signal into an intracellular signal that causes some change in the cell using a series of molecules that relay information from one to another. 

TRAFFIC ACROSS THE MEMBRANE

Cells are bathed in and extracellular fluid called the interstitial fluid that is derived from the blood.

This fluid contains thousands of ingredients like amino acids, carbohydrates, fatty acids, vitamins, hormones, neurotransmitters, salts, and waste products.

The cell must extract from this soup the exact amounts of the substances it needs at specific time and reject the rest. 

The membrane has the ability to regulate traffic across its phospholipid bilayer.

Selective permeability

Selectively permeable membranes allow the passage of some substances and prevent others from passing through.

Biological membranes are usually permeable to small molecules and lipid-soluble substance.

· Water, gases (O2, N2, CO2, CO), small polar molecules (glycerol), larger non-polar molecules (hydrophobic substances like hydrocarbons and some fats), alcohol.

Biological membranes are impermeable to and use proteins to transport the following types of molecules,

· Ions, amino acids and sugars, e. g. glucose.

The hydrophobic center of the bilayer prevents the direct passage of ions and polar molecules, which are hydrophilic, through the membrane. 
TRANSPORT PROTEINS

Hydrophilic substances enter the cell through transport proteins thus avoiding contact with the hydrophobic core of the membrane.

These transport proteins span the membrane.

1. Channel proteins are like tunnels used by ions and polar molecules to enter the cell, e.g. aquaporins.

2. Carrier proteins change shape in a way that pushes the hydrophilic substance to the other side of the membrane. 

Both transport proteins are specific for the substance that is to be transported. 
PASSIVE TRANSPORT

Passive transport is the diffusion of a substance through a biological membrane and it does not require energy. 

· It depends on the concentration gradient. 

· The concentration gradient represents the potential energy. 

TRANSPORT MECHANISMS

Diffusion and active transport require energy. 

· Concentration gradient provides the energy for diffusion, also called passive transport.

· ATP provides the energy for active transport.

1. Simple diffusion 
Diffusion is movement of molecules down the concentration gradient from the area of high concentration to the area of low concentration using the kinetic energy of the molecules. This results in even scattering of molecules throughout the environment. 

The greater the difference in concentration between two areas of the environment, the faster diffusion will occur. 

· Dialysis is the diffusion of a substance through a membrane.

· Osmosis is the diffusion of water, a solvent, through a membrane from the region of high water concentration to the region of low water concentration.

· Osmotic pressure of a solution is the tendency of water to move from the area of high concentration to the area of low concentration.

Much of the traffic across the membrane occurs by diffusion. This is called passive transport.

The concentration gradient represents potential energy and drives diffusion.

Diffusion is unaffected by the presence of other substances. 

A solution with high solute concentration (e.g. salt) has in effect low water concentration and high osmotic pressure.

Isotonic solutions have the same osmotic pressure. E.g. the cell has the same solute concentration as its environment.

Hypertonic solutions have higher solute concentration than other solution. E.g. the environment has greater concentration than the cell, so the environment is hypertonic to the cell. The cell loses water and becomes plasmolyzed (plasmolysis).

Hypotonic solutions have lower solute concentration than other solution. E.g. the environment has lower concentration than the cell, so the environment is hypotonic to the cell. The cell swells.

Turgor pressure is the pressure caused by the cell of plants against the cell wall when the cell swells with water.

Cells lacking walls are isotonic to their environment or have adaptations for osmoregulation, the control of water balance.

· In a hypertonic solution, these cells lose water, shrivel and die. They become plasmolyzed.

· In a hypotonic solution, these cells will take in water, swell and eventually burst.

Cells with walls are those of plants, fungi and some protists.

· In a hypertonic solution, these cells will also become plasmolyzed.

· In a hypotonic solution, the cells will swell until they begin to exert pressure against the cell wall. The cell wall will exert a backpressure that will counteract the pressure of the swollen cell. At this point, the volume will not increase any more and water will leave the cell in the same amount as it enters. The cell is turgid (very firm) and has reached a point of equilibrium.

2. Carrier-mediated transport.

Specialized integral membrane proteins move ions or molecules across the membrane.

A.  Facilitated diffusion.

· Uses the concentration gradient as the energy source. Concentration gradient must be maintained.

· Some integral proteins provide a corridor through which ions and molecules can pass through the membrane following the concentration gradient.

· Molecule binds to integral protein. It cannot work against the gradient.

· Transmembrane protein changes shape and open a channel through the membrane.

· Shape change allows the release of the molecule into the cytoplasm: gated channels.
· Transmembrane protein reverts to its original shape when the molecule is released.

· A stimulus (electrical, chemical) is necessary for the gated channels to open.

B. Carrier-mediated active transport.

· The cell spends energy from ATP to move ions or molecules across the membrane against the concentration gradient.

· Ions bind to the transmembrane protein, the pump.
· Phosphate group is transferred from ATP to the transport protein.

· Transport protein undergoes a conformational change and ions are released to the other side of the membrane.
Membrane potential

· All cells have voltages across the membrane.

· Voltage is electrical potential energy due to the separation of charges, positive from negative. 

· The cytoplasm of the cell tends to be negative due to an unequal distribution of charges on both sides of the membrane.

· The voltage across the membrane is called the membrane potential.

· This membrane potential favors the passage of cations to the inside of the cell and of anions out of the cell.
· An electrochemical gradient is created when ions are stored against the concentration gradient.
· Two forces drive the diffusion of ions across a membrane: the ion’s concentration gradient and the electrical force that attracts to the side of the membrane with the opposite charge.
· Learn the example of the sodium-potassium pump on page 135.

· A transport protein that generates a membrane potential is called an electrogenic pump. Proton pumps are electrogenic pumps.
3. Cotransport.

In cotransport, and ATP-powered system transports ions or molecules and indirectly powers the movement of other solutes by maintaining a concentration gradient.

· ATP is used to create a gradient of ions or molecules.

· When these ions or molecules move back to the lower concentration area, they carry with it the molecules of a solute against the solute concentration gradient.

· ATP energy is used indirectly.

· Gradient energy is used directly.

4. Exocytosis.

The cell releases metabolic products to the outside through the fusion of a vesicle with the plasma membrane.

5. Endocytosis.

In endocytosis materials are taken into the cell by engulfing the material with a portion of the plasma membrane and forming a vesicle or vacuole that is released inside the cell.

Types of endocytosis:

A. Phagocytosis. A particle or cell is engulfed and a vacuole is formed.

B. Pinocytosis. Dissolved materials are taken into the cell by forming a vesicle around the droplets of fluid trapped in folds of the plasma membrane.

C. Receptor-mediated endocytosis. Specific molecules called ligands bind with receptor molecules in depressions of the plasma membrane called coated pits. The pits are coated with a layer of protein called clathrin. The receptor molecule bind with the ligand then forms a coated vesicle that is released to the inside of the cell. 
Coating detaches from the vesicle, leaving an uncoated vesicle. The vesicle is now called an endosome. Endosome divides into a vesicle that returns receptors to plasma membrane, and a second vesicle that fuses with a lysosome. The contents are digested and returned to the cytosol.  http://cellbio.utmb.edu/cellbio/recend2.htm#late%20endosome
Example:  Cholesterol is removed from the blood in the form LDL (low-density lipoprotein) by receptor- mediated endocytosis. If the receptors are defective, LDL remains in the blood leading to atherosclerosis, the formation of plaque on the blood vessel inner surface.

Here is some additional information about LDL and HDL, and their removal from the blood stream.

What are the differences in the structures and effects of "good" and "bad" cholesterol?

Provided by Andrea Ladd, postdoctoral fellow, Baylor College of Medicine, Houston (former HHMI predoctoral fellow.)

Cholesterol is a waxy, fatty substance found in all the cells of your body. Like other lipids (such as fats), cholesterol is not soluble in water (or in blood, which is largely made of water). To be transported, therefore, cholesterol needs to be helped by special carrier molecules called lipoproteins. These carriers are what are being referred to when you hear about "good" and "bad" cholesterol. High-density lipoprotein, or HDL, is the good kind, and the bad kind is low-density lipoprotein, or LDL. High concentrations of HDL have been shown to lower your risk of heart attack.

It is thought that HDL carries cholesterol away from the arteries and to the liver, which breaks it down. On the other hand, lots of LDL cholesterol in your bloodstream leads to the deposition of cholesterol in your arteries. Together with other substances, the cholesterol then forms artery-clogging plaques that—in the arteries feeding your brain or heart—can lead to stroke or heart attack. 

The major component of both HDL and LDL cholesterol is a protein called apolipoprotein. It associates with cholesterol by forming a protein shell around the insoluble cholesterol, creating a discoid or spherical particle. The structures of the HDL- and LDL-cholesterol molecules themselves are essentially the same, but HDL cholesterol has a higher density of apolipoprotein relative to the amount of associated cholesterol than LDL does, hence the nomenclature. There are, however, different forms of apolipoprotein, and the exact composition of different cholesterol-containing particles can differ. The apolipoproteins on the surfaces of the particles interact with receptors on the surfaces of other cells, leading to uptake in the liver (for HDL particles) or deposition in blood vessels (for LDL particles).

http://www.hhmi.org/cgibin/askascientist/highlight.pl?kw=&file=answers%2Fmolecular%2Fans_012.html  [this link does not work anymore] © 2004 Howard Hughes Medical Institute.
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/E/Endocytosis.html  [alternate link]
High-density lipoprotein (HDL) circulates in the bloodstream, extracting cholesterol from body tissues and transporting it to the liver for excretion or recycling. Increased levels of HDL have been correlated with a decreased risk of atherosclerosis---a primary cause of cardiovascular disease. Nascent HDL particles are discoidal, consisting of a phosphatidylcholine bilayer and a protein shell, which shields the hydrophobic lipid, tails from the aqueous environment. As it circulates in the body, HDL collects cholesterol, which is then stored in the lipid bilayer. Increased efficiency is achieved though the activation of the lecithin-cholesterol acyl transferase (LCAT) enzyme that converts the amphipathic cholesterol stored in the bilayer into hydrophobic cholesterol esters which collect among the lipid tails. This induces a transformation of the HDL disk to a spherical form in which a hydrophobic core of cholesterol esters is shielded by a combination of lipid and protein. At this stage cholesterol collection ceases and the mature HDL particle is recognized by the liver. 

http://www.ks.uiuc.edu/Research/apoa1/
James C. Phillips, Willy Wriggers, Zhigang Li, Ana Jonas, and Klaus Schulten. Predicting the structure of apolipoprotein A-I in reconstituted high-density lipoprotein disks. Biophysical Journal, 73:2337--2346, 1997.

Summary:

1. Functions of the plasma membrane

2. Membrane structure: 

· fluid-mosaic model 

· phospholipids, proteins, cholesterol

3. Membrane proteins

· Integral

· Transmembrane

· Peripheral

· Glycoproteins

· Glycolipids

· Function of membrane proteins

· Role of carbohydrates

4. Traffic across the plasma membrane

· Permeability and impermeability

· Transport proteins: carrier and channel proteins

5. Transport mechanisms
· Passive transport and concentration gradient

· Simple diffusion: dialysis, osmosis, osmotic pressure

· Solutions: hypotonic, hypertonic, isotonic
· Carrier mediated transport:
· Facilitated diffusion

· Carrier-mediated active transport

· Membrane potential, electrochemical gradient
· Cotransport
· Endocytosis

· Exocytosis

· Phagocytosis

· Pinocytosis

· Receptor-mediated endocytosis
