Transport Across Cell Membranes

PLO G1 (68, 69)

PLO G2 (70)

Structure of the fluid-mosaic membrane model


Phospholipid bilayer:  phospholipids have a polar hydrophilic ‘head’ and two non-polar hydrophobic ‘tails’. 

· ‘Head’: 

· a phosphate group and a nitrogen group that are ionized (charged zones) and interact happily with water.

· heads of each layer face the exterior and interior of the cell.

· some phospholipids on external layer have a polysaccharide attached to make a glycolipid (recognition role)

· ‘Tails’:

· are fatty acids that are neutral and do not interact with water.  

· Tails of each layer point inwards towards each other to avoid the water inside and outside the cell.

Membrane Proteins:  Some span the entire membrane (integral), others only reach half way through (peripheral).  Portions of the protein that are in the bilayer have many non-polar amino acids.  

Cholesterol:  A steroid lipid that floats among the hydrophobic ‘tails’ of the phospholipid bilayer

Glycocalyx:  Carbohdyrate chains joined to membrane proteins and phospholipids make up a ‘sugar coat’.  If the carbohydrate is joined to a protein, then it is a glycoprotein.  If joined to a lipid, then it’s a glycolipid.  There can be several hundred sugars joined together on a single glycoprotein or glycolipid.

Functions of the plasma membrane

Phospholipid bilayer:  The fluid part of the membrane.  The oil consistency allows the membrane to move freely and take many shapes.

Membrane Proteins: Functions include:

· channels:  allow certain molecules to pass through

· carriers:  combine to and help a substance pass through ex. glucose

· recognition:  glycoproteins identify cells as ‘part of self’ or ‘certain cell type’

· receptor:  has specific ‘lock and key’ interaction with external molecules (ie. a hormone).  Binding of the molecule can initiate a cellular response.

· enzymatic:  catalyzes reactions right at the membrane surface.

Cholesterol:  Functions to stiffen and strengthen the membrane.  It regulates fluidity of the phospholipid bilayer.

Glycocalyx: Functions include:

· helps with adhesion between neighbouring cells

· reception of signal molecules

· cell-to-cell recognition (immune response;  A, B, O blood groups)

The cell membrane is selectively permeable meaning that some substances can move across the membrane, and some cannot.  

· Large molecules and charged molecules cannot cross without help from carriers or channels; for example, glucose or sodium ions.  Other larger molecules have to be completely engulfed by the cell in order to enter.

· Some small or uncharged molecules however can pass through freely; for example, water, oxygen, carbon dioxide, alcohol & glycerol can easily diffuse across the membrane.

Transport Across Cell Membranes

Diffusion, Osmosis, Facilitated Transport, Active Transport

PLO G3 (71-75),  PLO G4 (71, 73)

PLO G6 (72, 73)

A solution is a chemical mixture where there is a solute and a solvent.  The solute is usually a solid and the solvent is usually a liquid.  A solution with a high concentration is one in which there is a lot of solute per litre of solvent, where as a solution with low concentration is one in which there is not much solute per litre of solvent.

Diffusion

Diffusion is the movement of molecules from a higher concentration to a lower concentration (ie. along/down their concentration gradient). Diffusion is spontaneous and does not require any energy and is therefore classified as passive transport.

ex.
-tea leaves in water.


The rate of diffusion is affected by the steepness of the concentration gradient, the temperature of the solution, and the ability of the solute to move between solvent molecules.

Some molecules can freely diffuse across cell membranes

ex.
-O2 from the lungs ↑[O2] into the blood ↓[O2]


-CO2 out of cells ↑ [CO2] into the blood ↓[CO2]


-H2O, glycerol & alcohol cross phospholipid bilayers (in/out)

Osmosis

When water diffuses across a selectively permeable membrane due to concentration differences of various solutes, it is called osmosis.  Because water can move freely across the cell membrane whereas larger molecules like starch (solute) cannot, the water will diffuse to  equalize the concentration of the water on either side of the membrane.  In other words, the water will diffuse to where there is more solute.
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Part c) of the diagram illustrates the concept of osmotic pressure.  This is the idea that when water does diffuse across a semi-permeable membrane into an enclosed area (like a cell) it causes the pressure in the enclosed area to go up because there are now more molecules in the same amount of space.  In the diagram above, the increase in pressure causes the solution in the thistle tube to move up the column.

Cells are constantly being exposed to different solutions.  Some are isotonic where the overall solute concentration in the solution is the same as that of what is inside the cell.  What may be isotonic for one cell may not be for another.

If a cell is exposed to a solution that has a higher overall solute concentration, then the cell is said to be in a hypertonic solution.  In these cases, water diffuses out of the cell where the concentration of water is lower (osmosis), and the cell shrinks.

If a cell is exposed to a solution that has a lower overall solute concentration, then the cell is said to be in a hypotonic solution.  In these cases, water moves into the cell where the concentration of water is lower (osmosis), and the cell swells (may even burst).

Facilitated Transport (pg. 74)

Molecules which cannot pass freely through the phospholipid bilayer are frequently observed diffusing into and out of cells.  It is believed that molecules, such as glucose and amino acids, combine to specific carrier proteins.  These carriers then change conformation and the molecules are released to the other side.  They move along their concentration gradient (high to low).  This does not require energy and is therefore classified as passive transport.

Active Transport (pg. 75)

Other molecules move across cell membranes with the help of carrier proteins against their concentration gradient (from a region of low concentration to high concentration).  In this case energy is required.  This is active transport.  Carriers of this sort are referred to as ‘pumps’.


ex.-sodium/potassium pump in neurons/muscle cells.

The ATP molecule provides the energy for these carriers.  ATP is hydrolyzed to ADP and the carrier protein is phosphorylated with the inorganic phosphate.  Phosphorylation changes the shape of the carrier and thereby it’s specificity for it’s ‘passenger’.

Transport Across Cell Membranes

Endocytosis, Phagocytosis, Pinocytosis, Exocytosis

PLO G5 (76, 77)

PLO G7 (48)

The largest molecules cannot be brought into the cell or exported from the cell through any of diffusion, facilitated transport, or active transport.  A larger scale of active transport is required: endocytosis and exocytosis.

Endocytosis

Cells take in substances by vesicle formation.  A portion of the plasma membrane pinches inward bringing in a sample of what is immediately outside of the cell.

Phagocytosis – when the material being internalized is large, and solid (like another cell or food particle.  Examples of this are macrophages (white blood cells that attack foreign matter in the blood)  The internalized vesicle then fuses with a lysosome and digestion occurs.

Pinocytosis – when the material being internalized is small, and liquid.  These vesicles are generally smaller.  Examples of cells that use this are:  white blood cells, cells lining the kidney tubules, and cells of the intestinal wall.

Receptor-Mediated Endocytosis
Exocytosis

Cells eliminate substances through vesicle formation followed by fusing of the vesicles with the plasma membrane such that the contents of the vesicle are externalized.  Examples of cells that use this are pancreatic cells which produce insulin,  growth hormone producing cells in the anterior pituitary,  enzyme producing cells of the pancreas.  This release of vesicle contents is often based on signals received at the plasma membrane on receptor membrane proteins.

Membrane recycling

A balance exists between exocytosis and endocytosis such that the membrane does not all accumulate in any one location.  A cell which only undergoes endocytosis would soon run out of plasma membrane, and one which is constantly undergoing exocytosis would accumulate phospholipid bilayer at the cell membrane – the cell would become enormous which can be problematic.

Why do cells stay so small?

Cells are inefficient if too big.  Consider a spherical cell:

Volume = 4/3πr3 

· The volume represents the needs of the cell.

Surface Area = 4 πr2
· The surface area represents the cell’s ability to acquire nutrients and eliminate wastes.

When a cell increases in size (ie.  radius ‘r’ increases) the volume goes up by a power of 3, whereas the surface area only goes up by a power of 2.

The  surface area cannot keep up with the increase in volume.  The ability to acquire nutrients and eliminate wastes cannot keep up with the needs of the cell.

A smaller cell has a larger surface area to volume ratio than a larger cell.  That means that smaller cells have more ability to acquire nutrients and eliminate wastes per unit of ‘cell needs’ than a larger cell would.  Small cells have an advantage.

Some cells acquire more surface area through folding of the cell membrane.  This increases ability to acquire nutrients and eliminate wastes without increasing the volume or ‘the needs of the cell’

**Restaurant analogy.

fluid: A continuous, amorphous substance whose molecules move freely past one another and that has the tendency to assume the shape of its container; a liquid or gas.








mosaic;  formed by uniting pieces of different colors; variegated; tessellated; also, composed of various materials or ingredients.�








