The Cell Membrane, Passive Transport and Active Transport

Review Homeostasis - cells maintain homeostasis by controlling the movement of substances into and out of the cell.

Passive Transport

(Water and dye on overhead projector example.) - What's going on here?

This is a model, not actual diffusion!

Passive Transport is the movement of substances across the cell membrane without the use of cell energy.

Another model:  

· imagine a room full of bouncing balls, bouncing randomly, and spread out evenly.  Then a door is opened - some balls will begin leaving through the door.  No energy is required.  They exit randomly.  Occasionally, some come back through.

The difference in the concentration of a substance across a space is called a concentration gradient.

Equilibrium is the point at which concentration is equal throughout a space.

Diffusion is the movement of a substance from an area of high concentration to an area of low concentration (a concentration gradient) by random motion.

The lipid bilayer repels most ions and polar molecules.  Very small or nonpolar molecules are able to pass through the membrane.

Kidneys - the function of the kidneys is remove waste from the blood.  When it fails, waste remains in the blood and a process called hemodialysis is required.

· In hemodialysis, a semipermeable membrane is used to separate large particles (e.g., blood cells) from smaller particles such as urea.

· Blood from an artery passes through a semipermeable cellophane tube that is inside a container.  

· Between the tube and outside the container is a solution with a variety of electrolytes and other chemicals that draw the urea through the membrane.  

· The blood cells remaining in the tube are passed back to the patient through a vein.

Osmosis is the diffusion of free water molecules across a selectively permeable membrane.  Osmosis is the diffusion, or passive transport of water.

Here's how it works.  When a substance is dissolved in water it's called a solution.  Some water molecules are attracted to these substance molecules.  The more of the substance you dissolve, the more bonding that occurs, and the less "free" water molecules that are free to move.

Osmosis occurs when different concentrations of water exist on opposite sides of the cell membrane.  Free molecules move to the solution with the lower concentration of free water molecules.

Hypertonic - low free water molecule concentration  (greek "hyper" = over)

Hypotonic - high free water molecule concentration  (greek "hypo" = lower)

Isotonic - balanced (same) free water molecule concentration  (greek "isos" = same)

This may be the explanation for gargling with salt water - the salt water reduces the pressure. 

	Comparing hypertonic, hypotonic, and isotonic solutions:

	Fluid outside
	the solution is called
	So water diffuses
	and the cell will

	lower free water concentration
	hypertonic
	out of the cell
	shrink

	Higher free water concentration
	hypotonic
	into the cell
	swell

	same concentration
	isotonic
	in both directions
	stay the same size

	
	
	
	


Potato slice experiment - 1 cm slices in tap, distilled or salt water.

What would happen if you had a big semi-permeable membrane separating freshwater from saltwater?  The freshwater would flow through the membrane.
Reverse osmosis is a tool for purifying water.  Pressure is applied to salt water or polluted water and forced through a membrane leaving salt or other impurities behind as the water passes through several filters. (It's expensive and it also removes fluoride.) 

Swelling caused by placing a cell in a hypotonic solution could cause some cells to burst.  To prevent this, plant and fungi cells rely on the rigidity of their cell walls.

Some protists (unicellular eukaryotes) have contractile vacuoles that collect excess water, then expel it.

Animal cells do not have cell walls or contractile vacuoles, so they must rely on active transport.

--------------------------

Transport proteins help some substances cross the cell membrane by providing polar passageways through the nonpolar middle of the lipid bilayer.  The transport proteins are substance-specific (specific ions, sugars, amino acids).

Your body needs a variety of ions (NA+, K+, Ca+, Cl-), specifically, for nerve cells to send electrical messages through your body. 

Ion channels are doughnut-shaped transport proteins that have a pore through which ions can cross the cell membrane.  Some are always open, some are gated.

The gated channels may open or close due to many stimuli - stretching, electrical charges, or when specific molecules bind to the ion channels.  These stimuli can control the cell membrane (and homeostasis), but still do so without energy from the cell itself.

----------

Generally, the concentration gradient determines the rate of movement across the membrane, nut electrical charge can play a big role.

The inside of the typical cell is negatively charged relative to the outside.  Opposite charges attract!  Like charges repel!  So positively charged ions outside the cell are drawn to diffuse into the cell.  Negatively charged ions inside will diffuse out.  This can contradict the concentration gradient.

	Ion charges and concentrations inside and outside the cell

	Ion
	Charge
	Outside:Inside  

	Sodium (Na+)
	Positive
	10:1

	Potassium (K+)
	Positive
	1:20

	Calcium (Ca2+)
	Positive
	10,000:1

	Chloride (Cl-)
	Negative
	12:1


Analyze this:

1. Which is more concentrated inside than out?  Potassium
2. Which is more concentrated outside than in?  All the others
3. What are calcium and sodium ions most likely to do?  Move into (positive charges)
4. Which have charges that are opposite the concentration gradient? Potassium and Chloride
Sweat Lodges - drinking tea  - they lose up to 1/2 gallon (4 pounds)

Calcium channel blockers are drugs that inhibit the flow of calcium through ion channels in cardiac muscle cells.  This decreases the heart rate and force of the heart beat, lowering blood pressure.

Most cells have another kind of transport protein called a Carrier protein, which binds to a substance on one side, carries it across the membrane, and releases it on the other side.

In facilitated diffusion, a carrier protein transports a substance across the cell membrane down the concentrate gradient of the substance in three steps:

1. The carrier protein binds to a molecule and changes shape.  

2. This change makes the protein expose the molecule to the other side of the membrane

3. The molecule is released inside the cell.

Glucose is a large molecule, and requires facilitated diffusion because it's too large to pass through otherwise.

Closure:  Spray air freshener.

Why spray supermarket produce with water.

Why is salt used as a preservative (hypertonic - dehydrates microsorganisms_

Why can you not survive on sea water?

Active Transport

Cells need many amino acids, sugars and other substances that may be in low concentrations outside the cell membrane.

Active transport is the movement of a substance against the concentration gradient of the substance. 

Active transport requires cell energy!  (ATP)

Some active transport processes use carrier proteins as pumps, and are sometimes called membrane pumps. 

Pumps use energy - hydro and windmills, air pump, aquaculture pump

In animal cells, the sodium potassium pump is a carrier protein that uses energy supplied by ATP to transport sodium ions out of the cell and potassium ions into the cell.

Na+ ions are usually more concentrated outside

K+ are more concentrated inside.

Four steps:

1. The pump transports three Na+ ions out for each molecule of ATP (the phosphate binds to the pump.

2. The phosphate molecule makes it change shape and the Na+ molecules are released outside.

3. Two K+  ions bind to the pump, and cause it to change shape.

4. The phosphate group is released, and the K+ ions are also released.

This prevents sodium from accumulating in the cell (they accumulate through ion channels), drawing water through osmosis and bursting the cell.

This also helps maintain the sodium and potassium ion gradient, which often drive the transport of other molecules (including glucose) across the membrane.

Hydrogen ion pumps are important to making ATP.  Where in a cell might hydrogen ion pumps be located?

______________________________________

Vesicles move substances too large for carrier proteins across membranes.  (Proteins and polysaccharides.

During endocytosis, substances are moved into a cell by a vesicle that pinches off from the cell membrane.  Some fuse with lysosomes or other organelles.

During exocytosis, substances inside a vesicle are released from a cell as the vesicle fuses with the cell membrane.

Fagocytosis - 

------------------------

Membrane Receptor Proteins

Cells that are not adjacent cannot communicate directly.

Communication between cells often involves signal molecules that bind to receptor proteins on cells.  (Hormones are prominent examples.)

Like you in this room, or your email SPAM filters, cells try to collect important information and filter out unimportant information.

A signal molecule that binds to a receptor protein on a cell can change the activity of the cell in three ways:

· enabling specific ions to cross the membrane;

· the receptor protein nay be coupled with an ion channel

· causing the formation of a second messenger through an intermediary proteins and enzymes inside the cell; 

· secondary messengers can activate enzymes or change permeability or other functions in the cytoplasm

or by

· speeding up chemical reactions inside the cell (also through enzymes).

Many medicines are drugs that bind to receptor proteins.  They are designed to interfere with the receptor proteins ability to bind with signal molecules.

In some primitive South American cultures, hunters tip their arrows in Curare, which is a poison from a Struchnos toxifer vine.  It blocks the acetylcholine receptors in muscle cells, resulting in paralysis.

Examples of medicines include heart medications that often have "blocker" in their name (beta blockers and calcium channel blockers), and narcotics such as morphine and codeine.

Pharmacology - Pharmacisits not only fill prescriptions, but they often have a role in patient information, side effects, dosages, and recognizing doctor errors.  The demand for pharmacists will likely increase as baby boomers get old.  Most employers look for a Master's degree, and sometimes a Ph.D. in pharmacology.

Myasthenia Gravis 

· abnormal fatigue and severe muscle weakness after modest exercise.

· a person's immune system attacks receptor proteins on muscle cells, so fewer are available to bind with signal molecules released by nerve cells.

· So fewer muscle cells respond to nervous system commands.

