 Chapter 12:  Membrane Transport

PLEASE READ THE FOLLOWING COMPLETELY. 

Note Bene: Abbreviated chapter, so only the relevant portions of text should be reviewed. 

Review note: Chapter 11 is largely descriptive with some experimental ideas.  

Chapter 12 is very experimental/contextual. 

For example:  A chapter 11 question may ask what are examples of asymmetry and how are they maintained?  A few facts (sugars external, ethanolamine internal) and mentioning of flippase will get the job done. 

Chapter 12 questions are more contextual.  For instance, what is the ion concentration inside the cell, and will sugar be transported against a gradient?   The answer is “it depends”.  

We have to define the ion concentration.  While numbers are provided, they are averages for a cell at rest.  Furthermore, these concentration gradients can affect how other substances get across.  For instance, sodium gradients could be used to co-transport glucose.  This does not require any energy to pump the glucose provided the sodium is flowing down hill.  The cell could pump glucose with out any sodium provided it uses ATP.. So the answer to the first question is.. “it depends”. 

With this in mind, let look at the dynamic cell membrane. 

The cell membrane has been portrayed as a semi-permeable structure, with little discussion of the exact nature of this “semi-permeability”…so membrane transport is discussed here. 

Two broad categories of transporting proteins Fig. 12.2

1. Carrier Proteins:  

2. Channel Proteins: 


Diagrams….

Before we discuss these points, what are the gradients and how are they maintained? 

An animal cell at rest has the following gradients:  (memorize these…) 


Inside greater




Outside greater

K+ and negative fixed ions


Na+, Ca++, Mg++, Cl-
· Predominant positive charge externally is balanced by Cl-


· Positive charge internally is balanced by fixed ions (examples) 

Net effect is slight negative charge internally  (slightly more negative ions internally than externally). Expressed as –20 to –200 milli-volts. 

Diagram the gradient and how Voltage would be measured. 




What is the significant difference between carrier and channel proteins. 

1. Carrier proteins: ligand interaction and conformational changes allow for passage

2. Channel proteins charge/size determine likely-hood of passage.

1/2: Link with active and or passive transport.
Regardless of transport mechanism must consider the gradient: Fig. 12.5


Passive and Active Transport…

· Passive transport (AKA facilitated diffusion) occurs along concentration or electrochemical gradients. 

· Molecules simply move, with gradient, across “oscillating proteins”. 

· Will work up to “concentration gradient”.  But concentration is dependent on TWO forces….  So the balance between concentration and charge results in the electrochemical gradient.  

A. Active Transport: Can work against concentration and/or electrochemical gradient one of three ways:

B. use one gradient to drive another (esp. Na+ and H+) 

C. use ATP 

C.  light driven.  Fig. 12.8 

Notice that active and passive are linked as all gradients are either initially created by active transport or external environment. Passive transport can episodically exploit these gradients. Fig. 12.11



Sodium/Potassium Pump

Na+/K+ pump: Most significant of these pumps Fig. 12.11
1. Is primary source of potential energy

2. (30% of the energy budget)

3. permits gradient of both concentration and electrical potential (nervous tissue exploits this.) 




Super Sodium…….

Na is ion of greatest gradient. The large positive charge on the outside is strongly attracted to the cells net negative interior. 

K is essentially zero, for its large positive charge is balanced by cells interior negative charge (from fixed ions) and thus canceling the concentration gradient. 

You pay for Sodium… but get________ for free!….

Co-transporters (Symport/Antiport): enable coupling of gradients.  A favorable gradient is coupled with the uptake of a substance that does not have a favorable gradient.

For example: Na gradient will allow for glucose uptake on apex of endothelial cells. 

On the basal portion of the cells the transport is passive and allow for exploitation of glucose gradient (once created via co-transport of glucose via Na gradient.) Fig. 12.14

Diagram cell to left…
Osmosis and the Na/K pump.   

· Permits the movement of water. 

· Why? Water is not controllable:  

·           no net charge 

·           ubiquitous

so ions are shuffled to “pull” water via osmosis…..  (draw to left..) 
   Symport………….………..Antiport

Lumen/Apex 

(low Glucose

/High Na+)

Cytosol: 

High Glucose

Extracellular

Fluid

Hypo                                Hyper                             Isotonic

Note Bene: Ignore non-animal models of osmotic control. 

Other Ion Gradients? 
Ca++:  unlike K and Na which are work-horse, Ca++ is less abundant  and is a signaling substance (esp. muscles)  

H+ gradients are used in other non-animal groups to drive many processes. Why, because many process are acid producing. Also in animals and plants (where?)….. 


Stop at Readings at: Ion Channels and Signaling in Nerve Cells (pg.394) Except for following thoughts:  

Ion Channels: 

Here are a few major points…

· Pores permit rapid, selective flux..

how selective? 

· At heart of nervous system 

· Ion channels allow for brief exploitation of both concentration gradient and electrical gradient, but must be rapidly restored

· Alpha Pores vs. Beta Barrels

ION FLUX IS INTENSLY MODELED VIA: 

· PATCH-CLAMP RECORDING

· SQUID GIANT AXON 

· NERNST EQUATIONS 

· OSCILLOSCOPES




You may want to read this section, especially in you interested in allied health/physiology/neurophysiology or world domination through mind control……

