Chapter 4—Membranes and the First Cells

Lecture Outline

I.
Cell Membranes Separate Life from Non-Life

A.
Membranes enable the cell solution to have a different composition than the external solution.

B.
Chemical reactions occur more efficiently because collisions between reactants are maximized.

C.
Membranes act as selective barriers.

1.
Prevent the entry of harmful molecules.

2.
Facilitate entry of required molecules.

II.
Lipids Are the Most Abundant Molecules in Biological Membranes

A.
Lipids could have existed in the prebiotic soup; lipids form in the Miller spark-discharge experiment. 

B.
Lipid—An organic molecule, found in organisms, that is primarily nonpolar and hydrophobic. 

1.
Basic building blocks of lipids are hydrocarbons; hydrophobic molecules composed only of carbon and hydrogen. (Fig. 4.2) 

2.
Two hydrocarbons are the building blocks of many different lipids:

a.
Isoprene

b.
Fatty acids—Hydrocarbons that have a polar –COOH functional group.

3.
Types of lipids found in cells: (Fig. 4.3) 

a.
Steroids

1.
Four-ring structure constructed from chains of isoprene units. 

2.
Example—cholesterol, which also has a hydrocarbon tail of isoprene units.

b.
Phospholipids

1.
Three-carbon glycerol with a phosphate group (PO4–) linked to one carbon.

2.
Two fatty acids, or two chains of isoprenes, are linked to the other two carbons.

c.
Fats—glycerol with three fatty acids, each linked to one of the carbons of glycerol.

C.
Membranes are composed of amphipathic lipids. (Fig. 4.4)

1.
Amphipathic molecules have a polar hydrophilic end and a nonpolar hydrophobic end. 

2.
Examples—phospholipids and cholesterol

III.
Phospholipid Bilayers

A.
Phospholipids in water interact in predictable ways.

1.
Lipid tails interact with each other; polar heads interact with water.

2.
Interactions form spontaneously in water; do not require an input of energy.

B.
Types of structures that form when lipids interact with water: (Fig. 4.1)

1.
Micelles—Spherical droplets of lipids with hydrophilic heads to outside, nonpolar tails inside. (Fig. 4.5a)

2.
Lipid Bilayers

a.
Bilayers are composed of two sets of lipids:

(1)
Polar head groups of each set face toward the aqueous solution.

(2)
Nonpolar tails associate together, forming an interior hydrophobic region, protected from water by the two sets of polar head groups. (Fig. 4.5b) 

b.
Two types of bilayers form artificially in water:

(1)
Planar bilayer forms across a hole in glass or plastic between two aqueous solutions. (Fig. 4.6b) 

(2)
Liposome is formed by shaking a biological or planar lipid bilayer in water; the bilayer breaks up and forms spherical vesicles around an aqueous center. (Fig. 4.6a)

3.
Effect of temperature on membrane consistency and selective permeability:

a.
At 25°C (room temperature), the bilayer is "fluid," has consistency of olive oil.

b.
At lower temperatures, hydrophobic tails pack more closely; fluidity decreases, permeability decreases, and membrane will solidify if temperature is low enough.

c.
At higher temperatures, fluidity and permeability increase. (Fig. 4.9b)

IV.
Movement of Molecules across Lipid Bilayers

A.
Diffusion—Directed, spontaneous movement of molecules and ions from regions of high 
concentration to regions of low concentration. (Fig. 4.10)

1.
Molecules and ions have thermal energy and are in constant, random motion.

2.
Ions and molecules collide more frequently in areas where they are most concentrated.

3.
Molecules and ions are more likely to be bumped from the side where concentration is highest than where it is low.

4.
Collisions cause ions and molecules to move outward, away from their original position.

5.
More frequent collisions means net direction of movement will be toward areas of lower concentration, where collisions occur less frequently (billiard ball analogy).

6.
At equilibrium, molecules and ions are randomly distributed throughout a solution.

a.
Each molecule or ion is equally likely to be bumped from any direction.

b.
Molecules continue to move, but there is no net movement in any one direction.

7.
Diffusion is a spontaneous process because it increases entropy.

B.
Osmosis—Diffusion of Water (Fig. 4.11)

1.
Occurs only when two solutions are separated by a selectively permeable membrane.

a.
The membrane must be permeable to water, but not to some or all of the solutes.

b.
Water molecules will show a net movement toward higher solute concentration.

(1)
Where solute concentration is high, more water molecules are bound to the solutes and are not free to diffuse, so the concentration of free water is lower where solute concentration is higher.

(2)
Water molecules diffuse from high concentration of free water molecules to low concentration of free water molecules.

2.
Osmosis can cause shrinking or swelling of membrane-bound vesicles. (Fig. 4.12)

a.
If the internal solution of the vesicle is hypotonic to the solution outside the vesicle:

(1)
Water leaves the vesicle and diffuses into the external solution.

(2)
The vesicle shrinks.

b.
If the internal solution of the vesicle is hypertonic to the solution outside the vesicle:

(1)
Water moves into the vesicle from the external solution. 

(2)
The vesicle swells.

c.
If the solution inside the vesicle is isotonic to the solution outside the vesicle: 

(1)
No net movement of water occurs. 

(2)
The volume of the vesicle stays the same.

3.
Osmosis is a spontaneous process because it increases entropy.

C.
Diffusion, Osmosis, and the Prebiotic Soup

1.
Diffusion and osmosis reduce differences in chemical composition between the inside and outside of membrane-bound vesicles.

2.
Early membrane-bound vesicles in the prebiotic soup would have had an internal solution similar to the external prebiotic soup. 

3.
The importance of these early vesicles may have primarily been to act as containers for self-replicating molecules.

V.
Membrane Proteins Assist Movement of Molecules across Lipid Bilayers

A.
Characteristics of Membrane-Spanning Proteins

1.
Amphipathic—Proteins that have both nonpolar and polar amino acids.

a.
Polar amino acids are stabilized beside the polar head groups of lipids.

b.
Nonpolar amino acids are stabilized in the interior of the bilayer.

2.
Secondary and tertiary protein structure can form a channel or pore.

3.
Biological membranes—Proteins make up more of the membrane mass than do lipids, but there are many more lipid molecules than protein molecules in a membrane.

B.
Structural Models of Protein-Containing Biological Membranes

1.
Chemical analysis (1930s) showed cell membranes contained phospholipids and proteins.

2.
Davson and Danielli hypothesis (1935)—Protein Coat Model Cell membranes are constructed like a sandwich.

a.
An inner layer of lipids coated by a layer of proteins on either side.

b.
Transmission electron microscopy (Box 4.1) seemed to confirm the hypothesis; each membrane appeared as a double dark line with a clear area in the center. 

c.
Singer and Nicolson, Fluid Mosaic Model (1970): (Box 4.3)

(1)
Because proteins can be amphipathic, some may span the membrane. (Fig. 4.13)

(2)
This structure was confirmed by freeze fracture (Fig. 4.14) and scanning electron microscopy (SEM). (Box 4.2)

(a)
Membranes are frozen and then fractured. 

(b)
The membrane splits through the hydrophobic lipid interior.

(c)
On the inside of each split membrane half, pits and mounds are seen.

i.
Each pit on one membrane half corresponds to a mound on the opposite half.

ii.
Pits = holes where proteins were pulled out during splitting.

iii.
Mounds = membrane-spanning proteins. 

c.
Cystic fibrosis—a disease caused by a defect in a transporter protein. 

(1)
Sweat of cystic fibrosis patient is salty: 

(a)
Normal sweat ducts reabsorb Cl– and Na+ from sweat as it passes
down duct; secreted sweat is not salty. (Essay, Fig. 1)

(b)
CF patient—Sweat duct cells are impermeable to Cl–, so Cl– stays in sweat, and Na+ stays with Cl–.

(c)
P. M. Quinton showed that sweat duct cells of CF patients are impermeable to Cl–.

(d)
Conclusion—Cl– and Na+ of CF patients is not reabsorbed in the sweat duct; thus it stays in the sweat.

(2)
Bear et al.: 

(a)
Isolated the cystic fibrosis transmembrane conductance regulator (CFTR).

(b)
CFTR selectively transports Cl– ions. (Essay, Fig. 1)

(c)
CF patients have abnormal forms of CFTR.

(3)
Lungs of CF patients fill with thick mucous.

(a)
Lungs normally secrete lots of Cl– through CFTR; lung cells become hypotonic, water flows out.

(b)
In CF patients, Cl– is not secreted, water does not flow out, mucous that is secreted lacks water, becomes very thick.

(4)
Normal CFTR also helps lung cells ingest and destroy bacteria.

(5)
Possible treatment—Load liposomes with normal CFTR and deliver them to patient’s lungs through an inhaler.

VI.
The Properties of Biological Membranes and the Prebiotic Soup

A.
How did the first cells develop an internal solution different in composition from the external soup?

1.
Internal and external solutions would tend to be equalized by diffusion and osmosis.

2.
Membrane properties and passive mechanisms that provide selectivity to membrane transport:

a.
The hydrophobicity of the lipid bilayer forms a barrier to the free diffusion across the membrane of polar, charged, or very large molecules.

b.
The diffusion of specific molecules can be facilitated by proteins in the membrane. 

(1)
Only selected molecules are allowed to cross the membrane via the protein.

(2)
Transport is passive—Molecules follow an electrochemical gradient.

3.
Although passive mechanisms can provide some selectivity, they cannot result in the internal solution becoming different in composition from the external soup; diffusion tends to equalize concentrations on the inside and outside. 

B.
Active mechanisms of transport across membranes were required to concentrate certain molecules in the internal solution and exclude others. (Chapter 5)
