Chapter5
5.1 An overview of the structure of membranes
By acting as a selectively permeable barrier, the plasma membrane allows for the uptake of key nutrients and elimination of waste products while maintain a protected environment for cellular processes to occur. The subsequent development of internal membranes resulted in compartmentalization of processes and increased complexity. A good example of this is the nuclear envelope, which defines the hallmark of the eukaryotic cell- the nucleus. 
5.1a A membrane consists of proteins in a fluid of lipid molecules
Fluid mosaic model, the model proposes that membranes are not rigid with molecules locked into place but rather consist of proteins that move around within a mixture of lipid molecules that has the consistency of olive oil. 
· The model proposes that integral membrane proteins are suspended individually in a fluid lipid bilayer. Peripheral proteins are attached to integral proteins or membrane lipids mostly on the cytoplasmic side of the membrane. Carbonhydrate groups of membrane glycoproteins and glycolipids face the cell exterior. 
· The lipid molecules of all biological membranes exist in a double layer called a bilayer that is less tan 10 nm thick. The lipid molecules of the bilayer vibrate, flex back and forth, spin around their long axis, move sideways, and exchange places within the same bilayer half. Only rarely does a lipid molecule flip=flop between the two layers. Exchanging places within a layer occurs millions of times a second, making the lipid molecules in the membrane highly dynamic. Maintaining the membrane in a fluid state is critical to membrane function. 
· The most membranes contain assortment types of proteins. This includes proteins involved in transport and attachment, signal transduction, and processes such as electron transport. 
· Because proteins are larger than lipid molecules, proteins move more slowly in the fluid environment of the membrane. As well, a small number of membrane proteins anchor cytoskeleton filaments to the membrane and do not move. 
· The relative proportions of lipid and proteins within a membrane vary considerably depending on the type of membrane. The inner mitochondrial membrane, contain large amounts of protein, whereas the plasma membrane contains nearly equal amounts of protein and lipid. 
· An important characteristic of membranes is that the proteins and other components of one half of the lipid bilayer are different from those that make up the other half of the bilayer. This is referred to as membrane asymmetry, and it reflects differences in the functions performed by each side of the membrane. For example, a range of glycolipids and carbohydrate groups are attached to proteins on the external side of the plasma membrane, whereas components of the cytoskeleton bind to proteins on the internal side of the membrane. In addition, hormones and growth factors bind to receptor proteins that are found only on the external surface of the plasma membrane. 
5.1b Experimental evidence in support of the fluid mosaic model
The fluid mosaic model of membrane structure is supported by two major pieces of experimental evidence.
Membranes are fluid
To tag the human or house membrane proteins with dye molecules, then fused the human and house cells. Within minutes, they found that the two distinctly coloured proteins began to mix. In less than an hour, the two colours had completely intermixed on the fused ells, indicating that the mousse and human proteins had moved around in the fused membranes. 
Membrane asymmetry
One of the key experiments revealing membrane asymmetry utilized the freeze-fracture technique in combination with electron microscopy. In this technique, a block of cells is rapidly frozen by dipping it in liquid nitrogen (-196C). Then the block is featured by getting it with a microscopically sharp knife edge. Often the fracture splits bilayers into inner and outer halves, exposing he membrane interior. Using electron microscopy, the split membranes appear as smooth layers in which individual particles the size of proteins are embedded. The particles visible in the exposed membrane interior are integral membrane proteins. 
5.2 The lipid fabric of a membrane
The foundation or underlying fabric of all biological membranes is the lipid molecules. Collectively, the term lipid refers to a diverse group of water-insoluble molecules that includes fats; phospholipids, which are the dominant lipids in membranes; and steroids. Keeping membranes in a fluid state is important to membrane function. Many organisms can adjust the types of lipids in the membranes such that membranes do not become too stiff (viscous) or too fluid (liquid). 
5.2a Phospholipids are the dominant lipids in membranes
1. The lipid bilayer, which represents the foundation of biological membranes, is formed of phospholipids. Each phospholipid consists of a head group attached to two long chains of carbon and hydrogen (a hydrocarbon) called a fatty acid. The head group consists of glycerol linked to one of several types of alcohols or amino acids by a phosphate group. 
2. A property that all phospholipids possess, which is critical to the structure and function of membranes, is that they are amphipathic-the molecule contains a region that is hydrophilic (water loving). Whereas the fatty acid chains of a lipid are nonpolar, the phosphate-containing head group is polar. Over all, polar molecules tend to be hydrophilic and nonpolar molecules hydrophobic. Laundry detergents are common amphipathic molecules-they are excellent at removing oil stains from clothing while also soluble in water. 
3. Phospholipids can differ in the degree of unsaturation of their fatty acids. The presence of the C-C double bond imparts a kink or bend to the fatty acid tail. When added to water, phospholipids self-assemble into one of three structures- a micelle, a liposome, or a bilayer. Which structure forms depends mostly on the phospholipid concentration. 
5.2b Fatty acid composition and temperature affect membrane fluidity
The fluidity of the lipid bilayer is primarily influenced by two factors: the type of fatty acids that make up the lipid molecules and the temperature. 
· Fully saturated fatty acids are linear, which allows lipid molecules to pack tightly together. In contrast, lipid molecules with one or more unsaturated fatty acids are prevented from packing closely together because the presence of double bonds introduces kinks in the fatty acid backbone. As a result, the more unsaturated the fatty acids of the lipid molecules, the more fluid the membrane.
· The temperature can also dramatically affect membrane fluidity. As the temperature drops and the random molecular motion of lipid molecules slows down, a point is reached where fluidity is lost and the phospholipid molecules form a semisolid gel. Like a butter, at a certain temperature it turns from a liquid into a solid. The temperature at which gelling occurs depends upon the fatty acid composition. 
· The more unsaturated a group of lipid molecules, the lower the temperature at which gelling occurs. 
5.2c Organisms can adjust fatty acid composition
1. To live at a range of temperatures, these organisms are able to alter membrane fluidity by adjusting the relative proportion of unsaturated fatty aids. 
2. desaturases: removes two hydrogen atoms from neighboring carbon atoms and introducing a double bond. Whereas some saturated fatty acids contain only one C-C double bond, other may contain 2 or more, which indicates the action of more than one desaturase. 
  - As growth temperature decreases, desaturase transcript abundance goes up, which results in an increase in synthesis of the desaturase enzyme. 
  - Higher amounts of desaturases, result in an increase in the abundance of unsaturated fatty acids. 
3. Sterols also influence membrane fluidity, the best example of a sterol is cholesterol which is found in the membranes of animal cells but not in those of plants or prokaryotes. Sterols act as membrane buffers: at high temperatures, they help restrain the movement of lipid molecules, thus reducing the fluidity of the membrane. However, at lower temperatures, sterol disrupt fatty acids from associating by occupying space between lipid molecules, thus slowing the transition to the nonfluid gel state. 
5.3 Membrane Proteins
Two major types of proteins are associated with membranes: integral and peripheral membrane proteins.
5.3a The key functions of membrane proteins
Membrane proteins can be separated into four major functional categories. It should be noted that all of these functions may exist in a single membrane and that one protein or protein complex may serve more than one of these functions:
1. Transport. (The controlled movement of ions and molecules from one side of a membrane to the other)
Many substances cannot freely diffuse through the membrane. Instead, a protein may provide a hydrophilic channel that allows movement of a specific molecule. Alternatively, a membrane protein may change its shape and in so doing shuttle specific molecules from one side of a membrane to the other. 
2. Enzymatic activity.
A number of enzymes are membrane proteins. The best example of this is the enzymes associated with the respiratory and photosynthetic electron transport chains. 
3. Signal transduction
Membranes often contain receptor proteins on their outer surface that bind to specific chemicals such as hormones. On binding, these receptors trigger changes on the inside surface of the membrane that lead to transduction of the signal through the cell. 
4. Attachment/recognition
Proteins exposed to both the internal and external membrane surfaces act as attachment point for a range of cytoskeleton elements as well as components involved in cell-cell recognition.
5.3b Integral membrane proteins interact with the membrane hydrophobic core
Proteins that are embedded in the phospholipid bilayer are called integral membrane proteins. Many of these traverse the entire lipid bilayer at least once and are referred to as transmembrane proteins. Because they have to interact with both the aqueous environment on both sides of the membrane and the hydrophobic core, transmembrane proteins have distinct regions (called domains) that differ markedly in polarity. The domain that interacts with the lipid bilayer consists predominantly of nonpolar amino acids that collectively form a type of secondary structure termed an alpha helix. By contrast, the portions of a transmembrane protein that exposed on either side of the membrane are composed of primarily polar amino acids. 
A typical integral membrane protein showing the membrane-spanning alpha-helical segments (red cylinders), connected by flexible loops of the amino acid chain at the membrane surfaces. 
Primary structure: the sequence of amino acid in a protein. Given the amino acid sequence of a protein, it is usually quite simple to determine if it is likely a transmembrane protein. What one looks for, are stretches of primarily nonpolar amino acids. These stretches are about 17to 20 amino acids in length, which matches the peptide length needed to span the lipid bilayer. Most transmembrane proteins span the membrane more than once. So, for example, if a protein has three membrane-spanning domains, the primary sequence would show three distinct regions of predominantly nonpolar amino acids linked by regions that are dominated by polar and charged amino acids. These polar amino acids are found in the portions of the protein that are exposed to the aqueous environment on either side of the membrane. 
Transmembrane proteins can be identified by the presence of stretches of amino acids that are primarily nonpolar: These regions of the protein interact with the hydrophobic regions of the membrane. Usually between 17 and 20 amino acids are needed to span the membrane once. 
The polar and charged amino acids are hydrophilic; the nonpolar amino acids are hydrophobic.
5.3c Peripheral membrane proteins interact with the membrane hydrophilic surface
Peripheral membrane proteins: protein held to membrane surfaces by noncovalent bonds formed with the polar parts of integral membrane proteins or membrane lipids. 
They are positioned on the surface of a membrane and do not interact with the hydrophobic core of the membrane. 
Peripheral proteins are held to membrane surfaces by noncovalent bonds- hydrogen bonds and ionic bonds- usually by interacting with the exposed portions of integral proteins as well as directly with membrane lipid molecules.
Many peripheral proteins are found on the cytoplasmic side of the plasma membrane and form part of the cytoskeleton.
Key enzymes involved in both respiratory and photosynthetic electron transport are peripheral membrane proteins. Because peripheral membrane proteins do not interact with the hydrophobic core of the membrane, they are made up of a mixture of polar and nonpolar amino acids.

5.4 Passive membrane transport
The hydrophobic nature of membranes severely restricts the free movement of many molecules into and out of cells and from one compartment to another. In this section, we consider the diffusion of molecules from one compartment to the other and the factors that influence the rate of that diffusion.  
5.4a Passive transport is based on diffusion
a few general principles:
1. relative permeability of molecules
2. concentration gradients vs. electronchemical gradients (ions)
3. gradients store potential energy
Passive transport: 
1. the movement of a substance across a membrane without the need to expend chemical energy such as ATP. 
2. Diffusion drives passive transport, which is the net movement of a substance from a region of higher concentration to a region of lower concentration. Diffusion is the primary mechanism of solute movement within a cell.
3. The driving force behind diffusion is an increase in entropy. In the initial state, when molecules are more concentrated in one region or on one side of a membrane, the energy associated with the molecules is more localized. As diffusion occurs, the entropy increases as the energy spreads out until the molecules are evenly distributed and the entropy is highest. As the distribution proceeds to the state of maximum disorder, the molecules release free energy, which can accomplish work. 
4. - Diffusion does not require the expenditure of cellular energy
· The term simple diffusion is used to denote diffusion across the plasma membrane without the assistance of proteins.
· Equilibrium is reached when the concentration of the substance is the same inside and outside of the cell. Note that at equilibrium, molecules are still crossing the membrane, however, they move at equal rates in both directions. (CO2, H2O, O2).
· The rate of diffusion depends on the concentration difference (concentration gradient) between two areas or across a membrane. The larger the gradient, the faster the rate of diffusion. Similar to chemical equilibrium, when diffusing molecules reach equilibrium, there is still movement of molecules from one space to another, but no net change in concentration. 
5.4b there are two types of passive transport: simple and facilitated
Simple diffusion: Mechanism by which certain small substances diffuse through the lipid part of a biological membrane. The movement of molecules directly across a membrane without the involvement of a transporter. 
1. The rate of simple diffusion of a molecule depends upon two factors: 
· molecular size
· lipid solubility
2. Small nonpolar molecules such as O2 and CO2 are readily soluble in the hydrophobic interior of a membrane and move very rapidly from one side to the other. As well, steroid hormones and many drugs that tend to be amphipathic can readily transit the lipid bilayer. Small uncharged molecules such as water and glycerol, even though they are polar, are still able to move quite rapidly across the membrane. In contrast, the membrane is practically impermeable to charged molecules, including ions such as Cl-, Na+, and phosphate (PO4^3-). Transport of small ions is about a billionth (10^-9) the rate of the transport of water. Their charge and associated hydration shell contribute to ions being prevented from entering the hydrophobic core of the membrane. 
3. The diffusion of molecules across a membrane through the aid of a transporter is called facilitated diffusion. The diffusion of many polar and charged molecules, such as water, amino acids, sugars, and ions, relies on specific transport complexes for their rapid movement from one compartment to another. Although facilitated diffusion involves specific transporters, just lie simple diffusion, transport depends upon a concentration gradient across the membrane- when the gradient falls to zero, facilitated diffusion stops. 
4. Facilitated diffusion: Mechanism by which polar and charged molecules diffuse across membranes with the help of transport proteins. 
5.4c Two groups of transport proteins carry out facilitated diffusion
Facilitated diffusion is carried out by two types of transport proteins: channel proteins and carrier proteins, both of which are transmembrane proteins.
· Channel proteins: transport proteins that forms a hydrophilic channel in a cell membrane through which water, ions, or other molecules can pass, depending on the protein. The channel aids the diffusion of molecules by providing an avenue that is shielded from the hydrophobic core of the bilayer. Specific channel proteins are involved in the transport of certain ions and, most interestingly, the transport of water. 
a. Aquaporin: water-specific transport proteins. 
b. Gated channel: a channel protein that is found in all eukaryotes. Ion transporter in a membrane that switches between open, closed and intermediate states. (voltage across the membrane, or binding signal molecules). In animal, voltage-gated ion channels are used in nerve conduction and the control of muscle contraction.
· Carrier proteins: transport protein that binds a specific single solute, such as a sugar molecule or an amino acid and transports it across the lipid bilayer. Because a single solute is transferred in this carrier-mediated fashion, the transfer is called uniport transport. 
Distinguishes carrier protein function from channel protein function: the carrier protein undergoes conformational changes that progressively move the solute binding site from one side of the membrane to the other, thereby transporting the solute.
Most transport proteins display a high degree of substrate specificity, in a way similar to an enzyme. For example, transporters that carry glucose are unable to transport fructose, which is structurally similar. This specificity allows various cells and cellular compartments to tightly control what gets in and out. The kinds of transport proteins present in the plasma membrane or, for example, on the inner membrane of the mitochondrion depend ultimately on the type of cell and growth conditions. 

Determine if a molecule is transported by facilitated diffusion and not just simple diffusion:
1. [bookmark: _GoBack]With facilitated diffusion, the rate of movement across the membrane is much faster than one would predict based just on the chemical structure of the molecule being transported. 
2. Facilitated diffusion can be saturated in the same way as an enzyme can be saturated, by substrate. A membrane has a limited number of transporters for a particular molecule. If you measure the rate of transport at increasing concentration differences across a membrane, the rate of transport of a particular molecule (the substrate) reaches a plateau that represents a state when essentially all of the transporters are occupied all the time by substrate (they are saturated). 
3. Increasing the concentration further has no effect on the rate diffusion, the whole membrane surface is effectively the transporter; thus, the rate of transport, although usually slower, never reaches a plateau.
5.4d Osmosis is the passive diffusion of water
Osmosis is defined as the diffusion of water molecules across a selectively permeable membrane from a solution of lower solute concentration to a solution of higher solute concentration. 
5.5 Active membrane transport
This type of transport is limited to movement down a concentration gradient. Many cellular processes require molecules to be maintained in various cell compartments at very high concentrations. This is achieved by energy-dependent transport that moves molecules against a concentration gradient-from a region of lower concentration to a region of higher concentration.
5.5a Active transport requires energy
The transport of molecules across a membrane against a concentration gradient requires the expenditure of energy and is referred to as active transport. The energy is usually in the form of ATP, and it is estimated that about 25%of a cell’s ATP requirements are for the active transport of molecules. Active transport concentrates molecules such as sugars and amino acids inside cells and pushes ions in or out of cells.
A.  The three main functions of active transport in cells and organelles are:
1. Uptake of essential nutrients from the fluid surrounding cells even when their concentrations are lower than in cells
2. Removal of secretory or waste materials from cells or organelles even when the concentration of those materials is higher outside the cells or organelles
3. Maintenance of essentially constant intracellular concentrations of H+, Na+, K+, and Ca^2+. Because ions are charged molecules, active transport of ions may contribute to voltage-an electrical potential difference- across the plasma membrane, called a membrane potential.
 B.  There are two classes of active transport:
1.  Primary active transport: the same protein that transports the molecules also hydrolyzes ATP to power the transport directly.
2.  Secondary active transport: the transport is indirectly driven by ATP. That is, the transport proteins use a favorable concentration gradient of ions built up by primary active transport as the energy source to drive the transport of a different molecule. 
Both processes depend on membrane transport proteins, both are specific, and the rate of both processes can plateau at high substrate concentrations.  
[image: Macintosh HD:Users:zhouwenbin:Desktop:屏幕快照 2016-02-05 00.16.25.png]
5.5b Primary active transport moves positively charged ions
The gradients of positive ions established by primary active transport pumps underlie functions that are absolutely essential for life. For example, the proton pumps (H+ pumps) in plasma membranes push hydrogen ions from the cytoplasm to the cell exterior. These pumps temporarily bind a phosphate group removed from ATP during the pumping cycle. Proton pumps have various functions. For example, in bacteria, archaea, and plants and fungi, proton pumps in the plasma membrane generate membrane potential. Proton pumps in lysosomes of animals and vacuoles of plants and fungi keep the pH within the organelle low, serving to activate the enzymes contained within them.  
Another active transport system is the calcium pump (Ca^2+ pump), which is widely distributed among eukaryotes. It pushes Ca^2+ from the cytoplasm to the cell exterior and from the cytosol into the vesicles of the endoplasmic reticulum (ER). As a result, Ca^2+ concentration is typically high outside cells and inside ER vesicles and low in the cytoplasmic solution. This Ca^2+ gradient is used universally among eukaryotes as a regulatory control of cellular activities as diverse as secretion, microtubule assembly, and muscle contraction. 
The sodium-potassium pump (Na+/K+ pump), located in the plasma membrane of all animal cells, pushes three Na+ ions out of the cell and two K+ions into the cell in the same pumping cycle. As a result, positive charges accumulate in excess outside the membrane, and the inside of the cell becomes negatively charged with respect to the outside. Voltage-and electrical potential difference-across the plasma membrane results from this difference in charge as well as from the unequal distribution of ions across the membrane created by passive transport. The voltage cross a membrane, called a membrane potential, measures from about -50 to -200 mV, with the minus sign indicating that the charge inside the cell is negative versus the outside. In sum, we have both a concentration difference (of the ions) and an electrical charge difference on the two sides of the membrane, constituting what is called an electrochemical gradient. Electrochemical gradients store energy that is used for other transport mechanisms. For instance, the electrochemical gradient across the membrane is involved with the movement of ions associated with nerve impulse transmission. A membrane potential derived from a proton gradient across a membrane is the basis for ATP synthesis in mitochondria and chloroplasts. 
5.5c Secondary active transport moves both ions and organic molecules
Secondary active transport pumps use the concentration gradient of an ion established by a primary pump as their energy source. For example, the driving force for most secondary active transport in animal cells is the high outside/low inside Na+ gradient set up by the Na+/K+pump. In secondary active transport, the transfer of the solute across the membrane is always coupled with the transfer of the ion supplying the driving force.
Secondary active transport occurs by two mechanisms, known as symport and antipot. 
· Symport: The transport of two molecules in the same direction across a membrane. Also referred to as cotransport. 
· Antipot: A molecule moves through a membrane channel into a cell and powers the active transport of a second molecule out of the cell. Also referred to as exchange diffusion. 
5.6 Exocytosis and endocytosis
The largest molecules transported through cellular membrane by passive and active transport are about the size of amino acids or monosaccharides such as glucose. Eukaryotic cells import and export larger molecules by endocytosis and exocytosis. The export of materials by exocytosis primarily carries secretory proteins and some waste materials from the cytoplasm to the cell exterior. Import by endocytosis may carry proteins, larger aggregates of molecules, or even whole cells from the outside into the cytoplasm. Exocytosis and endocytosis also contribute to the back-and forth flow of membranes between the endocytosis require energy; thus, both processes stop if a cell’s ability to make ATP is inhibited. 
5.6a Exocytosis releases molecules to the outside by means of secretory vesicles
In exocytosis, secretory vesicles move through the cytoplasm and contact the plasma membrane. The vesicle membrane fuses with the plasma membrane, releasing the vesicle’s contents to the cell exterior. 
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