Chapter 5 Membranes and Transport 
Readings and Notes

5.1 An Overview of the Structure of Membrane 
· Key component of evolution of life was development of the cell or plasma membrane
· Selective permeable barrier allows uptake of key nutrients and elimination of waste while maintaining protective environment where metabolic process can occur 
· Internal membrane allows for compartmentalization of processes 

5.1a The Fluid Mosaic Model of Membrane 
· Fluid Mosaic Model
· Membranes are not rigid, but rather consist of fluid lipid molecules in which proteins are embedded and float freely 
· Lipid molecules of biological membrane exist in a double layer 
· Lipid molecules vibrate, flex back and fourth, spin around their long axis, move sideways, and exchange places w/in the same bilayer half, sometimes between the two layers
· Occurs millions of times
· Membrane contain different types of proteins, each w/ a specific function 
· Some involved in transport, some involved in processes such as ETC, and some anchor the cytoskeleton 
· Relative proportions of lipid and protein w/in a membrane vary depending on type of membrane 
· Proteins and other components of one half of the lipid bilayer are different from the other half. Reffered to as membrane asymmetry
· i.e. components inside the layer bind onto the cytoskeleton or hormones bind to receptor proteins that are found on the external side 

5.1b Experimental Evidence in Support of the Fluid Mosaic Model 
· Membranes are Fluid
· David Frye and Michael Edidin mixed human and mouse membrane proteins with dye
· Discovered that the proteins had moved around in the fused membrane
· Concluded that membrane bilayer appears to be as fluid as oil 
· Membrane Asymmetry 
· Uses the freeze fracture techinique
· Liquid nitrogen to freeze a block of cells and fracture it by hitting it w/ a microscopically sharp knife
· Results show that proteins are embedded and particles on either side differ in sides, shape, and number  

5.2 The lipid fabric of a membrane 
· Keeping membrane in a fluid state is important in membrane function
· Organisms can adjust types of lipid in membrane to become less stiff (viscous) or too fluid (liquid) 

5.2a Phospholipids Are the Dominant Lipids in Membranes 
· Dominant lipid found in membranes are phospholipids, consisting of 2 fatty acid tails licked to one of several types of alcohols or amino acids by a phosphate group 
· Are amphipathic, contains region of hydrophobic and hydrophilic
· Nothing is required for a bilayer to form, it just naturally occurs b/c fatty acids aggregate together while the polar head groups associate w/ water 
5.2b Membrane Fluidity 
· Fluidity of lipid bilayer is depend on how densely the individual lipid molecules can pack together 
· Influenced by composition of lipid molecules that make up the membrane and temperature
· Fatty acids composed of saturated hydrocarbons tend to have a straight shape, allowing for lipids to pack tightly together, whereas fatty acids with unsaturated hydrocarbons pack together less closely 
· At any given temperature, fluidity of membrane is related to degree to which membrane lipids are unsaturated. 
· More unsaturated = less gelling temperature 

5.2c Organisms Can Adjust Fatty Acid Composition 
· Low temperatures can result in membrane viscosity increasing to the point where normal membrane permeability is inhibited, as well as causing functions of other proteins/enzymes to stop
· High Temperatures may cause membrane to become too fluid due to increase molecular motion, resulting in membrane leakage
· Most organisms are able to adjust fatty acid composition of their membrane so that fluidity is maintained over a broad range of temperatures
· I.e. increase relative proportion of unsaturated fatty acids in their membranes
· Unsaturated fatty acids are produced during fatty acid synthesis after saturated fatty acids are produced
· Are catalyzed by the enzyme, desaturases to become kinked and double bonded 
· Changes in transcription of a gene often results in changes in the amount of its transcript (mRNA), ultimately resulting in abundance of protein 
· I.e. transcript of abundance of desaturase gene increases as temperature decreases 
· Sterols also influence membrane fluidity 
· Act as a membrane buffers (reduces fluidity and slowing transition to nonfluid gel state at low and high temperatures) 
· I.e. cholesterols 

5.3a The Key Functions of Membrane Proteins
· Proteins associated w/ membrane determines its function which can be separated into 4 major functional categories
· 1. Transport
· Many substances cannot freely diffuse through the membrane, thus a protein provides a hydrophilic channel 
· Protein may also change its shape, thus moving specific molecules from one side to the other 
· 2. Enzmyatic activity 
· 3. Signal Transduction 
· Receptor proteins located on outer surface that bind to specific chemicals such as hormones 
· On binding, causes change on the inside surface of the membrane 
· 4. Attachment/Recognition 
· Proteins exposed to both the internal and external membrane surfaces act as attachment points for a range of cytoskeleton and cell-cell recognition 



5.3b Integral Membrane Proteins 
· Integral membrane proteins: membrane proteins embedded in the phospholipid bilayer 
· Most proteins are transmembrane proteins, spanning from the entire membrane bilayer 
· Contain polar and nonpolar regions 
· Can be identified from the primary amino acid sequence of the protein 

5.3c Peripheral Membrane Proteins 
· Positioned on surface of a membrane and do not interact w/ the hydrophobic core of the membrane 
· Held to surface by non-covalent bonds, H-bonds, and ionic bonds
· Most protein are on the cytoplasmic side of the membrane

5.4a Passive Transport is based on Diffusion 
· Membranes control what goes in/out of cell due to its hydrophobic nature
· Passive Transport: movement of a substance across a membrane w/out the need to use chemical energy 
· Driven by diffusion, net movement of a substance from a region of higher concentration to a region of lower concentration 
· Primary mechanism of a solute movement w/in a cell and between cellular compartments separated by a membrane 
· Rate of diffusion depends on concentration difference or concentration gradient that exist between two areas or across a membrane 
· Larger difference = faster rate of diffusion 
· Even if concentration are equal, there is still continuous motion 

5.4b The Two types of Passive Transport: Simple and Facilitated 
· Simple Diffusion
· Membranes display selective permeability 
· Some molecules diffuse rapidly across the membrane and others are unable to
· Depends on size and charge of molecule 
· Non-polar molecules tend to pass through the membrane rapidly as opposed to charged polar molecule 
· Facilitated Diffusion 
· Used to transport important polar and charged molecules that are in high demand for metabolic processes such as water, amino acids, sugars, and ions
· When gradient falls to 0, transport stops

5.4c Two Groups of Transport Proteins Carry Out Facilitated Diffusion 
· Facilitated Diffusion: carried out by integral membrane proteins, called transport proteins
· Two types of transport protein involved in facilitated diffusion	
· 1. Channel Proteins
· Forms hydrophilic pathways for polar molecules can pass 
· Gated Channels (occur in all eukaryotes)
· Facilitate transport of ions 
· Switch between open, closed, or intermediate states 
· 2. Carrier Proteins
· Forms passageways through lipid bilayer
· Binds onto specific single solutes and transports it across the lipid bilayer 
· Called unitransport
· When performing the transport step, the carrier protein undergoes conformational changes, distinguishing from channel proteins
· How to determine if a compound is transported by facilitated diffusion and not just simple diffusion 
· Rate of diffusion for facilitated diffusion is much faster
· See if rate of transport hits a plateau 

5.4d Osmosis: The Passive Diffusion of Water
· Osmosis: net movement of water molecules across a selectively permeable membrane by diffusion, from a solution of lesser solute concentration to a solution of greater solute concentration 
· Can occur either by diffusion or facilitated by water-specific transport proteins called aquaporins 
· Movement of water can cause cells to swell or shrink 
· Hypotonic = high concentration inside cell 
· Osmosis may cause cell to burst 
· Cells that are in concentration must constantly expend energy to get rid of water 
· [bookmark: _GoBack]Isotonic = equal level of concentration of water inside and outside of cells 
· Hypertonic = higher concentration out side of cell 

5.5a Active Transport Requires Energy 
· Pushes substances across membranes against their concentration gradient 
· Uses energy, usually ATP (approx. 25% of cells energy)
· Primary active transport 
· Same protein that pumps substance across membrane, hydrolyzes ATP
· Secondary active transport 
· Transport is indirectly driven by ATP hydrolysis 

5.5b Primary Active Transport Moves Positively Charged Ions
· All primary active transport pumps move positively charged ions 
· I.e. H+, Ca2+, Na+
· Pumping of positive ions are essential for cellular life 
· H+ pumps, causes buildup of ATP 
· Ca2+ pump controls cellular activities such as secretion, microtubule assembly, and muscle contraction 
· Na+/K+ pump

5.5c Secondary Active Transport Moves Both Ions and Organic Molecules
· Uses concentration gradient of an ion established by a primary pump as their energy source 
· Transfer of solute across the membrane is always coupled w/ transfer of ions supplying the driving force 
· Occurs by two mechanisms
· 1. Symport
· cotransported solute moves through membrane channel in the same direction as driving ion (cotransport) 
· 2. Anitport
· Driving ions, providing energy move in opposite directions of another molecule in the opposite direction 

5.6a Exocytosis Releases Molecules to the Outside by Means of Secretory Vesicles 
· Secretory Vesicles fuses w/ plasma membrane, releasing the vesicles’ contents to the cell exterior
5.6b Endocytosis Brings Materials into Cells in Endocytic Vesicles
· Proteins and other substances are trapped in that bulge inward from the plasma membrane, which then pinches off as an endocytic vesicle
· Endocytosis takes place in two related pathways
· Bulk-phase endocytosis 
· Extracellular water is taken in along w/ any molecules that happen to be in the solution in the water
· Receptor-Mediated Endocytosis 
· Molecules to be taken in are first detected by receptor proteins 
· Must be recognized 
· After binding the molecules, it is put into a coated pit b/c of the network of proteins called clathrin, reinforcing cytoplasmic side 
· The membrane then pinch free forming a endocytic vesicle, which then makes contact with lysosomes after its coat deteriorates, being broken down to smaller more useful substances
· Phagocytosis
· Begins when surface receptor bind onto molecules that need to be taken in 
· Cytoplasmic lobes then wrap around the molecule and engulf the materials, forming a pit that pinches off and sink into the cytoplasm as a large endocytic vesicle 
· Materials are then digest, and remaining residue is packed into storage vesicles or secreted as waste 
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