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Extracellular Materials are substances contributing to body mass that are found outside of the cells 

Examples are: 
· Body fluids
· Include: interstitial fluid, blood plasma, and cerebrospinal fluid
· Important transport and dissolving media 
· Interstital fluid is the fluid in tissues that bathes all of our cells 
· Cellular Secretions
· Include substances that aid in digestion (intestinal and gastric fluids) and some that act as lubricants (saliva, mucus, and serous fluids) 
· Extracellular matrix
· Most abundant extracellular material 
· Composed of proteins and polysaccharides 
· Secreted by the cells, these molecules self assemble into an organized mesh in the extracellular space 
· Helps to hold body cells together 
· In some cases so abundant that it (rather than living cells) accounts for the bulk of that tissue type

Plasma Membrane 
· Separates two of the body’s major fluid compartments- the intracellular fluid within cells and the extracellular fluid (ECF) outside cells
· Synonym for plasma membrane is cell membrane 
Functions of the Plasma Membrane 
· Mechanical Barrier: separates two of the body’s fluid compartments 
· Selective permeability: Determines manner in which substances enter or exit the cell 
· Electrochemical gradient: Generates and helps to maintain the electrochemical gradient required for muscle and neuron function
· Communication: Allows cell-to-cell recognition (i.e. of egg by sperm) and interaction 
· Cell signaling: Plasma membrane proteins interact with specific chemical messengers and relay messages to the cell interior 
· Integral membranes: proteins that sit in the membrane goes right through the lipid layer 
* Every cell is surrounded by phospholipids (hydrophobic and hydrophilic tails)     
[image: /Users/madisonschmidt/Desktop/Screen Shot 2016-01-18 at 2.02.34 PM.png]

Membrane lipids
Phospholipds
· The polar heads (hydrophilic) are attracted to water- the main constituent of both the intracellular and the extracellular fluids- and so they lie on both the inner and outer surfaces of the membrane 
· The nonpolar heads (hydrophobic) avoid water and line up in the center of the membrane
· This self orientating property of phospholipids encourages biological membranes to self-assemble into generally spherical structures and to reseal themselves if ever torn [image: /Users/madisonschmidt/Desktop/Screen Shot 2016-01-18 at 2.10.17 PM.png] 

Glycolipids
· Lipids with attached sugar groups 
· Found only on the outer plasma membrane surface
· Account for about 5% of total membrane 
· Cholesterol
· Some 20% of membrane lipid is cholesterol 
· Cholesterol has a polar region (its hydroxyl group) and a nonpolar region 
· Wedges its plate like hydrocarbon rings between phospholipid tails which stabilizes the membrane, while decreasing the mobility of the phospholipids and the fluidity of the membrane 
Membrane Proteins 
· Cell membrane bristles with proteins that allow it to communicate with its environment 
· Make up about half of the cell membrane by mass and are responsible for most of the specialized membrane functions 
Integral proteins
· Firmly inserted into the lipid bilayer 
· Some protrude from one membrane face only, but most are transmembrane proteins that span the entire membrane and protrude on both sides 
· All have hydrophobic and hydrophilic regions , allowing them to interact with the nonpolar and polar regions of the membrane 
· Some transmembrane proteins are involved in transport as well as clustering together and forming channels, or pores 
· Small water-soluble molecules or ions can go through these channels 
· Other transmembrane proteins act as carriers that bind to a substance and then move it through the membrane 
· Some transmembrane proteins are enzymes or receptors to hormones or other chemical messengers and relay messages to the cell anterior – a process called transduction
Peripheral proteins
· Not embedded in the lipid bilayer 
· Attached loosely to integral proteins and are easily removed without disrupting the membrane 
· Include a network of filaments that help support the membrane from its cytoplasmic side 
· Others are motor proteins involved in mechanical functions \, such as changing cell shape during cell division  and muscle cell contraction
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The Glycocalyx 
· Many of the membrane proteins that are in contact with the extracellular fluid are glycoproteins with branching sugar groups 
· Consists of coproteins and glycolipids that form a fuzzy, sticky, carbohydrate rich area at the cell surface
· Because every cell type has a different pattern of sugars in its glycocalyx provides highly specific biological markers by which approaching cells recognize each other 

Cell Junctions 
· Three factors act to bind cells together 
· Glycoproteins in the glycocalyx
· Wavy contours of the membranes of adjacent cells fit together in a tongue and groove fashion
· Special cell junctions form 
Tight Junctions
· A series of integral protein molecules in the plasma membranes of adjacent cells fuse together, forming an impermeabke junction that encircles the cell
· Help prevent molecules from passing through the extracellular space between adjacent cells 
· I.e. junctions between epithelial cells lining the digestive tract keep digestive enzymes and microorganisms in the intestine from seeping into the bloodstream 
· Some tight junctions are leaky and may allow certain ions to pass
Desmosomes
· Serve as anchoring junctions 
· Mechanical couplings scattered like rivets along the sides of adjacent cells to prevent their separation 
· On the cytoplasmic face of each plasma membrane is a button like thickening called a plaque 
· Adjacent cells are held together by thin linker protein filaments that extend form the plaques and fit together like the teeth of a zipper in the intercellular space 
· Thicker keratin filaments extend from the cytoplasmic side of the plaque across the width of the cell to anchor to the plaque on the cell’s opposite side 
· Desmosomes bind  neighbouring cells together into sheets and also contribute to a continuous internal network of strong “guy-wires” 
· Reduces the chance of the cell tearing when subjected to pulling forces 
Gap Junctions 
· Communicating junction between adjacent cells 
· At gap junctions, the adjacent plasma membranes are very close and the cells are connected by hollow cylinders called connexions composed of transmembrane proteins 
· The many different types of connexion proteins vary the selectivity of the gap junction channels 
· Ions, simple sugars, and other small molecules pass through these water-filled channels from one cells to the next 
· Gap junctions are present in electrically excitable tissues, such as the heart and smooth muscle, where ion passage from cell to cell helps synchronize their electrical activity and contraction 
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Diffusion
· The tendency of molecules or ions to move from an area where they are in higher concentration, that is down or along their concentration gradient 
· With each collision, the particles ricochet off another and change direction 
· The overall effect of this erratic movement is to scatter or disperse these particles throughout the environment; the greater the difference in concentration of the diffusing molecules and ions between the two areas, the more collisions occur and the faster the particles diffuse
· Speed of diffusion is dependent on molecule size (the smaller the faster)
· Plasma membrane is selectively permeable 
· Plasma membrane is a physical barrier to free diffusion because of its hydrophobic core
· A molecule or ion will diffuse through the plasma membrane if the molecule or ion is: 
· Lipid soluble 
· Small enough to pass through membrane channels
· Assisted by a carrier molecule 
Simple diffusion 
· Nonpolar and lipid soluble substance diffuse directly through the lipid bilayer 
· Include oxygen, carbon dioxide, and fat-soluble vitamins
· Oxygen continuously diffuses from the blood to the cells due to oxygen having a higher concentration in the blood than in the cells
· Carbon dioxide diffuses from tissue cells into the blood 
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Facilitated Diffusion
· Molecules such as glucose and other sugars, some amino acids, and ions are transported passively even though they are unable to pass through the lipid bilayer
· Instead, they move through the membrane by a passive transport process called facilitated diffusion 
· How facilitated diffusion works: 
· 1) Binds to protein carriers in the membrane and is ferried across 
· 2) OR moves through water-filled protein channels
Carrier-mediated facilitated diffusion
· transmembrane proteins that transport certain polar molecules or classes of molecules, such as sugars and amino acids, that are too large to pass through membrane channels 
· the transporters change shape to move the binding site from one face of the membrane to the other 
Channel-mediated facilitated diffusion 
· Transmembrane proteins that transport substances, usually ions or water, through aqueous channels from one side of the membrane to the other 
· Channels are selective due to pore size and the charges of amino acids lining the channel 
· Leakage channels are always open and allow ions or water to move according to concentration gradients 
· Gated channels are controlled usually by chemical or electrical signals 
· Like carriers many channels can be inhibited by certain molecules 
· Substances moving through them also move down the concentration gradient 

Osmosis
· The diffusion of a solvent through a selectively permeable membrane
· Water passes through lipid bilayer through osmosis even though it is very polar
· Aquaporins allow single file diffusion of water molecules
· The extent to which solutes decrease water’s concentration depends on the number not the type of solute particles
· Equilibrium is reached when the water concentration on both sides of the membrane are equal to each other
· Osmotic imbalances cause animal cells to swell or shrink until either the solute concentration is the same on both sides of the plasma membrane or the membrane stretches to its breaking point 

Tonicity
· Any change in concentration in intracellular proteins and selected ions will alter the water concentration on the two sides of the membrane and results in a net loss or gain of water by the cell 
· Tonicity refers to the ability of a solution to change the shape or tone of cells by altering the cells internal water volume 
· Isotonic
· Solutions have the same concentration of nonpenetrating solutes as those found in cells.
· Cells exposed to isotonic solutions retain their normal shape and exhibit net loss or or gain of water
· Hypertonic solutions 
· Have a higher concentration of non-penetrating solutes than seen in the cell 
· Lose water and shrink
· Hypotonic solution 
· Are more dilute and contain lower concetnrations of nonpenetrating solutes than cells 
· Plump up rapidly as water is rushed into the cells 
· Osmolarit and tonicty are not the same
· Osmolarity: based solely on its total solute concentration
· Tonicity: based on how the soluteion affects cell volume 


Active Transport Chain
· Move ions and solutes “uphill” against a concentration gradient
· Active transport processes are distinguished according to their source of energy
· In primary active transport the energy to do work comes directly from hydrolysis of ATP
· In secondary active transport chain, transport is driven indirectly by energy stored in concentration gradients of ions created by primary active transport pumps
· Symport system: two transported substances move in the same direction
· Antiport system: the transported substances cross the membrane in opposite directions

Primary Active transport
· Hydrolysis of ATP results in the phosphorylation of the transport protein 
· Causes the protein to change shape in such a manner that is pumps the bound solute across the membrane 
· Include calcium and hydrogen pumps
· Sodium- potassium pumps
· Moves Na out of the cell and K into the cell 
· The concentration of K in the cell is 10 time higher than the concentration out of the cell 
· Na and K leak slowly but continuously through leajage channels in the plasma membrane along their concentration gradient 
· Ions diffuse according to electrochemical gradients instead of diffusing down theor concentration gradients , crucial for cardiac, skeletal, and muscle function

Secondary Active Transport
· Single ATP-powered pump such as the Na K pump, can indirectly drive the secondary active transport of several other solutes 
· Sodium moves back into the cell with the help of a carrier protein , other subsatnces are dragged along 
· Active transport systems provide a way for the cell to be very selective in cases where substances cannot pass by diffusion 
· No pump, no transport

Vesicular Transport
· Fluids containing large particels and macromolecules are transported across cellular membranes inside bubble-like, membranous sacs called vesicles
· Move substance into the cell and out of the cell 
· Trancytosis: moving substances into, across, and then out of the cell
· Vescular trafficking: moving substances from one area in the cell to another 

Endocytosis
· Protein-coated vesicles provide the main route for endocytosis and transcytosis of bulk solids , most macromolecules and fluids
1) An infolding portion of the plasma membrane, called a coated pit, progressively encloses the substance to be taken into the cell. The protein coat acts both in selecting the cargo and deforming the membrane to produce the vesicle
2) The vesicle detaches
3) Coat proteins recycled back to plasma membrane
4) Uncoated vesicle fuses with vesicle called endosome 
5) Some membrane components and receptors of the fused vesicle may be recycle back to the plasma membrane in a transport vesicle 
6) The remaining contents of the vesicle may combine with a lysosome or be transported completely across the cell and released by exocytosis on the opposite side 
· Three types of endocytosis use protein coated vesicles but differ in the type and amount of material taken up and the means of uptake 
· Phagocytosis
· Cell engulfs some relatively large or solid material such as a clump of bacteria 
· When a paticle binds to receptors on the cell’s surface, cytoplasmic extensions called pseudopods form and flow around the particle 
· This forms an endocytotic vesicle called a phagosome
· In the human body only macrophages and certain white blood cells are experts at phagocytosis
· These cells help protect the body by injesting and disposing of bacteria 
· Move about the amoeboid motion
· Pinocytosis also called fluid-phase endocytosis
· Bit of infolding plasma membrane surrounds very small volume of extracellular fluid containing dissolved molecules
· This droplet enters the cell and fuses with an endosome
· Routine activity of most cells, affording them a nonselective way of sampling the extracellular fluid
· Important in cells that absorb nutrients such as cells that line the intestines
· Bits of the plasma membrane are removed when the membranous sacs are internalized, however theses membranes are recycled back to the plasma membrane by exocytosis. Therefore, the surface area of the plasma membrane remains remarkably constant 
· Receptor- mediated endocytosis
· Main mechanism for the specific endocytosis and transcytosis of most macromolecules by body cells 
· This selective mechanism allows cells to concentrate material tha tis present only in small amounts in the extracellular fluid 
· Receptors are plasma membrane proteins that bind only certain substances together
· Substances taken up by receptor-mediated endocytosis include enzymes, insulin, and iron as well as viruses 
· Exocytosis: 
· Vesicular transport processes that eject substances from the cell interior into the extracellular fluid
· Simulated by cell surface signal such as binding of a hormone to a membrane receptor or a change in membrane voltage 
· Accounts for hormone secretion, neurotransmitter release, and mucus secretion 
· Substance to be removed from the cell is first enclosed in a protein-coated membranous sac called a secretory vesicle 



































NERVOUS SYSTEM 

P. 390-397
Central Nervous System (CNS) 
• Brain and spinal cord
• Integrative and control centers


Peripheral Nervous System (PNS) 
• Cranial nerve and spinal nerves
• Communication lines between the CNS and the rest of the body

Parasympathetic Divison
• Conserve energy
• Promotes house-keeping functions during rest
Sympathetic Division
• Mobilizes body systems during activity
Autonomic nervous system (ANS) 
• Visceral motor (involuntary) 
• Conducts impulses from the CNS to cardiac muscle, smooth muscle, and glands
Somatic nervous system
• Somatic motor (voluntary) 
• Conducts impulses from the CNS to skeletal muscles 
Motor (efferent) division
• Motor nerve fibers 
Conducts impulses from the CNS to the effectors (muscles and glands) 
Sensory (afferent) division
• Somatic and visceral sensory nerve fibers
• Conducts impulses from receptors to the CNS 


































Neuroglia in the CNS 
· Distinguished by smaller size and their darker staining nucelii
· They outnumber neurins in the CNS by about 10 to 1 
· Make up half the mass of the brain 
Astrocytes
· Shaped like delicate branching sea anemones
· Most abundant and versatile glial cells 
· Support and brace the neurons and anchor them to their nutrient supply lines 
· Role in making exchange between capillaries and neurons 
· Control chemical environment around neurons
· Mop up leaked leaked potassium ions and recapturing and recycling released neurotransmitters 
· Participate in information processing in the brain 

Microglial Cells 
· Small and ovaid with relatively long thorny processes 
· Processed touch nearby neurons , monitoring their health 
· Where invading microorganisms or dead neurons are present, the microglial cells transform into a special type of macrophage that phagocytizes the microorgansims or neuronal debris 
· Important because cells of the immune system have limited access to the CNS 

Ependymal Cells
· Range in shape from squamous to columnar and many are ciliated 
· Line central cavities and spine 
· Form fairly permeable barrier

Oligodendrocytes 
· Also branch but have fewer processes than astrocytes 
· Line up along the thicjer nerve fibers in the CNS nad wrap around their processes tightly 
· Producing and insulating coverung called myelin sheath

Neuroglia in the PNS 

Satellite cells 
· Surrounds neurin cells bodies located in the peripheral nervous system 
· Thought to have almost the same function as astrocytes
Schwann Cells 
· Surround all nerve fibers in the PNS and form myelin sheaths around thicker nerve fibers 
· Vital to regeneration of damaged peripheral nerve fibers 
Neurons
· Structural units of the nervous system 
· Typically large, highly specialized cells that conduct messaged in the form of nerve impulses 
· Have extreme longitivity- can function optimally for a lifetime 
· Are amiotic
· Cannot reproduce so once lose they are gone 
· Some exceptions where the brain stem cells are able to reproduce 
· High metabolic rate 
· Require continuous and abundant supplies of oxygen and glucose 
· Cannot survive for more than a few minutes without oxygen 

Neuron Cell Body 
· Consists of spherical nucleus with a nucleolus surrounded by cytoplasm 
· Also called the perikaryon or soma 
· Body ranges from 5- 140 nanometers 
· Consists of ribosomes, the best ER and a really good golgi apparatus making an arc or complete circle around the nucleus 
· Neurofibrils or microtubules are important in maintaining cell shape and integrity 
· Most neuron cell bodies are located in the CNS, where they are protected by the bones of the skull and vertebral column 
· Clusters along the CNS are celled nuclei whereas those that lie along the nerves in the PNS are called ganglia 

Neuron Processes
· Bundles of neuron processes are called tracts in the CNS and nerves in the PNS 
· There are dendrites and axons 
Dendrites 
· Short, tapering, diffusely branching extensions 
· Main receptive or input regions 
· Convey incoming messages toward the cell body 
· Not action potentials but are short-distance signals called graded potentials 
The axon
· Each has a single axon 
· Some axons have branches on them called axon collaterals 
· Arises form axon hillock 
· Some neurons, axon is very short or does not exist 
· Any long axon is called a nerve fiber 
· Finctional characteristics: 
· Is the conduction region of a nerve- it generates nerve impulses and transmits them , typically away from the cell body 
· When impulses reach end of axon it casues neurotransmitters, signaling chemicals, to be released into the extracellular space 
· Contains the same organelles found in dendrites and the cell body except: 
· Rough ER 
· Golgi apparatus 
· These are the structures whose role is for protein synthesis 
· Axond depends on its celle body to renew the necessary proteins and membrane components as well as depending on efficitent transport mechanisms to distribute them 
· Axon transport 
· Anterograde movement- substances travel away from the cell body  (i.e. mitochondria, cytoskeleton elements, membrane components) 
· Retrigrade movement- substances move toward cell body (i.e. mostly organelles returning to cell body to be degraded or recycled) 
Myelin Sheath 
· Protects and and electrically insulates fibers 
· Myelinated fibers: conduct nerve impulses rapidly 
· Associated only with axons
Myelination in the PNS 
· Formed by schwann cells 
1) Ashwann cell envelops an axon
2) The shwann cell then rotates around the axon, wrapping its plasma membrane loosely around it in successive layers 

Classification of Neurons 
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