
Membrane Transport
Membrane has many responsibilities:

·  transportation of substances outside the cell to the inside
·  membrane contains receptors used for signal transduction
·  attached to cytoskeleton and extracellular matrix 
·  enzymatic activity
·  intercellular joining 
·  cell-to-cell recognition 
Plasma Membrane:

·  considered fluid because particles/substances can move freely (sideways/from one side to other)
·  phospholipid bilayer doesn’t allow polar molecules (exception of water)
Lipids:

·  phospholipid bilayer: hydrophobic inside membrane, hydrophilic on outer and inner surfaces
·  glycolipids cover 5% of membrane, bonded to sugar molecules 
·  cholesterol covers 20%, stabilizes membrane, involved in formation of lipid rafts
·  lipid raft: platform for certain receptor molecules
Proteins
Proteins are dispersed in the lipid bilayer. If not anchored, they can freely move around

·  integral proteins: embedded in the bilayer. important because they link the outside of the cell with the inside (carriers, receptors, channels, enzymes) go from one end of bilayer to the other
·  peripheral proteins: attached loosely to the membrane
Carbohydrates ???

·  located primarily on the outer surface of the membrane 
·  bound to lipids (glycolipids) or proteins (glycoproteins)
·  function: fuzzy, sticky glycocalyx (“sugar coated”)
·  serves as a protective layer that holds cell together
·  cell recognition: every cell has a unique carbohydrate in glycocalyx
Cell Junctions

·  only certain types of cells can move freely in bloodstream (blood cells, sperm cells, certain cancer cells)
·  cells bounded together by three factors: adhesive glycoproteins in glycocalyx, fit between adjacent membranes, or special cell junctions
Tight Junctions

·  junctional protein chains hold cells together
·  prevent passage of ions and molecules in the space between adjacent cells (extracellular) 
·  sometimes “leaky”- allows small ions to pass through 
·  occurs in cells of GI tract to keep digestive enzymes out of blood 
Desosomes

·  anchoring junctions along sides of cell to prevent separation  
·  linker proteins (cahedrins) attach to plaques inside the cell “zip” the adjacent cells up
·  keratin filaments attach to plaque inside the cell and anchor to opposite wall
Gap Junctions
·  communicating junctions between adjacent cells
·  adjacent cells connected by channels (connexions)- hollow tubes made up of transmembrane proteins
·  channels allow passage of small ions (sodium, potassium)
·  ex. heart muscles cells communicate electrically 
Membrane Transport

·  cells are surrounded by extracellular fluid (interstitial) which contains a large mix of substances: ions, molecules, glucose, hormones, neurotransmitters, waste
·  cells extract precisely what they need from this fluid and ejects what it doesn’t need into the fluid
Passive Transport: No energy required

·  simple diffusion 
·  facilitated diffusion 
·  osmosis 
·  filtration 
Diffusion

·  the random mixing of molecules or ions due to their kinetic energy and constant motion
·  a substance diffuses down a concentration gradient until it reaches equilibrium 
·  factors affecting diffusion: 
1. temperature- directly related
2. concentration gradient- directly related
3. molecular size- inversely proportional
4. mass- inversely proportional
5. distance- inversely proportional 
Simple Diffusion:

·  passive diffusion directly through lipid bilayer (non-polar/lipid-soluble molecules)
·  oxygen/carbon dioxide will enter the cell through passive diffusion if there is a high concentration of oxygen/carbon dioxide in the blood
·  rate of diffusion is not controllable
Carrier-Mediated Facilitated Diffusion
·  passive diffusion via transmembrane carrier protein 
·  includes polar, fat-insoluble solutes ex. amino acids, sugars
·  too big to fit through membrane channels
·  as carrier changes conformation, the solute passes through 
·  rate of diffusion is limited when all carriers are saturated/engaged 
Channel-Mediated Facilitated Diffusion
·  passive diffusion via transmembrane channels 
·  includes ions, water
·  channels are selective because of pore size/charge 
·  “leakage” channels are always open
·  “gated” channels are controlled by chemical/electric signals 
·  rate also limited if channels are saturated 
Diffusion- Osmosis
·  passive diffusion of water/other solvent through a semi-permeable membrane
·  water passes through membrane even though it is highly polar- reason unknown
·  water also moves through special channels called aquapores 
·  water movement occurs whenever solute concentration differs across membrane 
·  if the membrane is also permeable to a solute, the solute will move down its concentration gradient in the opposite direction of the water
·  if the membrane is not permeable to a solute, only the water will move
·  the water will stop moving when the hydrostatic pressure=the osmotic pressure, or when the pressure is so high the cell bursts
Solution Tonicity and its Effect on Cells

·  cells have the ability to change their shape/tone by altering their internal volume of water
·  isotonic solutions: cells retain their normal size and shape. same solute/water concentration as inside cells, water moves both out and in
·  hypertonic solutions: cells lose water and shrink is this type of solution. contains higher concentration of solutes than are present inside the cell. water moves out 
·  hypotonic solutions: cells take on water by osmosis until they become bloated and burst. contains lower concentration of solutes than are present inside the cell water moves in
·  osmolarity: concentration of solute in solution
·  tonicity: description of how a solution affects a cell. tonicity will only be affected if the membrane is not permeable 
·  medical applications of tonicity: hypertonic solutions will be given to patients with edema, pull water out of tissues. hypotonic solutions are given to dehydrated patients
Active Membrane Transport: requires energy

·  solute too large for channel, too polar for lipid bilayer
·  primary, secondary, vesicular 
Primary Active Transport:

·  uses energy from the phosphorylation of ATP
·  powers a pump protein carrier that changes shape with the released energy
Secondary Active Transport:

·  same process as primary, but the solute will bring in a cotransport (ex Na ions can bring in glucose as well) 
·  when transported substances move in the same direction: symport 
·  opposite directions: antiport 
Vesicular Transport: 

·  fluids containing large particles are transported across the membrane in membranous sacs called vesicles 
·  endocytosis: moves into cell. types: phagocytosis, pinocytosis, receptor-mediated cytosis 
·  exocytosis: moves out of cell
·  transcytosis: moves substance in, across, and out
·  vesicular trafficking: move substance within the cell 
Endocytosis Mediated by Clathrin-Coated Pits:

·  vesicle ingests extracellular material and brings it into the cell
·  vesicle begins as an infolding of plasma membrane
·  becomes coated with clathrin proteins (help in selecting cargo and deforming membrane)
·  once cargo is ingested, vesicle detaches and moves into cell 
Phagocytosis: 

·  cell engulfs large material and brings it inside
·  material binds to surface receptors
·  pseudopods (cytoplasm extensions) form and flow around the material
·  phagosome moves inside the cell
·  phagosome fuses with a lysosome and the contents are digested 
Pinocytosis:
·  cell “gulps” extracellular fluid containing dissolved solutes, vesicle moves into cell
·  no receptors used therefore nonspecific process 
Exocytosis:

·  vesicular transport ejects substances from cell interior into extracellular fluid
·  triggered by cell-surface signal 
·  used for hormone secretion, neurotransmitter release 
Cell-Environment Interactions:

·  cells interact with their surrounding through Cell Adhesion Molecules (CAMS): velcro anchors, motion-cell migrations, mechanical sensors 
·  Plasma membrane receptors: contact signaling- cells touch each other. Chemical signaling- highly specific binding of ligands 
·  Voltage-gated membrane channel proteins: electrical signaling- channels open/close
Tissues
Tissues:

·  cells working to perform a job
·  four basic types:
1. epithelial: covers
2. connective: supports
3. nerve; controls
4. muscle: produce movement 
·  organized into organs
·  nervous: brain, spinal cord, nerves
·  muscle: contracts to cause movement, attached to bones, muscles of heart
·  epithelial: forms boundaries between different environments, protective, secretes, lining of GI tract, skin surface 
·  connective: supports, protects, binds other tissues together, bones, tendons, fat and other padding 
Epithelial: Two forms
·  sheets: either cover outside or line inside:
1. outer layer of skin
2. lines eg urogenital, digestive, respiratory system 
3. covers body cavity walls, organs
·  glandular: fashions glands of body. 
·  forms boundaries between different environments:
·  skin epidermis: inside/outside of body
·  bladder wall, inner wall cells/urine
·  nearly all substances given off/received in the body must pass through epithelium 
Functions: protects, absorption, excretion, secretions, sensory reception, filtration

Special characteristics:

Polarity: 

·  apical surface- upper free surface exposed to the body exterior or the cavity of an internal organ 
·  apical is attached to lower basal surface  
·  most apical surfaces have microvilli- increases surface area
·  ex brush border of intestine, epithelium that lines trachea, microvilli take the form of cilia that help transport junk up out of the lungs
·  adjacent to basal surface is basal membrane (thin supporting sheet)
·  noncellular adhesive sheet (largely glycoproteins and collagen fibers)
·  sticks epithelial sheets to where they need to be
·  selective filter that decides which molecules diffusing from the underlying connective tissue may enter the epithelium 
·  mobile scaffold during wound repair 
·  specialized contacts:
·  epithelial cells fit closely together to form continuous sheets
·  tight junctions and desosomes are used to bind them together 
·  TJ keep apical region proteins from diffusing into the basal region-maintains polarity 
·  supported by connective tissue
·  epithelial sheets rest upon + are supported by connective tissue
·  under basal lamina is reticular lamina- layer of extracellular material containing collagen fibers that belong to underlying connective tissue
·  basal lamina+reticular lamina=basement membrane 
·  reinforce epithelial sheet vs stretching and tearing
·  cancerous epithelial cells don’t respect basement membrane: penetrate and invade underlying tissues 
·  avascular but innervated: 
·  avascular: no blood vessels in the epithelial (they're underneath)
·  innervated: supplied by nerves fibers
·  nourished by substances diffusing from underlying blood vessels
·  regeneration:
·  high regenerative capacity necessary
·  often exposed to friction/external environment (surface cells will rub off)
·  triggers: loss of apical-basal polarity/lateral contacts
·  begin to reproduce quickly 
·  requirement: adequate nutrition
·  process: cell division (mitosis) 
Classification of epithelial: 

two names, first indicates number of cell layers, second describes shape
·  number of cell layers:
1. simple epithelial: single cell layer, thin. deals with absorption, filtration, secretions
2. stratified: 2 or more stacked cell layers, common in high-abrasion areas (skin surface), reproduce from below, pushing apically, replacing less-nourished walls 
·  by shape:
·  all cells are six sided (honeycomb) 
·  squamous cells: flat
·  cuboidal: boxlike
·  columnar: tall columns
·  nucleus shape conforms to cell shape 
·  stratified epithelial: named by apical layer shape 
Simple squamous:

·  one layer of cells 
·  single layer of flattened cells with disc shaped nuclei and sparse cytoplasm; simplest
·  functions: allows materials to pass by diffusion and filtration in sites where protection is not important; secrets lubricating substances in serosae (ventral body cavity)
·  locations: kidneys- forms part of the filtration membrane. lungs- forms walls of air sacs across which gas exchange occurs
·  two instances of simple squamous: 
1. endothelium (inner covering): cardiovascular and lymphatic systems. slick, friction-reducing lining, lines heart and blood vessels. capillaries are almost exclusively simple squamous=efficient exchange
2. mesothelium (middle covering): found in serous membranes (double layer). lines ventral body cavity and covers its organs. ventral= front of body 
Simple cuboidal:

·  single layer of cubical cells with large spherical central nuclei 
·  functions: secretion and absorption
·  locations kidney tubules, forms walls of ducts and secretary portions of small glands
Simple columnar:
·  single layer of tall cells with round to oval nuclei 
·  lines digestive tract
·  dense microvilli on apical surface (ideal for absorption)
·  has tubular glands made primarily of cells that secrete mucus 
·  function: absorption, secretion of mucus, enzymes 
·  some display cilia on their free surfaces- help move substances or cells 
Pseudostratified columnar:

·  single layer of cells of different heights, some not reaching the free surface, nuclei seen at different levels, may have mucus secreting cells and bear cilia
·  all cells rest on basement membrane, only tallest reach the surface
·  secrete substances, particularity mucus, propulsion of mucus by ciliary action
·  location: non ciliated in males sperm collecting ducts
Stratified squamous:

·  thick membrane composed of several cell layers
·  basal cells divide and replace older apical cells 
·  basal cells are cuboidal or columnar, but surface cells are squamous. 
·  produce the cells of the more superficial layers. two types: keratinized and non keratinized. 
·  keratin=tough protective protein 
Rare

stratified cuboidal: only in ducts of larger glands (sweat, mammary)

stratified columnar: in pharynx, male urethra. occurs at transition areas between two other types of epithelia 

Transition:

·  forms the lining of hollow urinary organs
·  resembles both stratified squamous and stratified cuboidal 
·  apical’s appearance depends on how stretched they are, as the cavity fills with urine
·  ability to change shape (transition) allows a greater volume of urine to flow/be stored
Glandular epithelial:

·  gland: 1 or more cells that secretes a particular product
·  secretion is aqueous solution of proteins/lipids/steroids 
·  glandular cells obtain needed substances from the blood, then transform them chemically 
·  endocrine (internally secreting) glands: ductless glands, secrete hormones. hormones enter blood, transported to a specific organ. most are multicellular. 
·  exocrine (externally secreting) secrete into body surface or body cavities. unicellular do so by exocytosis, multicellular secrete through epithelial-walled ducts. secrete mucus, oil, sweat
Unicellular exocrine glands:

·  produce mucin, complex glycoprotein 
·  found in epithelial linings in intestinal/respiratory tract 
·  mucus cells
·  goblet cells 
Multicellular exocrine glands:

·  duct is made from epithelial tissue and a secretory unit (acinus) 
·  supportive connective tissues surrounds acinus, supplying blood vessels and nerve fibers. forms a fibrous capsule that extends into the gland and divides it into lobes
·  classified by structure:
·  simple/compound: duct unbranched/branched
·  tubular: secretory cells form tubes
·  alveolar: cells form small, flask-like sacs
·  tubuloalveolar: cells are both tubular and alveolar
·  also classified by type of secretion:
·  merocrine, holocrine and apocrine
·  merocrine: secrete via exocytosis, gland intact, ex pancreas, sweat glands, salivary
·  holocrine: secrete via rupture, gland destroyed, ex sebaceous (oil) 
·  apocrine: only apex (top) rupture, ex mammary glands
Connective tissue:
·  functions:
·  binding and supporting (bone and cartilage)
·  protecting (bone cartilage and fat) 
·  insulating (fat)
·  storing reserve fuel (fat)
·  transporting (blood)
·  common characteristics: 
·  common origin: embryonic mesenchyme 
·  varying degrees of vascularity (none-rich) none: cartilage. some have lots of arteries and veins and capillaries
·  extracellular matrix- nonliving structure that bears weight, withstands tension, endures abuse
·  structural elements: ground substance, fibers, cells. combined to make EM
Ground substance:

·  unstructured material
·  fills space between cells
·  contains fibers 
·  composed of interstitial (tissue) fluid, cell adhesion proteins (fibronectin, laminin) and proteoglycans 
·  CAPs serve as connective tissue glue that allows connective tissue to attach to matrix elements 
·  proteoglycans consist of a protein core to which glycoaminoglycans (GAGs) are attached  
·  strand-like GAGs (chondroitin sulfate and hyaluronic acid) are large, negative polysaccharides that stick out from the core protein like the fibers of a bottle brush
·  proteoglycans form huge aggregates when GAGs intertwine and trap water, forming a substance that varies from a fluid to a viscose gel 
·  more GAGs, more viscosity 
·  ground substance contains large about of fluid- medium through which nutrients/dissolved substances can diffuse between capillaries and cells 
·  fibers imbedded in ground substance make it like pliable and somewhat hinder diffusion 
Connective tissue fibers
Collagen fibers:
·  fibrous protein collagen 
·  collagen molecules secreted into extracellular space- assemble spontaneously into cross-linked fibrils 
·  cross-link makes for extremely tough and provide high tensile strength (ability to resist being pulled apart) 
Elastic fibers:

·  long, thin fiber that form branching networks in EM 
·  contain rubber-like protein elastin that allows then to stretch and recoil (rubber bands)
·  connective tissue can only stretch so much before collagen fibers become taut- when tension lets up elastic fibers snap the connective tissue back to its normal shape+length 
·  found where elasticity is needed (skin, lungs, blood vessel walls)
Reticular fibers:

·  short, fine, collagenous fibers
·  continuous with collagen fibers, branch extensively forming delicate networks 
·  surround small blood vessels, support soft tissue of organs 
·  abundant where connective tissues ABUTS? other tissue types
·  ex. basement membrane, form fuzzy nets that allow more give than collagen fibers
Connective tissue cells
·  CT has a resident cell type that exists in immature and mature forms
·  immature: blasts. actively mitotic cells that secrete the ground substance and the fibers characteristic to their matrix 
·  primary blast cells types:
1. connective tissue proper- fibroblasts
2. cartilage- chondroblasts
3. bone- osteoblasts
·  once the matrix is synthesized, blast cells assume mature, less active mode=cyte
·  cytes maintain the health of the matrix
·  if matrix is injured they can quickly revert to more active state to repair and regenerate matrix 
·  connective tissue also contains these type of cells:
·  fat- store nutrients
·  white blood cells- concerned with tissue response to injury (lymphocytes, neutrophils)
·  mast cells- detect foreign organisms and initiate local inflammatory responses. contain chemicals that mediate inflammation (histamines, heparin, proteases) 
·  macrophages- eat large, irregular shaped cells that phagocytize foreign materials. dispose of dead tissue cells, central actors in immune system. sometimes attached to tissue, sometimes free in matrix 
Connective tissue proper
loose connective tissues, dense connective tissues

Areolar CT:

·  support and bind other tissues
·  hold body fluids
·  defend against infection 
·  storing nutrients 
·  fibroblasts dominate, lots of macrophages, some fat cells 
·  structural feature: loose arrangement of fibers
·  because loose- provides a reservoir of water and salts for surrounding body tissues (holds almost as much fluid as blood stream!!) 
·  high content of hyaluronic acid- ground substance very viscous 
·  sometimes hard for cells to move in
·  body region inflamed- areolar tissue soaks up excess fluids causes edema YAY
·  AT serves as packing material between other tissues, binds body parts together while allowing them to move freely, wraps small blood vessels and nerves, surrounds glands, most epithelia rest on this type of connective tissue
·  macrophages phagocytize bacteria 
·  holds and conveys tissue fluid 
Adipose (fat) tissue:

·  nutrient-storing is greater than areolar 
·  adipocytes (fat cells) account for 90% of tissue’s mass
·  matrix is scanty, cells are packed closely together 
·  richly vascularized- high metabolic activity 
·  accumulates in subcutaneous tissue- acts as a shock absorber/insulation/energy storage site
·  helps prevent heat loss from the body
·  sometimes called white fat to distinguish from brown fat
·  white stores nutrients, brown contains abundant mitochondria which use the lipid fuels to heat the bloodstream to warm the body
Reticular connective tissue:

·  resembles areolar, but only the fibers in the matrix are reticular fibers which form a delicate network along which fibroblasts (reticular cells) are scattered
·  reticular tissue is limited to certain sites
·  form labyrinth-like stroma (bed) that can support many free blood cells in lymph nodes, bone marrow, spleen. supports white blood cells, mass cells, macrophages 
Dense connective tissues
·  dense regular, dense irregular, elastic
Dense regular:

·  contains closely packed bundles of collagen fibers running in the same direction, parallel to the pull 
·  results in white, flexible structure with great resistance to tension 
·  fibroblasts are crowded between collagen fibers- manufacture fibers and ground substance
·  slightly wavy- allows the tissue to stretch. once fibers straighten there is no give
·  poorly vascularized, no other cells aside from fibroblasts
·  tensile strength- forms tendons (cords that attach muscles to bones)
·  aponeuroses (attach muscles to other muscles or bones) 
·  ligaments (bind bones together at joints) 
·  fascia (fibrous membrane that wraps around muscles, blood vessels, nerves, binding them together) 
Dense irregular tissue:

·  bundles of collagen fibers much thicker and arranged irregularly: run into more than one plane
·  some elastic fibers; fibroblast is the main cell 
·  forms sheets in body areas where tension is exerted from many directions 
·  in skin (dermis) 
·  forms fibrous joint capsules and coverings that surround some organs
·  withstands tensile stress when pulling is applied in many directions
Elastic connective tissue:

·  dense regular connective tissue containing a high proportion of elastic fibers
·  allows tissue to recoil after stretching; maintains pulsatile flow of blood through arteries; aids passive recoil of lungs after inspiration
·  few ligaments (connecting adjacent vertebrae) are elastic
·  many larger arteries have stretchy sheets of ECT in their walls
Neurons 

·  master controlling and communicating system:
·  governs every thought and action
·  hundreds of billions of neurons that communicate electrically and chemically (rapidly and specifically, with immediate response)
·  three overlapping functions:
1. sensory input- monitor inside/outside changes
2.  integration- processes/interprets input. decides what should be done
3. motor output- activates effector organs (muscles, glands), other neurons to cause a response
Nervous System Divisions 
one highly integrated system with 2 parts:

1. central nervous system CNS (brain, spinal cord)
2. peripheral nervous system PNS (outside CNS)
sensory (afferent) division goes to CNS:

·  somatic sensory fibers and visceral sensory fibers
·  conducts impulses from the receptors to the CNS
motor (efferent) division away from CNS:

·  somatic/voluntary nervous system
·  conducts impulses from the CNS to the effectors (muscles, glands)
·  autonomic/involuntary nervous system: 
sympathetic division- from CNS to cardiac muscles, smooth muscles,  glands

sympathetic- mobilizes body systems during activity 

parasympathetic division- conserves energy, promotes house-keeping functions during rest

Types of cells in the nervous system
· nervous system tissue highly cellular
·  <20% extracellular space
·  cells densely packed, highly intertwined
·  two principal types of cells: neuroglia, neurons
·  neurolgia, supporting cells:
·  surround and wrap more delicate neurons
·  neurons- actual nerve cells
·  excitable- responsive to stimuli
· transmit electrical signals 
Neuroglia

·  CNS- 4 types
·  PNS- 2 types 
Astrocytes:

·  most abundant and versatile glial cell
·  radiating processes cling to neurons/capillaries
· support and brace and WAy more
·  determine capillary permeability (play role in capillary/neuron exchange)
·  guide migration of young neurons and formation of synapses (junctions) between neurons (brain is able to remodel itself, developing new parts)
·  mop up leaked K+, recycle neurotransmitters
· respond to nerve impulses and neurotransmitters
· connected to each other by gap junctions. signal to each other by taking in Ca++ (intracellular Ca++ waves) and releasing “extracellular chemical messages”
·  astrocytes influence neuronal functioning- participate in brain info processing
Microglial

·  small and ovoid with long thorny processes
·  touch neurons and monitor their health
·  migrate towards in neurons injured/ in trouble:
·  become macrophage-like, phagocytize microorganisms/neuronal debris this mimic immune system, which has limited access to CNS 
Ependymal cells

·  squamous-columnar
·  many ciliated
·  line central cavities of brain and spinal cord:
·  permeable barrier: cerebrospinal fluid within cavities (tissue that bathes CNS cells)
·  beating cilia circulates CSF and cushions brain and spinal cord
·  CSF: surrounds spinal cord, fills ventricles within the brain, blood-brain barrier control which solutes enter the CSF fluid
Oligodendrocytes 

·  branch but fewer processes than ex astrocytes 
·  line up along thicker nerve fibers in CNS
·  processes wrap tightly around fibers, forms protective cover called myelin sheath 
PNS- Neuroglial

satellite cells- surround cell bodies in PNS. like astrocytes

Schwann cells- surround all nerve fibers in PSN. form myelin sheaths around thicker fibers-analogous to oligodendrocytes 

vital to regeneration of damaged peripheral nerves

Neurons;

· billion
· large
· highly specialized structural units of NS
· conduct messages (nerve impulses) through body 
· three special properties
1. extreme longevity- can function optimally over a 100 yr lifetime
2. amitotic- cannot divide/be replaced if destroyed (except for olfactory epithelium, hippocampus cuz they have stem cells)
3. exceptionally metabolic rate. demand o2/glucose continuously. cannot survive for more than a few minutes without oxygen
Components

·  nucleus nucleolus cytoplasm
·  protein synthesis most active/best developed in body. ribosomes rough ER gogli apparatus 
·  mitochondria scattered throughout
·  microtubules/neurofibrils network; cell shape/ integrity 
·  pigment inclusions: melanin, red-Fe, lipofuscin (aging)
·  plasma membrane helps receive other neuron info
clusters of cell bodies: CNS- nuclei PNS- ganglia 

bundles of nerve processes: CNS- tracts PNS-nerves

dendrites:

·  short, tapering, diffusely branched
·  all cell body organelles also in dendrite
·  typically hundreds per neuron (in brain, bristle with tiny dendritic spikes)
·  in close proximity via synapses with other neurons 
·  main receptive or input region for neurons
·  enormous surface area for receiving signals 
·  convey incoming messages towards cell body via graded potentials not action potentials
Axon 

·  each neuron has a single axon (and many dendrites)
·  branches are called axon collaterals
·  length varies- absent to 1 meter (spine to toe)
·  long axon called nerve fiber
Axon Functional Characteristics:
·  Conduction region of neuron
·  generates/transmits nerve impulses typically away from cell:
·  along plasma membrane (axolema)
·  from trigger zone to terminal secretory region
·  impulse reaches terminal: neurotransmitters released (signalling chemicals stored in vesicles)
·  NTs enter extracellular space (synapse). excite/inhibit nearby effector neurons, which bind to postsynaptic receptors
·  signals for neuron received from/transmitted to many others: “multiple simulteanous conversations”
·  axon lacks rough ER/golgi: cell body must synthesize required proteins and transfer them along axon 
Transport along the axon:
·  anterograde movement away from cell body: mitochondria, cytoskeletal elements, membrane components, enzyme to make NTs, certain NTs
·  retrograde movement towards cell body: 
·  organelles for recycling, vesicles with signal molecules (ex nerve growth factor that activates nuclear genes), info on axon terminal condition
·  uses ATP- dependent motor proteins kinesin/dyenin. components move along microtubules 40cm/day
·  retrograde transport hijacked: bad viruses (polio) tetanus toxin reach and destroy cell body via retrograde transport 
·  good viruses transport corrected genes to cell body via retrograde transport and insert DNA, or transport microRNA to suppress defective genes (investigational treatments for certain genetic diseases) \
Myelin Sheath:
·  many nerve fibers in CNS/PNS especially larger/longer ones, covered with segmented myelin sheath 
·  composition: lipids and proteins 
·  functions:
1. protects
2.  electrically insulates 
3. increases speed of nerve transmissions 
·  axons with myelinated fibers/dendrites nonmyelinated 
Myelin Sheath Proteins
·  plasma membranes of myelinating cells lack carrier and channel proteins. very good insulators 
·  velcro-like proteins interlock between adjacent layers  
CNS/PNS 

1. PNS 
·  one Schwann cell wraps one axon
·  can loosely enclose 15 or more thin nonmyelinated fibers 
2.  CNS
·  1 oligodendrocyte wraps up to 60 fibers
·  cytoplasm/nucleus on inside 
·  white matter: dense collections of myelinated fibers 
·  grey matter: nonmyelinated fibers/nerve cell bodies 
Classification of Neurons:

·  multipolar neurons (99%): 1 axon/multiple dendrites (abundant) 
·  bipolar neurons: 1 axon/ 1 dendrite (rare)
·  unipolar neurons: 1 process: axon + receptive axon (mostly in PNS)
Functional Classification: 

·  sensory neurons: impulses go to CNS
·  motor neurons: CNS to effectors
·  interneurons: lie between motor/sensory neurons 
Basic Principles of Electricity:
Potential energy, voltage, resistance, and current

·  opposite charges attract: separated positive and negative charges have potential energy
·  voltage (volts(V)/millivolt (mV)): potential difference (potential) between points
·  current (I): flow of electrical charge between 2 points
·  resistance (R): hindrance to flow. low in conductors, high in insulators
·  Ohm’s law (I=V/R) current directly proportional to voltage. no net current flow if points have same potential. current inversely proportional to resistance
· Membrane Ion Channels
Role of Membrane Channel:
·  in body, current from flow of ions, not free electrons across cellular membrane
·  inside of cell negative compared to outside
·  so potential/current flow across membrane
·  membrane provides resistance to current flow
·  ions flow across membrane through ion channels. selective to ion tyoe ex Na or K
·  types of ion channels (all large proteins)
·  leakage/non-gated are always open
·  gated: open or closed:
1. chemically/ligand gated
2. voltage gated
3. mechanically gated 
Electrochemical gradients:
·   when channel opens, ions diffuse across membrane
·   create electrical currents (I) and voltage (V) changes across membrane per Ohm’s law
V= I x resistance (R) resistance of membrane

ions follow electrochemical gradients

·  chemical concentration gradients:
passively diffuse from high to low concentration

·  electrical gradients:
move towards area of opposite electrical charge

as we will see, this principle underlies how signals are transmitted along neurons 

Resting membrane potential
resting membrane potential of neuron: -40 to -90 mV

·  cytoplasm is negatively charged inside relative to outside
·  membrane is polarized 
·  potential can be measured using a voltmeter 
·  2 factors generate the resting membrane potential
1. differences in ionic concentration in the intracellular and extracellular fluids
2.  differences in membrane permeability to ions 
·  partitioning of charge creates voltage difference across membrane: “resting membrane potential” 
Generating the Resting Membrane 

1. differences in ionic concentration
·  concentrations of Na and K on each side of the membrane are different
·  without Na/K pump, concentration gradients/resting membrane potential would disappear 
2. differences in membrane permeability
·  ions flow down their concentration gradients:
·  K out via K leakage channels
·  Na in via Na leakage channels
·  K goes out much more easily than Na goes in, and there are many more K channels
·  membrane much more permeable/leaky to K
·  K leaks out, inner membrane surface becomes negatively charged 
·  Na trickles in: negative charge is slightly offset
·  result is net negative charge/resting membrane potential= -70mV 
Changing the resting membrane potential

These changes allow neurons to communicate 
·  receive, integrate, and communicate information
·  changes can be produced by: 
·  altering inside/outside ion concentration 
·  changes in membrane permeability by modifying number of open channels
·  changes gives rise to two types of signals:
·  graded potentials
·  action potentials
·  two ways in which the membrane potential changes:
1. depolarization: decrease (-70mV to -65mV) increases probability of nerve impulses
2. hyperpolarization: increase (-70mV to -75mV) reduces probability of nerve impulses 
Graded potentials
Used to transmit nerve signals over a short distance

·  brief reversal of potentials in short membrane “patch”
·  magnitude and distance varies with stimulus strength
·  given different names depending on location/function:
·  receptor/generator potential: heat/light stimulus excites a sensory receptor 
·  postsynaptic potential: neurotransmitter crosses synapse, excites postsynaptic receptor 
·  die out very quickly 
Action Potentials

Used to transmit nerve signals over long distances
·  similarity with graded potentials:
·  brief, but more intense, reversal of potential in short patch of membrane
·  differences from graded potentials:
·  do not decay with distance
·  typically only occurs in axons
·  begin as graded potentials in dendrites through cell bodes
·  all or nothing response: only if stimulus adequate  
·  also called nerve impulses
·  four states:1
1. resting
2. depolarization
3. depolarization 
4. hyperpolarization 
Ion channel permeability involved
·  voltage-gated Na channels: 2 gates/3 states
·  voltage gated K channels: 1 gate/2 states
·  INSET GRAPHS 
Events during the course of an action potential
·  ion channel permeability/ion flow for the four stages of a single action potential 
Events during resting states:
·  all Na and K voltage-gated channels are closed
·  no ions move through these channels- remain RMP
Events during depolarization:
·  Na channels open, Na rushes into the cell for 1 ms
·  self-generating, Na permeability increases 1000x
·  membrane potential sharply rises to 30mV
Events during repolarization:

·  Na channels inactivation gates close
·  K channel open, K flows out of cell
·  membrane potential falls, AP spike drops
Events during hyperpolarization:

·  some K channels remain open, Na channels reset
·  K continues to leave cell, hyperpolarization occurs
·  membrane potential- below resting state levels
All or none phenomenon
·  depolarization must reach a threshold value or axon will not fire
·  analogy to lighting math under small dry twig:
·  when twig becomes hot enough (enough Na enters cell), it reaches a flashpoint (threshold) 
·  flame consumes entire twig even if match is removed (AP propagated even if stimulus is removed) 
Propagation of action potential for neuron signaling
·  can only move forward, ex. away from impulse origin
·  cant back up into cell body. No voltage gated ion channels
·  after AP fires (and during hyperpolarization) Na channels inactivated (refractory period)
Conduction velocity
·  how fast does APs travel?
·  varies widely:
·  speed is essential (ex reflex actions): 100m/sec
·  slower for internal organs (ex gut, glands, blood)
·  depends on two factors:
·  axon diameter: larger- faster
·  degree of myelination: more-faster 
Nerve fiber classification
·  group a: large diameter/thick myelin (150m/s)
·  group b: intermediate diameter/myelin: 15m/sec
·  group c: smaller diameter/no myelin (1 or less m/sec)
Myelination of Nerve Fibers
No APs in bare plasma membranes
·  in bare plasma membranes, voltage decays. without voltage-gated channels, as on a dendrite, voltage decays because current leaks across the membrane
Slow AP propagation in nonmyelinated axons 

·  in nonmyelinated axons, conduction is slow. Voltage gated Na and K channels regenerate the action potential at each point along the axon, so voltage does not decay. Conduction is slow because it takes time for ions and for gates of channel proteins to move, and this must occur before voltage can be regenerated. 
Fast AP propagation in myelinated axons
·  in myelinated axons, conduction is fast (saltatory conduction). Myelin keeps current in axons (voltage doesn’t decay much). APs are generated only in the myelin sheath gaps and appear to jump rapidly from gap to gap
Homeostatic Imbalance
MS
·  body’s immune system attach myelin sheath proteins
·  MS: visual disturbance/blindness/weakness/clumsiness- paralysis, speech impairment, urinary incontinence
·  cure: drugs that reduce the effects of the immune system (interferons)
Chemical/physical factors that impair nerve propagation

·  local anesthetics factors that impair nerve propagation (ex lidocaine used by dentists) block voltage-gated Na channels:
·  No Na enter-no AP-no pain!
·  Cold/local pressure interrupt blood flow to neuron processes: reduce ability to conduct nerve impulses
Definitions:
·  synapse: junction (gap) mediating information transfer between 2 neurons or between a neuron and an effector cell
·  presynaptic neurons: sends information. conducts impulse towards synapse
·  postsynaptic neuron:  receives information. conducts impulse away from synapse
The synapse

·  more neurons are both presynaptic and postsynaptic
·  a single neuron typically receives input from 1000 to 10 000 others and sends output to an equal number!
Two types of synapses

1. electrical synapse:
·  less common than chemical synapses 
·  presynaptic and post synaptic neurons are in direct contact
·  gap junctions containing connexon protein channels (very rapid communication)
·  Ion flow synchronizes interconnected neurons 
·  found in hippocampus in brain (memory/emotion)
·  very common in embryo- guide CNS development
·  chemical synapse:
·  specialized to release/receive chemical NTs- not ions
·  two parts: 
·  1: axon terminal of presynaptic neuron. has many synaptic veiscles, each filled with thousands of NTs
·  NT receptor region on postsynaptic neuron’s membrane (cell body/dendrite)
·  huge (compared to gap junction) synaptic cleft between (fluid filled)
·  2: chemical synapses:
·  nerve impulses not directly transmitted cell-to-cell. instead there is a chemical event: NT release, diffusion, receptor binding
Information transfer across chemical synapses
·  presynaptic and synaptic events:
1. action potential arrives at axon terminal

2. voltage-gated Ca2+ channels open and Ca2+ enters the axon terminal
3. Ca2+ entry causes synaptic vesicles to release neurotransmitter by exocytosis
4. NT diffuses across the synaptic cleft and binds to specific receptors on the postsynaptic membrane 
Post synaptic events

5. binding of NT opens ion channels, resulting in graded potentials
6.  NT effects are terminated by re-uptake through transport proteins, enzymatic degradation, or diffusion away from the synapse
Calcium entry Step 3

·  enters cells via Ca++ channels- intracellular messenger
·  binds with synaptotagmin: 
·  Ca++- sensing protein
·  changes conformation
·  interacts with SNARE proteins
·  vesicles fuse with axon membrane
·  NTs emptied into synaptic cleft by exocytosis:
·  300 vesicles per nerve impulse
·  As stimulus increases, so does impulse frequency per number of vesicles
·  Ca++ pumped out of axon/into mitochondria
Step 5- Binding of NT to postsynaptic receptor

·  conformation/shape change in receptor (protein)
·  ion channel opens, ions enter postsynaptic cell
·  graded potentials created
·  depending on receptor protein/type of ion channel, postsynaptic neuron will be excited or inhibited 
·  6- Termination of NT effects
·  binding of NT to its receptor is reversible:
·  NT can bind/ come off/ rebind 
·  important that this is not indefinite, that postsynaptic slate is wiped clean” after a few milliseconds via:
·  1. reuptake by astrocytes/presynaptic terminal. will be reused or destroyed (norepinephrine, serotonin)
·  degradation by enzymes from postsynaptic membrane or in synapse (ACh)
·  diffusion away from synapse
·  Synaptic delay:
·  speed of nerve impulse down axon:
·  less than 150 meters per sec
·  fast!
·  neural transmission across synapse:
·  0.3-0.5 milliseconds
·  rate limiting (slowest) step
·  explains why transmission along neural pathways involving only a few (2-3) neurons is rapid compared to that for multisynaptic pathways typical of high mental functioning 
·  in practical terms, differences not noticeable 
·  Excitatory and inhibitory synapses
·  ESPS: NT binds to dendrite/neural cell body membrane
·  chemically-gated ion channels open 
·  Na (a lot) flows in and K (less) flows out 
·  causes membrane depolarization
·  if enough NT, depolarization cause local Graded Potentials
·  excitatory postsynaptic potential results
·  short-lived, but can reach axon hillock 
·  If enough EPSPs reach hillock, axonal voltage-gated channels open and AP generated 
·  IPSPs:
·  NT binds to dendrite/neural cell body membrane
·  chemically-gated ion channels open
·  Cl- flows in or K+ flows out
·  causes hyperpolarization of membrane 
·  as potential driven further from axon’s threshold, postsynaptic neuron less likely to fire 
·  Inhibitory postsynaptic potentials ISPS results
Integration/Modification of Synaptic Events
·  Multiple events:
·  recall that single nerve cell has anywhere from 1000 to 10 000 axon terminals making synapses
·  a nerve cell is receiving many signals. each signal excitatory/inhibitory and can repeat
·  each neuron’s axon hillock keeps a running account of all signals it receives 
·  acts as a neural integrator, as signals summate 
·  No summation:
·  a single ESPS can’t induce an AP in the postsynaptic neuron. membrane potential will not reach threshold value
·  similarly, since 2 excitatory stimuli separated in time cause EPSPs that do not add together- no AP
·  if thousands of ESPSs fire on same postsynaptic membrane, or smaller number fire rapidly, summation may cause the AP threshold to be reached 
·  Temporal summation of EPSPs
·  one or more presynaptic neurons transmit impulses in rapid fire order
·  bursts of NT released in quick succession 
·  before EPSP from 1st impulse triggers another EPSP
·  EPSPs summate, threshold reached, AP produced
·  Spatial summation of EPSPs
·  postsynaptic neuron stimulated at the same time by large number of terminals
·  many of its receptors bind NT- all simultaneously initiate EPSPs
·  EPSPs summate and dramatically enhance depolarization
·  Spatial summation of EPSPs and IPSP
·  EPSPs can also summate with IPSP
·  changes in membrane potential can cancel each other out
·  if summation yields only subthreshold depolarization, neuron will not generate AP
·  excitatory synapse is on dendrite. inhibitory synapse is on cell body
·  latter commonly closer to axon hillock
·  Synaptic Potentiation:
·  repeated use of synpase enhances presynaptic neuron’s ability to excite postsynaptic neuron
·  larger tan expected EPSPs produced
·  learning process that increases efficiency of transmission along certain pathways
·  ex. hippocampus- key learning/memory center- exhibits long-term potentiation. an instance of synaptic plasticity
·  Presynaptic inhibition
·  when released of an excitatory NT by one neuron inhibited by activity of another via axoaxonal synapse- a “functional synaptic pruning” 
Neurotransmitters and Neuromodulators
·  role:along with electrical signals, are the “language of nervous system”
·  definition: chemical messengers released by neurons that, on binding to other neurons or effector cells, stimulate or inhibit them
·  most neurons make 2 or more NTs
·  stimulation frequency determines which released- Co-release of 2 NTs from same vesicle known
·  allows neuron to exert several different effects
Classification of Neyrotransmitters

1. acetylcholine
2. peptides
3. purines
4. biogenic amines
5. amino acids
6. gasses/lipids
function of NT determined by receptor it binds to

Classification by function-effects:

·  excitatory (glutamate): depolarization
· inhibitory (GABA): depolarization
· both (acetyl choline) (norepinephrine):
·  ACh excitatory at NT junction in skeletal muscle
· ACh inhibitory in cardiac muscle 
·  function of NT by function-action
·  Direct: (ACh, amino acids):
·  bind to/open ion channels- rapid response
·  Indirect (biogenic amines, neuropeptides, gases):
·  via G protein 2nd messenger- long lasting
·  neuromodulator (NO, adenosine)
·  Indirectly affects synaptic transmission strength: 
·  presynaptic: affects synthesis/release/reuptake/degradation of NT
·  postsynaptic: alters membrane NT sensitivity 
·  released from one cell, acts on many others
·  distinction from NT “fuzzy” wtf does that even mean 
·  Channel-linked (lonotropic) Receptors
·  direct, simple, fast
·  receptor protein includes a chemically-gated ion channel:
1. NT/ligand binding- conformation change
2. channel opens/ions flow
3. membrane potential changes- GP/AP (if excitation) 
·  at excitatory receptors, channels for Na, K, Ca cause depolarization
·  at inhibitory receptors, channels for CL cause hyperpolarization
·  G protein-linked (metabotropic) receptors:
·  indirect, complex, slow
·  G protein receptors are also transmembrane but it contains no channels
·  NT/ligand (1st messenger) binding- g protein conformation change- an enzyme is activated 
·  leads to production of a second messenger 
·  Basic concepts of neural integration
·  organization of nervous system:
·  hierarchal: nerves function in groups and each group plays a part in a broader neural function.
·  integrated: parts fused into smoothly operating whole
·  neuronal pools:
·  first level of neural integration
·  incoming presynaptic nerve fiber branches as enters pool
·  synapses with many neurons
·  input fiber exited:
·  some postsynaptic nerve in discharge zone are excited. get most input- AP
·  other postsynaptic nerves are facilitated
·  get less input- do not generate APs
·  neuron in facilitated can readily reach 
·  Patterns of Neural Processing
·  Serial processing:
·  one neuron stimulates the next, which stimulates the next and so on
·  all or nothing response
·  examples”
· 1. rapid automated stereotyped (always same)
· 2. repetitious and dependable
· 3. hot object/jerk hand
· 4. response occurs over neural pathway: reflex arc. note 5 essential components-brain not included
·  sensory: “straight through’ receptor- brain
·  Parallel Processing:
·  inputs segregated into many pathways
·  different neural circuits working simultaneously
·  not automated stereotyped, or repetitious 
·  high level: quickly process large amount of info
·  example: step on a nail while barefoot
·  serial processing: spinal reflex arc
·  no thought/analysis, automatic
·  parallel processing: pain/pressure impulses speed to brain

