
Levels of Structural Organization (pp. 3-4)

· chemical level - simplest level

· atoms combine to form molecules, molecules associate in specific ways to form organelles (basic components of the microscopic cells). Cells are the smallest units of living things
· cellular level: 

· all cells have common functions, but individual cells vary widely in size and shape, reflecting their unique functions in the body.

· single cells are the simplest living creatures, but in complex organisms the levels of structural organization continues

· tissue level:

· tissues are groups of similar cells that have a common function.
· 4 basic tissue types in human body

· epithelium - covers the body surface and lines its cavities

· muscle - provides movement

· connective - supports and protects body organs

· nervous - provides a means of rapid internal communication by transmitting electrical impulses

· organ composed of at least 2 tissue types (4 types is more common) - perform specific functions for the body
· organ level: extremely complex functions become possible

· organ system level:

· organs that work together to accomplish a common purpose make up an organ system
· e.g. heart and blood vessels of the cardiovascular system circulate blood continuously to carry oxygen and nutrients to all body cells

· organismal level - highest level:

· represents the sum total of all structural levels working together to keep us alive

Cellular Components (Definitions, pp. 83-92)

· mitochondria provides ATP, power source, contain own DNA/RNA/Ribosomes
· ribosomes the site of protein synthesis (free ribosomes and membrane bound ribosomes)
· rough endoplasmic reticulum external surface studded with ribosomes, these ribosomes manufacture all secreted proteins
· integral proteins and phospholipids manufacture

· smooth endoplasmic reticulum enzymes that catalyze reactions (integral proteins forming the membrane)
· Golgi apparatus stacked and flattened membrane sacs - modify, package, and concentrate proteins/lipids before exiting the cell
· lysosomes contain digestive enzymes (break down non useful tissue/bone, perform metabolic actions, digest particles)
· peroxisomes contain oxidases & catalases (oxidases detoxify harmful substances/catalases convert free radicals into water, once oxidases convert free radicals into hydrogen peroxide)
· microfilaments thinnest element of cytoskeleton, semi-flexible strands of protein
· intermediate filaments part of cytoskeleton; tough; insoluble protein fibres; resemble rope
· centriole barrel-shaped organelles at 90º form basis of cilia and flagella
· cilia whiplike, motile cellular extensions that move substances
· flagella projections formed by centrioles with propulsive flagellum
· microvilli fine, hairlike projections on membranes
· nucleus gene-containing control centre
· nuclear membrane double membrane barrier separated by a fluid-filled space
· nucleoli ribosomal subunits are produced
· chromatin consist of flattened histones proteins, creates a DNA segment
Tissues

· group of similarly structured cells that perform similar functions

· Epithelial Tissue
· sheet of cells, creates boundaries

· all linings are specialized

· protection, absorption, filtration, excretion, secretion, sensory reception

· has several characteristics of…:

· cellularity high cell density
· specialized contacts tight junctions to perform proper functions, hard to break, tightly attached to one another
· polarity apical surfaces (possibly attached to lumen, have dense microvilli and cilia to increase their surface area) and basal surfaces (cells firmly attached to below)
· basal lamina noncellular, underlying supportive sheet of glycoproteins. Cells attached, protection, cross-links fibres of glycoproteins to be selectively permeable.
· supported by connective tissue basement membrane = basal lamina + underlying reticular connective tissue (fine meshwork)
· avascular no direct blood supply, nourished by diffusion and concentration gradient
· regenerative high regenerative capacity due to the need for replacement and high damage rate
· Types of Epithelial Cells

· simple squamous thin and permeable, filtration, diffusion (smallest, thinnest possible cell) - found in kidney and lungs
· simple cuboidal secretion and absorption, but allows movement. Also direction and movement - found in kidney tubules, glands
· simple columnar digestion and secretion (digestive tract). Contain all organelles
· pseudo stratified columnar a single layer, cilia and mucus secretion are local specializations (respiratory tract)
· transitional epithelia (NOT SIMPLE) lines the bladder (must stretch and fill). The basal layers are columnar → cuboidal; apical layers become increasingly flattened/squamous as filling occurs
· structured stratified squamous undergo mitosis to keep generating layers - found in mouth
· glandular one or more cells that make and secrete a particular product
Glands

· endocrine do not have ducts, produce hormones
· exocrine has ducts (mucous, sweat, oil/salivary glands, liver, pancreas, etc.)
· unicelular AKA goblet cells, no ducts because they are one cell
· multicellular epithelium - derived duct and secretory cells, surround by supportive connective tissue, brings blood vessels and nerves
· Secretory Method

· merocrine exocytosis (most common type) - pancreas, salivary glands, sweat
· holocrine cell rupture, only sebaceous glands
· apocrine cell apex pinches off with secretory product
Connective Tissue

· five types

· mesenchyme 

· first tissue formed from mesoderm germ layer - mesenchymal cells + fluid ground substance & fine fibrils

· source of all other connective tissues

· connective tissue proper

· Loose Connective Tissue

· areolar gel-like matrix, loose arrangements of fibres, reservoir of water and salts, prime site of edema (inflammatory reaction). 
· functions - fluid reservoir, cushion, immunity

· adipose areolar connective tissue modified to store nutrients (adipocytes)
· fat-filled, do not reproduce

· under skin, around kidney and eyeballs

· function - fuel reservoir, insulation, supports and protects organs

· reticular like areolar connective tissue, only its a network of fibres
· located in lymphoid organs (lymph nodes/spleen)

· function - fibres form soft internal skeleton to support free blood cells

· Dense Connective Tissue

· dense regular collagen fibres running parallel to direction of pull
· attachment to strength

· tendons - bones to muscle

· ligaments - bones to bones

· dense irregular thicker bundles and arranged irregularly
· dermis, submucosa of digestive tract

· withstand tension exerted in many directions

· elastic very high elastic content, found in some elastic ligaments (like dense regular connective tissue)
· cartilage

· between dense connective tissue and bone

· avascular, devoid of nerve fibres

· ground substance, glycoaminoglycans (GAGs)

· collagen fibres

· up to 80% H2O

· bone

· calcium salts give hardness and strength

· gives support/protection of soft tissues

· has cavities for fat storage and synthesis of blood cells

· osteoblasts immature new bone lay down
· osteocytes maintaining cells
· osteoclasts breakdown bone, turnover
· blood

· consists of cells (red blood cells, white blood cells)

· "fibre" components, soluble protein molecules circulating, communicating around the body, only visible during clotting

· ground substance interstitial fluid and cell adhesion proteins and proteoglycans (molecular sieve)
· fibronectin, laminin (attach connective tissue elements to cells)

· proteoglycans large molecules with gel-like properties, fluid reserve, attach water
· fibres
· collagen high tensile strength
· elastic stretch - stretch and recoil

· reticular fibres support network, soft tissue
· cells
· immature ("blast") - actively dived/synthesize for growth and repair

· mature ("cyte") - provide level of maintenance

Membrane Transport

     Fluid Mosaic Model - form constantly changing mosaic pattern; made of of a phospholipid bilayer

     phospholipid bilayer a phospholipid molecule (polar head, charged, hydrophilic) and fatty acid tail

     (uncharged, non-polar, hydrophobic)

· 
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· peripheral proteins attached to integral proteins (usually internal side of plasma membrane); can be enzymes, involved in attachment functions, shape changes
· cytoskeleton anchors to plasma membrane; can also interact with receptors
· glycocalyx ensemble of carbohydrates attached to lipids and proteins on extracellular face; "sugar coating" on plasma membrane
· glycocalyx changes when cell becomes cancerous - can even change repeatedly to avoid recognition by immune system

· cholesterol overall reduces general membrane fluidity and stabilizes its structure - too much cholesterol causes membranes to lose flexibility
· many functions of plasma membrane proteins

· transport provide hydrophilic channel across membrane, selective to particular solute
· intercellular joining provide temporary binding cites to guide cell migration, exists in adjacent cell membranes
· enzyme activity team of enzymes catalyze steps of a metabolic process
· cell-cell recognition glycoproteins serve as identification tags specifically recognized by other cells
· receptors for signal transduction binding site, chemical messenger cause shape change in protein, initiate chain of chemical reactions
· attachment to ECM parts of extracellular matrix + cytoskeleton anchor to membrane proteins to maintain cell shape
· effective barrier between the intracellular and extracellular fluids

· selectively permeable

· allows the cell to respond to changes in the extracellular fluid

· site of cell-cell interaction and recognition
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· tight junctions fusion of adjacent plasma membranes to prevent passage of molecules
· desmosomes anchoring junctions - molecular linking of cells to resist mechanical stress
· gap junctions molecular channels between cells to allow passage of cytoplasmic molecules
· Plasma Membranes

2. barrier between intracellular/extracellular fluids

3. selectively permeable

4. allows cell to respond to changes in extracellular fluid

5. site of cell-cell interaction and recognition

· Transport Mechanisms

· Passive Transport
· diffusion "tendency of molecules or ions to scatter evenly throughout the environment":
· molecules have kinetic energy

· effected by:

· gradient slope increases rate (high to low concentration)
· molecular size (smaller the faster)

· temperature (warmer the better)

· the plasma membrane is hydrophobic, therefore it must

· be lipid soluble

· allow very small particles to pass through

· carried

· simple diffusion non-polar, lipid soluble (O2, CO2, fats, urea, alcohol)
· O2 and CO2 follow gradients into and out of cells, molecules moving down concentration gradient

· facilitated diffusion specific, not requiring ATP, limited by carrier saturation, movement down concentration gradient, can be inhibited by certain substances
· Carrier Mediated (transported) lipid-insoluble molecules too large to pass through membrane pores/channels (transmembrane integral proteins used)
· Channel Mediated
· selective due to pore size/charges of amino acids that line channels

· some always open (leakage channels)

· others controlled (gated channels)

· movement is always down concentration gradient (high to low)

· can be inhibited

· transmembrane proteins usually move ions/water, aqueous channels

· filtration

· water and solutes forced through membrane by fluid/hydrostatic pressure (the back pressure exerted by water against membrane)

· e.g. fluid out of capillaries to cells of tissues to form urine

· not selective; only red blood cells and large molecules don't get through

· Active Transport
· ATP used - substances too large for pores/lipid insoluble/move against concentration gradient

· active transport requires a carrier (combines specifically and reversibly with substance)

· solute pumps move substances against concentration gradient

· Coupled Systems
1. symport (molecules move same direction)

2. antiport (molecules move opposite directions)

· Primary Active Transport
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· [K+] is 10-20x higher inside cell

· [Na+] higher outside cell

· gradients essential, maintain balance/cell functions/responsiveness/volume

· maintenance challenged by:

1. slow leakage [K+] and [Na+] along concentration gradients

2. stimulation of muscle/nerve cells

· 3 Na+ ions pumped out per 2 K+ ions against concentration gradient

3. Na+/K+ ATPase (antiport)

· Secondary Active Transport
· transport of solute NOT coupled directly to energy - yielding reactions

· an ATP powered pump (primary active transport) can drive secondary active transport

· pump stores energy, the substance pumped through can "drag along" or co-transport other substances

· Vesicular Transport
· Exocytosis (out)

4. secretion of hormones, neurotransmitters, mucus, ejection of wastes

5. substances enclosed in a vesicle; vesicle to plasma membrane; fuses with plasma membrane; ruptures, releasing contents out of cell

6. vesicle docking vesicle and pre-synaptic membrane line up, fusion ready state. Membranes fuse, creating a small opening. Grows larger until vesicle membrane collapses into pre-synaptic membrane
· Endocytosis (in)

7. large particles enter cell, ATP required

8. vesicle encloses substance, pinches off, moves into cytoplasm where contents are digested

9. special case - mediator-receptor (⟷) endocytosis
· Phagocytosis engulfs large particle
· Pinocytosis "gulps" fluid containing many particles
· Osmosis
· unassisted diffusion of water

· low to high solute concentration across semi-permeable membrane

· polar, but small enough for most pores

· net movement due to water concentration gradients

· H2O concentration lower due to increased solute particles in a solution (osmolarity)

· animal cells swell/shrink in response to water movement until equilibrium or rupture

· Osmolarity total concentration of all solute particles in a solution (mOsmol/L)
· Tonicity concentration of non-penetrating solute particles in a solution = ability of solute to change shape of cell bathed by
· Isotonic cells retain normal size (water/solute moves in and out equally)
· Hypertonic cells lose water by osmosis in hypertonic solution (contains greater percent of solutes than present in the cell) - releases water to reach equilibrium
· Hypotonic cells take in water by osmosis until they become bloated and burst (contains less percent solutes than in the cell) - takes in water to reach equilibrium
Physiology of the Neuron (pp. 390-414)

· neuron adequately nourished, amitotic (non-regenerative), high metabolic rate
· Neuron Cell Body
· large spherical nucleus and granular cytoplasm (biosynthetic centre)

· extensive rough endoplasmic reticulum and ribosome clusters (Nissl Bodies); also elaborate lots of mitochondria and Golgi bodies

· nucleus clusters of cell bodies in the central nervous system
· Ganglion clusters that lie along nerves of the peripheral nervous system
· tract bundle of nerve processes in CNS
· nerve bundle of nerve processes in PNS
· Dendrites (Receptive Region)
· short, tapering, branched extensions

· conduct impulses toward cell body

· short distance, graded potentials (membrane potential that varies directly with strength of stimulus)

· Axon
· arises from axon hillock

· rate of conduction increases with axon diameter - conducting velocities also increased by the presence of a myelin sheath

· ends in axon terminals

· neurotransmitters convey info

· Anterograde - with movement

· Retrograde - opposite movement

Creation of Resting Membrane Potential

· voltage electrical potential energy due to separation of separately and oppositely charged particles (-70 mV)
· [K+] primarily inside cell

· [Na+] primarily outside cell

· resting membranes permeable to [Na+]/[K+] in small amounts due to leakage channels

· Na+/K+ pump moves 3 Na+ out for each 2 K+ in, resulting in resting membrane potential

· Channels in Plasma Membranes
1. passive/leakage channels - always open

2. active/gated channels - need signals

1. chemically gated - open when the appropriate chemical (neurotransmitter) binds

2. voltage gated - open/close in response to changes in membrane potential

3. *channels are ion-specific, channels open and ions move in response to electrochemical gradients

· graded potentials a local change in membrane potential that varies directly with strength of stimulus
· action potentials transient depolarization that is conducted along membrane of muscle/nerve fibre
· depolarization increases probability of producing nerve impulses
· hyperpolarization decreases probability of producing nerve impulses
· initial stimulus depolarizes or hyper polarizes local area of membrane

4. leads to decremental movement of ions on either side of membrane propagates signal for short distance

· Action Potential Graphs

5. brief reversal of membrane potential (-100 mV, from -70 mV to 30 mV)

6. only axons in neurone can generate action potentials

7. Action Potentials do not decrease in amplitude with distance (aka all-or-none phenomenon)
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Generation of Action Potential

· transient increase in Na+ permeability

· restoration of Na+ impermeability

· transient increase in K+ permeability

· Depolarizing Phase
1. increased in [Na+] permeability resting state: voltage gated [Na+]/[K+] channels closed therefore normal leakage. 

· local depolarization voltage gated Na+ channels open (fast activation gates)
2. Decrease in Na+ permeability as membrane potential passes OmV, inside positively resists further Na+ entry
· Na+ gates begin to close, turning point in spike

· cell will now begin to depolarize

3. Repolarizing Phase
· increase in [K+] permeability. K+ leaves cell along electrochemical gradient, depolarizes cell

· Na+/K+ pumps quickly restore ion gradients across membrane

4. Absolute and Relative Refractory Periods
· absolute refractory period Na+ gates open, second depolarization impossible
· relative refractory period Na+ gates closed but K+ open, can only be stimulated by STRONG stimulus (greater than threshold)
Impulse Propagation

· in the central nervous system, white matter in the brain is myelinated, grey matter is not (mostly nerve cell bodies)

· Myelin Sheath
· white lipid-protein

· protects peripheral nerves

· increases (up to 150x) the rate of impulse propagation

· Nodes of Ranvier gaps between Schwaan cells that occur at regular intervals between cells
The Synapse

· junction between 2 neurone or neuron and effector

· presynaptic neuron vs. postsynaptic neuron (most neurone can be both - axon terminals or dendrites)

· postsynaptic neuron gives info

· presynaptic neuron relays info

2. Electrical Impulse
· less common, like gap junctions

· direct current flow - protein channels

· neurone can be synchronized

· rapid transmission (electrically couples)

· e.g. eye movement, cardia and smooth muscle cell

3. Chemical Synapses
· release and binding of neurotransmitter

· neurotransmitters depolarize/hyperpolarize dendritic membrane
· open/close ion channels that influence membrane permeability

· axonal terminal

· receptor region

4. Initiation
1. Ca2+ gates open in presynaptic terminal

2. neurotransmitter released

3. neurotransmitter binds to postsynaptic receptors

4. ion channels open in postsynaptic membranes

5. Termination (3 options)

1. degradation by enzymes of postsynaptic membrane (acetylcholine)

2. reuptake by presynaptic terminal

3. diffusion away from synaptic site

· synaptic delay slowest (rate limiting) step of neuron communication (0.3-5 ms)
· post synaptic potentials channels respond to chemicals rather than changes in membrane potential (very rarely cause action potentials)
· 2 types of postsynaptic potentials

1. excitatory postsynaptic potentials (EPSPs)

· neurotransmitters binding depolarizes postsynaptic membrane, opening chemically gated ion channels (for both potassium and sodium ions)

2. inhibitory postsynaptic potentials (IPSPs)

· neurotransmitters binded at inhibitory synapses reduce a neuron's ability

· Summation by the Postsynaptic Neuron
· no summation 2 stimuli separated in time cause EPSPs that do not add together
· temporal summation 2 excitatory stimuli close in time cause EPSPs that add together
· spatial summation 2 simultaneous stimuli at different locations cause EPSPs that add together
· spatial summation of EPSPs and IPSPs changes in membrane potential can cancel each other out
Physiology of Muscle (Chapter 9)

· Muscle Functions

· generate movement (locomotion, blood flow and pressure, manipulation, respiration, urine, etc.)

· maintain posture (working against gravity)

· joint stabilization (shoulders/knees when moving parts of skeleton)

· generation of heat (maintain body temperature - skeletal muscle = 40% of body mass)

· Functional Characteristics of Muscle

· excitability "ability to respond to a stimulus", muscle contraction
· contractibility ability to shorten forcibly when stimulated
· extensibility ability to be stretched
· elasticity ability to resume resting length after being stretched
· Skeletal Muscle Fibre (p. 280)

· long, cylindrical cell, syncytium (multiple cell fusion), contains glycogen and myoglobin (ion and oxygen binding)

· myofibrils
· each muscle cell consists of parallel myofibrils (make up muscle fibre)

· myofilaments arranged in a pattern, forming end-to-end sarcomeres (extend from one Z-disc to another, "striated muscle")

· actin thin filaments across I-band and partially to A-band
· myosin thick filament, entire A-band
· Z-disc anchors thin filaments and connects all myofibrils of a cell
· H-zone area with no thin filaments (relaxed muscle)
· M-line fine strands connecting adjacent thick filaments
· Ultrastructure and Molecular Composition of Myofilaments

· thick (myosin) filaments - rod-like tail (2 heavy chains) and 2 globular ends - heads (ends of heavy chains + 2 light chains = cross bridges)

· cross bridges are the business ends of thick filaments - during contraction they link thick and thin filaments together

· thick filament = ~200 myosin's that contain ATPase in the head

· thin filaments - binding sites for myosin (cross bridges)

· strands are F-actin; 2 strands wound as a helix

· G-actin globular actin
· F-actin G-actin subunits, polymerized into long actin filaments
· additional components

· tropomyosin 2 strands, stiffen filament blocks cross bridge binding
· troponin 3-polypeptide complex
· TnI inhibitory subunit, binds to actin
· TnT binds to tropomyosin and helps to position it on actin
· TnC binds to calcium ions
· Sarcoplasmic Reticulum and T Tubules

· sarcoplasmic reticulum
· elaborate web of smooth endoplasmic reticulum around each myofibril inside plasmic reticulum

· most run longitudinally, pairs of terminal cistern ("end sacs") across A-I junctions

· regulate intracellular Ca2+ storage deposit and releases when contraction is stimulated

· T Tubules
· at A-I junction, sarcolemma penetrates cytoplasm to form hollow, elongated tubes

· "T Tubule" transverse tubule
· triad group of three structures: 2 terminal cistern and 1 T Tubule
· T-system thousands (2/sarcomere) of T Tubules in a single muscle cell
· increase muscle fibre's surface area

· due to continuations of sarcolemma, able to conduct impulses to deepest regions of the muscle cell

· sarcolemma cell membrane of muscle cell
· Filament Mechanism

· muscle fibre shorten because sarcomeres shorten; filaments remain the same length

· thin filaments slide over thick filaments

· relaxed only slight overlap of thick and thin filaments
· contracted thin filaments penetrate more deeply into A-band. Z-discs pulled towards thick filaments
· overall
· distance between Z-discs reduced

· I-bands shorten

· H-zones disappear

· A-bands move closer together but remain constant length

· How does sliding occur?

· stimulus to contract

· myosin cross bridges attach to actin

· detaches/attaches numerous times to pull thin filaments towards centre of sarcomere

· muscle shortens as process occurs simultaneously in all sarcomeres

· The Cross Bridge Cycle (p. 292)
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1. Cross Bridge Formation energized myosin head attaches to an actin myofilament, forming cross bridge
2. Power (working) Stroke ADP and Pi are released and myosin head pivots and bends, changing to bent low-energy state. This pulls actin filament onwards the M-line
3. Cross Bridge Detachment after ATP attaches to myosin, the link between myosin and actin releases after weakening
4. Cocking of the Myosin Head as ATP is hydrolized to ADP and Pi the myosin head returns to its pre stroke, high-energy position - the "cocked position"
· Details on the Mechanism
· myosin binding sites on actin are blocked by tropomyosin

· Ca2+ influx Ca2+ binds to troponin to create shape change and detachment from actin
· binding sites are exposed when tropomyosin is moved away from sites

· relaxation occurs when Ca2+ is reclaimed

· Regulation of Contraction

· excitation contraction coupling - sequence of events of a transmission of an action potential along sarcolemma, causing it to slide
· neuromuscular junction and nerve stimulus

· muscles stimulated by motor neurone of somatic nervous system

· stimulant is neurotransmitter, acetylcholine

· events at the nerve-muscle synapse are identical to nerve-nerve synapse

· generation of action potential is all-or-none

· Excitation Summary (p. 289)

· nerve impulse reaches axon terminal, opens voltage gated calcium channels and triggers release of acetylcholine into synaptic cleft

· influx of Na+ causes local depolarization, which causes Ca2+ to be released, changing shape (see before)

· Latent Period aka local depolarization
· Contraction of a Whole Skeletal Muscle

· motor unit = 1 motor neuron and all muscle fibres it supplies (p. 294)

· motor nerve, motor neuron axons, many axon terminals, to single muscle fibre

· Graded Muscle Responses (p. 294)

· smooth, vary in strength depending on demands, graded in 2 ways

· change sped of stimulation

· change number of motor units activated

1. speed of stimulation wave summation and tetanus (fig. 9.15, p. 295)
· rapid rate of stimuli - each contraction builds on the previous

· action potential refractory period honoured

· tetanus fused contractions - inter-stimulus interval too short to allow inter-twitch muscle relaxation → eventually followed by muscle fatigue
2. multiple motor unit summation
· means of increasing strength of contraction

· threshold stimulus - first observable response

· maximal stimulus - strongest stimulus, produces increase in contractile force

· muscle tone even relaxed muscle slightly contracted (tone) due to spinal reflexes activated by stretch receptors
· Isotonic vs. Isometric Contractions (p. 297)

· isotonic muslce changes in length and moves load (thin filaments are sliding)
· concentric muscle shortens and does work
· eccentric muscle generates force as it lengthens
· *50% more forceful, uses less ATP/O2, fewer muscle fibres

· isometric tension increases but muscle remains same length (cross bridges generate force)
· do not move thin filaments

· most movements are a mix of above

· Muscle Fatigue and Endurance

· optimal length tension relationship - when a muscle is slightly stretched, thin/thick filaments overlap optimally
· permits sliding nearly the entire length of thin filaments

· large number of muscle cells recruited

· large muscle fibres

· high frequency of stimulation

· muscle and sarcomere stretched to slightly over 100%

· Velocity and Duration of Contraction

· depends on…

· load greater load = longer latent period = slower contraction = shorter contraction duration
· sources of energy (fig. 9.20, p. 300)

· stored ATP for cross bridge movement and detachment; Ca2+ pump
3. only 4-6 seconds of stored ATPl regenerated immediately and continuously

· direct phosphorylation of ADP by creatine phosphate

4. creatine phosphate unique, high-energy molecule stored in muscles
5. CP + ADP = creatine + ATP

6. enzyme = create kinase; but CP reserves quickly gone (CP + ATP = 15-20 seconds at maximum muscle power)

· aerobic respiration

7. high ATP yield but slower (many steps)

8. requires continuous O2 and nutrients

· anaerobic glycolysis (5% of aerobic ATP, 25x faster - used in vigorous activity)

9. only 2 ATP/glucose, O2 not used, is fast

10. usually only pyruvic acid, then converted to lactic acid. Reconverted back into pyruvic acid when exercise is done

· Energy Systems

· weight lifting, diving, sprinting - ATP/CP

· tennis, soocer, 100m sprint, swim - anaerobic

· marathon runs, jogging, etc. - mainly aerobic (anaerobic may function until aerobic reaches full potential)

· aerobic endurance length of time a muscle can use aerobic
· anaerobic threshold point at which muscle converts to anaerobic
· muscle fatigue physiological inability to contract (deficit of ATP)
1. total ATP absence cause contractures

2. contributors buildup of lactic acid, ion imbalances (Na+/K+ pump requires ATP)
· Oxygen Debt

3. post exercise the body needs to replenish O2 reserves, convert lactic acid to pyruvic acid, replace glycogen stores, restock ATP/CP

4. liver converts additional lactic acid to glucose/glycogen

5. oxygen debt extra amount of oxygen needed to accomplish
· lactic acid indirectly stimulates respiratory centre of brain. AKA excess post-exercise O2 consumption (EPOC)

· Heat Production

· ATP driven muscle contraction 20-25% efficient; dissipated by body's cooling mechanisms

· muscle fibres

6. slow oxidative fibres

· thin cells with slow-acting myosin ATPases, contract slowly (red = lots of myoglobin)

· primary energy fuel is fat

· lots of mitts, capillaries, aerobic enzymes: oxidative

· fatigue - resistent, but not powerful

7. fast glycolytic fibres (large, pale/white)

· little myoglobin, diameter is 2x that of slow oxidative fibres

· fast acting myosin ATPases, contract quickly

· few mitochondria, lots of glycogen reserves: glycotic

· will fatigue

8. fast oxidative fibres pink or red, intermediate cell sizes
· fast-acting myosin ATPases and contract quicly

· high myoglobin content and O2 dependent

· fairly fatigue resistant

· intermediate activités

9. *body muscles have a mixture of fibre types

· Arrangement of Fibres and Microscopic Structures

· small spindle-shaped cells, one centrally located nucleus (2-10 µm in diameter, 100-500 µm in length)

· cells separated by fine connective tissue; sheets of closely opposed fibres, at least 2 sheets with opposite orientation

· sarcoplasmic reticulum less developed than in skeletal muscle

10. no T Tubules

11. sarcoplasmic reticulum touches sarcolemma and smooth muscle cells have large surface area/volume ratios

· no striations, but have interdicting thick/thin filaments

12. thick:thin = 1:13 (smooth) vs. 1:2 (skeletal)

13. smooth muscle myosin has actin gripping heads along entire length (greater strength)

· tropomyosin, no troponin

· no sarcomeres

· non contractile intermediate filaments and dense bodies (attach to thin filaments

· Contraction of Smooth Muscle

· Mechanism

14. electrical coupling via gap junctions → slow synchronized contractions

15. some smooth muscle cells are pacemaker cells

· actin and myosin interact by sliding filament mechanism

· final trigger is rise in intracellular Ca2+
· sliding process energized by ATP

· contraction of smooth muscle is slow (30x), sustained, fatigue - resistant (24-hour maintenance of tone of blood vessels, visceral organs)

16. few mitos; most ATP generated aerobically

· Special Features

17. response to stretch (120% resting length) more stretch >> more vigorous contraction
· stretching can induce brief contraction or can have stretch relaxation response (filling)

18. length and tension changes stretches more than skeletal; can generate more tension than skeletal (contracts in corkscrew-like manner - 150% vs. 60%)
19. hyperplasia e.g. estrogen and uterine smooth muscle cells
· utinary smooth muscle visceral muscle; more common
· contracts as a unit and rhythmically

· electrically coupled by gap junctions

· often spontaneous action potentials

· all other smooth muscle character

· Multiunit Smooth Muscle (e.g. large airways to lungs, large arteries, arrector pili muscles of skin, hair follicles, internal eye muscles for focus)

20. rarely have gap junctions or spontaneous synchronized contractions

21. muscle fibres structurally independent of each other

22. richly supplied with nerve endings

23. responds to neural stimulation with graded contractions
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