HL IB Biology II: Muscles & Movement Topic 11
I. Integumentary System

a. Skin: main organ (largest organ)

b. Dermatology: study of the skin

c. Flexible & responsive organ

d. Two layers:  Epidermis and Dermis

e. Composed of four types of body tissues

i. Epithelial

1. Outer layer of the skin

2. Functions to cover surfaces of the body

ii. Connective

1. Consists of both tough and flexible protein fibers

2. Serves as a glue, holding your body together

iii. Muscle

1. Interacts with hairs on the skin to respond to stimuli (cold/fright)

iv. Nervous

1. Helps us detect external stimuli (pain/pressure)

f. Functions: 

i. Help maintain homeostasis by regulation your internal body temperature

1. Vessels dilate (vasodilation) 
2. Vessels constrict (vasoconstriction)
3. Sweating

ii. Sense organ – protection against viruses & bacteria (pathogens) (review antibiotic use)
iii. Producing essential vitamins

II. Skeletal System

a. 206 Bones 
b. Functions

i. Hard framework for the tissues & support of your body
ii. Allows protection of internal organs & vulnerable softer tissues
iii. Arrangement allows for efficient body movement – acts as levers for movements
iv. Produce blood cells (red marrow)

v. Stores minerals (calcium, phosphorous)

c. Axial skeleton

i. Skull, Vertebral column, Ribs, Sternum

d. Appendicular skeleton

i. Arms & legs

ii. Shoulder, hip, wrist, ankles, fingers, & toes

e. Joints: found where two or more bones meet

i. Includes:

1. bones

2. ligaments

3. muscles

4. tendons

5. nerves

ii. Bones: act as levers & magnify the force provided by muscle contraction

iii. Tendons: thick bands of connective tissue attaches muscles to bones
iv. Muscles: provides necessary force for movement by shortening the length of their fibers or cells

1. they occur as antagonistic pairs—allows a body part to be returned to its original position after a movement
v. Ligaments: tough band of connective tissue that attaches one bone to another (knee joints)

1. fxn: strengthens the joint

2. provides stability 

3. have many different sensory nerve endings to prevent over-extension of joint-- propriceptors

vi. Types

1. Hinge = allow back and forth movement (elbow)
a. Provides an opening and closing type of movement – freely movable (diarthrotic joint)
i. Elbow bones – humerus, radius, & ulna

ii. Within joint capsule (dense connective tissue) are synovial cavity & synovial fluid

2. Ball and socket = movement in all directions (shoulder & hip)

a. Diarthrotic joint – most moveable joints
b. Moves in 3 planes – flexion/extension, abduction/adduction & rotation  

3. Elbow joint –label & give fxn

a. Cartilage – support, cushion, decrease friction, & shock absorption
b. Synovial fluid – lubrication made from blood plasma & decreases friction 
c. Synovial cavity

d. Joint capsule – gives structure & strength
e. Tendon

f. Ligaments

g. Bones – gives framework & structure
h. Antagonistic muscles 

i. Biceps – contracts to bring flexion (bending) of the arm
ii. Triceps – contracts to cause extension (straightening) of arm
i. Movement action of antagonist 
i. Movements are coordinated by reflexes from CNS & spinal cord

ii. This is stimulated by motor nerves

iii. Stretch receptors in muscle & tendons sense stretching

iv. When stretch receptors in muscles are stimulated they produce a reflex stimulating muscle contraction (stretch reflex)

v. Reciprocal innervations of muscles = when one muscle is excited the antagonistic muscle receives no excitation (inhibited) 

f. Types of bone tissue

i. Compact: hard bone 

ii. Spongy bone: contains holes and spaces, less dense

iii. Types of bones: long, short, irregular, and flat

iv. Maintain function (long bones)

1. Hollow = lighter

2. Contains proteins & collagen gives flexibility & prevents brittleness

3. Calcium phosphates gives strength

4. Hollow shaft is stronger than solid shaft

5. Shaft gives strength 

6. Solid heads of bone absorb impacts from different directions without fracturing

7. Spongy bone in heads & cartilage acts as shock absorber

8. Smooth cartilage covers the ends to decrease friction

III. Muscular System

a. Types

i. Smooth muscle/Non-striated
1. Walls of your internal organs 

2. Walls of blood vessels

3. Functions: to squeeze, exerting pressure on the space inside the organ it surrounds to move material

4. Involuntary muscle

ii. Cardiac muscle

1. Heart

2. Conduct electrical impulses 

iii. Skeletal muscle/Striated
1. Moves your bones

2. Voluntary muscle

iv. Muscle structure - myofibril (skeletal)
1. cytoplasm is called the sarcoplasm which contains glycogen & proteins called myoglobin

2. sarcoplasmic reticulum – fluid filled system of membranous sacs surrounding the muscle myofibrils (calcium ions)
3. myofibrils – rod shaped bodies that run the length of the cell – closely packed and have increase mitochondria

4. Sarcomere – contractile unit of a muscle (banded structure)
a. Z lines – mark ends of sacromere
b. A bands – dark in color & extend the entire length of the myosin filaments

c. H Band – narrow & in middle of A band and contains only myosin (no actin)
d. I band – are light in color & contain only actin
e. M line – supporting protein in the middle of the myosin to hold them together

f. Actin filaments

g. Myosin filaments with heads

5. light bands – thin actin filament
6. dark bands – thick myosin filaments
v. Sliding Filament Model = Muscle contraction in skeletal (p. 297)
1. Movement involves:

a. Nerves: 

i. carry impulses or message to muscle 

ii. stimulates contraction

iii. control the timing of muscle contraction

b. Muscles: 

i. Provide force & cause movement

ii. Attached to bones by tendons

c.  Bones: 

i. Act as levers

ii. Joints between bones control the range of movement

iii. Antagonistic muscles cause opposite movements

2. action potential – motor neuron carries an impulse until it reaches a neuron or muscular junction

a. a neurotransmitter (acetylcholine) is released between the axon terminal & sarcolemma of the muscle 
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b. the neurotransmitter binds to receptors on the sarcolemma = muscle action potential

c. the action potential moves along the membrane through the T tubules

d. acetylcholine is broken down by an enzyme acetylcholinesterase. (ensures one nerve action potential causes only one muscle contraction)
3. arriving action potential (down the T tubules) causes the release of calcium ions (Ca2+)from the sarcoplasmic reticulum into the sarcoplasm
4. Calcium binds to troponin (on actin myofilaments)
5. troponin with calcium bound makes tropomyosin move

6. Movement of tropomyosin exposes binding sites on actin for myosin

· When muscles do not need to contract --resting state -- thin strands of a protein called tropomyosin are wrapped around the actin filaments, blocking the myosin [image: image1.wmf]X
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binding sites. This inhibits the myosin from binding to actin, and therefore causing a chain of events leading to muscle contraction. 

· Molecules called troponin are attached to the tropomyosin so myosin heads don’t attach
7. contraction of muscle fibers is due to the sliding of filaments – over each other
8. myosin heads bind to actin to form cross bridges with actin

9. ATP binds to the myosin heads causing them to detach from the binding sites (heads have ATPase which splits ATP to release energy)
10. ATP hydrolyses = ADP + P --this causes myosin heads to move
11. Myosin heads reattach to actin
12. myosin filaments move actin filaments towards center of sacromere

13. sliding of filaments = actin & myosin shortens the sacromere
a. sacromere shortens
b. thick & thin filaments don’t change in length
c. H zone & I band shrink


vi. Clinical Aspects

1. Exercise
a. Myoglobin – iron binding protein found in muscle tissue (can be found in blood if there is a muscle injury)
i. binds oxygen when level is high

ii. releases oxygen when level is low

iii. acts as an oxygen store

iv. allows muscles to continue with aerobic respiration for longer periods

b. Adrenaline

i. secreted during (or before) vigorous exercise

ii. stored glycogen is broken down to release glucose -- more glucose goes to muscle
iii. heart rate increased &
blood vessels to muscles dilate

iv. more blood & oxygen to muscles

c. Short Distance

i. anaerobic respiration

ii. lactic acid accumulation 

d. Long Distance

i. aerobic respiration

ii. depletion of the carbohydrate stores in the muscles
e. lactic acid build up during exercise relates to oxygen debt.

i. glycolysis allows skeletal muscle to work when
mitochondrial activity is slowed because of low oxygenation

ii. lactic acid is produced from pyruvate during anaerobic metabolism

iii. oxygen debt is the oxygen needed to break down the lactic acid in the liver

iv. continued deep breathing is needed after exercise to
replace the oxygen

v. lactic acid is converted to pyruvate in the liver
UNIT 4 MUSCLES p.290-299

Topic 11: B – Muscles and Movements

· State the roles of bones, ligaments, muscles, tendons and nerves in human movement.

· Label a diagram of the human elbow joint, including cartilage, synovial fluid, joint capsule, named bones and antagonistic muscles (biceps and triceps).

· Outline the functions of the structures in the human elbow joint named in 11.2.2.

· Compare the movements of the hip joint and the knee joint.

· Describe the structure of striated muscle fibres, including the myofibrils with light and dark bands, mitochondria, the sarcoplasmic reticulum, nuclei and the sarcolemma.

· Draw and label a diagram to show the structure of a sarcomere, including Z lines, actin filaments, myosin filaments with heads, and the resultant light and dark bands.

· Explain how skeletal muscle contracts, including the release of calcium ions from the sarcoplasmic reticulum, the formation of cross-bridges, the sliding of actin and myosin filaments, and the use of ATP to break cross-bridges and re-set myosin heads.

· Analyse electron micrographs to find the state of contraction of muscle fibres
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