CHAPTER 9 NOTES
Muscle Functions and Tissue Types
3 types (Fig. 4.11):

Skeletal: attaches to (and covers) the skeleton, has the longest fibers, is controlled voluntarily

Cardiac: is found only in the heart, is controlled involuntarily

Smooth: is found in the walls of organs, involves contractions that are slow, sustained, and involuntary

Prefixes that refer to muscle: sarco- , myo-, mys-
Functional characteristics of muscle cells:
Excitability

Contractility
Extensibility
Elasticity

Movement functions of muscle cells:

Producing internal and “external” motions

Maintaining posture

Stabilizing joints

Generating heat

Skeletal Muscle Structure and Function
Key feature of muscle cells: the presence of myofilaments
Macro-anatomy of a skeletal muscle (Table 9.1):

Innervation and blood supply (Fig. 9.1, 9.7)

Connective tissue (Fig. 9.2):

Epimysium

Perimysium

Endomysium

Attachments:

Origin and insertion

Direct vs. indirect
Micro-anatomy of a skeletal muscle fiber (Fig. 9.3, 9.4, 9.5, and 9.9):
Sarcolemma: the plasma membrane of the muscle fiber – directly beneath it are the cell’s many nuclei
Sarcoplasm: the cytoplasm of the muscle fiber, which has glycogen granules and many mitochondria
A fiber may also contain myoglobin, which stores O2
Myofibrils: these long, rod-like structures run parallel to the direction of the muscle fiber and are divided into individual sections called sarcomeres, which contain the protein filaments responsible for contraction
Sarcomeres: striations (banding patterns) are visible in each section (sarcomere) of the fibril – the width of some bands changes during contraction
Myofilaments: protein strands, parallel to the fiber
Thick filaments 

These are made of myosin and have heads that can form cross bridges during contraction

On the heads are binding sites for actin and ATP (the head acts as an enzyme to break ATP)
Thin filaments

These are made of actin and involve a twisted strand of tropomyosin having a troponin complex, which binds with Calcium to regulate cross-bridging during contraction

Sarcoplasmic reticulum with T tubules
SR is a type of endoplasmic reticulum. It stores Calcium ions (Ca2+) and releases them to cause sarcomere contraction

T-tubules, which are continues with the fiber's sarcolemma, run deep into the cell – this allows for rapid and even penetration of the nerve’s signal

Contraction at the sub-cellular level: sliding filament theory
1. Nerve impulse arrives at fiber (Fig. 9.7)
2. The sarcoplasmic reticulum releases Calcium ions (Fig. 9.9)
3. Calcium ions bind to the troponin complex (Fig. 9.10)
4. Tropomyosin shifts, exposing binding sites on actin (Fig. 9.10)
5. Myosin binds to actin, forming a cross-bridge (Fig. 9.10)
6. The myosin head changes shape, pulling on the thin filament
ATP has a role in detaching the myosin head so that steps 5 and 6 can take place again. Also, the energy released when the myosin head breaks ATP into ADP and P​i is what restores the shape of the myosin head, which is also necessary for steps 5 and 6 to take place again. This cycle is shown in Figure 9.11

Rigor mortis is the stiffening of muscles that occurs after death due to ATP being unavailable to release the cross bridges
Contraction of the muscle as a whole organ:

Muscle tension is the amount of force exerted by the muscle on an object. Muscle load is the amount of resistance present

If muscle tension increases without actually moving the load, the contraction taking place is isometric

If muscle tension increases and does move the load, the contraction is isotonic. Isotonic contractions are either concentric (muscle shortens during the work) or eccentric (muscle lengthens during the work)
An individual motor unit consists of a motor neuron and all the muscle fibers that it signals (Fig. 9.12)

A myogram shows the tension of a stimulated muscle over time

The phases of a muscle twitch after stimulation (Fig. 9.13):

1. Latent period

2. Period of contraction

3. Period of relaxation

A muscle’s response to stimulation can vary, depending on the frequency of that stimulation (Fig. 9.14), and on its strength
Recruitment

Threshold

Maximal stimulus
Early contractions of a muscle are not as strong as those that follow repeated stimulations. The staircase pattern shown on such a myogram (see Fig. 9.16) is called treppe 

Even voluntary (skeletal) muscles are always slightly contracted, having muscle tone which keeps them firm, healthy, and effective for stabilization of joints and maintenance of posture

The force of a muscle contraction depends on the number of fibers  stimulated, the size of those fibers, the frequency of the stimulation, and the amount of stretch present in the muscle

The velocity and duration of a muscle contraction depend on the type of muscle fibers present and the load and recruitment involved. 

3 Types of skeletal muscle fibers (see Table 9.2):

Slow Oxidative fibers use the aerobic pathway to generate ATP, have lots of myoglobin to store O2, and have little glycogen to supply glucose. They contract slowly
Fast Oxidative fibers use the aerobic and anaerobic pathways to generate ATP, have lots of myoglobin, and intermediate amounts of glycogen. They contract quickly
Fast Glycolytic fibers use the anaerobic pathway to generate ATP, have little myoglobin, and have lots of glycogen stores. They contract quickly
Muscle Metabolism
The energy for contraction comes from ATP. Only enough ATP for a few twitches is present in a muscle fiber – it must be rapidly recycled after the hydrolysis reaction that takes place at the myosin heads

3 pathways for recycling ADP to make more ATP (see Fig. 9.18):

1. Phosphorylation by creatine phosphate (in sarcoplasm)

2. Anaerobic glycolysis (in sarcoplasm)

3. Aerobic respiration (in mitochondria)
Muscle fatigue versus muscle contractures
Oxygen debt
Smooth Muscle Structure and Function

Smooth muscle fibers are similar to skeletal muscle fibers in that they involve the same myofilaments (actin and myosin) sliding past each other to power contraction

Smooth muscle fibers are unlike skeletal in that smooth muscle fibers are not striated; rather, their thick and thin filaments are arranged to form a spiral (Fig. 9.26). No troponin complex is present in smooth muscle fibers, and Ca2+ instead binds to calmodulin, which has a part in regulating the action of myosin. Further differences (see Table 9.3) include their means of regulation: they are involuntarily controlled by hormones, local chemicals, amount of stretch, and autonomic nerves

They are located in the walls of blood vessels and hollow organs, with two layers (longitudinal and circular) set at a 90o angle (Fig. 9.24). This arrangement facilitates peristalsis, the motion involved, as an example, in moving food through the digestive system

They are able to hypertrophy (increase in size) or undergo hyperplasia (multiplying by mitosis) in response to hormones
2 types:

Single unit: the majority of smooth muscle fibers in the body are single unit. The gap junctions (Fig. 3.5c) that join them allow their contraction as a unit

Multi-unit: smooth muscle fibers attached to hair follicles and those that adjust the size of the eye's pupil are examples of multi-unit - they are individually innervated and can thus contract out of sync with fibers around them
