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SOLE FEEDBACK – Year 1 Musculoskeletal System
The following pages provide you with templates on which you can record your thoughts as the course proceeds. At the end of the course you can enter your views onto SOLE.

Please answer all questions by selecting the response which best reflects your view.

	
	Strongly Agree
	Agree
	Neutral
	Disagree
	Strongly Disagree

	The content of this module is useful.
	(
	(
	(
	(
	(

	The support materials available for this module (e.g. handouts, web pages, problem sheets) are helpful.
	(
	(
	(
	(
	(

	I receive sufficient feedback and guidance.
	(
	(
	(
	(
	(

	Overall, I am satisfied with this module.
	(
	(
	(
	(
	(


Please use this box for constructive feedback and suggestions for improvement.

	


SOLE FEEDBACK - INDIVIDUAL LECTURERS

Please note that for SOLE, a Lecturer’s name will only appear once. This template gives you the opportunity to record your comments about each lecture in the order of delivery.

On the following section, you have an opportunity to record any comments and constructive feedback you have for each lecturer.

	
	The lecture(s) are well structured
	The lecturer explains concepts clearly
	The lecturer engages well with the students

	Lecturer and Lecture Title
	Strongly Agree
	Agree
	Neutral
	Disagree
	Strongly Disagree
	Strongly Agree
	Agree
	Neutral
	Disagree
	Strongly Disagree
	Strongly Agree
	Agree
	Neutral
	Disagree
	Strongly Disagree

	Dr. Valentina Caorsi
The molecules of movement
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(

	Dr. Paul Strutton
Molecules working together: force and movement
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(

	Dr. Paul Strutton
Electromyography: Introduction & video
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(
	(


	Lecturer and Lecture Title
	Please use this box for additional constructive feedback.

	Dr Valentina Caorsi

The molecules of movement 
	

	Dr Paul Strutton
Molecules working together: force and movement
	

	Dr Paul Strutton
Electromyography: Introduction & video
	


Musculoskeletal System
INTRODUCTION
The Musculoskeletal System course is taught in the SpringTerm of year 1 and the Autumn and Spring Terms of year 2. 
This is the first session in the Musculoskeletal Course, which will continue next year.  In this session you will build on the introduction to Muscle Tissue (MCD) given by Prof Curtin in a lecture in the autumn term. 

COURSE STRUCTURE

The session consists of two lectures in which we will describe the basic biology of “molecular motors” and “how muscle works”.  There is also a video demonstration of emg recording showing the relationship between stimulation and muscle responses (both electrical and force).  This method is used clinically to assess muscle and motor neurone function.

Later in the course you will learn more about how normal muscle works (changes with age, disuse, training etc) and what goes wrong in muscle diseases.

ASSESSMENT
Formative Assessments
The On-line Self-test for term 2 that will be available via Blackboard will include questions (SBA and EMQ) based on the material covered in this session.  Other exercises on Muscle can be found in LAPT.
Summative Assessment
The course will be examined in a single examination
LCRS — 1.15 hrs in June 2013 (see Intranet).
The questions will be SAQ, SBA and EMQ format.

Examples of specimen questions
SBA

Molecules of Movement.  Select the single best answer.

Which of the following statements about microtubules is FALSE?

1. Microtubules are polymers of alpha tubulin.

2. Microtubules generate force by lengthening and shortening.

3. Microtubules are motor proteins that allow organelles to move along them.

4. Microtubules growth continues away from their organising centre in the positive direction.

5. Microtubules serve as a structural component in cells.

Answer : 1.

Comment: Microtubules are polymers of BETA and ALPHA tubulin. 

Lecture: Molecules of movement

EMQ

Muscle Proteins.  

For each item below, choose the SINGLE most appropriate answer from the list of the options. Be sure to read ALL options before choosing your answer.  Each option may be used once, more than once, or not at all.

Options

1. Actin.

2. alpha actinin.

3. Dynein.

4. Kinesin.

5. Creatine kinase.

6. Dihydropyridine receptor.

7. Ryanodine receptor.

8. Troponin.

9. Ca-ATPase.

10. Phosphatase.

Questions

Located in the Z line

2. alpha actinin.

Molecular motor consisting of 2 amino acid chains that interacts with microtubules. 

4. Kinesin.

Involved in the relaxation of smooth muscle by removing phosphate from myosin. 

10. Phosphatase.

Voltage-sensitive component of t-tubule membrane.;

6. Dihydropyridine receptor.

Ca-binding protein in thin filament.

8. Troponin.

TIMETABLE 2012/2013 – Spring term

Details are correct at the time of going to press. Any amendments will be shown on the intranet.

	Date and campus
	Time
	Lecture topic
	Lecturer

	Wed
Date (16/01/13)
CX
Brian Drewe lecture theatre
	09.00 – 09.45 
	The molecules of movement
	Dr Valentina Caorsi



	
	10.15 – 11.00 
	Molecules working together: force and movement
	Dr Paul Strutton


	
	11.00 – 12.00
	Electromyography: Introduction & video
	Dr Paul Strutton



Learning objectives – Year 1 (2012/13) Spring
These session objectives may include tasks you should be able to carry out after you have completed the relevant activity. They provide you with a way to assess how well you are keeping up with the material. Note that they are also provided to the external examiners as a guide to what you should know at the end of the course.

1
Lecture 1 Dr. Valentina Caorsi

· Appreciate that there are a large number of molecular motors, each with its assigned role. 

· Linear molecular motors are associated with polymeric filaments. Which filaments are myosins and kinesins associated with?

· Which molecular motor is that found predominantly in muscle cells?

· Describe the structure of myosin II.

· Describe the structure of myosin filaments.

· Describe the structure of actin filaments.

· What are sarcomeres?   Draw a sarcomere in longitudinal section.

· Activation of the skeletal muscle cell results from a cascade of events:

· What causes depolarisation of the muscle cell membrane?

· How does cell membrane depolarisation propagate

· along the cell surface?

· into the core of the muscle cell?

· Describe how calcium ions are released from intracellular calcium stores (sarcoplasmic reticulum). Which membrane-bound proteins are involved in this process?

· Describe the fate of calcium ions during activation of the myofilaments.

· How is the thin filament affected by calcium? What are the consequences?

· What is relaxation? What happens to calcium ions during relaxation?

.

2
Lecture 2 Dr. Paul Strutton
· Appreciate that the myosin cross-bridge cycle is the elementary process resulting in force generation and shortening by all muscle cells.

· Draw a diagram of the main steps in the cross-bridge cycle, showing the changes in cross-bridge structure and how ATP is involved.

· List 3 key features of the cycle (ATP used in each cycle, one-way sliding, small step size).

· For the following factors, that control the amount of force produced in vivo,  briefly explain the mechanisms involved.

· recruitment of motor units

· frequency of activation (covered earlier)

· sarcomere length and filament overlap

· speed and direction of movement

· List the metabolic sources of ATP and briefly outline the conditions in which each is important.

Other types of muscles:

Smooth muscle: 

· Describe its main structural features.

· Give examples of tissues contain smooth muscle and state the nature of the signal that triggers contraction.

· Describe the intracellular events during activation of contraction and during relaxation.  Be able to explain how this is different from the corresponding events in skeletal and cardiac muscle.

Cardiac muscle:

· Describe its main structural features

· Be aware that the crossbridge cycle is like that in skeletal muscle.

· Describe the sources of Ca for activation and how this differs from skeletal muscle. 

3
Introduction & video Dr. Paul Strutton
Aims: 

· To demonstrate what an electromyogram (EMG) is and how it can be recorded.  

· To demonstrate percutaneous electrical stimulation of a peripheral nerve.

· To show how muscle force can be recorded in a human subject.

· To show the relationship between excitation (both percutaneous electrical stimulation and voluntary excitation), emg response and force response.

Learning objectives:

· You should be able to define the following terms: 

· Twitch

· Tetanus

· Summation

· Electromyogram

· You should know (in qualitative terms at least) how long a muscle action potential lasts compared to how the muscle force response lasts.
Recommended reading

Most standard Physiology textbooks cover muscle reasonably well.  For example, Sherwood, L.  Human Physiology , 3rd ed. 1997, Chapter 8.

More advanced book available in S. Ken or CX library:

McComas, A.J., Skeletal muscle: form and function, Human Kinetics, 1996.

ISBN: 0-87322-780-8

Online resources

http://lala.mpimf-heidelberg.mpg.de/~holmes/muscle/muscle1.html
http://www.ebsa.org/npbsn41//intro_muscle.html
CAL material: 
There are questions with immediate feedback and explanations at

http://www.ucl.ac.uk/lapt/laptlite/ 

click on EXERCISE MENU and scroll down to Imperial College.  Then follow the instructions 
CONTACT DETAILS

Course Leader:
Professor Matthew Pickering PhD MRCP(UK)

Professor of Rheumatology and Wellcome Trust Senior Fellow in Clinical Science

Centre for Complement & Inflammation Research (CCIR)

Division of Immunology and Inflammation

Department of Medicine, Imperial College London 

Hammersmith Campus, Du Cane Road

London W12 ONN

 

matthew.pickering@imperial.ac.uk
http://www1.imperial.ac.uk/medicine/people/matthew.pickering/
CCIR weblink:

http://www1.imperial.ac.uk/medicine/about/divisions/departmentofmedicine/immunologyandinflammation/ccir/
The molecules of movement
Dr. Valentina Caorsi

v.caorsi@imperial.ac.uk
The molecules of movement : Protein assemblies which convert chemical energy into mechanical work.Energy for biological motors is usually derived directly from the hydrolysis of ATP or from an ionic gradient (e.g. H+  or Na+ gradient). 

Linear, rotary or oscillatory motors: Linear motors require protein rails: actin filaments for myosins, microtubules for dynein, kinesins and ncd and DNA or RNA for helicases and topoisomerases. Other linear motors rely on filament polymerisation (eg actin polymerisation in listeria or microtubule polimerisation). Rotary motors require stators: e.g. the flagellar motor, ATP-hydrolysing F1 portion of the F1Fo-ATPase 

Oscillatory motors are found in cilia and require cross-linked microtubule bundles called axonemes, and are powered by dynein.

Microtubule polymerisation – look it up

Types of movements:

Intracellular:

vesicle transport

hair cells in the ear (sensory organs)

cytoplasmic streaming

segregation of chromosomes in mitosis 

cytokinesis: formation of a cleavage furrow by the contraction of a circumferential ring of actin and myosin II at the cell equator 

unwinding of DNA

Cellular: 

Bacterial motility

cell locomotion

axon growth

phagocytosis

muscle contraction

chemotaxis

Cytokinesis: The spindles contain microtubules and dynein

Myosin II is involved in forming the cleavage furrow: cytokinesis. Myosin 1 also, as well as other proteins

Movement along DNA: Human Topoisomerase 1 which catalyses the transient  breaking of DNA strands

Actin polymerisation: Listeria moves in infected cells by inducing actin polymerisation

Molecular motors: Kinesin consists of two amino-acid chains, each terminating into a globular, ATP-binding ‘head’, which interacts with microtubules.

The tail of the proteins forms a coiled-coil. The cargo is held at specialised binding sites at the end of the tails. Kinesin moves along microtubules. Microtubules are polymers made up of tubulin monomers. 

Molecular motors: Dynein - An oscillatory motor

Structure of an axoneme in a human sperm tail x-section

Cilia: Cilia are found lining in the respiratory tract. They are also responsible for sperm movement. A cilium contains an axoneme: a bundle of microtubules. The microtubules are connected by elastic proteins (nexin) and by motor proteins (dynein).

Molecular motors: 3. F1-ATPase Molecular motors:
a rotary motor, or an ATP generator? Motors working in reverse – ‘generators’

Molecular motors:  The flagellar motor. Visualisation of F1-ATPase rotation using fluorescent actin filaments.

The flagellar motor as found in E. coli

Animation showing the flagellar motor

Molecular motors: Myosin, the molecular motor found in muscle cells

Myosin. The structure of myosin II
Myosin family: a large family

Myosins structural and functional domains

Myosin functions:

	Class
	Function

	I - Amoeboid
	Cell motility, phagocytosis, contractile vacuole

	I - brush Border
	Microvilli function, possibly vesicle transport

	IB
	Stereocilia, vesicle transport, epithelial development

	I – myr4 
	Vesicle transport, epithelial development

	II - cytoplasmic
	Cytokinesis, phagocytosis, cell shape and/or polarity

	II - sarcomeric
	Skeletal and cardiac muscle contraction

	III
	Rhabdomere function (Drosophila), photoadaptation

	IV
	??? Acanthamoeba species only

	V
	Vesicle transport, mRNA transport

	VI
	Vesicle transport, hair cell function (ear), epithelial function, reverse translocation of actin filaments

	VII
	Sensory epithelia

	VIII - plant
	???

	IX
	Signal transduction

	X
	?? Plekstrin homology may indicate a signal transduction role

	XI - plant
	Vesicle transport

	XII
	???

	XIII - plant
	???

	XIV
	??? Toxoplasma and Plasmodium species only

	XV
	Auditory

	XVI
	Neuronal cell migration

	XVII
	??? include chitin synthase domain, located in the plasma membrane. Pyricularia and Emiricella species only.


Myosin V moving on F-actin. Myosin V is found in brain and is involved in vesicular and possibly mRNA transport. Melanin vesicle transport into hair. In ‘Dilute’ mutant mice, a myosin V deletion results in colourless hair. Also is able to bind microtubules. Found in nerve growth cones.

Myosin II Class, found in muscles

Skeletal muscle: Myosin and myosin filaments (thick filaments). Organ designed for movement:

Structure of myosin II: 
Thick filament structure: Tail diameter: 2 nm

Thick filament backbone diameter: 16.3 nm

Thick filament and packed myosin heads: 20.3 nm

Length of native thick filaments: 1.6 µm 

Crystal structure of myosin S1

Actin filament: Filaments made by polymerisation of G-actin (43 kDa globular protein) 

In most cells found at the periphery, underlying the cell surface

Examples include thin filaments of muscle; core of each microvillus in a brush border; involved in cell surface shape changes including those underlying cell migration 

Actin filament decorated with myosin S1

The muscle sarcomere: Thick filament length: 1.6 µm, Containing 294 myosin molecules (588 heads). 3 myosins/crown, spaced at 14.3 nm interval.

Thin filament length: 1.1 µm.

Length regulated by nebulin and tropomodulin

Titin is a large elastic and extensible protein that links the thick –filaments to the Z-line, thus ensuring that the thick filaments remain centred in the sarcomere. 

Z-band width: 0.052 µm in Type II fibres, 0.101 µm in Type I fibres.

Bare zone: 0.15 µm wide

Contraction. The filaments are stiff and largely inextensible. Muscle shortening is brought about by the interaction of myosin 'cross-bridges' interacting with the thin (actin) filaments, which cause changes in the overlap between the sets of inter-digitating filaments. 

Myosin cross-bridges are independent force generators

Sliding filament hypothesis

Activation: Each bundle of filament is called a myofibril. There are hundreds of myofibril in each cell of a skeletal muscle. 

T-tubules are invaginations of the sarcoplasmic membrane.

The sarcoplasmic reticulum is a specialised endoplasmic reticulum, storing calcium. 

Diagram of t-tubule organisation

The neuromuscular junction

T-tubule and SR junction: the triad: A voltage sensitive receptor (dihydropyridine receptor) in the t-tubule membrane is interacting with a calcium release channel in the SR membrane (ryanodine receptor) 

Calcium release mechanism

Activation of skeletal muscle contraction:

The nerve impulse causes an action potential to travel along the muscle cell. Membrane depolarisation causes calcium ion release from the intracellular calcium stores (sarcoplasmic reticulum).

Calcium ions bind to troponin-C, an actin-binding protein on the thin filaments.

A conformational change in troponin-C causes a shift in the position of tropomyosin.

Tropomyosin is a long polymer spanning 7 actin monomers. In a relaxed muscle, it prevents the interaction of myosin with actin. In the presence of calcium, it moves into the actin groove. This allows myosin to interact with the myosin binding sites on actin.

Relaxation of skeletal muscle: Once the membrane has repolarised, the calcium channels in the sarcoplasmic reticulum close. The sarcoplasmic Ca-ATPase pumps calcium back into the reticulum, causing a decrease in calcium concentration in the cytoplasm. This causes calcium dissociation from troponin, resulting in inactivation of myosin binding sites on actin, and hence muscle relaxation.
The Molecules working together: Force and Movement
Dr Paul Strutton
p.strutton@imperial.ac.uk
Outline
Skeletal muscle

  Crossbridge cycle

  How force is varied in vivo

  Energy demand & supply

Cardiac muscle

Smooth muscle

Some definitions

Types of contraction: (iso = constant)
•isometric means force without length change

•isovelocity means muscle shortens or is stretched at constant velocity

•isotonic means constant force during shortening or lengthening

•Twitch means force and/or movement response to a single stimulus
•Tetanus means force and/or movement response to stimuli in quick succession 

Force and tension mean the same thing

Cross-bridge Cycle: Steps

1. attach Does not occur when [Ca] low

2. Pi release & weak to strong force producing bridge

3. ADP release & filament sliding

4. ATP binding

5. detach & ATP hydrolysis

Cross-bridge Cycle: Key Features
1) ATP is used in each cycle to provide the energy

ATP  ( ADP + inorganic phosphate + work + heat

Rigor mortis occurs if ATP concentration = 0

2) Direction of filament sliding is one-way (thin filament moves toward the centre of the sarcomere)

The cross-bridge cycle can cause sarcomere (and therefore muscle) shortening, but not lengthening.
However, the attached bridge does resist a stretch applied to the ends of the muscle.

3) Step size is small: sliding produced by one cycle is only about 1% of the sarcomere length
Many cycles occur in succession to cause large movements (as in running, walking, etc)

How is the force a muscle produces varied to match the task?
1) recruitment of motor units
2) frequency of action potentials

3) filament overlap

4) velocity and direction of movement

1) Recruitment
Motor unit:  a motoneuron and all the muscle fibres it innervates (has synapses with).
The functional unit of normal skeletal muscle.

Recruitment - vary the number of motor units that are active and thus vary force.
Functional anatomy
Motor unit size varies (muscle fibres per motoneuron)
Scattered distribution within muscle
2) Frequency of stimulation

Force increase with stimulation frequency
Force summates, but action potentials do NOT

Twitch, unfused tetanus, fused tetanus

Particularly important for getting high forces In vivo

Mechanism: at higher stim freq, more Ca is released into the space around the filaments.  Therefore, more troponins bind Ca, so more crossbridges attach

3) Force is proportional to filament overlap
Dependence of isometric force on sarcomere length 

Drawing hints
1. Align thick filament first, then draw thins

2.  Draw bridges attached

4) Force depends on the velocity and direction of movement
This behaviour cannot be understood in terms of one crossbridge.  It is due to a large number of bridges acting together.  
Force depends on the:

•   proportion of bridges that are attached and 

•   force each attached bridge produces. 

Energy demand and supply 
Muscle contraction demands ATP
ATP  ( ADP + inorganic phosphate + work + heat
Supply of ATP

1) Phosphocreatine + ADP ( ATP + creatine
Creatine kinase: enzyme for this reaction

•Buffers the ATP concentration
•Occurs in every contraction (even a twitch)

•PCr is dedicated to this reaction only, stays in muscle fibre

2) Glycolysis - does not require oxygen

Substrate: Glycogen, glucose 
Products: Lactic acid - some is produced even when oxygen is present
  . Pyruvate - may be oxidized

3) Oxidation - requires oxygen, make more ATP per Carbon metabolised than glycolysis does 
Substrates: glucose, glycogen, fatty acids 

Products: carbon dioxide and water

Activity &  Fuel supply during activity
Cardiac Muscle
small cells
action potentials spread between cells

some cells spontaneous action potentials
intercalated discs and gap junctions

Cardiac muscle structure and function
Striated - contractile mechanism as in skeletal muscle

Action potential and Ca sources - very important differences from skeletal muscle
Timing of ventricular action potential and isometric force. Action potential lasts as long as isometric force.
Force is already relaxing during the membrane’s refractory period

Therefore cardiac muscle CANNOT produce a fused tetanus

Designed for pumping
Normally not enough Ca to bind to all troponins.  Anything that changes Ca, changes force
Between action potentials: 
Voltage-gated Ca channels closed
Ca in SR, not bound to troponin in thin filament, and so Crossbridges not attached

During the cardiac action potential

Sources of Ca: 
•from SR and

•entry into the cell during the plateau of the action potential via voltage-gated Ca channels

Ca binds to troponin in thin filament and some, but not all, Crossbridges  attach

Smooth Muscle
Arranged in sheets forming walls of tubular organs
•blood vessels, 

•gastro-intestinal tract

•reproductive tract, etc.

Cells appear smooth (not-striated) in micrographs.
Contain filaments, but they are not arranged in regular arrays. 

Contractile mechanism (crossbridge cycle) is similar to skeletal and cardiac muscle 

Activation & Relaxation is different from skeletal and cardiac muscle
Involves intracellular Ca, and Cm = calmodulin, and 
Mlck = myosin light chain, but NO troponin
Inactive myosin, not phosphorylated: cannot bind to actin

Activation by intracellular Ca 
Ca from SR, Ca from extracellular space)

Ca+mlck+calmodulin combine & form active enzyme that phosphorylates myosin

Phosphorylated myosin can bind to actin

Relaxation
Phosphatase (an enzyme) removes phosphate from myosin

Inactive myosin, not phosphorylated: cannot bind to actin
Notes for EMG (electromyography) Video EMG and Force Records from Adductor Pollicis
Dr. Paul Strutton
p.strutton@imperial.ac.uk
Aims: 

To demonstrate percutaneous electrical stimulation of a peripheral nerve.

To show how muscle force can be recorded in a human subject.

To demonstrate what an electromyogram (EMG) is and how it can be

 recorded

 

To show the relationship between excitation (both percutaneous electrical stimulation and voluntary excitation), emg response and force response.

Learning Objectives:
1.  You should be able to define the following terms: 

·        Twitch

·        Tetanus

·        Summation

·        Electromyogram

 

2. You should know (in qualitative terms at least) how long a muscle action potential lasts compared to how the muscle force response lasts.

During the video, note down 

(1) the duration (include units) of a emg recorded in response to a single stimulus___________

(2) the duration of the force response to a single stimulus___________
Definition: EMG = electromyogram: recording action potentials occurring in skeletal muscle fibres.
Extra-cellular recording: both electrodes outside the muscle fibres.  Record the emf (potential)) between 2 locations both outside the cells
Can be recorded during voluntary contractions 
and during electrical stimulation of motor neurons.
 

Other examples of extra-cellular recordings:

ECG electrocardiogram, recording action potentials from the heart.  Electrodes on limbs, or chest.

EEG electroencephalogram, recording action potentials from the brain.  Electrodes on the scalp.

Extracellular recording: both electrodes outside the cell.  Measure emf between 2 sites outside the cells


[image: image2]
Intracellular recording: one electrode inside the cell.  Measure emf between inside and outside cell.
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Anatomy
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EMG Extra-cellular recording: both electrodes outside the muscle fibres.  Record the emf (potential) between 2 locations both outside the cells
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Summary

Techniques
Electromyography - record action potentials produced in skeletal muscle fibres.  Extracellular recording - measure electrical potential between 2 locations, both on the outside of the muscle fibres.

Record the force produced during contraction of the adductor pollicis muscle.

Percutaneous (through the skin) stimulation of the ulnar nerve.

How muscle works
More force is produced during repetitive stimulation (tetanus) than during a twitch (single stimulation)

During tetanic stimulation, the force responses summate (add up), 

But the action potentials do NOT summate.
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