BIO1140 

CELL BIOLOGY SUMMARY NOTES

TOPIC 1: CELLS, LIFE AND SIZE
Occam's Razor or The Principle of Parsimony "It is vain to do with more what can be done with less."
(William of Occam c. 1285 - 1349)
Study all of Chapter 1 plus A-1 to A-6 (Not Phase Contrast - Yet!)
THREE FUNDAMENTAL PROPOSITIONS
· The fundamental unit of life is the cell.
· Cells are small and are thus governed by forces which are largely foreign to us.
· All extant cells evolved from a single type of primordial ancestor.
In this lecture I want to help you get a feel for how small cells are, and perhaps more importantly, for some of the consequences of their minuteness. For example, humans are large organisms and so we are dominated by the force of gravity. Conversely, small organisms and cells are influenced primarily by different forces such as viscosity and surface tension. To us, cells and small organisms live in a very strange world. But before we can talk about the size of cells you must first understand the units of measurement used in the study of cells and molecular biology.

The units of linear measure most often used to describe cell structures are micrometers (micron or µm = 10-6 m) and nanometers (nm; 10-9 m). The Ångstrom (Å = 10-10 m) is often used by molecular biologists for atomic dimensions although this dimension is no longer formally accepted in metric nomenclature.

The limit of resolution (best possible resolution) for a microscope that uses visible light is about 0.3 µM (300 nM) in air and 0.2 µM (200 nM) with an oil immersion lens. Say, could you explain why the difference exists? Don't ask me, look it up in a text.

Some examples of dimensions of cells and cell components (these are 'ballpark' figures)
1. a hydrogen (H) atom 0.1 nM or 1 Å.
2. small molecules 0.4 to 0.8 nM
3. basic lipid molecule 2 to 4 nM
4. typical globular protein (myoglobin) - ~ 4.5 nm x 3.5 nm x 2.5 nm

5. highly elongated proteins (collagen, myosin) - over 100 nm in length

6. DNA - ~2 nm in width (its length varies tremendously)

7. large molecular complexes (ribosomes, microtubules, microfilaments); 5 - 25 nm diameter

8. nuclei - about 10 µm diameter

9. mitochondria - about 2 µm in length

10. bacteria - 1 to 5 µm in length

11. eukaryotic cells - 10 to 30 µm in length

Topics: hierarchical reductionism, the Cell Theory (including the three basic tenets), the Law of Biogenesis and at least 10 characteristics of life.

Names to know (just know 19th Century): Robert Hooke: first to see cells. Matthias Schleiden (1838) and Theodor Schwann (1839): the first two laws of the Cell Theory, Rudolf Virchow (1855): the Biogenetic Law. Oh, and of course Henrietta Lacks who contributed the first human cells (from a malignant tumor) to be artificially cultured giving rise to the very famous line of human culture cells called HeLa cells. You should know this because you will see the name HeLa a great many times as you study the life sciences. Then of course there is Gordie Howe, the greatest hockey player ever!

Assignment: For ten minutes pretend you are a small molecule, lets say an amino acid of about 100 Da, and try to think what forces will be acting on you and how you will behave as you go about your daily routine. Trust me, if you do, today will be unlike any day you have experienced previously.

Reductionism is the idea that knowledge of the parts can explain the whole. For example, if we can understand the chemistry of the cell we will be able to understand how an animal moves. Now to a point this is correct. But it omits the idea of emergent properties. These are phenomena which only appear at higher levels of organization and usually cannot be predicted by the parts. For example, knowing everything there is to know about a cell's chemistry will not predict how one cell interacts with another cell in a tissue. You need to study this at a higher organizational level. Oh, and someone who practices redutionism is a reductionist.
A couple of questions.

Translate the Latin phrase omnis cellula e cellula. (Answer: - all cells arise only from pre-existing cells.)

TOPIC 2: PROKARYOTES, VIRUSES, VIROIDS AND PRIONS
Ch. 4 pp. 74-81, 98-99, Box 22a P. 697
THREE FUNDAMENTAL PROPOSITIONS
· The prokaryotes represent at least three very different types of cells
· Prokaryotes do not have a membrane-bounded nucleus
· Prokaryotes have a cell wall
· Viruses, viroids and prions are not alive
There are immense differences within the prokaryotes. Indeed there are bigger differences between some types of bacteria i.e., Archaebacteria (methanogens, halophiles, thermoacidophiles) and Eubacteria, than exist between us and an amoeba! Indeed, there are bigger differences between halophiles and thermoacidophiles than between a protozoan and us. Think about it!
This lecture explores some of the characteristics of prokaryotes and very briefly identifies viruses, viroids and prions.
You need to know everything in the table below. Below the table are some questions you might use as starting points for your studies. That is, think about the questions as you study the material.
PROKARYOTES
	bacteria

	@ 1 µM

	first appeared about 3.5 X 109 years ago (Note: 3.5 billion years ago can be written 3.5 bya)

	no nucleus, rather a nucleoid region

	no nucleolus

	0.25 to 3 mm DNA, @ 5000 proteins, @ 5 X 106 bp (bp = base pairs)

	single, circular, naked DNA molecule

	no cytoskeleton (although some homologous proteins are present)

	certain bacteria have specialized membrane-enclosed structures called vesicles (or vacuoles) but in general we can say that prokaryotes do not have membrane enclosed organelles

	complex photosynthetic membranes in cyanobacteria

	asexual, one copy of chromosome

	no exo- or endocytosis

	ribosomes are smaller and simpler

	divide my binary fission (prokaryotic fission in the lab manual)

	genetic code almost identical to that of eukaryotes

	metabolic pathways almost identical to that of eukaryotes

	membrane structure almost identical to that of eukaryotes


 

A few self-test questions from lectures 1 & 2. Try them without looking them up in your text or notes. Then mark them yourselves, or better yet, get a friend to mark them for you.
1. List the three tenets of 'The Cell Theory'.
2. What is a micron? What is an Å (Ångstrom)? How big is a molecule of water?
3. What is the only intracellular compartment in prokaryotes?
4. What is the significance of Van der Waal's forces to life?
TOPIC 3: EUKARYOTES; TWO FUNDAMENTAL PROPOSITIONS 
· Eukaryotes have a membrane bound nucleus and are structurally more complex than prokaryotes
· Eukaryotes are partially compartmentalized into smaller functional units called organelles
Study 74 - 98 You will see more of this in the later molecular biology section. Also, the more work you do now, the less anxiety you will feel come early April.
We looked at something of the diversity of organisms and cells, and in particular, the huge differences between prokaryotes and eukaryotes and the immense differences within the prokaryotes. 
This lecture explores some of the similarities and differences between prokaryotes and eukaryotes. Most of the structures seen will be encountered again at some later date but for now you should be able to describe what each of the following are, and what their 'primary' function is associated with. (e.g. lysosomes: — small, irregularly shaped organelles in which intracellular digestion occurs): nucleus, plasma (cell) membrane or plasmalemma, mitochondria, nuclear envelope, nucleolus, chloroplast, ribosome, endoplasmic reticulum (ER), Golgi complex (apparatus), cytoskeletal elements (microfilaments, microtubules, intermediate filaments), lysosomes, peroxisome, glyoxysomes, cytosol, protoplasm, protoplast, and nucleoplasm.
The table below should be learned. Below the table are some questions you might use as starting points for your studies. That is, think about the questions as you study the material.
EUKARYOTES (N.B. Compare this table with the table in Topic 2)
	protists, fungi, plants, animals

	@ 10 - 100 µM

	first appeared about 1.5 X 109 ya

	double membrane-bound nucleus containing most of cell's DNA, ( chromatin, nucleoplasm)

	nucleolus - DNA information for ribosomes

	4.6 mm DNA in yeasts but normally there is much more in eukaryotes (1.5 X 107 to 5 X 109 bp)

	multiple linear DNA molecules with associated proteins

	cytoskeleton

	numerous membranous and membrane-bound organelles e.g. mitochondria, ER, Golgi complex

	microtubules, microfilaments and intermediate filaments

	bisexual, two copies of each chromosome (in most, not all)

	both exo- and endocytosis

	ribosomes are larger and more complex

	divide by mitosis or meiosis


SOME THOUGHT QUESTIONS
1. Why do mitochondria have both an inner and an outer membrane? In evolutionary terms, which of these membranes is most likely derived from the plasma membrane of the ancestral eukaryotic cell? 
2. What evidence is there for the endosymbiont theory for the origin of mitochondria and chloroplasts? 
3. Suggest a reason why it would be advantageous for eukaryotic cells to evolve elaborate internal membrane systems that allow them to import substances from the outside. 
4. Giardia has a nucleus (in fact two) but no mitochondria, and it is considered intermediate in the evolution of eukaryotic cells. But we could turn this argument around and say that Giardia evolved from eukaryotic cells that lost their mitochondria, because, as they live in an anaerobic environment, they have no use for mitochondria. What additional arguments or evidence would strengthen the first interpretation? 
5. Briefly define what each of the following are and describe their primary function: 
· cytosol 

· cytoplasm or protoplasm (note these two equate) 
· mitochondria 
· nucleus 
· chloroplast 
· protoplast 
· lysosome 

· glyoxysome 

· Golgi apparatus 
· endoplasmic reticulum (ER, both sER & rER) 
· peroxisome 
· cytoskeleton 
· cell membranes (careful on this one!) 

· plasma membrane = cell membrane i.e., it is just one of the cell's membranes 

A few self-test questions after lectures 2 through 3.
1. What is the difference between intercellular and intracellular?
2. Write an essay entitled 'Prokaryotes to Eukaryotes: The Cyclopean Leap'
3. Can you now describe, and differentiate, a virion, a viroid and a prion? This is a worthwhile exercise.
JUST A NOTE OF INTEREST:
Plant vacuoles are very versatile membrane-bound organelles that often occupy as much as 30% of the cell volume. They are related to the lysosomes in animal cells and can contain a wide variety of hydrolytic enzymes. But their functions are very diverse and include storage, digestion, a means of increasing cells size, control of turgor pressure and as a source or sink for H+ ions which can be used for controlling the pH of the cytosol. For interest sake: many substances that we humans use are extracted from plant vacuoles and these include rubber, opium and the flavour of garlic . Plants store proteins here for later use by a developing embryo in the seed. 
TOPIC 4: CELL CHEMISTRY: ATOMS, MOLECULES, BONDS AND WATER 

THREE FUNDAMENTAL PROPOSITIONS
· Living systems obey the laws of chemistry and physics
· Life is dominated by the chemistry of H, C, O & N
· Living systems are built from a very restricted group of small carbon-based (organic ) molecules; namely, sugars, fatty acids, amino acids and nucleotides
Study pp. 16 - 23; 25 - 29; 61 -66

By the end of BIO 1140 you will be expected to be fully conversant with the material in Chapters 2 & 3. Ignore the fact that you have 'seen' the material previously because now we want to view the material in a different way. The focus of this lecture is to elucidate the most important aspects of the chemistry of cells, and to convince you that you must be thoroughly acquainted with this material if you ever hope to understand cells. In particular, we will look at chemical bonds and water. You will study carbohydrates (CHO) on your own, but we will look at amino acids (AA) and proteins in the next lecture. We will do lipids when we cover membranes. The chemistry of nucleic acids will be discussed when we cover molecular biology in order that the chemistry of these molecules can be studied within some meaningful context. I understand that you know 'the chemistry' we will cover, but what we are interested in now is not so much the chemistry but how that chemistry is relevant to life!

Water is the most abundant substance in cells and accounts for from 0.66 gm/gm wet cells in human red blood cells (RBC) to around 0.8 gm/gm wet tissue in skeletal muscle. A ballpark figure for the water content of cells is about 70% by weight. Get used to thinking in term of 'ballpark figures'.

Do pay extra attention to the characteristics of water and bonds: both covalent and ionic, and the weak-bond interactions called hydrogen bonds,  hydrophobic interactions and van der Waals forces that we will study when we look at biological membranes. Be able to describe an ester bond, amide bond, macromolecules (monomers and polymers), lipids, fats, oils, triacylglycerols, fatty acids, amphipathic, saturated and unsaturated fatty acids and phospholipids. For now, just have a quick peek at these. Learn them in more detail as we encounter them.

SOME CHARACTERISTICS OF DIFFERENT BOND TYPES 

	 
	 
	strength (kcal/mole)
	 

	Bond Type
	length (nm)
	in vacuum
	in water

	covalent
	0.15
	90
	90

	C - C 
	0.15
	83
	83

	C = C 
	 
	146
	146

	ionic
	0.25
	80
	3

	hydrogen
	0.30
	4
	1

	van der Waals
	0.35
	0.1
	0.1

	hydrophobic
	 
	 
	 -1 to -3*


*Note that these bond energies are negative! How could this be?
· A ballpark figure for the average energy of the random thermal motion at biological temperatures is 0.6 kcal/mole. The energy of green light is about 57.2 kcal/Einstein 

· Bond strength refers to the amount of energy necessary to break bonds. So why is the term `high-energy phosphate bond' really a misnomer? 

Think about this statement. 'Generally, bonds between free ions in a cell are weak because of the presence of water. But weak ionic bonds between oppositely charged groups of large biological molecules can often be considerably important, and indeed, some of the most important and complex molecular interactions are vested in these weak bonds'. How is this possible? And why vest such important things as protein and nucleic acid structure and the structure of cell membranes on such weak bonds? Do you understand these two questions?

What is a fungo?

If you want to read about a very interesting example of the use of van der Waals forces at the whole animal level, read HOW GECKOS CLIMB WALLS
TOPIC 5: AMINO ACIDS AND PROTEINS (CHOs) 
THREE FUNDAMENTAL PROPOSITIONS
· Proteins are polymers of amino acids (AA) consisting of a linear chain of covalently bonded AA.
· The shape, and thus also the function, of a protein is ultimately determined by the specific linear sequence of AA in the protein.
· There are different classes of proteins.


Study proteins on pp. 40 - 53. You are responsible for carbohydrates pp 61 - 66 all on your own. I will barely mention CHOs in lectures because I want you to learn the necessary material on your own. For the CHOs you must at least be able to accurately describe what they are as well as be able to describe monosaccharides, disaccharides, polysaccharides and the CHO polymers starch, glycogen, cellulose and chitin. For each of these you should know their basic structure and their function. Know also -glycosidic  and -glycosidic bonds.
Within proteins we will look at the chemistry of amino acids using alanine as our model and we will discuss the special nature of glycine. You must learn, on your own, the structure of two other amino acids with different characteristics. On some test or exam I will ask you to draw the complete structure of one or two AAs (including drawing their exact structure and labeling all the parts) using any AAs other than alanine or glycine. You need not memorize the structure of all of the AAs, two other than alanine and glycine will suffice. Be able to show how a peptide bond is formed by a condensation (dehydration) reaction, and to describe a polypeptide, a protein, the five levels of protein structure and what is meant by  -helix,  -pleated sheet, conformation, domain, motif and prosthetic group (basically a non-amino acid portion of a protein) and fibrous versus globular proteins. Can you write the formula for a condensation reaction of two amino acids to form a peptide bond? Can you write the formula for its hydrolysis? Have a careful look at a diagram of a peptide bond (Fig. 3.3 p. 44) — do you see any bonds that are likely to be polar?
A Final Exam Question from April 2003 final exam and a similar question on April 2007 final exam.
1. (2 MARKS) Draw a generic figure of the completely ionized (or perhaps completly unionized) form of amino acids and label all five major components. The drawing must be perfect, that is 2 marks or zero marks. What you see below is exactly what you need to draw. I know there are other ways to draw it, but if I provide more than one acceptable form it may confuse some students. Note the charges are shown and that the side chain is shown just as R. (This is what is meant be 'generic'.) Think about how else I could ask you to draw an amino acid.
            R 
             | 
+H3N – C – COO– 
             | 
            H 
NECESSARY LABELS 
1. amine group with a + charge 
2. carboxy group with a -ve charge 
3. R group (even though it already says R, or you could say radical, or side chain. But I do not want the chemical name of the R group, just label it the R group) 
4. hydrogen group (even though everyone knows H stands for hydrogen) you must label it hydrogen
5. alpha-carbon (not carbon, not chiral carbon and not central carbon — label it alpha carbon or a-carbon) 
You may try these after you study this section.
Describe briefly the basic nature of: (I have done so for some of the questions as an example of what I mean by brief and basic.)
1. alpha-helix: (= a-helix) A particular helical folding of the polypeptide backbone in protein molecules (both fibrous and globular), in which the carbonyl oxygens are all hydrogen-bonded to amide nitrogen atoms three residues further along the chain. The translation of amino acid residues along the long axis is 0.15nm, and the rotation per residue, 100º, so that there are 3.6 residues per turn. 
2. conjugated proteins:
3. polymer: 
4. heterotetramer:
5. homodimer: 
6. monomer: 
7. motif: — A small structural element that is recognizable in several proteins such as a coiled-coil alpha-helix or the ab-barrel 
9. domain: —a term used to describe a part of a protein that has particular function, e.g. DNA-binding domain, ATP-binding domain. In proteins a domain appears to function in a relatively independent fashion. Another example of a domain would be the hydrophobic domain(s) of an integral membrane protein that passes through the hydrophobic core of the unit membrane. 
10. prosthetic group:
 
TOPIC 6: LIPIDS AND MEMBRANES
THREE FUNDAMENTAL PROPOSITIONS
· A lipid bilayer provides the structural backbone and barrier functions of all biological membranes
· The lipid bilayer is a two-dimensional 'fluid' consisting primarily of phospholipids and glycolipids, and in animal cells, cholesterol
· The hydrophobic nature of the core of the unit membrane necessitates the presence of proteins to provide for the movement of many things across the membrane
I suggest you start by reading pp. 23 - 25, 66 - 70; 81 - 82, Ch. 7 pp. 154 - 171. In this lecture we begin to explore cell membranes. Note the functions of cell membranes, that cell membranes have both similar and different functions, and that the different functions are associated with structural (biochemical) specialization. We then look at the history and basic nature of the Unit Membrane. To understand this section you must study the material on lipid chemistry paying particular attention to the concept of hydrophobic interactions and the amphipathic nature of phospholipids. The lipid bilayer, by itself, is about 7- 8 nm thick, each single leaflet is about 3 - 4 nm thick (p. 24)  (nice 'ballpark' figures to remember) and is called 'THE UNIT MEMBRANE'. This is the structural backbone of all biological membranes. You must understand the unit membrane very well because the nature of this structure imparts the characteristic of impermeability, imposes the requirements for associated proteins, and explains the basic nature of membranes. Be able to describe the asymmetry (sidedness) of the lipid bilayer, `flip-flops', rotational and lateral diffusion, the fluid nature of the lipid bilayer, and what affects changes in the degree of fluidity. What is meant by transition temperature? Be able to distinguish fats, phospholipids, glycolipids*, sphingomyelin, and steroids (cholesterol). Later, when we are discussing cell connections and epithelia look back on this material to see how the movements of lipid molecules within the liquid 'unit membrane' can be and are restricted. Can you think of a significance for this restriction? At least keep this question in mind as we proceed through the course.
*Glycolipids include cerebrosides and gangliosides and are a type of sphingolipid but for BIO 1140 you need only know the term glycolipid (and what sphingomylin is) and their general nature.
You are now ready to try PROBLEM SET  I: To find these questions go to the Problems & Solutions Page. And please, use these questions to test your mastery of the material and not as specific material to study. i.e. do not try them until after you have done all of your learning of the course material to this point.
Here is a question you might try now. Clearly describe the essence of what is referred to as 'The Fluid Mosaic Model' of cellular membranes? Try it! 
Note: these are just ordinary words: 
Fluid – anything liquid, a substance whose molecules flow freely so that it has little resistance to outside stress 
Mosaic – something consisting of a number of things of different types or forms; in this case, different proteins that are scattered around 
Model – a simplified version of something complex to use as an example of the general nature of the thing. Or, someone who poses for a painter or sculptor or who is used to show off fine clothing because of the person's wonderful body; like Prof. Fenwick's. 
The following may help some of you understand things better.
Membranes contain a wide diversity of amphipathic lipids (lipids that have both hydrophobic and hydrophilic regions), but there are only three main types: 
1. Phosphoglycerides: have a glycerol backbone with three carbons. Two of the glycerol carbons are attached to unbranched, hydrophobic, hydrocarbon fatty acids each with from sixteen to twenty carbons. The third glycerol carbon is attached to a charged phosphate group. Thus, they are diglycerides. (If this is all there is the molecule is called phosphatidic acid). But membrane phosphoglycerides are never present as phosphatidic acid, instead there is another small, charged, hydrophilic group attached to the phosphate attached to the third carbon (this group is most commonly choline, ethanolamine, serine or inositol making phosphatidylcholine etc.). This group (e.g. choline), together with the phosphate, forms a water soluble domain at the end of the molecule and this domain is called the head group. In BIO 1140 we will use the term phospholipids in a generic way to refer to all these as phosphogylcerides. 
2. Sphingolipids are another type of membrane lipid [you need not know this italicised material, but it may help some of you to understand things. Sphingolipids are derivatives of sphingosine, an amino alcohol that contains a long hydrocarbon chain. Sphingolipids consist of sphingosine linked to a fatty acid by the amino group on the sphingosine. This molecule is a ceramide. In addition, the various sphingosine-based lipids have additional groups esterified to the terminal alcohol of the sphingosine moiety. If the substitution is phosphorylcholine, the molecule is sphingomyelin, the only other phospholipid of membranes. If the substitution is a carbohydrate (CHO), the molecule is a glycolipid. If the substituted CHO is a simple sugar, the glycolipid is a cerebroside; if the CHO is an oligosaccharide, it is called a ganglioside. As all the sphingolipids have two long hydrophobic hydrocarbon chains on one end and a hydrophilic region at the other, they are also amphipathic and basically similar in overall structure and function to the phosphodiglycerides.] In BIO 1140 we will not worry about the terms sphingolipids etc. Rather we will quite incorrectly refer to all of these as glycolipids. 
3. Cholesterol — this is a steroid (sterol to be correct) and you should have no problems with this term. 
So, FOR BIO 1140 ONLY we will consider that there are only three classes of lipids in the cell membrane: 
1. phospholipids (and sphingomyelin) 
2. glycolipids 
3. cholesterol
 TOPIC 7: MEMBRANE PROTEINS
· Membrane proteins constitute the 'mosaic' part of the fluid mosaic, although attached to, or embedding in the lipid bilayer, the proteins are not part of the unit membrane
· Membrane proteins are responsible for most of the specific functions of the cell membrane
· Membrane proteins are highly mobile within the unit membrane, but their movement, and hence their location, can be restricted
pp. 171 - 187. Membrane proteins can be classified by their structural relationship with the unit membrane as either (1) integral proteins (also called intrinsic) characterized as being embedded in at least one leaflet of the bilipid layer and often across both — i.e., transmembrane proteins; (2) peripheral proteins (also called extrinsic) which are associated with inner or outer surface of the membrane but are not anchored in the lipid bilayer; (3) Lipid-anchored proteins: the protein is outside of the lipid bilayer but it is covalently linked to a lipid that is within the bilayer. Membrane proteins may also be divided on the basis of function: transporters, linkers, receptors, enzymes. Be able to draw and describe a membrane according to the fluid mosaic model and how lipids and proteins move around within the membrane. (RBC membrane proteins Fig. 7-20 & 7-21; actually, a rather simple membrane.) Know glycophorin, band 3, band 4.1 protein, spectrin, ankyrin, and actin. The proteins themselves are not especially important to us per se, but they are examples of several different types of proteins and protein functions.
Spend some time on Fig. 7-3 and be able to distinguish the different models of the membrane (Overton, Langmuir, Gorter and Grendel, Davson and Danielli, Robertson, Singer and Nicolson, and Unwin and Henderson.) You have been warned!  Do not worry about dates! Doing this is not just an exercise in memory - it will help you to fully understand the fluid mosaic model of biological membranes. (Now why did I say biological membranes instead of 'cell membrane'?) Can you explain what the problems are with the Davson-Danielli Model of cellular membrane?
Say, why does a RBC membrane require proteins anyway?
 Think about it! (NOW TRY Problem Set #2) 
Be certain to figure out the difference between isosmotic and isotonic.
Here is a question you might try now. Clearly describe the essence of what is referred to as 'The Fluid Mosaic Model' of cellular membranes? Try it! 
Note: these are just ordinary words: 
Fluid – anything liquid, a substance whose molecules flow freely so that it has little resistance to outside stress 
Mosaic – something consisting of a number of things of different types or forms; in this case, different proteins that are scattered around 
Model – a simplified version of something complex to use as an example of the general nature of the thing. Or, someone who poses for a painter or sculptor or who is used to show off fine clothing because of the person's wonderful body; like Prof. Fenwick's.  :-)
ESSENCE OF THE FLUID MOSAIC MODEL
1. The basic structure of the membrane is a lipid bilayer consisting of two sheet of phospholipids arranged hydrocarbon tail to hydrocarbon tail. 
2. Proteins are scattered throughout the membrane and contribute to its structure and function. Some proteins span the membrane whilst others are confined to the inner or outer surface. 
3. The membrane is fluid: — most protein and lipid molecules can move freely within each of the two leaflets of the membrane but 'flip-flop' is rare. 
4. The phospholipid bilayer is a the principal permeability barrier because of its hydrophobic core. 
5. Some membrane proteins function as channels, carriers, and pumps for transporting specific types of molecules or ions across the membrane 
6. The presence of proteins in the membrane increase the thickness of the cell membrane to between 6 nm and 23 nm. 

 TOPIC 8: THE CYTOSKELETON: INTERMEDIATE FILAMENTS & ACTIN FILAMENTS
The cytoskeleton consists of a special system of protein filaments that extend throughout the cell
The cytoskeleton is responsible for cell shape and cell movements from the movement of transport and secretory vesicles, to amoeboid and ciliary movements to the movement of muscles
The cytoskeleton also plays a pivotal role in the connections between cells and hence in the structure of tissues
The principal cytoskeletal elements are intermediate filaments (10 nm), microfilaments (actin filaments)(5 to 9 nm) and microtubules (25 nm)
Actin filaments (also called microfilaments) assemble by the head-to-tail polymerization of G-actin monomers into F-actin.
Actin filaments are associated with a variety of accessory proteins
Actin filaments are closely associated with the plasma membrane and are responsible for much of its shape and movements
We are commencing four lectures on various aspects of the cytoskeleton. We will start with a description of (1) the cytoskeleton in general and then (2) intermediate filaments and (3) microfilaments (actin filaments). Study pp. 425 - 426 first; then pp. 446 - 450 Intermediate Filaments, and finally 437-445.  know this material very well. 
Intermediate filaments are polymers of more than fifty different proteins (IF proteins) that are expressed in different cells. They are not directly involved in cell movement, but provide mechanical strength to cells and tissues. Know keratin as your primary example but also, just so you can demonstrate that there are different types, know also desmin which is a special intermediate filament which connects the Z bands in muscles and nuclear lamin that forms a major network underlying the nuclear membrane. Do note that the other two major types of cytoskeletal elements differ from the intermediate filaments in that both the microfilaments and microtubules are polymers of a single type of protein (actin and tubulin, respectively) and that they are both directly involved in all types of cellular movements. Omit the section on p. 443-444 starting with Rho. Very interesting read but you will not be responsible for it.
By the time we finish this entire section on the cytoskeleton you should be able to write an essay on any of the following topics: 
· The Cytoskeleton should be called the cytomusculoskeletal system 
· The Cytoskeleton 
· Motor Proteins 
· Microtubules: more than just hollow tubes 
· Relationship between the cytoskeleton and cell-to-cell and cell-to-matrix connections: pulling the whole thing together 
· The Endomembrane System: Canada Post and More! 

Actin is the major cytoskeletal protein in most cells, polymerizes to form actin filaments (microfilaments) that are organized into complex bundles and networks. Their assembly (and disassembly) is facilitated by a wide variety of accessory proteins (actin-binding proteins). Microfilaments are particularly abundant just beneath the plasma membrane where they form a network which helps to determine the shape of the cell and can move the cell surface. Actin, of course, is very abundant in muscle cells where it makes up most of the 'thin filaments' you may have heard about. But in this course we are not going to study 'muscles' per se; we will concentrate on non-muscle motor proteins.
Know and be able to describe: G-actin, F-actin, 'treadmilling', plus and minus end (barbed end and pointed end respectively), polymerization , cytochalasins (block actin polymerization by binding to plus end) and phalloidin (binds to actin filaments and prevents depolymerization), actin-bundling proteins, stress fibers, a-actinin, thymosin, profilin, fimbrin, gelsolin, filamin, vinculin, talin, dystrophin, fibronectin, Arp2/3 complex (nucleating and branching). Also, understand the concept of 'critical concentration'. In the future watch for associations of microfilaments with integrins (a transmembrane protein which attaches to the extracellular matrix) and adherens junctions and focal adhesions (transmembrane proteins here, that is between cells rather than extra cellular matrix, are cadherins). We looked briefly at cyclosis. And we had our first look at motor proteins.
Just by way of introduction: Three major types of motor proteins which we will soon see
· myosins: plus end-directed microfilament (actin) motor proteins 

· kinesins: plus end-directed microtubular motor proteins 

· dyneins: (cilia, flagella, cytoplasmic) minus end-directed microtubular motor proteins 

After you have studied this and the next lecture, among other things, you should be able to:
1. Describe Intermediate Filaments 

2. Describe Microfilaments 

3. Describe Microtubules 

4. Describe the similarities between microfilaments and microtubules 

5. Describe the differences between IFs and microfilaments or microtubules 

6. Write an essay entitled 'The Cytoskeletal System' 

7. Explain what is meant by plus end, barbed end, pointed end and minus end. 

8. Describe the conditions under which you will see treadmilling. 

Fig. 15-15 showing a macrophage crawling with the aid of microfilaments.
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Fig. 16-25. The steps in cell crawling. Extension, Attachment and Contraction (For more on attachment see Fig. 16-27 and text)
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TOPIC 9: MICROTUBULES, MOTOR PROTEINS, CILIA AND FLAGELLA
Microtubules act as intracellular railroad tracks.
Transport vesicles move through the cell along microtubules.
Dynein and kinesin are the microtubular associated motor proteins.
Cilia and flagella contain stable microtubules called axonemal microtubles
The stable microtubules of cilia and flagella are moved by a motor protein called ciliary dynein
Cilia and flagella can be used to move the external medium over a cell, or propel a cell through its medium
Microtubules: – ( pp. 427 - 437) know structure, proteins, function. Know alpha -tubulin, beta-tubulin and gamma -tubulin. An alpha/beta-heterodimer is the basic subunit of microtubules, protofilaments, plus end, minus end, microtubule-associated proteins (MAPs), MAP4, colchicine, taxol, review polymerization, centrioles, centrosome, MTOC (microtubular organizing centre) - these really consist of a variety of specialized structures involved in microtubular formation. e.g.'s of MTOCs: — centrosome, basal body, spindle-pole body in fungi, MTOC in plants. We also looked at the microtubular associated motor proteins: dynein and kinesin. pp. 453 - 457
As soon as a -tubulin and b-tubulin are synthesized they immediately bind GTP which increases their affinity for each other such that they form dimers called alpha/beta-tubulin. The GTP on the a -tubulin gets trapped in the dimer between the a -tubulin and the b-tubulin sub-unit and so never gets hydrolyzed and is not exchangeable. Conversely, the GTP on the b-tubulin sub-unit is exposed at the end of the dimer and can become hydrolyzed to GDP. The dimers then polymerize in such a way that the b-tubulin sub-unit of one dimer joins the a -tubulin of another dimer. Thus all the dimers in a protofilament are lined up in the same direction such that the protofilament maintains the same polarity as the initial dimer. Further, as the orientation of all the dimers is the same in all of the protofilaments in a microtubule, the microtubule also has polarity. Now, the plus end of a microtubule is capped with beta-tubulin subunits whereas the minus end is capped with alpha-tubulin subunits. The reason for this is that the GTP, which binds to the alpha-tubulin, becomes irreversibly bound inside the dimer and does not hydrolyze whereas the GTP which binds to the beta-tubulin becomes reversibly bound and the GTP is hydrolyzed to GDP. Now, as the energy released during this hydrolysis is stored in the lattice of the microtubule, when a GDP tubulin is released the free energy change is greater than when a GTP-tubulin is released. Thus, disassembly will occur more quickly if there are more GDP-tubulin subunits. Now as it takes time before GTP is hydrolyzed to GDP, the end where tubulin is added the fastest, the plus end, will have more GTP-tubulin and will thus be more stable than the other end, the minus end, of the filament. One end of each microtubule, consisting of 13 protofilaments, is ringed with b-tubulin (plus end) whereas the other end is ringed with a-tubulin (minus end).
Tubulin and actin have both been highly conserved during eukaryotic evolution. Tubulin is found in all eukaryotes and although it comes in multiple isoforms (there are six forms of both alpha- and beta-tubulin in humans and each is encoded by a separate gene) they are all very similar. For example, yeast and human tubulins are 75% identical in primary structure. (Does this suggest anything t you?) Actin is also found in all eukaryotes and again most have multiple actin genes. Actin is extraordinarily well conserved among eukaryotes typically being 90% identical in amino acids. Indeed, yeast actin and Drosophila muscle actin are 89% identical!
Be certain that you fully understand microtubules before you start on Cilia and Flagella 459 - 461
Cilia (singular, cilium) are thin hair-like structures which extend from the surface of many eukaryotic cells and are covered by plasma membrane. Each cilium has a core of stable microtubules which grow from a basal body and there may be billions of cilia on a cm2 of epithelium. Flagella (singular, flagellum) are like cilia in basic design but are usually very much longer and less numerous. The internal structure is similar in cilia and flagella being associated with what is called the "9 + 2" array of microtubules. These microtubules are associated with numerous accessory proteins which bundle the microtubules and function as motor proteins. The most important of these motor proteins is ciliary dynein which looks and functions much like the cytoplasmic dynein we have already seen.
The subunit of microtubules is a tubulin heterodimer called ab-tubulin. Each a or b monomer has a binding site for one molecule of the nucleotide GTP. The GTP that binds to an a-tubulin monomer is trapped at the dimer interface and thus does not thereafter exchange nor is it hydrolyzed to GDP. The GTP that binds to a b-monomer is exposed and thus can be hydrolyzed or exchanged and thus can be either GDP or GTP. The significance of this is that a dimer with two molecules of GTP is more stable than a dimer with only one GTP. The most recently assembled portion of the microtubule with the greatest proportion of GTP is the most stable and thus will grow more readily than the older part. This is what makes the end furthest from the MTOC the plus end.
