MEMBRANE TRANSPORT

· The structure of the plasma membrane is the basic structure according to the fluid mosaic model. Where biological membranes can be considered as a two-dimensional liquid where all lipid and protein molecules diffuse more or less easily. 

· The plasma membrane consists of a phospholipid bilayer. We term it the “fluid mosaic model” because it is more of an oil-rich barrier around the outside of the cell separating the interstitial fluid and the cytoplasm. It is going to regulate what gets into and what gets moved out of the cell. 

· Integral membrane proteins span the plasma membrane (transmembrane); they are either hydrophilic or hydrophobic regions. These will be the channels and carriers responsible for membrane transport. They must have hydrophilic where it will interact with phosphate groups. For the hydrophobic regions, it has to have special structure where it can be oriented on the plasma membrane. These are found in some channls, carriers, and receptors.
· The phospholipid bilayer is hydrophilic on the outside and hydrophobic on the inside. 

· The phospholipid: has a phosphate group, which is the polar part of the molecule, and it is attached to glycerol and 2 fatty acid chains. Anything that is water soluble can interact with the phospholipid bilayer.

· The plasma membrane requires various proteins to associate with it to reflect the specific needs for the particular cell.

PLASMA MEMBRANE COMPONENTS

1. peripheral proteins: are attached to integral proteins (usually the internal side of PM); they can be enzymes which are involved in attachment functions (linking to the cytoskeleton), shape changes, and carry out reactions. 

2. cytoskeleton: are anchored to PM; it can also interact with receptors. The skeleton of the cell consists of microtubules and microfilaments. It also allows for the cell to change shape in order to keep it attached to one another. It can also interact with receptors. 

3. glycocalyx: ensemble of carbohydrates that are attached to lipids and proteins on the extracellular face; also given the term “sugar coating” on PM. It helps identify that the cell belongs to you. (on a side note: if the cell becomes cancerous, the glycocalyx will keep changing to attempt to try to avoid being attached by the immune system by avoiding recognition.)

4. cholesterol: reduces general membrane fluidity and stabilizes its structure. Too much cholesterol causes cell membranes to lose its flexibility. Most cholesterol is actually generated in our own body, not from our diet. If the cells are unable to change its shape, it will put a lot of stress on it making it age very quickly and die really fast.
MAIN FUNCTIONS OF PLASMA MEMBRANE PROTEIN

1. transport: things moving across plasma membrane.

2. enzyme activity: will metabolize key key reactions that occur inside the cell. Cyclic AMP.
3. receptors for signal transduction: can be receptors for neurons, hormones, etc.
4. intercellular joining cells: cells that stick to cells beside it, some will simple be used to identify what cell types or microorganisms are around it.
5. cell-cell recognition: a way for cells to determine what should be there and what should not. 
6. attachment to extracellular matrix: attachement to the basement membrane. Proteins embedded in PM which will attach to basement membrane. 
TIGHT JUNCTIONS, DESMOSOMES, GAP JUNCTIONS

Tight Junctions: are areas where the two plasma membranes have fused with one another. It stops excess water membranes from percolating down between the cells. Actual fusion of the adjacent plasma membranes to prevent passage of molecules. They are important in the lining of the digestive tract because you do not want acid percolating through and getting to muscles; you do not want it to digest your connective tissue. 

Desmosomes: anchoring junctions: molecular linking of cells resist mechanical stress. You need desmosomes in epithelial tissue to attach to cells, need it in digestive system, muscle, respiratory system, skin, and anywhere else you need cells to be firmly attached to one another. Some examples are plaque, linker protein, keratin filaments.

Gap Junctions: molecular channels between cells to all passage of cytoplasmic molecules. they are proteins which make a hole in the plasma membvrane so molecules can move from one to the other. The create channels for direct contact with adjacent cells; they will be found in electrically excitable tissues such as neurons, cardiac muscle, and uterus. 
4 FUNCTIONS OF PLASMA MEMBRANES

1. effective barrier between intracellular and extracellular fluids

2. selectively permeable: the PM is able to regulate levels of molecules in the cell. 

3. allows the cell to respond to changes in the extracellular fluid.

4. it is the site of cell-cell interaction and recognition. 

TRANSPORT MECHANISMS

Remember that the plasma membrane is selectively permeable between interstitial fluid and cytoplasm. Random molecules cannot just get through whenever possible. There are channels which regulate this transport. 
Interstitial fluid: a filtrate of blood containing salts, sugars, amino acids, vitamins, hormones, gases such as oxygen and carbon dioxide. 

The purpose of transport mechanisms is to maintain homeostasis and function normally, the cell must be able to extract needed items, keep valuable materials inside and discard wastes. 
Minor damage to the plasma membrane is usually not a problem because since it is made up of fluid, it will slowly close back up the hole. Because of a plasma membranes semi fluid nature, it can withstand damage.

PASSIVE TRANSPORT MECHANISMS
Diffusion: the tendency of molecules or ions to scatter evenly throughout the environment. 

The diffusion rate of molecules is influenced by size, because the samlelr a molecule is, the more room it will have to move around. Increase in temperature will increase the rate of diffusion because the particles move faster when heated. 

Simple diffusion: is diffusion across the plasma membrane for lipid-soluble molecules. if there is more outside and less inside, it is going to move through the membrane easily. This diffusion occurs when a molecule is moving DOWN its concentration gradient. The molecules that go through this diffusion is oxygen, carbon dioxide, fats, urea, alcohol. 

Fascilitated diffusion: is for lipid insoluble molecules that are too large to pass through membrane pores/channels. There is a transporter or channel that is helping the molecule get through the plasma membrane.

The features of fascilitated diffusion include:

1. they are SPECIFIC to one designated molecule. The transporter must be specific; and channels are as well.

2. it does not require ATP. The only thing that is happening here is bringing a concentration of a solute from high to low concentration to get a balanced distribution. Therefore, the driving force is naturally occurring and does not need energy to be used.

3. it is limited by carrier saturation. You can only move as many molecules as you have transporters. In diabetics, hey do not have enough transporters for glucose, therefore glucose is excreted in the urine.
4. movement DOWN the concentration gradient: the inert force that drives molecules to move from high concentration to areas with lower concentrations. 

5. can be inhibited by certain substances. 

The most well known substance transported by carrier-mediated facilitated diffusion is glucose. All parts of the body needs glucose to a certain extent. As soon as the cell recieves glucose, it will convert it to glucose 6 phosphate.

· it is selective due to pore size.

· Some are always open (termed as leaky channels)

· Opening of others is controlled (gated channels). It will be stimulated whenever you need to increase transport of a particular ion

· But movement is always down the concentration gradient. When concentration is equal, there will be no net movement. 

· It can be inhibited, can show saturating and are usually specifice. 
FILTRATION
· water and solutes are forced through membrane or capillary wall by fluid or hydrostatic pressure. This is selective only to size. Therefore, only RBC and large protein molecules do not get through.

· Filtration happens in capillaries. The gradient produced is a water pressure gradient, if the water is higher pressure inside than outside the capillaries, it will result in water being pushed out. 

· An example is fluid moving out of capillaries to cells of tissues to form urine.

ACTIVE TRANSPORT MECHANISMS
Require ATP to be used because the substances are either

1. too large for pores

2. lipid insoluble

3. moving AGAINST concentration gradient.

Like fascilitated diffusion, it requires a carrier; it combines specifically and reversibly with the substance. Unlike FD, solute pumps move substances (amino acids, Na+, K+, Ca+) AGAINST concentration gradients.

Many active transport systems are coupled systems

a) symport: Substances are moving down in the same direction, examples include Na+ and amino acids or glucose, K+, 2Cl- cotransporter. 

b) Antiport: are found in all of our cells and moves sodium in one direction (pumping it out of the cell) and putting potassium back into the cell. They are both being moved against their concentration gradients. These are called Na+/K+ ATPase.
Because we are putting energy to move the sodiuem, another transport occurs as well. The sodium potassium pumps has  3 spots for Na+ and 2 spots for K+. one ATP= 3 Na+ out and 2 K+ in. 
The purpose of having this mechanism is that the [K+] is 10-20 times higher inside the cell than out; [Na+] is higher outside than in. Of course, this is what is necessary because this gradient is essential to maintain normal cell function/responsiveness/volume

However, the gradient is challenged by:

1. slow leakage of K+ and Na+ along the concentration gradients. There are channels embedded in the membrane which are responsible for this leakiness. If there are any opportunities for Na+ to come in, it will take it.

2. Stimulation of muscle and nerve cells: there is depolarizxation as Na+ rushes into the cell and repolarise as K+ moves out. This is not what you will want. 

Na+/K+ ATPase functions continuously to maintain the concentration gradients. This is an ANTIPORT because they are moving in opposite direction of each other. 

This pump is also the best example of primary active transport.

Operation of Na+/K+ ATPase
1. cytoplasmic Na+ binds to pump protein

2. binding of Na+ promotes phosphorylation of the protein by ATP

3. phosphorylation causes the protein to change shape, expelling Na+ to the outside

4. extracellular K+ binds to pump protein

5. K+ binding triggers the release of the phosphate. Pump protein returns to its original conformation

6. K+ is released from the pump protein and Na+ sites are ready to bind Na+ again. The cycle repeats. 

ATP gets hydrolyzed as Na+ binds to the pump protein. The shape of the pump changes due to ions coming on and off. The ATP is used to move ions around.

SECONDARY ACTIVE TRANSPORT
· transport of solute is not coupled directly to energy-yielding reactions. 

· However, it still requires ATP to keep sodium outside the cell than inside. It ahs transporters which will transport a sodium and a glucose or a particular amino acid inside the cell. The ATP is not used directly to transfer the glucose, we use  it for the sodium and potassium pump. 

· Example: the transport of an ion or amino acid as Na+ leaks back into cell along its concentration gradient.

· ATP in this model of active transport is driving to maintain the sodium gradient.

· It is a SYMPORT because they are both moving in the same direction.

OTHER ACTIVE TRANSPORT

EXCOCYTOSIS

· it is ATP requiring because you need microtubules to physically move and excrete particles. It is involved with secretion of hormones, neurotransmitters, mucus, ejection of wastes.

· The substance is enclosed in a vesicle, the vesicle moves to the plasma membrane and fuses with the PM, it then ruptures, releasing contents outside.

Vesicle docking: involves vesicles that have some sort of recognition to be able to dock with the plasma membrane. If they did not have special recognition, the net result would be repeated vesicle docking and there will be a huge mess of vesicles that are not supposed to be fused with the plasma membrane. It will bother and disrupt and take up unnecessary space. 
ENDOCYTOSIS

· means by which large particles are able to enter cells (this will always require some kind of energy input); it is ATP requiring because you need energy for vesicle movement. 

· Vesicles encloses the substance and then pinches off the PM and moves into the cytoplasm where the contents are digested. This vesicle movement will always require energy to be performed. 
· The vesicles to be able to go to the PM require vesicle docking as in exocytosis.

· A good example of this is receptor-mediated endocytosis: the vesicles surface to the PM to get rid of hormones that are occupying neuroreceptors on the PM and bring them back into cytoplasm to get broken down. 

OSMOSIS AND ITS ROLE IN HOMEOSTASIS

Osmosis: is the unassisted diffusion of water from areas of low to an area of high concentration of solute across a semi-permeable membrane. There is a gradient, but it is just a water concentration gradient (unassisted). It can also be termed as water moving from high amounts to lower amounts of water.

- Water is polar, but it is small enough to get through most pores. 

There is net movement because of the water concentration gradient. Leaky channels allow water to move from one side to the other with no effort. 

In animal cells that are placed in water, water will rush in because it is moving from high amounts of water to low amounts. Then the water will make the cell enlarge and eventually it will explode because there is too much water in the cell. 

The cells will swell or shrink in response to water movement until equilibrium or rupture. 
The dangerous thing about this is when you overhydrate your red blood cells by drinking too much water in a short period of time, you risk cell rupture and explosion.

However, in plant cells, it will absorb water only up until a certain point until the pressure of water is equal to the pressure of the cell wall. Therefore, you will not need to worry about it bursting. 
The water concentration will decrease in response to a high number of solute particles in the solution. This is termed Osmolarity. 
Osmolarity:  is the total concentration of solute particles in a solution. Meaning the total number of particles in a solution that is going to cause the solution to hang on to water molecules. 
Tonicity: is the concentration of nonpenetrating solute particles in a solution; also means the ability of a solution to change the shape of a cell bathed in that particular solution. 

This is a form of passive transport. The plasma membrane will determine whether or not the solute can get through the membrane. The are Hypertonic and Hypotonic solutions. This is important because the solute particles cannot get through, but water can. Therefore putting the cell in a  higher concentration of water. 

APPLICATIONS OF HYPER/HYPOTONIC

1. hypertonic solutions for edema: to pull water out of swollen tissues

2. hypotonic: to carefully rehydrate dehydrated patients.
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NEURONS

The structural units of NS conduct electrical impulses from one body part to another.

SPECIAL FEATURES OF NEURONS

1. extreme longevity: if they are adequately nourished, they can survive for 100+ years

2. amitotic: they are not capable of mitosis. They have become so specialized tht they have lost their ability to go through mitosis. If a neuron gets damaged, it will either die if damaged too severely or be repaired if damaged only slightly.

3. high metabolic rate: the MUST have sufficient amounts of oxygen and glucose because they are used all the time constantly generating action potentials. 
Neurons are very complex cells, they all have a cell body and one or more processes. 

3 FUNCTIONAL REGIONS (the plasma membrane is very important in all regions!)

1. receptive region: incoming

2. conducting region: 
3. secretory: to send signals off to the next neuron
NUCLEAR CELL BODY

· has a large spherical nucleus + granular cytoplasm ( biosynthetic centre.

· It has an extensive rough endoplasmic reticulum and ribosome clusters (nissl bodies: A Nissl body (or Nissl granule or tigroid body) is a large granular body found in neurons. These granules are rough endoplasmic reticulum (with free ribosome) and are the site of protein synthesis.) 

· Also has elaborate Golgi and lots of mitochondria because it requires a lot of oxygen inside neurons to generate a lot of ATP. 

· CNS/PNS as a whole: the nucleus is a term used in the CNS which means a cluster of nerve cell bodies. 

NEURON PROCESSES
The neuron processes are performed in the dendrites, axons, and axonal terminals of the cell. 
Tract: a bundle of nerve processes found in the CNS

Nerve: a bundle of nerve processes found in PNS, meaning a bundle of axons. 

Dendrites

· dendrites are the receptive region of the neuron.

· It has short, tapering branched extensions; usually hundreds/cell body.

· Enormous surface area for reception from other neurons.

· Conducts impulses toward the cell body

· Messages travel short distances, graded potentials. 

AXON

· arises from the axon hillock, it is variable in length, can be as a long as 1 metre. 

· The rate of conduction increases with axon diameter.

· There are neuronal pathways in which neurons communicate with each other. 

· Usually, it is 1 axon/neuron; it branches at the end (~10,000 telodendria) which end in axonal terminals.

Neurotransmitters convey information from one axon to the next. Axons have the same organells as the cell body. They quickly degenerate if cut because they cannot repair after serious injury, that is why spinal chord injuries are commonly fatal. 

They have an elaborate cytoskeleton in the axon to move material to and from
Anterograde: transfer of mitochondria, cytoskeleton, and other membrane parts towards the axon. Moving away from the cell body.

Retrograde: transfer of degraded organelles back to the cell body to be degraded/recycled. Its direction is towards the cell body.

The conduction velocities of neurons depend on the axon diameter and the myelin sheath.

Viruses such as polio, rabies, herpes, tetanus, reach the cell body by retrograde transport. 

It could possibly be used as a tool in the future to introduce “corrected information” into the genome. 

CREATION OF RESTING MEMBRANE POTENTIAL (RMP)

When we say neuron cells are excitable, it means that it can be electrically stimulated. You can get them to convey information. Charged potential when the neuron is not doing anything is called the resting membrane potential. 

The neuron is negative in the inside of the cell because it is more negative compared to the outside. RMP is due to differential permeability of membrane to Na+ and K+ ions. 

Voltage: electrical potential energy due to separation plasma membrane of oppositely-charged particles (ions) it is approximately -70mV for many neurons.
Resting membrane potential: all cells are polarized; RMP cell-type dependent (negative)

ROLE OF ATPase IN MAINTAINING RMP OF NEURON
It is negative because the inside of the cell is negative compared to the outside only at level of membrane. RMP due to differential permeability of membrane to Na+ and K+ ions.

1. The ion that is primarily inside the neurons is sodium because K+ is more leaky; therefore it is less positive on the inside.

2. The ion found primarily outside is K+, therefore the net result is thate the cell is more negative on the inside than outside.

3. At rest: membrane is somewhat permeable to K+ but only very slightly permeable to Na+, therefore as said above, net result is MORE NEGATIVE ON THE INSIDE.
ELECTROCHEMICAL GRADIENT
1. differential resting membrane permeabilities to Na+ and K+

2. also, Na+/K+ pump moves 3 Na+ OUT for every 2K+ IN

Suppose a cell has only K+ channels…

K+ loss through abundant leakage channels establishes a negative membrane potential. (only losing positive charge)

Now, let’s add some Na+ channels to the cell:

Na+ entry through leakage channels reduce the negative membrane potential slightly. At this point, there is still  a much greater amount of positive being lost. Charge of K+ is stranger than Na+

Finally, add a pump to compensate for leaking ions.

Na+/K+ ATPase maintain the concentration gradient, resulting in the resting membrane potential. (without the pump, the cell will not have capability of maintaining concentration gradients)

CHANNELS IN PLASMA MEMBRANES:

1. passive or leakage channels: these are always open.

2. active or gated channels: signal is required to open/close these channels you can do this either by 

a) chemically-gated (neurotransmitter/hormone). The hormones can bind to the channels and open them. 

b) Voltage-gated (change in membrane potential): channels ion-specific: channels open(ion move in response to electrochemical gradients. Voltage gated can be picked up by the dendrites. Electrochemical gradients influence an ion to move across a membrane. The charge also influences this. 

· neurons and muscle cells communicate by changing membrane potentials. There are 2 types of signals

· graded potentials: can be picked up by the dendrites and be conveyed to the axon hillock. Occurring in the dendrites, they can vary in their strength depending on how strong the incoming information is.

· Action potentials: are always uniform in magnitude. Always the same size as the first one that is generated. The first generated are in the level of the axon hillock over and over again to travel to the axon terminals. 

Depolarization: increases the probability of producing nerve impulses
Hyperpolarization: decreases this probability.

Graded Potentials: 
· short lived depolarization or hyperpolarisations.

· Current decreases with distance traveled

· Graded because magnitude is determined by the strength of stimulus.

Initial stimulus depolarizes or hyperpolarizes local area of membrane ( decremental movement of ions on either side of membrane propagates signal for short distance. 

The message will ‘fizzle’ out from where the initial stimulus was received. 

Hyperpolarization makes it harder to stimulate the neuron. 
When a stimulus is hit, the depolarization occurs at that point in the neuron and it spreads in both directions.  

Due to leaky channels, depolarization slows down as it spreads out from the point of the stimulus. “fizzle out”

Generator potential is before the synapse and Postsynaptic potential is after the synapse. 

ACTION POTENTIAL

Definition: a brief reversal of membrane potential, (from -70 to +30mV)

· Cells with excitable membranes (neurons and muscles) can generate action potentials; in neurons, only axons can generate action potentials. You can only do this on the axon because there is voltage gated sodium channels in the axon and not in the dendrite.
· Voltage gated channels on axons open and close in response to local currents (graded potentials)
GENERATION OF AN ACTION POTENTIAL

Sodium channels close eventually due to the voltage gated channels. You do not repolarise by putting Na+ back out. There is a second channel that takes longer to open but eventually opens to all K+. it follows its concentration and goes out, bringing the membrane potential back down. 

· transient increase in Na+ permeability ( restoration of Na+ impermeability ( transient increase in K+ permeability ( 

DEPOLARIZATION PHASE:

i) increase in Na+ permeabilty: 

· resting state: voltage-gated Na+ and K+ channels closed; normal leakage

· local depolarization: voltage gated Na+ channels open (fast activation gates)
· threshold: both voltage gated channels close when it is at resting potential. The value for threshold is -55mV. Threshold means that when there is the point that when there is the point where Na+ channels begin to open. After they start  opening, it will continue until brings membrane potential to +30. the spike is the depolarization. 
· Spike: is the depolarization 
EVENTS

1. resting state: activation of Na+ gates

2. Depolarization: Full opening of Na+ gates

3. Repolarization: closing of the Na+ gates and opening of K+ gates where potassium is moving out. 

4. hyperpolarization: too much release of K+, therefore too much negativity. But will be recovered due to leaky channels.
ii) Decrease in Na+ permeability

· as membrane potential passes 0mV, inside positivity resists further Na+ entry

· Na+ gates beign to close; turning point in spike 

· The cell will now begin to repolarise
· REPOLARIZING PHASE
iii) Increase in K+ permeability

· K+ leaves cell along electrochemical gradient and repolarizes the cell

· Also slow gates: so slow that do not close quickly enough ( after-hyperpolarization

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

Absolute refractory period: means that you cannot stimulate the specific neuron at this point in time. Because sodium channels are always opened. You cannot start another spike until this spike over.

Relative refractory period: means that it is possible to start another spike again but has to have a certain characteristic: it has to be a stronger stimulus in order for the neuron to spike again. Since the hyperpolarization, the membrane potential goes down to -95, it is much farther to go up to -55 than when it was at -70. Therefore needs stronger stimulus.

 PROPAGATION OF AN ACTION POTENTIAL
Action potential must transverse length of neuron to signal the next neuron. 

It is propagation rather than conduction of an AP. This is because you are recreating the exact same action potential over and over again is the signal is passed downwards of the axon along the myelin sheath.

It is unidirectional because at that direction, it has not been depolarized, therefore they tend to go in one direction. This is because there are no more Na+ channel gates to open in such a rapid period of time. 

All action potentials are all the same size. It will be the frequency of the signal which will determine the neurons recruitment of more muscles etc. 

THRESHOLD AND ALL OR NONE PHENOMENON

Outward K+ current = inward Na+ current (~20mV of depolarization), it can go either way! All or non phenomenon.

· local depolarizations (graded) must sum to reach threshold or no AP. Action potential is an all or nothing event because it is either none of the Na+ channels open, or they all open. There is no in between. 
Action potentials are all the same size: stimulus intensity is indicated by AP frequency.

ABSOLUTE AND RELATIVE REFRACTORY PERIODS
Absolute RP: Na+ gates open and second depolarization impossible
Relative RP: Na+ gates closed but K+ gates are open; can only be stimulated by a very strong stimulus (greater than threshold); this is a means of increasing frequency when incoming stimulus is strong.

MYELIN SHEATH
· white, lipid-protein; insulates/protects peripheral nerves

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

· Schwann cells: membranes <25% protein (minimal channels)

· Nodes of Ranvier: are gaps formed between myelin sheaths generated by different cells. At the nodes of Ranvier, the axonal membrane is un-insulated and therefore capable of generating electrical activity. Many vertebrate axons are surrounded by a myelin sheath allowing rapid and efficient salutatory propagation of action potentials. 
· Saltatory propogation: is the propagation of action potentials along myelinated axons from the node of Ranvier to the next node, increasing the conduction velocity of action potentials without needing to increase the diameter of an axon. 

· Myelenated nerves are also in the CNS: oligodendrocytes; white vs gray matter.

MULTIPLE SCHLEROSIS

Persistent inflammatory respons in which myelin sheaths gradually destroyed (autoimmune? Persistent virus?)

Cycles of relapse and remission: flare-ups and then some healing oand myelin regeneration; axons develop more Na+ channels in demyelinated areas.

Blindness (optic nerve), muscle weakness, clumsiness, urinary incontinence

Ultimately, myelin destruction is permanent and axons “drop out” or degenerate

THERAPEUTIC TREATMENTS

1. reduce inflammatory destruction

2. manage symptoms

3. promote repair of damaged myelin

THE SYNAPSE
Is the junction between 2 neurons or neuron + effector. There are pre vs post synaptic neurons (most neurons are both).

There are 2 types of synapses which are: electrical and chemical

ELECTRICAL SYNAPSES

· think of them like gap junctions. It is not usually found in mature adults. You will need them where you need rapid transmission where neurons can be synchronized and you are trying to recruit and co-ordinate neurons in embryonic development. It allows the heart to function as a single unit. Do not exist as much in neuron to neuron communication. 

· It has a direct current flow- protein channels

· Very rapid transmission

· Neurons can be synchronized

· Found in primarily embryonic, also eye movement; in no nervous tissue, cardiac and smooth muscle where it requires synchronized contractions.

CHEMICAL SYNAPSES

· the release and binding of neurotransmitters. 

· Chemical messengers that go through synapse to open or close ion channels in order to create a certain response. 

· Consists of 2 parts:

1. axonal terminal: of the presynaptic neuron, they are in the central region of the post-synaptic neuron

2. receptor region
This form of synapse is unidirectional because there is no receptors to open or close.

In the synaptic cleft, it is the slowest part of transmission. You have to trigger the release of stored chemicals, then they will go through synaptic cleft.

MECHANISMS OF SYNAPTIC COMMUNICATION

INITIATION

1. Ca++ gates open in presynaptic terminal

2. neurotransmitters release

3. neurotransmitter binds to postsynaptic receptors

4. ion channels open in postsynaptic membranes

TERMINATION

3 options:

i) degredation by enzymes of postsynaptic membrane

ii) reuptake by presynaptic terminal

iii) diffusion away from synaptic site.

Synaptic Delay: is the slowest step of neurotransmission; the time for NT release, diffusion and receptor binding is 0.3-5ms
POST SYNAPTIC POTENTIALS

· channels respond to chemicals rather than changes in membrane potential channels

· channels mediate local changes in membrane potential: graded per amount of NT

There are 2 types of PSP’s

i) excitatory postsynaptic potentials (EPSPs)

ii) inhibitory postsynaptic potentials (IPSPs)
EPSP

NT binding ( membrane depolarization; opens one channel for both Na+ and K+

The electrochemical gradient for Na+ is steeper than K+

What is generated is NOT an action potential; only axonal membranes can generate AP; the get local, graded depolarizations called EPSP; if strong enough to reach axon hillock, then they get AP

Tend to be receptors associated with channels that allow Na+ and K+ to move according to their electrochemical gradient

IPSP
NT binding ( membrane hyperpolarization be incorporating permeability to K+ or Cl-

In terms of membrane potential, it lower, making it harder to reach the threshold. 

The end result in terms of membrane potential: it is more negative therefore making generation of AP much more difficult

SUMMATION BY POSTSYNAPTIC NEURON

Single EPSP cannot generate an AP

There are 2 types of summation for EPSPs and IPSPs:

Axon hillock: neural integrator (numerous EPSPs and IPSPs)

The most effective synapses: will be closest to the axon hillock. This is because the synapse has a much shorter distance to travel; thus increasing its chances of reaching the axon hillock.

Temporal summation: 2 excitatory stimuli close in time cause EPSP that add together

Spatial summation: 2 simultaneous stimuli at different locations cause EPSP that add together

Spatial summation of EPSP and IPSP: changes in membrane potential can cancel each other out) one increases while the other decreases membrane potential.
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MUSCLES

COMMON FEATURES OF MUSCLE CELLS

· elongated cells= muscle fibers; terminology used when talking about muscles include “myo-, sarco-“

· muscle contraction depends on actin and mysin myofilaments.

Skeletal Muscle: 

· attach to and cover bony skeleton, the are the longest muscle fibers.

· Striated, voluntary, can contract rapidly; tires easily and must rest

· It is very strong and adaptable

· Adaptable because you can strengthen those muscles.
Smooth Muscle

· walls of hollow, visceral organs

· Nonstriated, involuntary; they do it without you thinking about it.

· Slow sustained contractions. 

· They still have actin and myosin filaments but they do not have the striated bands that other muscles have. 
Cardiac Muscle

Only found in the heart and it is striated and involuntary

A pacemaker sets the rate of contractions; neural input can increase the heart rate.

MUSLCE FUNCTIONS

1) Generate movement: locomotion, manipulation, blood flow and pressure, respiration, propelling of food, urine, etc. these require skeletal, smooth and cardiac muscles

2)  Maintain posture: constantly working against gravity. Your muscles are supporting your spine and hold your weight. 

3) Joint stabilization: muscles that are stabilizing joints to maintain joint in place when moving. For example, your shoulders, knees when moving parts of skeleton.

4) Generation of Heat: at resting conditions, your body is generating heat from muscle to maintain your body temperature.

You are electrically stimulating muscles to move. When you stimulate the muscle, there has to be an action potential will spread along the length and depth of the muscle so it can contract in a co-ordinated manner.

FUNCTIONAL CHARACTERISTICS OF MUSCLE

1. excitability (irritability): the ability to receive and respond to a stimulus. The stimulus is usually a chemical (NT, hormone, pH). The response will be an action potential along the sarcolemma + muscle contraction
2. contractility: the ability to shorten forcibly when adequately stimulated

3. extensibility: the ability to be stretched or extended

4. elasticity: ability to resume resting length after being stretched

SKELETAL MUSCLE FIBER

· The nuclei of the muscles cells are pushed to the side. It is a long, cylindrical cell with many oval nuclei. The rest of the cell is filled with actin and myosin because its main function is to contract. The sarcolemma is the plasma membrane enclosed within muscle cells instead of other cells. 

· A muscle cell is said to be syncytium: this means that it is a large structure filled with sytoplasm containing many nuclei. This is important because it allows rapid co-ordinated contraction of muscles along their entire length. Action potentials propagate along the surface of the muscle fiber from the point of synaptic contact with a motor neuron. 

· A muscle cell is a really large cell.

· The sarcoplasm contains lots of glycogen and myoglobin.

· Myoglobin: is an oxygen bidning protein inside muscle cells which all them to bind to more oxygen.

· there are lots of myofibrils, extensive sarcoplasmic reticulum; T-tubules

MYOFIBRILS
· Each muscle fiber consists of parallel myofibrils

· |80% of the cell volume (100 to 1000 per cell)

· Myofilaments (actin, myosin etc) arranged in a pattern, forming end-to-end sarcomeres. 
· Muscle fiber ( endomysium ( perimysium ( epimysium

Tendon binds the muscles to bone. Since these are electrically stimulated, there has to be a wrapping that protects it. The endomysium is the connective tissue wrapping around each individual muscle fiber. The perimysium wraps around a bundle of muscle fibers called a fascicle. And the epimysium wraps the entire bundle of fasicles and that is the entire muscle.

Sarcomeres: extend from one Z-line to the next Z; sarcomeres give this muscle type the name “striated muscle”

Myofilaments

Actin: thin filaments – across I band and partly into A band

Myosin: thick filaments, entire width of the A band

Zones and lines

Z line (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 (desmin)

· In the center of the sarcomere, the thick filaments lack myosin heads. Myosin heads are present only in areas of myosin-actin overlap.  

ULTRASTRUCTURE & MOLECULAR COMPOSITION OF MYOFILAMENTS
Thick (myosin) filaments

 Rod-like tail (2 heavy chains) + 2 globular heads (ends of heavy chains + 2 light chains= cross bridges)

Cross bridges are the business ends of the thick filament because this is the part which will bind to the actin

Myosins; arrayed so central part smooth and each end studded with many myosin heads

The myosin heads contain ATPase

Thin filaments

Binding sites for myosin cross bridges

The strands for F-actin; 2 strands wound as a helix. G actin is the monomer and F actin is the polymer; it is transformed by ATP. 
Tropomyosin: 2 strands

· stiffen filament

· blocks crossbridge binding

Troponin: is a 3 polypeptide complex

i) Troponin I: binds to actin in thin myofilaments to hold the troponin-tropomyosin complex in place

ii) Troponin T: binds to tropomyosin, interlocking them to form a troponin-tropomyosin complex

iii) Troponin C: binds to calcium ions to produce a conformational change in TnI

SARCOPLASMIC RETICULUM

· it is an elaborate web of ER around each myofibril inside the sarcolemma

· most sarcoplasmic reticulum tubules run longitudinally; pairs of terminal cisternae across A-I junctions

ROLE: to regulate intracellular Ca++, storage depot for Ca++ ( releases it when muscle stimulated to contract.

T TUBULES

· T tubules make it possible for action potentials to stimulate deeply into the muscle cells. At the A-I junction, sarcolemma penetrates cytoplasm to form hollow elongated tubes; T-tubule= transverse tubule
· Traid: group of 3 structures: 2 terminal cisternae and 1 T tubule

· T system: thousands (2/sarcomere) of T-tubules in a single muscle cell

· as mentioned above, it brings the action potential deeper into areas of each skeletal muscle, so that all muscles will be stimulated to contract to provide a uniform action. It is also used to bring information to cells; have close physical affiliation with the sarcoplasmic reticulum.

ROLE OF Ca++ IN MUSCLE
Muscle fiber shortens because sarcomeres shorten; filaments remain the same length

Thin filaments slide over thick filamens

Relaxed: only a slight overlap of thick and thin filaments

Contracted: thin filaments penetrate more deeply into A band- Z discs pulled toward thick filaments

OVERALL: distance between Z discs are reduced, the I band shortens, H zones disappear, A bands move closer together but stay the same length. 

For cross bridges to be able to attach to actin requires Ca++
Nerve impulse increases [Ca++] in muscle cells. Calcium is going to interact with troponin and cause a binding site for myosin cross bridges to be reveal on actin.

How does sliding occur?

Stimulus to contract( myosin cross bridges attach to actin ( detaches and attaches numerous times to pull thin filaments toward centre of sarcomere ( muscle shortens as this process occurs simultaneously in all sarcomeres

ROLE OF Ca++
1. myosin cross bridge attaches to the actin myofilament

2. working stroke: the myosin head pivots and bends as it pulls on the actin filament, slide it forward toward the M line.

3. as new ATP attaches to the myosin head, the cross bridge detaches
4. as ATP is split into ADP and P, cocking of the myosin head occurs

Ca++ influx exposes cross bridge binding sites on actin.

DETAILS

Intracellular [Ca++] low: myosin binding sites on actin is blocked by tropomyosin

Ca++ influx: binds to troponin( shape change and brief detachment from actin ( moves tropomyosin away from myosin binding sites ( sites are exposed

· single power stroke of all cross bridges ( 1% shortening;

· only ½ of myosin heads actively pulling at one time

· on average, 30-35% of muscle shortening occurs

· you need ATP for cross bridge detachment, that is why muscle becomes rigid.

· Relaxation occurs as SR reclaims Ca++

1. Calcium binds to troponin

2. troponin changes shape

3. tropomyosin is moved exposing active sites

4. Myosin heads bind to active site on actin molecules

5. ADP and inorganic phosphate are released from the thick filament

6. myosin heads pull on the thin filaments (power stroke) and slide them toward the centre of the sarcomere

7. Myosin cross bridges detach from actin
8. ATP binds to thick filament

9. ATP is hydrolyzed

10. Myosin heads return to high energy shape, ready for the next power stroke. 

11. Cycling continues until calcium ions are sequestered by the SR
NEUROMUSCULAR JUNCTION
Excitation-contraction coupling: is the events that are occurring at the neuro-muscular junction. The neuron is coming to stimulate a muscle response.

NEUROMUSCULAR JUNCTION AND NERVE STIMULUS

· skeletal muscles stimulated by motor neurons of somatic nervous system

· 1 NMJ in ~middle of fiber- synaptic cleft; NT is acetylcholine

· The motor end plate is the region which is creating the synapse with the axon terminal

· Events at nerve-muscle synapse identical to those in nerve-nerve synapse.

GENERATION OF ACTION POTENTIAL ACROSS SARCOLEMMA

· chemically gated channels: local depolarization ( AP in all directions. 

· Depolarization/repolarization with Na+, then K+ as for axon 
· Na+/K+ pump to restore

· Once initiated, AP is unstoppable: all or non response of muscle cells

· AP is brief (1-2 msec); contraction can be 100 msec+

DESTRUCTION OF ACETYLCHOLINE

Acetylcholinesterase= enzyme on sarcolemma of NMJ

The latent period of excitation contracting coupling is when there is no actual tension happening at the point in time. 

CONTRACTION OF WHOLE SKELETAL MUSCLE

A motor unit is 1 motor neuron and all the muscle fibers it supplies

MOTOR UNIT

Motor nerve (at least 1/muscle) ( hundreds of motor neuron axons ( each axon to many axonal terminals ( each axonal terminal to NMJ of a single muscle fiber

Average number of muscle fibers/neuron is about 150. The range is 4 to hundreds.

When the neuron fires, all fibers contract.

GRADED MUSCLE RESPONSES

There are 2 types of graded responses:

1) change speed of stimulation

2) change the number of motor units activated

SPEED OF STIMULATION: wave summation and tetanus

· rapid rate of stimuli: each contraction builds on the previous one

· but AP refractory period is always honoured

· tetanus: fused contractions – inter-stimulus interval too short to allow inter-twitch muscle relaxation – eventually followed by muscle fatigue

· the primary goal is to smooth, continuous contractions

MULTIPLE MOTOR UNIT SUMMATION

· is a means of increasing strength of contraction

· threshold stimulus: first observable response

· maximal stimulus: strongest stimulus that produces an increase in contractile force (more motor units recruited)

1. smallest motor units controlled by most excitable neurons

2. more intense stimulation recruits larger motor units

· all units can be recruited simultaneously, but usually staggered. The result is that you will be able to continue doing that thing just because you are allowing some of the cells to restock on ATP and other necessities to use in muscle contraction

· Muscle Tone: even relaxed muscle are a bit contracted due to spinal reflexes activated by stretch receptors
ISOTONIC

Muscles change in length and moves load. Eccentric contractions are 50% more powerful than concentric; they use less ATP and oxygen and fewer muscle fibers but is more prone to delayed-onset soreness than concentric contractions

ISOMETRIC

Tension increases but muscle remains the same length

· most body movements are a mix of isotonic and isometric contractions

realize that in isotonic contractions, the thin filaments are sliding, but in isometric contractions, the cross bridges are generating force, but do not move thin filaments.
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TISSUES!!
Functions of various epithelia:

1. protection: stratified squamopus epithelium. Protects against trauma, mechanical, chemical protection, infections.

2. absorption: absorb broken down parts of digested food which will need epithelial tissue.

3. filtration: kidney, filter blood, there is huge volume of filtrate and then you move back whats important back into the body.

4. excretion: kidney

5. secretion: exocrine and endocrine glands

6. sensory reception: neuro-tissue involved in senses. Sense of smell is due to the special epithelial cells which can convert odours to smells that the brain can recognize. 

· Epithelial cells are held together by desmosomes. The Basal Lamina holds epithelial cells together and provides filtration. Epithelial cells are innervated but are avascular. That means that nerves get through to them, but blood vessels do not. They are highly regenerative, because they are usually in places where they will die quickly. The fine reticular connective tissue fibers help support it.

There are 3 shapes for epithelial cells: Squamous, cuboidal and columnar. Squamous epithelial cells can be arranged in two arrangments: simple and stratified. Simple meaning one layer, stratified means many

Simple squamous for when you need a very thin layer. You need a barrier, but somewhere things will be able to move quickly. Useful for transferring nutrients, waste, and other gases. Used in lungs alsop for quick air exchange to occur between the air and the alveoli and between the blood and the alveoli. They are thin and very permeable.

Simple cuboidal are found in areas where there is a lot of secretion and absorption going on. You will find them in kidney tubules and small glands. Simple columnar epithelium are found mainly in the digestive tract because the food is pretty liquefied and will not receive a lot of hard wear and tear.

Pseudostratified ciliated columnar epithelium looks like it has several layers of cells but they all attach to the basal lamina at some point; which still keeps it being a single layer.

Transitional epithelium are multi layered and are stratified. As the bladder fills, the upper layer cuboidal cells flatten out and become squamous. They are called transitional because the cells change their shape depending on if the bladder is full or not.

Stratified squamous epithelial cells have a good example in skin. The basally cells near the basement membrane in skin are cuboidal, and they flatten out as they move upwards towards the apical layers. The apical layers of skin near the top are dead. These dead cells are filled with keratin which provide skin with it’s waterproofing.

Glands
Unicellular glands are cells that mainly secrete substance. Glands are subdivided into two types: endocrine and exocrine glands. Exocrine glands have ducts that produce a product and then package it and release it. Endocrine glands are ductless and their products are called hormones. 

Glands are either uni or multicellular. Mucous cells and goblet cells both produce mucous. An cell that produces mucous are considered unicellular exocrine glands. Merocrine is a process of secreting found in multicellular tissue: exocytosis, Holocrine is a method of secreting in sebaceous glands, where the cell ruptures and releases it’s contents. Apocrine secretion is controversial and is found in mammary glands. People find that mammary glands use apocrine secretion to relase the fats found in the milk. Part of the membrane pinches off and lets its contents off: apocrine. 

Cell apex pinches off with secretory product. 

Functions of Connective Tissue:

1. binding or support: hold epithelial layers together. Holding bones together

2. protection: give physical protection in adipose tissue

3. insulation: give insulation against heat loss also in adipose tissue

4. transportation

elements of Connective tissue:

1. cells: blasts(immature dividing/synthesizing) and cytes (provide maintenance)

2. fibers: collagen (very strong), elastic(stretch and recoil) and reticular (weak)

3. ground substance: made of interstitial fluid, cell adhesion proteins

Types of connective tissue

1. mesenchyme: first tissue formed from mesoderm germ layer. It is going to have mesenchymal cells and fluid ground substance and fin fibrils. It will have fibers to provide blood, and other nutrients; which is source of nutrients for all other connective tissues

2. CT proper: loose and dense (both have networks of fibrils: but dense has more

Loose connective tissue: three types of loose connective tissue: 

1. areolar connective tissue helps take up water and swells it when people have an edema. It has a loose arrangement of fibers. It is wide distributed under the epithelia of body. It has all the elemnts of a connective tissue. 

2. adipose CT looks very different from areolar. It’s purpose is to only store fates in the body and provide the body with fat, when you are low on energy, and maintain ATP production in cells in stressful scenarios. The have very small nucleuses. There is no matrix or fibers, mainly just adipocytes. We use fat tissue to store energy for us, and use it for protective cushioning around organs. Physical protection around kidney and eyeballs. We store some fat in our bone, within abdominal cavity and breast. 18%of body is fat on average and differs between people and between males and females. Fat in the subcutaneous tissue helps store heat in the body. Insulation, storage, and cushioning. Reticular connective tissue: it is a more specialized CT where you are likely to find a lot of blood cells. There are a few more fibers and matrix compared to adipose tissue. Found mainly in lymphoid organs, good for blood. Fibers form soft internal skeleton that supports free blood cells.

Dense CT: 
Dense regular: primarily fibers opposed to cells, as the main component of the tissue. They are found in places where you need a tissue that is as strong as possible. Fibers, collagen fibers, in CT gives us that strength. Regular CT is patterne and has normal orientation, irregular CT is jumbled up and has random orientation. Tendons link bones to muscles, ligaments link bones to bones at joints. You need strong tissue at these parts to prevent easy damage. Aponeuroses is a flattened tendon, and they are more like sheet-like tendons that wrap around bones. In the skull, they are connecting the frontalis muscle and the occipital muscle. Elastic CT looks like dense regular CT; but has a very high content of elastic fibers and are found in more elastic ligaments. SHOULD BE ABLE TO RECOGNIZE THE LOOKS OF THE CT AND WHERE THEY MIGHT BE FOUND IN THE BODY AND THEIR FUNCTIONS.
Cartilage (CT)

Somewhere between dense CT and bone. It is very strong, but very flexible. It is avascular, compared to bone. There are no nerve fibers. GAG are very large polysaccharide molecules, which store a lot of water. The ground substance contains lots of GAGs, which help with trap water which maintains the structure of cartilage. There are lot of collagen fibers in cartilage. Cartiallage is up to 80% water due to GAGs

Bones

Bone are vascularise and there are living cells in bones, it is not just a hard, secreted, calcified substance. Your body sees your skeleton as a bank of calcium. Cells will chew up bone and release calcium into the bloodstream if there is insufficient amount of Ca++ in the diet. Osteablasts are the least differentiated in bones and are constantly laying down new bone material, and the osteocytes maintain the bone and take care of it. Osteoclasts chew up bone to release calcium in the body to maintain calcium levels in the body. The body cares more about blood calcium levels than bone calcium levels. IT IS A STRONG CT

It contains calcium phosphate salts, they make it strong, be aware that central part of bone is a cavity, some of the bones that is where RBC are created, and in some bones store fat there, and know the different bone cells.

Blood

Classified as CT as it consists of cells, surrounded by non-living fluid matrix, blood plasma. Soluble fibrin is found in blood, when you get cut, soluble fibrinogen then links together and strings platelets together to form clots. This shows that under certain conditions, there can be fibers present.
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