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What forces produce movement across cellular membranes

1. Diffusion

2. Solvent drag

3. Osmosis

4. Non-ionic diffusion

5. Donnan Effect

6. Forces on ions

7. Filtration

8. Oncotic pressure

9. Transcytosis

10. Exocytosis

11. Endocytosis

Diffusion

· Process by which gas or substance in solution expands to fill a given volume

· Random movement of particles – if increased concentration (increased number of particles in given area) – more likely to move from this area

· Fick’s law of diffusion:

· J = -DA (^C / ^X)

· J – net rate of diffusion

· D – diffusion coefficient

· A – area across which it takes place

· ^C / ^X – concentration gradient

· Depends also on electrical gradient

Solvent Drag

· Net solvent flow in one direction, drags some molecules of solute along

Osmosis

· Diffusion of solvent molecules (eg. H20) into a region in which there is a high concentration of solute to which the intervening membrane is impermeable

· Osmotic pressure = pressure needed to prevent this

· P = nRT / V

· P – osmotic pressure

· n – number of particles

· R – gas constant

· T – absolute temperature

· V – volume

· Nonionising particles (eg. Glucose) = function of number of particles

· Ionising particles (eg. NaCl) – splits into Na and Cl, therefore 2 osm/mole

Nonionic diffusion

· Weak acids and bases can diffuse easily in undissociated form, then dissociate (more difficult to diffuse) – occurs in GIT, kidneys

Donnan Effect

· Where there is a nondiffusable ion on one side of a membrane, the diffusible ions distribute predictably

· Eg.   X        Y

              K         K

             Cl        Cl

           Prot

Prot can’t diffuse

K(X) = Cl(x) + Prot(x) (so that electrically neutral)

Therefore [Cl]y  > [Cl]x

Therefore Cl goes from Y to X

K follows

Therefore, in the end, [K]x  > [K]y

· Gibbs-Donnan equation: [K]x [Cl]x = [K]y [Cl]y

· Increased protein in cells, therefore osmosis into cells – this would cause swelling / rupture if not for Na-K ATPase pumping ions out

Forces on Ions

· Nernst equation quantifies force across membrane on each ion (eg. Cl has concentration gradient pushing it in, but electrical gradient pushing it out (since cell interior is negative).

· Membrane potential at which efflux = influx is the equilibrium potential

· Ecl = (RT/FZcl) ln ([Clo-] / [Cli-])

· Ecl – equilibrium potential for Cl

· R – gas constant

· T – absolute temp

· F – Faraday (no. of coulombs per mole of charge)

· Zcl – valence of Cl- (-1)

· [Clo-] – Cl concentration outside cell

· [Cli-] – Cl concentration inside cell

· Ecl = 61.5 log [Cli-] / [Clo-] at 37C

· Ecl = -70mV = resting membrane potential

· Ek = -90mV       }

· Ena = +60 mV   }   Maintained by active transport mechanisms

· Because permeability of membrane to K is greater than to Na, changes in external Na concentration have little effect on resting membrane potential, while changes in K have a greater effect

Filtration

· Fluid is forced through membrane or other barrier because of a difference in pressure 

Oncotic pressure

· Colloid osmotic pressure across capillary wall due to impermeability to proteins and other colloids = 25mmHg

· Balanced by hydrostatic pressure

Transcytosis

· Combination of endocytosis on capillary side of endothelium with exocytosis of interstitial side

Exocytosis

· Proteins secreted by cells move from endoplasmic reticulum to Golgi apparatus, and are extruded into vesicles, whose membrane fuses with cell membrane.

· The area of fusion breaks down and the contents of the vesicle are then outside the cell.

· Nonconstitutive pathway – granules are coated with clathrin.  Processing of prohormones occurs before fusion

· Constitutive pathway – prompt transport without processing

Endocytosis

· Phagocytosis – solid material

· Pinocytosis – solutions

· Engulfed by invagination of cell membrane – digestion by fusing with lysosomes

· Constitutive endocytosis – not induced (continuous)

· Receptor-mediated endocytosis – triggered by ligand binding.

Tell me about the intra/extracellular concentration of the major ions, and how this affects resting membrane potential
	Ion
	Concentration (mmol/L)
	Equilibrium potential (mV)

	
	Inside cell
	Outside cell
	

	Na
	15
	150
	+60

	K
	150
	5.5
	-90

	Cl
	9
	125
	-70


Ie. Equilibrium potential depends on excess positive or negative ions outside cell
Resting membrane potential is negative (magnitude varies –9 to –100)

Tell me about cell membrane permeability

· Impermeable to organic anions, intracellular protein

· Permeable to

· H20

· Nonpolar (hydrophobic) molecules eg. O2, N2 – dissolve in bilayer and cross with ease

· Small, uncharged polar (hydrophilic) molecules eg. CO2

· Poor permeability to

· Large, uncharged polar molecules eg. Glucose

· Charged particles eg. Ions

· Therefore utilise ion channels, transport proteins

How do those substances with poor membrane permeability cross

Ion channels

· Continuously open OR

· Gated

· Voltage gated (eg. Na channel)

· Ligand-gated 

· External ligand (eg. Neurotransmitter, hormone)

· Internal ligand (eg. Ca, cAMP, G protein)

· Mechanical stretch

Transport proteins

· Carriers for ions, molecules

· Facilitated diffusion (eg. No energy required)

· Molecules move down chemical gradient (ie. Concentration)

· Ions move down electrical gradient)

· Active transport (against gradients – therefore energy required)

· ATPases (hydrolyse ATP to give required energy)

· Na-K ATPase

· H-K ATPase (gastric mucosa, renal tubules)

· V ATPases – acidify organelles

· F ATPases (in mitochondria) 

· ATPases that transport Calcium

· Uniports – transport only one substance

· Symports – require binding of >1 substance (eg. Na/Glucose)

· Antiports – exchange one substance for another (eg. Na-K ATPase)

Describe the structure and function of Na-K ATPase
· Alpha subunit – crosses membrane 8 times

· Intracellular – Na binding site, ATP binding site, Phosphorylation site

· Extracellular – K binding site, Ouabain binding site (Digitalis)

· Beta subunit – glucoprotein with 3 extracellular glycosylation sites

· A1 = kidneys

· A2, 3 = brain

· B2 = brain, pineal

· B1 = ubiquitous

· Na binds to alpha, causing ATP to bind also

· Converts to ADP -  phosphate transferred to phosphorylation site, causing change in configuration, pushing Na out

· K then binds extracellularly – dephosphorylates alpha, pushing K in and subunit back to initial configuration

· Na availability is the rate-limiting factor – therefore self-regulating

Uses

· Intestine – need Na to be transported down its electrochemical gradient for glucose to enter cells (symport)

· Cardiac – antiport exchanges intracellular calcium for extracellular Na.

· If Na-K ATPase blocked (eg. By Digoxin), increased intracellular Na, causing decreased gradient, so Ca stays in cells, causing positive inotropy

· Accounts for 33% of energy used by cells (70% in neurons)

Describe the mechanisms of action of chemical messengers in intercellular communication
1. Bind directly to ion channels in the cell membrane, changing their conductance

a. Eg. Ach binding to nicotine receptor, Noradrenaline binding to the potassium channel in the heart

2. Act on cytoplasmic or nuclear receptors, which bind to DNA, and increase the transcription of selected mRNA’s.

a. Eg. Thyroid hormones, steroids

3. Bind to receptors on the surface of cells, and trigger the release of intracellular 2nd messengers (often via a G protein)

a. 2nd messengers include cAMP, IP3, DAG

b. 2nd messengers activate protein kinases, which phosphorylate selected amino acids on proteins – this changes their configuration, and therefore their function

Describe the structure and mechanism of G proteins
· A signal reaches the G protein, which exchanges GDP to GTP.

· This GTP-Protein complex causes the effect

· The G protein has inherent GTPase activity, which converts the GTP back to GDP, to restore its resting state

· Heterotrimeric G proteins consist of alpha, beta and gamma subunits.

· Alpha subunit has GDP, which is exchanged for GTP when a ligand binds to a G-coupled receptor.

· Alpha subunit separates from beta and gamma, and brings about the biologic effect.

· Sometimes the beta and gamma subunits also cause an effect (without separating)

· Effect is caused by

· Catalytic units catalysing the intracellular formation of 2nd messengers

· Coupling of a receptor to an ion channel

Draw and describe a peripheral nerve action potential
· An action potential is a characteristic series of potential changes that are observed as an impulse passes the external (recording) electrode

1. Beginning of depolarisation

2. Rate of depolarisation increases after 15mV depolarisation.  This point is the “firing level” or “threshold”

3. Potential overshoots the isopotential line (to 35mV)

4. Falls rapidly towards its resting level

5. When repolarisation is approximately 70% complete, the rate of repolarisation decreases (“after-depolarisation”)

6. Potential overshoots the resting level slightly (“after-hyperpolarisation”).  The duration of this overshoot is prolonged following repetitive conduction

· Points 2, 3, and 4 comprise the spike potential
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· The action potential doesn’t occur if the stimulus is less than the threshold intensity.
· This causes an electrotonic potential

· Action potential occurs with constant amplitude and form, regardless of the strength of the stimulus, above the threshold.
· Slowly rising currents do not fire the nerve, because of accommodation
· The threshold changes if there is a preceding electrotonic potential

· Hyperpolarising response moves the resting potential further away from the firing level

· Locally depolarising response moves the resting potential closer to the firing level

Spike potential
· Absolute refractory period occurs from the time the firing level is reached, until repolarisation is approximately 1/3 complete

· No stimulus will excite the nerve

· Relative refractory period from the end of the absolute refractory period until the start of after-depolarisation

· Stimulus stronger than the normal will excite the nerve

· During after-depolarisation, the threshold is decreased

· During after-hyperpolarisation, the threshold increases

Describe the events involved in synaptic transmission
· Terminal buttons (synaptic knobs) terminate on the dendrite, cell body or axon of a nerve

Synaptic Knobs
· Contain many mitochondria, and clear and granulated vesicles (containing “packets” of neurotransmitters)

· Action potential passes along the axon to the synaptic knob.

· Opens the voltage-gated calcium channels, allowing calcium to flow in

· There is exocytosis of the contents of vesicles (the amount is proportional to the degree of calcium influx)

· Calcium is rapidly sequestered, and its action terminated

· Granulated vesicles occur in all parts of the terminal, and exocytose from many parts.  They contain polypeptides

· Clear vesicles are close to the synaptic cleft, and exocytose into this cleft along “active zones”.  They contain ACh.

· Transmitters bind to postsynaptic receptors, and trigger the opening of gated ion channels.

· Eg. ACh binds to Nicotinic receptors, to open the sodium channels

What is an Excitatory Postsynaptic Potential?
· If there is a partial depolarising response of the postsynaptic cell membrane, immediately under the active synaptic knob, which is not enough to depolarise the whole membrane.  There may be summation of potentials, which may reach the firing level, and so cause an action potential.  This summation may be spatial (ie. More than one knob involved), or temporal (ie. More than one stimulus)

Describe cholinergic neurotransmission
· Choline is taken up by active uptake (via a transporter), but also synthesised in neurons

· Acetate is activated by the combination of acetate groups with a coenzyme to form acetyl CoA

· Choline & acetyl CoA combine (with choline acetyltransferase) to form ACh

· Breakdown is via

· Acetylcholinesterase breaks ACh down to choline and acetate

· Pseudocholinesterase (in plasma) hydrolysis ACh also, but has different properties

· ACh receptors are muscarinic, and nicotinic

· Muscle nicotinic receptors have 5 subunits

· ACh binds to the alpha, causing a configurational change, and opening Na channel through the middle

· Neuronal nicotinic receptors have a different 5 subunits, but still with alpha

· Muscarinic receptors are serpentine receptors, coupled via G proteins to adenylyl cyclase, potassium channels or phospholipase C
Describe the structure of skeletal muscle
· Striated muscle, voluntary (doesn’t contract in the absence of nervous stimulation).

· The fibres run in parallel, so that contraction is additive.

· Each fibre is a single multinucleated cell.  It is made up of myofibrils, which are made up of filaments.

· These filaments are made up of contractile proteins

· Actin

· Myosin

· Tropomyosin

· Troponin I, T & C

· Alpha actin (binds actin to Z lines)
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· Sarcomere is the area between 2 Z lines
· I band is made up of thin filaments

· H band is made up of thick filaments (Myosin)

· Thin and thick filaments overlap on the edges of the A band

Describe the structure of the contractile proteins
· Myosin (II) is made up of 2 globular heads and a long tail.

· The heads form the cross-bridges to actin

· Each thick filament is surrounded by 6 thin filaments in a hexagonal pattern

· Actin is made up of 2 chains

· Tropomyosin is the filament between 2 chains of actin

· Troponin T binds the other Troponin components to Tropomyosin

· Troponin I inhibits the interaction of myosin and actin

· Troponin C contains a calcium binding site

Describe the sarcotubular system
· T system is made up of transverse tubules, continuous with the membrane of muscle fibres – these form a grid perforated by muscle fibres

· Function is rapid transmission of the action potential

· The sarcoplasmic reticulum is an irregular curtain around each fibril.  The enlarged terminal cistern is in close contact with the T system, at the junction between the A band and I band.

· Function is calcium movements / muscle metabolism

Describe the events involved in contraction of skeletal muscle
· Thin filaments slide over thick filaments (myosin).  The thin filaments from the opposite ends of the sarcomere approach, and eventually overlap, each other.

· Ie. A band remains constant, Z lines move closer together.

· There are 500 myosin heads per filament, cycling at 5x per second.

· Each head has an actin binding site and an ATP binding site.

· When ATP binds and is hydrolysed, it distorts the shape of the head, straightening it out, moving myosin on actin.

· The action potential is transmitted to all fibres via the T system.  This triggers the release of calcium from the terminal cisterns.  This initiates contraction, by binding to Troponin C.

· The Troponin I-Tropomyosin complex is a “relaxing protein”.

· It covers the myosin binding sites on actin.

· When calcium binds to Troponin C, it weakens the bond between Troponin I and actin.  Tropomyosin then moves laterally, and the myosin binding site is uncovered.

· There is no refractory period in this contractile mechanism.  Therefore, there is a summation of contractions.

· There are 2 types of skeletal muscle fibres

· Type I = slow fibres (have increased oxidative capacity)

· Type II = fast fibres (increase in ATPase rate, calcium pumping ability etc.)

· The differences are due to the different isoforms of myosin, tropomyosin, and troponin (not actin).

Draw a cardiac action potential
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Phases
· 0 = Opening of sodium channels
· 1 = closure of sodium channels, and chloride influx

· 2 = Slower, prolonged opening of voltage-gated calcium channels

· 3 = Closure of calcium channels, potassium efflux through potassium channels

· 4 = Restoration of resting potential

· Resting membrane potential = -90mV

· Fast sodium channel has 2 gates

· Outer – opens at start of depolarisation (-70 - -80mV)

· Inner – closes, precludes further influx until the action potential is over.

· Calcium channel is activated at -30 - -40mV

Where are the refractory periods?
· Absolute refractory period = Phase 0, 1, 2, and ½ of 3 (until repolarised to -50mV)

· Relative refractory period until phase 4 (therefore tetany not possible)

How does cardiac muscle differ from skeletal muscle?
· Fibres branch and interdigitate

· The T system is at Z lines, rather than at the junction between A and I bands
Definitions
· Mole = molecular weight of substance in grams (or 6 x 1023 molecules)

· Osmole = amount of a substance that yields 6 x 1023 particles in an ideal soln

· Eg. 1 mole NaCl = 2 osmoles (Na + Cl)

· Osmolarity = number of osmoles of solute per litre of solution

· Osmolality = number of osmoles of solute per kilogram of solvent

· Equivalence = Mass per unit charge

· Gram equivalence = weight that is chemically equivalent to 8g O2

· Normality = number of gram equivalents in 1L of solution

· Tonicity = “Effective osmolality” = sum of concentration of solutes which have the capacity to exert an osmotic force across the membrane = osmolality of solution relative to plasma

· Osmotic pressure = pressure required to prevent osmosis of water molecules across selectively permeable membrane

· PH = -log10 [H+]

· Buffer = substance that has the ability to bind or release H+ in solution

What happens when you ingest 1L of water?
1L H20


Decr osmolality



Redistributed

(Na + K / H20)



-    670mL intracellular

· 240mL interstitial

· 80mL intravascular (Blood vol incr from 6L to 6.08L (not enough to trigger baroreceptors etc)

Decr gradient

Osmoreceptors

Across tubular

- OVLT

Cells


- SFO


Decr ADH

Decr H20 reabsorption
Decr H20 reabsorptn

In PCT etc.


(via decr H20 channels





In collecting ducts

· can decr reabsorptn by

8% of total H20 reabsorptn

Describe the body fluid compartments
· ECF = interstitial fluid + blood plasma

· Total blood volume = plasma + cellular elements (= 8% body wt)

· Red cell volume = blood volume – plasma volume

· Total body water (TBW) = ICF (2/3) + ECF (1/3)

· = 60% body wt

· 40% intracellular

· 20% extracellular

· 25% intravascular

· 75% interstitial

· Remaining 40% body wt

· 18% protein

· 7% mineral

· 15% fat

What are the components of the various body fluid compartments
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Interstitial Fluid

              ICF
Describe the structure of haemoglobin
· Made up of 4 subunits, each with heme conjugated to a polypeptide

· Heme = Iron-containing porphyrin derivative

· Globin = 2 pairs of polypeptides

· HbA has (2(2
· HbA2 has (2(2 (this comprises 2.5% of Hb)
· HbA1c has glucose attached to the terminal valine in the ( chain
· HbF has (2(2
· This binds 2,3-DPG less avidly, therefore has higher oxygen binding
· Oxygen binds to the Fe++ in heme, in the Hb to form oxyhaemoglobin

· 2,3-DPG and H+ compete for binding
· Binding is also affected by temperature (decreased with increased temperature)
What determines different blood groups?
· A & B antigens are inherited by autosomal dominant inheritance

· Everyone has H antigens

· Type A has a transferase that places a terminal N-acetyl galactosamine on the H antigen

· Type B has a transferase that places a terminal galactose on the H antigen

· Type AB has both transferases

· Type O has neither transferase

What are rhesus factors?
· Rhesus factors are mostly C, D & E antigens (though there are others)

· The D antigen status is routinely quoted

· Rhesus negative = no D antigen
Describe the factors involved in haemostasis
· Relies on 3 factors

· Vascular wall

· Platelets

· Clotting factors
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Vascular Wall (1)
· Intact endothelium is protective (exposed collagen is thrombogenic)

· Endothelial cells produce thrombotic & antithrombotic factors

· Antithrombotic

· Thrombomodulin (binds thrombin, which then activates Protein C)

· ATIII enhancers

· PGI2 (inhibits platelet aggregation, causes vasodilation)

· ADPase (converts ADP (platelet aggregation agonist) to Adenine (platelet inhibitor)

· tPA

· Thrombotic

· Tissue factor (initiates coagulation cascade)

· Factor V

· Factor IX & X binders

· vWF

· PAF

· tPA inhibitor

Vasoconstriction (2)
· Serotonin and other vasoconstrictors are liberated from platelets

Platelet reactions (3)
· Platelets adhere to exposed subendothelial collagen (and are activated)

· Fibrinogen / ADP is released – causes platelet aggregation
· TXA2 is released – causes platelet aggregation, vasoconstriction

· Platelet factor 3 is unmasked – binds Factors V & VIII

· ADP, Thrombin, TXA2 all stimulate intraplatelet actomyosin – causes platelet contraction (primary haemostatic plug)

· Platelet membrane receptors IIb and IIIa are unmasked – bind fibrin
Clotting mechanism (4)
· Intrinsic pathway initiated by Factor XII

· Extrinsic pathway initiated by tissue injury – thromboplastin released

· Both pathways cause formation of fibrin – Definitive clot

· Soluble fibrinogen releases 2 pairs of polypeptides.  The remaining portion is the fibrin monomer.  This polymerises to fibrin.

· There is initially a loose mesh of interlacing strands.  These then form covalent cross-linkages, using Factor XIII and calcium.
Limiting Factors (5)
· Thrombin

· Causes release of urokinase & tPA from endothelial cells
· tPA converts Plasminogen to Plasmin.  Plasmin lyses fibrin and fibrinogen, forming FDPs
· Unmasks endothelial cell receptors (which  bind and activate Protein C – inactivates Factors Va & VIIIa)

· FDP – inhibits clotting

· ATIII (facilitated by heparin) – inhibits IIa and down-regulates Factors XIIa, XIa, Xa, IXa

· Activated clotting factors

· Diluted by blood flow

· Cleared by liver and mononuclear phagocyte system
Draw and discuss the clotting cascade
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