
Cell Physiology 
 

By Amanda Diaz 
 

1998b(7): Describe the structure of mitochondria. Outline the metabolic 
processes that occur in mitochondria. 
 
General:  - Mitochondria are the energy-producing units within each of the 
cells of the body (excluding mature erythrocytes).  
- The number present in each cell is proportionate to the metabolic 

activity of the cell. 
- Contains nuclear DNA as well as plasmid DNA. Almost exclusively 

derived from maternal source. 
Structure: - Sausage shaped structure with an outer membrane and an inner 
membrane. 

- Inner membrane contains multiple folds (cristae), within the inner 
membrane is known as the matrix.  

o Contains large quantities of enzymes required for the energy 
producing cycles (eg citric acid cycle) 

- Outside the inner membrane (intracristal space). 
o High amounts of H+ ions (important in oxidative phosphorylation) 

- Outer membrane has enzymes important in providing the substrates 
needed for reactions within the mitochondrion. 

o Eg. MAO 
Metabolic Processes: - Main function of mitochondria is to produce ATP 
(adenosine triphosphate), the basic unit of energy used by cells 

- Also a role in xenobiotic metabolism (eg the role of MAO). 
- Inner matrix: primarily involved in the TCA cycle. 

o Accepts 2C compounds ( in the form of Acetyl CoA) from 
fat/CHO/aa’s and convert it into reducing compounds (NADH + 
H+ and FADH2) 

o Both donate electrons to oxidative cytochrome chain and their 
H+ ions 

o Electrons passed along the chain finally donating 2e- to O2. At 
this point, H+ moves across the inner membrane into the matrix 
along concentration gradient. This enables the continued 
production of O2 + 2e- and in combination with ATP synthetase 
forming 3ATP/2ATP (NAD/FAD) 

- See diagram 1 
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2001b(5)/1997a(1): Describe the structure & function of voltage-sensitive 
ion channels 
Structure 

- Voltage-gated ion channels (VGIC) belong to a large family of 
transmembrane spanning proteins made up of multiple subunits 
surrounding a central pore 

- Opening & closing of the pore is facilitated by a conformational change 
in the subunits dependent on specific changes in membrane voltage 

- Opening of the pore allows the movement of ions down their 
concentration gradient 

Function 
- VGICs allow the propagation/transduction of electrical signals b/n 

cells as a means of rapid communication 
- Eg. Fast Na+ channels – arrival of action potential to a cell (eg 

cardiac/nervous tissue) changes transmembrane voltage. Once at 
“threshold” the channel opens and there is a rapid influx of Na+ down the 
conc gradient. The channel remains open for only a short time (~1ms) 
before closing. Once closed, the cell membrane reverts to RMP. 

- Other eg. L-gated Ca2+ channels, inward rectifier K+ channels 
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2002a(5)/1996a(4): Outline the factors contributing to the generation & 
maintenance of the RMP 
 
- Resting membrane potential (RMP) is the transmembrane voltage at which 

the electrical and chemical gradients are balanced. 
- It is dependent on: 

o Selective ion permeability of the membrane 
o Ionic concentration gradient across the membrane 

- At rest, membranes have increased selective permeability to K+, thus it is the 
1° contributer to the RMP (RMP ranges from -70mV to -90mV) 

- Based on the Goldman-Hodge-Katz form of the Nernst equation the 
interactions of the key ions on RMP can be demonstrated 

 
RMP = 58log10 PK[K+]O + PNa[Na+]O + PCl[Cl-]i 
                             [K+]i          [Na+]i           [Cl-]o 
PK = gK ,  PNa = gNa , PCl = gCl 
        gT           gT          gT 
gK is K conductance, expressed as a proportion of total conductance (gT) 
 
Where, 58 = RT 
                      F  
- The main extracellular anion, Cl- is also able to freely pass across the 

membrane and its membrane potential is similar to K+. Other cations (eg Na+) 
are relatively impermeable and thus have little effect on RMP 

- At -70 to -80mV (RMP) the electrical and chemical gradients favour the 
movement of Na+ into the cell. If allowed to continue, this would eventually 
dissipate the RMP. To counter this, active removal of intracellular Na+ occurs 
via a membrane-bound 3Na+/2K+-ATPase which exchanges Na and K in an 
energy-dependent manner. The unequal exchange of cations contributes a 
small amount to the overall negative charge of the RMP. 

- The Gibbs-Donnan Effect, whereby the presence of non-diffusible 
intracellular anions (proteins) directly influences the movement of diffusible 
ions also has a small effect on RMP 
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2004b(15)/2000b(11)/1997b(2): Describe the mechanism of action of G 
proteins 

- The G protein is a multi-subunit protein complex which exchanges 
GDP for GTP in order to bring about an effect 

o Commonly, the heterotrimeric G-protein (αβγ) with its associate 
GDP is coupled to the 7 transmembrane spanning receptor 

- Receptor is activated by the binding of ligand on the ECF side leading to a 
conformational change on the cytosolic side resulting in the exchange of 
GDP for GTP 

- α-GTP complex dissociate from βγ and interacts with effector proteins, 
commonly acting as a catalyst for the formation of 2nd messengers. 

o 2nd messengers are able to activate target proteins (eg cAMP/PKA) 
or directly act on ion channels 

- Inactivation occurs by the intrinsic GTPase activity within the cell 
resulting in the reformation of the α-GDP complex and its reassociation 
with βγ complex 

- There is a 100:1 G-protein:receptor ratio, and each α-GTP complex is 
capably of catalysing multiple reactions to form 2nd messengers. Thus the 
G-protein coupled receptor system is an amplification pathway enabling 
a relatively large and sustained response given the original stimulus 

- α-subunit has marked variability 
o GS type activate adenylyl cyclase (eg β1 adrenoceptor) 

 Adenylyl cyclase catalyses formation of cAMP 
 cAMP stimulates protein kinase A 
 Causes gene synthesis, activation or change in ion 

permeability 
o Gi inactivate adenylyl cyclase 
o Gq activate phospholipase C (eg α1 adrenoceptor, angiotensin I 

receptor) 
 Phospholipase C breaks down phosphatidylinositol 4,5-

bisphosphate (PIP2) into inositol triphosphate (IP3) & 
diacylglycerol (DAG) 

 IP3 → Ca2+ release from ER 
 DAG → Activation of protein kinase C 
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2006a(12): Classify and describe the main intracellular and molecular 
mechanisms by which chemical neurotransmitters exert their effects. Use 
acetylcholine and adrenaline neurotransmitters as examples to illustrate 
General: Chemical neurotransmission is the most common type of synaptic 
transmission in mammals 

- NTs stored in presynaptic vesicles in the nerve terminal 
- The arrival of an AP causes exocytosis and release of NT into synaptic 

cleft where they diffuse across to the postsynaptic membrane 
- Receptors are present in the postsynaptic membrane.  
- These ligand-gated receptors can by either 

o Excitatory (NMDA, nAChR) → membrane depolarisation 
o Inhibitory (GABA, Glycine) → membrane hyperpolarisation 

- Classification based on receptor type: 
o Ionotropic → direct activation of ion channel (anion / cation) → 

membrane depolarisation / hyperpolarisation 
 Works fast (slightly slower than GPCR) 

o GPCR (metabotropic) → indirect action on ion channels → changes 
in K+ / Ca2+ conductance via 2nd messengers → depolarisation / 
hyperpolarisation 
 Signal amplification inherent within the cell (cf ionotropic 

receptors which do not have signal amplification) 
 Works within milliseconds 

ACh 
- nicotinic (nAChR) → 5 subunit receptor with central cation pore (2α, β, γ) 

Classic ionotropic receptor 
o ACh binds 2α subunits → conformational change in receptor → 

opening of cation pore → influx Na+ (small Ca influx) / efflux K+ 
- muscarinic (mAChR) → 7 transmembrane spanning domains 

o 5 subtypes; GPCR 
o M1 (parietal cells) → phospholipase C activation → ↑DAG / IP3 → 

↓K+ conductance → membrane depolarisation 
o M2 (conducting tissue of heart) → ↓adenylyl cyclase → ↑K+ 

conductance → membrane hyperpolarisation 
Adrenaline 

- α adrenergic receptors:  
o α1: ↑PLC (2nd messenger) ↑IP3/DAG→ ↑Ca2+ → depolarisation 

 Vasoconstriction 
 Gastrointestinal smooth mm relaxation 
 Salivary secretion 

o α2: ↓adenylyl cyclase → ↓cAMP → ↓Ca 
 Platelet aggregation 
 ↓NA release (presynaptic inhibition)  

- β receptors: ↑adenylyl cyclase → ↑cAMP → ↑Ca2+ 
o β1: Positive ionotrope / chronotrope; relax gastric smooth mm 
o β2: Vasodilatation; bronchodilatation 
o β3: lipolysis of 1° brown fat  
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