
Medi112 Notes 
Lecture 1 - Basics  
Physiological processes 
Atomic Level –   Ions (H+, Na+, K+, Ca2+, Cl-, Mg2+) that create the gradients perform the work of the 
cell also in the case of H+ the pH of the cell 
Molecular Level –   Complex molecules that form the structures and the chemical ‘language’ of the cell  
Subcellular Level –   Includes organelles, both membrane-bound structures (mitochondria) and 
non-membrane bound (microtubules, centrioles), inclusions, surrounded by the plasma membrane 
Cellular Level –   Basic unit of life that are highly variable form, however each possess the same basic 
functions and normally some specialisation 
 
Tissue types 
Epithelial Tissue - Closely packed cells cover all surfaces, with Specialized junctions between cells 
forming a physical barrier 
Connective Tissue - Cells are sparsely distributed in an extracellular matrix (mainly composed of 
fibres produced by cells of CT) to hold organs and tissues in place  
Muscle Tissue - Contains actin and myosin filaments for muscle contraction, Cardiac: fibres different 
directions + intercalated discs – Skeletal muscle: striated – Smooth muscle: non-striated, narrow 
arrangement  
Nervous Tissue - Highly specialized for electrical conduction to transmit, receive and process 
information, composed of dendrites, cell body, axons 
 
Lecture 2 - Cell Functions 
Energy 
Quick energy release system  
- Creatine Phosphate (Phosphate System)  
- Creatine phosphate + ADP −> Creatine + ATP  
- Used predominantly in muscles – burst performance  
Energy generating system  
i)   Glycolysis - fast but not as ‘efficient’ - takes place in cytoplasm  
ii)   Aerobic Metabolism - slower but highly efficient - takes place in mitochondria  
 
Mitochondria  
- Outer Membrane - involved in substrate digestion - large pored  
- Inner & Cristae Membrane - involved in energy production (oxidative phosphorylation)  
- Matrix - involved in energy production (Krebs or Citric Acid Cycle)  
- Intermembrane space - involved in proton gradient energy transduction  
- Are semiautonomous organelles with the ability to synthesize DNA, RNA, and ribosomes 
ATP  
- The universal energy currency of life - even viruses use their hosts ATP to make themselves. 

- Transport work - active transport across cell membranes  
- Mechanical Work - Movement of proteins within the cell  
- Chemical Work -  Synthesis  



 
Metabolism & Energy Metabolism  
Process involves taking complex molecules (substrate) & turning them into simpler molecules.  
First stage - glycolysis (no oxygen required)  
Second stage - aerobic metabolism (requires oxygen) through Krebs Cycle (Citric Acid Cycle), 
Electron Transport Chain and Oxidative Phosphorylation 
 
Glycolysis (ancient mechanism)  
- Glycolysis - serves as a rapid mechanism to make ATP when oxygen is unavailable or inadequate 

- cost comes later – resynthesis 
1. Phosphorylating glucose (6C) - tags it and keeps it in the cell  
2. Glucose to Fructose and further phosphorylation ( 2ATP used so far)  
3. Split fructose to form 2 x 3C units  
4. Add further phosphates (not from ATP) gain 2 x bisphosphates + some NADH  
5. Payback - phosphates reclaimed as ATP (4ATP formed in this process)  
6. Pyruvate formed as a result  
7. Pyruvate - two options i) turn to lactate and removed from cell, ii) turn into acetyl CoA and moved 

into aerobic metabolism  
- If it goes to pyruvate - Glucose + 2NAD+ 2ADP + 2Pi → 2Pyruvate + 2ATP + 2NADH + 2H+ 

2H2O  
- If it goes to lactate -  Glucose + 2ADP + 2Pi → 2Lactate + 2ATP + 2H2O  
- Reaction direction will be based on  availability of oxygen and energy demand.  
- No oxygen –> lactate 

- If oxygen present -> pyruvate to acetyl CoA & into aerobic 
metabolism.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
The Krebs (Citric Acid) Cycle  
Glycolysis acts as the front end of aerobic metabolism  
1. Pyruvate (3C) enters mito. matrix → Acetyl CoA (2C) + CO2  
2. Acetyl CoA (acetic acid OH) 2 formed /glucose mol.  
3. Combines with oxaloacetate (4C) to form citrate 

(6C).  
4. Citrate is gradually broken down thru the cycle 

releasing CO2, GTP, NADH and FADH2  
- Cycle runs twice per glucose molecule  
- CO2 diffuses out of mitochondria enters body 

fluids → blood → lungs GTP converts to ATP  
- Each citrate molecule → 3NADH &1FADH2 that 

act as sources of hydrogen atoms  
- Electrons of hydrogen atoms enter electron 

transport chain & protons transported across inner 
and cristae membrane → intermembrane space  

 
 
 
 
 
 
 
 
 
 
 
Oxidative Phosphorylation & The Electron Transport Chain  

 
- The flow of electrons provides the 
energy to pump protons across the 
membrane  

- Proton gradient in turn provides the 
energy to phosphorylate ADP to ATP  

- This idea is called the 
Chemiosmotic Theory  
 
 
 
 
 
 
 



 
Other Substrate Sources for Aerobic Metabolism  
- Lipids yield twice the energy per gram of sugars and protein and are the primary fuel-storage 

molecule and can be digested to form fatty acids & glycerol  
- Glycerol can enter glycolysis  
- Fatty acids can be converted to Acetyl groups by β-oxidation and enter into the Krebs Cycle. 
- Proteins are digested to form polypeptides then to amino acids.  
- Amino acids can be converted into intermediaries to enter either glycolysis or the Krebs Cycle.  
 
Lactate can be used to re-generate glucose (stored as glycogen) through a process is called 
gluconeogenesis and is similar to glycolysis run in reverse however it costs energy - 6 ATP 
 
Protein Synthesis  
- Involves – Nucleus (mRNA), Ribosomes – 

free or attached to endoplasmic reticulum, 
Golgi body  

- Ribosomes are part protein and part RNA, 
on and off ER all the time - based on leader 
docking sequence of protein produced  

- Proteins may serve as enzymes, channels, 
active transporters, structural elements, 
intracellular highways (e.g. tubulin)  

 
 
 
 
Intracellular Digestion  
Endocytosis  
- Receptor-mediated, receptors in membrane 

used to identify specific molecules  
- Pinocytosis - fluids and solubilized particles  
- Phagocytosis - particles  
- Autophagy - digestion of internal organelles 
Exocytosis  
- involves things removed from cells - eg 

fluid for cell volume regulation or cell 
products (hormones, enzymes etc)  

 
Peroxisomes  
- Neutralize harmful toxins and carry out lipid metabolism and oxidation reactions that break down 

fatty acids and amino acids 
 
 
 



 
Lec 3 - Membranes  
- The present view of membranes is that they consist of a lipid bilayer interspersed with proteins 

that can be either associated with the surface partially or fully spanning the lipid bilayer.  
- Membranes have to operate in organisms that inhabit virtually every environment on earth  
- This can place great demands on the requirements of membranes to remain operational. 
Membrane turnover  
In plants 10 min -3 hrs  
In animal cells ½ life of  

- membrane lipids 2-3h  
- membrane proteins 16-99h  

 
Lipid Properties   
Phospholipids – are the most common type of membrane lipid.  
- This lipid has a ‘head’ group with a phosphate group  
- And some other molecules that tend to produce either a positive or negative charge.  
- A charged ‘head’ group and a number of fatty acid tails that hang off a glycerol backbone  
- Normally phospholipid contains two fatty acids however some have 4 (eg. mitochondria 

- Fatty acids are long chains of carbon (normally 16-22 C atoms long) with hydrogen  
- If the number of double bonds in the chain is only 1 then it is a monounsaturated fatty acid  
- If two or more double bonds are present then it is a polyunsaturated fatty acid 
- If a lipid has;1 tail it's called a monoglyceride, 2 tails a diglyceride, and 3 tails a triglyceride  

Glycolipids  
- Have carbohydrate chains attached instead of a phosphate groups  
- It is attached via an amide bond to a single fatty acid. 
Other types (aka cholesterol) 
 
Amphipathic Molecules  
- Is one that has both a ‘water loving’ (hydrophilic) and 

‘water hating’ (phobic) part to the molecule.  
- This means that it must be a polarized molecule with a 

charged part and a non-charged part.  
 Membrane structure  
- The head groups of lipids will want to be facing water 

molecules and the fatty acid tails will want to be as far 
away from water as possible 

- In a similar manner to the lipids proteins orientate 
themselves within the lipid bilayer depending upon the 
location of charges.  

  
 
 


