
23/4/14 – fatty acids, continued 

Beta oxidation 

- Similar to TCA cycle. 

- Done in groups of two – in the end degrading into acetyl-CoA. 

- Happens at beta carbon of the fatty acid. 

- Initially fatty acid is converted into CoA thioester. 

- Oxidising – oxidising, than adding water, and then oxidising. Then the molecule is lysed and 

acetyl-CoA unit is split off. Series of reactions is similar to the TCA cycle. 

 

Oxidation balance 

- Storing fat not only stores energy but also metabolic water. Water is produced as an end 

product of respiration – at the end of the ETC. 

- Fatty acids store more energy than glucose per carbon atom. This because fatty acids are 

more reduced than glucose/sugars (which have hydroxyl groups – fatty acids do not). 

Odd numbered fatty acids 

- Not all fatty acids have even number of carbons. 

- Break down via beta oxidation as usual. 

- But when there are three carbons are left, instead of being turned into acetyl-CoA, it is 

turned into Succinyl CoA via a chain of reactions (a metabolite in the TCA cycle) and put 

through the TCA cycle as a metabolite. 



 Fatty acids can be converted to ketone bodies  

- Would be good to deliver acetyl-CoA straight to other organs in the body. As acetyl-CoA is 

central metabolite. 

- However, acetyl-CoA is an activated compound, and would probably hydrolyse in the blood 

plasma. 

- Do have a way to transport acetyl – but only used during starvation. These are ketone bodies 

– transportable units of acetyl-CoA. 

- Start with 2 units of acetyl-CoA, and generate acetoacetyl-CoA. Then add another unit of 

acetyl-CoA to produce 3-hydroxy-3-methyl glutaryl CoA (an intermediate in cholesterol 

synthesis), and an acetyl-CoA is removed to generate acetoacetate – which does not contain 

any CoA thioesters. 

- Hence, acetoacetate can be transported across the body, and so can travel through 

bloodstream to another cell. 

- Inside another cell can convert acetoacetate back into acetoacetyl CoA, and then back again 

into two acetyl-CoA molecules. Hence transport is achieved. 

- However, Acetoacetate spontaneously decarboxylates and generates acetone – both called 

ketone bodes as they contain ketones. However, Hydroxybutryrate is also a ketone body, 

but does not contain ketone. 

- Can reduce acetoacetate to hydroxybutyrate via reducing with NADH, which can also be 

transported to another tissue to generate an NADH and be used to generate two acetyl-CoA 

units (via oxidation to acetoacetate). Advantage here is can indirectly also transport a unit of 

NADH between cells. (NADH is also not stable enough for transport between cells). 

- This happens only during starvation. During such periods, adipose tissues are mobilised to 

degrade and release their fats, and this fat will be major fuel for the body. When it comes to 

the liver (hepatocyte), it will be broken down to produce lots of acetyl-CoA. Any excess 

which the liver does not need, will be broken down to acetyl-CoA and will be diverted to 

produce acetoacetate and hydroxybutyrate (rather than go into TCA cycle). Then 

concentration in blood will increase significantly – these will become major fuels for other 

tissues. However, some acetoacetate will spontaneously decompose into acetone, and it will 

be detectable upon the breath. 

- Also warning sign for diabetes – body cannot use glucose, so it relies upon fat reserves, goes 

into starvation. 



 

Using ethanol 

- Ethanol has lots of calories – is metabolised in the liver. 

- It digests it using alcohol dehydrogenase in the cytosol (generates NADH in the cytosol). 

- This generates acetaldehyde – which is toxic (as it is quite reactive, as it is an aldehyde) 

- Acetaldehyde (which is responsible for giving headache) is turned into acetate (a very short 

fatty acid). 

- Acetate then leaves the liver and is used largely by muscle tissues (some others as well) to 

generate acetyl-CoA and is digested in the TCA cycle. 

- If have too much acetyl-CoA, it will be stored as fat. Cannot convert it to glucose. 

 

Alcohol and lipid metabolism 



- Ethanol is converted to acetaldehyde and NADH is produced (acetaldehyde is toxic – has an 

aldehyde as before). 

- The NADH produced in this step can interfere with the metabolism of other drugs. 

- In second step, acetaldehyde goes into mitochondria, where it is turned into acetate 

(oxidising an aldehyde, generating NADH in mitochondria). 

- When we generate NADH in the mitochondria, can make energy from it (in the ETC). 

However if enough of this is occuring, it puts a break on the TCA cycle – reaction that 

generates oxaloacetate (acceptor of acetyl-CoA) has an equilibrium on the side of malate. 

Always little oxaloacetate (highly regulated), but we rely on there being sufficient 

oxaloacetate to keep TCA cycle going. But generating NADH further shifts the equilibrium 

away from oxaloacetate – TCA starts turning in other direction. So other compounds, i.e. 

glucose and fat, cannot be digested. 

- So there will be a ‘traffic jam’ in which acetyl-CoA accumulates (as there is not enough 

oxaloacetate to take it through TCA cycle), and these will begin to generate ketone bodies 

(ketoacidosis, as ketone bodies are acids and will start acidifying the blood – also a sign in 

diabetes). 

- Other problem is also that we cannot digest fatty acids at this point (due to break in TCA), 

and so liver will begin storing fat.  

- Also generating NADH in the cytosol (has to go somewhere) – normally in glycolysis would 

make pyruvate which would go into mitochondria, but cannot do that (break on TCA cycle, 

cannot get rid of acetyl-CoA), and so more lactate will be generated – as it would take NADH. 

This can cause lactate acidosis – can interfere with the secretion of uric acid, and trigger 

episodes of gout – have uric acid crystals in joints. 

- Some of NADH will also divert and produce glycerol-3-phosphate from DHAP (an 

intermediate in glycolysis). And because liver cannot deal with fatty acids at that point, will 

begin making fat from it – causes hepatitis seratosis (fatty liver). The more fat deposited in 

liver, the more inflammation in long run, and it can become liver cirrhosis. 



 

Fatty acid biosynthesis 

- No limit to the amount of fat that we can store 

- Evolutionary sense – if anything always had too little nutrition. Advantage in storing lots of 

calories to sustain us for long periods of time for survival – when food became scarce. 

How does it work? 

- Have to metabolically activate acetyl-CoA 

- Have giant enzyme with two anchoring points. Start with malonyl-S in anchoring point 1, and 

acetyl-S in anchoring point 2. 

- In first step, add acetyl to malonyl thioester. Malonyl has a carboxylic acid group that can 

become carbon dioxide and leave. The resulting four carbon chain is reduced, and then 

moved back onto anchoring point two. Then process repeats, each time adding two carbon 

atoms. 

Generation of malonyl-CoA 

- This step is the key regulation point in body – decides whether fats are synthesised or not. 

- Enzyme is acetyl CoA carboxylase – highly regulated. 

- Malonyl-CoA is generated by adding CO2 to acetyl-CoA using ATP. CO2 serves as metabolic 

activation to make carbon-carbon bond formation favourable (between malonyl and acetyl) 

in fatty acid synthesis. 



- Regulation 

o Citrate allosterically activates. Palmitoyl CoA (fatty acyl CoA’s) allosterically inhibits – 

if there’s lots of fat around, will put a stop on the enzyme. 

o Insulin activates phosphatase, which removes phosphates from acetyl CoA 

carboxylase and shifts it over to its active form – hormonal regulation. 

 

How it works – more detail 

- Occurs in cytosol (is synthesis) 

- Adds acetyl from position two to malonyl in position one, CO2 leaves. Then reduce backbone 

with two NADPH, and taking away water, transfer back to position 2 and another malonyl 

comes in and process starts again. 

- Requires 2 NADPH to achieve the reduction. In this, removing water, but in beta oxidation 

water is added. Opposite to beta oxidation. 



 

A monster of a protein: Fatty acid synthase 

- Extremely large protein with lots of different subunits.  

- Fatty acid breakdown uses many different individual enzymes. Synthesis only uses fatty acid 

synthase, multiple enzymes in one. 

- Has acyl-carrier protein ‘arm’ which takes the fatty acid through each of the steps – the 

active sites in different subunits are spread out. 

- Stops at chain length of 16 – only produces palmitidic acid? 



 

Where does the NADPH and acetyl-CoA come from? 

- In biochemistry, each intermediate is only present in small amounts. Need to ask where it 

comes from. Nothing is static and pools are very small. Large turnover rate. 

- Acetyl-CoA is generated in the mitochondria, need to get it into the cytosol. 

- When citrate is generated, it can exit the mitochondria and in the cytosol be turned back 

into oxaloacetate and acetyl-CoA. 

- Oxaloacetate is then turned into Malate, and malate into pyruvate via malic enzyme, which 

in the process produces one molecule of NADPH. 

- However, need two – have another pathway (the pentose phosphate pathway), siphons off 

some intermediates from glycolysis to generate NADPH instead of NADH, and then returns 

down normal glycolysis pathway. 

- Can’t synthesise fat without glucose – because we need acetyl-CoA and we need NADPH 

(which comes from glycolysis). 

- CoA pool in the cytosol? 



 

From fatty acids to fat 

- Now we have synthesised fatty acids, now need to synthesis fat – triglycerides. 

- Most fat is synthesised in the liver (particularly after a meal – where nutrients come in), not 

adipose tissue. Adipose tissue only generally stores fat. 

- How it works 

o Make malonyl CoA and use it to make fatty acid-CoA’s 

o Take di-hydroxy-acetonephosphate (DHAP) from glycolysis, convert it into glycerol 3-

phosphate.  

o Then attach three fatty acids to it (from fatty acid synthase – palmitate-CoA) to form 

triglycerol, and these are packed into particles called VLDL particles for export from 

the liver. 

Summary 

- Oxidation of fatty acids is carried out via oxidising the beta-carbon atom (beta-oxidation). 

The steps are similar to those in the TCA cycle. 

- Fatty acids are converted into thioesters before beta oxidation. Beta oxidation yields acetyl-

CoA. 

- Fatty acid biosynthesis makes use of malonyl-CoA units, which are reduced to form aliphatic 

fatty acids. 

- Fat is mainly synthesised in the liver for delivery to other organs. It is synthesized in adipose 

tissue for storage purposes. 

  



Fat Metabolism (28/4/14) 

- Have efficient ways of storing fat – how do we mobilise these fat reserves? 

Fat Metabolism 

- Fed state, largely governed by insulin. Insulin provokes a metabolic state which uses and 

deposits nutrients. 

- In the fasted state, glucagon is high, insulin low (largely governed by glucagon). It is 

responsible for mobilising energy stores and turning on gluconeogenesis to replenish blood 

glucose. 

- In fed state 

o Have lots of fat in bloodstream (comes from liver and nutrition) – these fats cruise 

around in lipoprotein particles. LPL’s (present in peripheral tissue in blood vessels 

that go through tissues) liberate fats from these particles and break down 

triglycerides into fatty acids. The fatty acids are then taken up by adipocites (adipose 

cells), where it is resynthesised into triglyceride and stored. 

o Glycerol from the breakdown process is brought back to the liver, where other 

metabolites can be made from it. 

- Fasting state 

o Have signal transduction pathway again (glucagon is released, binds to receptor, 

turns ATP into cAMP, activates protein kinase A, which phosphorylates hormone 

within the adipocyte – Hormone Sensitive Lipase, P-Lipase is active form – 

adrenaline does same thing, but when you excercise). This activated enzyme then 

breaks triglycerides into fatty acids and they enter the blood stream. Glycerol is 

taken to liver to produce glucose – only brain can’t use fatty acids for metabolism, 

but all other organs can. 

 

Detour into signal transduction 

- Secretion – due to a stimulus, a cell releases a messenger (glucagon) 

- Receptor binding – messenger binds to receptor 

- Signal transduction – then occurs, generation of second messenger and response in cell. E.g. 

activation of hormone sensitive lipase, which causes breakdown of fat. 



Elements of communication 

- How do we send a signal? 

o Extracellular messenger (glucagon) 

o Messenger binds to receptor 

o Conformation changes (resulting in activation or inactivation) 

o These result in protein modification (resulting in activation or inactivation or 

degradation) 

o Hence, they generate intracellular messengers (cAMP) 

o Intracellular messengers cause activation or inactivation of effector proteins. 

G-protein coupled receptors 

- When glucagon binds to receptor – this is a G-protein coupled receptor. Call G proteins 

because their either bind GTP or GDP. The state that binds GTP is active form. 

- When glucagon binds to receptor ‘trimer’ dissosciates, and alpha unit conformation changes, 

causing it to release GDP and bind GTP.  

- When it is active, it binds to Adenylyl cyclase – produces cyclic AMP.  

 

G-protein coupled receptors II 

- Adenylyl cyclase converts ATP to cAMP – converts it to a cyclic molecule with phosphate 

ring. 

- There is another enzyme which hydrolyses cAMP to produce AMP – quenches the signal via 

hydrolysing the phosphate ring. Balance between the two enzymes will determine how the 

cell responds. 

- E.g. with glucagon, when have a meal cAMP phosphodiesterase will remove glucagon signal 

from the cell. 



 

 

Protein kinases 

- Cyclic AMP activates protein kinase A. Binds cyclic AMP to the regulatory subunits. 

- Upon cAMP binding it will dissociate into different subunits – the regulatory subunits will 

leave the active sites, and the free catalytic subunits will begin phosphorylating proteins. 

- So will start phosphorylating other proteins further down in the signal transduction cascade. 

- Will use ATP to phosphorylate proteins with an exposed serine residue (replaces hydroxyl 

group) – will change shape and activity of the protein.  

Phosphorylation and allosteric activation are related 

- Allosteric activators change an enzyme’s conformation to have a greater affinity for the 

substrate. Conversely, an inhibitor changes the enzyme’s conformation to have a poor 

affinity for its substrate. Sigmoidal relationship between substrate concentration and 

reaction velocity is telltale sign of allosterically modulated enzyme. 

- Similarly, phosphorylation changes an enzymes conformation – resulting in either a more 

active or inactive enzyme. Same thing is happening (mechanism/consequence), but is done 

in a different way. 



 

Fatty acid metabolism during fasting 

- Hungry – glucagon binds to receptor 

- Receptor activates G-protein 

- G-protein changes its conformation, binds GTP and becomes active 

- Binds to Adenylyl-cycalse – which generates cyclic AMP (second messenger) 

- cAMP activates protein kinase A 

- PKA phosphorylates hormone sensitive lipase – phosphorylated enzyme can start attacking 

lipid droplets within the adipose tissue. 

- Break down triglycerides – fatty acids released, which can go to muscle cells and undergo 

beta oxidation to produce energy (make ATP from fat). 

- If exercising, replace glucagon by adrenaline – absolutely the same thing happens. 

- Perilipin – small protein that covers lipid droplets in adipocytes. Becomes phosphorylated by 

PKA as well, and when this happens, it changes the accessibility of the lipid droplet (makes it 

more accessible) – so fat droplet is accessible to hormone sensitive lipase and it can start 

attacking and digesting the fat. 



 

  



 


