
Lect 1 (Metabolic Pathways) 

Liver: nutrients travel from small intestines 
via portal vein into liver. Used for glycogen & 
glucose synth & storage. Breaks down FA, 
releases ATP into the bloodstream or extract 
FAs around the body.  
Hepatocytes: liver cells which conduct 
majority of metabolic processes for liver. 
Hepatocyte enzymes turn nutrients into ATP 
and have high enzyme turn-over. Enzyme 
levels vary depending on feeding or fasting, 
as well as needs of other tissues. 
Glucokinase: hexokinase converts glucose -
> G6P. Has a low affinity for glucose & a 
maximal Km at 10Km. only found in liver cells.  
G6P is used to keep [blood glucose] low. 
Converted to glucose by Glucose-6-
Phosphorylase. G6P can’t enter/leave the cell 
due to Pi group. When [blood glucose] high, 
G6P can be used to form glycogen or can be 
used to enter glycolysis and form pyruvate 
and acetyl CoA to make ATP, can be made 
into and TAGs by its use as Acetyl CoA. They 
can enter the pentose phosphate pathway to 
form NADPH and ribose-5-phosphate to 
create more proteins.  
AAs can be metabolised by the liver to form 
energy. Can be used to form C.A.C. 
intermediates or pyruvate, which can be used 
for GNG or converted from pyruvate to Acetyl-
CoA for energy in the liver cells and 
converting lipids. Amino groups are toxic to 
liver because of the by-products; ammonia.  
FAs: The liver is a major site of FA 
metabolism, releasing FA into the 
bloodstream as well as adipocytes for a 
source of energy. FAs in the liver can create 
lipids, used later for storage and formation of 
TAGs. Β-oxidation breaks FAs into Acetyl-
CoA, synthesising hormones, cholesterol & 
forming energy by CAC as well as ketone 
bodies.  
Membranes: phospholipid bilayer ~ 7.5-
10nm. Charged outside head, non-polar 
inside tail. Small hydrophobic molecules O2, 
CO2 and N2 can cross easily, as well as 
glycerol and ethanol. Water and soluble ions 
need protein channels. 
Normal blood glucose in plasma is usually 
4.5mM.  
Glucose uptake by brain & RBCs are insulin 
independent, everything else is insulin 
dependent.  
GLUT2 found in liver & pancreas. Only 
uptakes glucose when [blood glucose] is high.  
Insulin: glucose indicates to pancreatic β-
cells that insulin is needed to be released to 
facilitate energy absorption in cells. Insulin 
binds to insulin receptor, allowing for 
transporters (e.g. GLUT4 in myocytes), which 
are carried in vesicles, to bond to cell 
membrane, adding to the total number of 
GLUT4 transporters in the cell, increasing 
glucose absorption.  

Lect 2 (Enzymes) 

Reaction rates are dependent on [reactants 
+ products], temp, [effectors, allosteric 
regulators, competing substrates, pH and 
ionic environment], and catalyst activity. 
Constitutive enzymes: longer half-lives, rate 

of synth = rate of deg. Have [constant], 
regardless of feeding or fasting. 
Inducible/repressible enzymes: shorter half-
lives, only made when necessary. Insulin 
activates liver hexokinase and liver 
phosphofructokinase, up-reg glycolysis. End 
products used to repress. 
Reg of [enzyme] in cells are dependent on: 
shorter half-lives, enzyme destruction by 
proteases, AA sequences, ubiquitination by 
ubiquitin, metabolites, and hormones. 
Reg of enzymes by location: glucose-6-
phosphatase is found in liver & kidneys but 
not muscles. Makes G6P into Glucose, it’s 
only found in gluconeogenic tissues. Creatine 
kinase is found mainly in muscle as an 
immediate source of energy (creatine 
phosphate), is vital for sprinting, no other cells 
need such an immediate source of energy so 
the enzyme is only found there.  
Isoenzymes: are enzymes with different 
primary structures but the same function.  
Enzymes in detecting diseases: 
The heart has 4 copies of lactate 
dehydrogenase - H form (LDH1), & muscle 
contains high levels of LDH in M form (LDH5), 
higher levels of these in the blood can identify 
an issue in the heart.  
Kinetic reg of enzyme activity: 
When [Substrate] low, rate is more or less α 
to [substrate]. When [substrate] high, the rate 
approaches the limiting Vmax of Michaelis-
Mentin kinetics.  
Allosteric enzyme reg utilises co-enzymes 
to reg enzyme activity. NAD+ and NADH, 
NADP+ and NADPH, and ATP, ADP and AMP 
are e.gs. More co-enzymes improve enzyme 
efficiency.  
Allosteric enzymes have a reg unit which 
will have a modulator bind to it to promote/reg 
activity and an enzymatic unit. Allosteric 
Michaelis-Mentin enzymes have a sigmoidal 
saturation curve rather than a hyperbolic one.  
Reversible Covalent modification: Linkages 
of groups, like phosphate groups can 
potentially in/activate enzymes. 
Phosphofructokinase-2 can undergo 
phosphorylation, when phosphorylated it’s 
inactive and vice versa. This modification is 
longer lasting than allosteric modulation. 
Zymogens are inactive longer precursor 
molecules of enzymes. When cleaved, the 
zymogen becomes the active enzyme. 
Zymogens are good storage.  
Hormonal reg: examples include insulin, 
glucagon and epinephrine. Slower than 
allosteric binding and covalent mod, they’re 
longer lasting. Insulin is released when 
glucose is too high, and glucagon is released 
when it’s too low. Epinephrine is release in 
preparing muscles, lungs and heart for a burst 
of activity. They can be quickly eliminated 
from the blood. They target specific receptors. 

Lect 3 (Glucose Homeostasis 
Reg) 

Homeostasis in Glycolysis and GNG: The 3 
irreversible steps in glycolysis are exergonic, 
these are steps 1, 3 & 10. These are futile 
cycles, if they occur naturally, the reactions 
would go round and round achieving no end.  
Glycolysis occurs when [ATP] low, and [ADP 

and AMP] high, as well as a low NADH:NAD+. 
NADH needs to be fed into the Electron 
transport chain to make ATP. Makes 4ATP 
but uses 2. 
Glu + 2NAD+ + 2ADP + 2Pi -> 2Py + 2NADH 
+ 2ATP.  
GNG occurs when [ATP] high and [ADP and 
AMP] low, and NADH:NAD+ high, it’ll use FA 
as more of an energy source to form glucose. 
2Py + 4ATP + 2GTP + 2NADH + 2H+ + 4H2O 
-> Glu + 4ADP + 2GDP + 6Pi + 2NAD+. 
1st Futile Cycle Hexokinase: 3rd bypass. 
Hexokinase converts glucose to G6P. 
Hexokinase I and II play a major role in 
muscle. Hexokinase I has a high affinity for 
glucose. This is important for muscle as it 
converts glucose to G6P quickly, so there’ll 
always be low [free glucose], travelling down 
the concentration gradient. G6P also won’t be 
able to leave. Hexokinase IV/glucokinase is 
found only in the liver, doesn’t have end-
product inhibition, it functions at higher 
[glucose].  Glucokinase can be sequestered 
in the nucleus by Fructose 6-phosphate 
where a nuclear protein will bind it and 
released by glucose. Isoenzymes of 
hexokinase regulates glycolysis  
2nd Futile Cycle Phosphofructokinase: F6P 
+ ATP -> F1,6-biP + ADP is the committed 
step in glycolysis. F1,6-biP doesn’t have any 
other cell uses, so when it’s made, the show 
must go on. ATP will inhibit this pathway, 
because it indicates the cell has ample 
energy supplies, citrate will also inhibit. AMP, 
ADP and F2,6-biP stimulate the reaction. Low 
[ATP] increases PFK-1 affinity to F6P. If 
[ATP] low and [AMP] high, glucose will not be 
made by GNG, instead Pyruvate will be made 
to increase [ATP]. You don’t want these being 
activated simultaneously.  
Hormonal reg: when [glucose] low, glucagon 
activated to break down glycogen and 
stimulate GNG as well as inhibit Glycolysis. 
When [glucose] high, insulin is released, 
signalling the liver to use glucose and to 
make TAG. Hormonal reg is mediated by 
F2,6-biP, which is produced specifically to reg 
glycolysis and GNG. It activates PFK in 
glycolysis adeand inhibits F1,6-biP in GNG. 
F2,6-biP is produced from F6P by PFK-2 and 
phosphorylated by FbiPase2. PFK-2 and 
FbiPase-2 regulate cellular level of F2,6-biP 
which are regulated by insulin and glucagon. 
Insulin activates glycolysis by activating 
phospho-protein phosphatase which 
phosphorylates PFK-2 to become FbiPase-2 
which stimulates the conversion of F6P to 
F2,6-biP. Glucagon activates GNG by 
activating cAMP-dependent protein kinase 
which converts PFK-2 to FbiPase-2 
stimulating conversion of F2,6-biP to F6P. 
3rd Futile cycle Pyruvate Kinase: 
2Phosphoenol-pyruvate + 2ADP -> 2Pyruvate 
+ 2ATP. Catalyses final oxidation of glycolysis 
w/ 3 is-enzymes present (muscle & liver).  
Regulation: activated by F1,6-biP. Inhibited 
by ATP, Acetyl-CoA, long chain FAs & 
Alanine (representing plenty). Inactivated by 
phosphorylation indicated by glucose 
depletion (glucagon), occurs only in the liver. 
Glucagon stimulates PKA to convert Pyruvate 
kinase to its inactivate form. PP is needed w/ 
H2O to activate the inactive form, producing 
Pi. 
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