
BMS2021- Molecular Biology 

A1 

1. Give an overview of the central role of the liver 

2. Describe the transport of glucose into different tissues 

Extracellular signals: 

• Hormones (eg. GH) 

Regulators: 

• Allosteric enzymes 

• Phosphorylation 

• Enzymes in general 

Metabolic pathways: 

• Opposite pathways are regulated at the same time therefore there are no futile cycles 

• Tissues: 

o Muscles: requires lots of energy in various forms 

o Liver: maintains blood glucose levels 

o Adipose tissue 

o Brain: cannot store energy  

o Contain unique enzymes which allows for selectivity 

o Tissues communicate via nervous system, circulating substrates, variation in hormone levels in 

plasma 

o Primary regulation by glucagon and insulin with catecholamine (adrenaline and noradrenaline) 

playing a supporting role 

o Hormones stimulate release or storage of energy 

ONE 

The Liver 

• Nutrients via portal veins from gastrointestinal tract 

• Maintain blood glucose levels 

• Hepatocytes (liver cells): 

o Major mass 

o Cuboid 

o Performs most of the metabolic processes 

o Fast turn over (breakdown) as a slow form of regulation 

o Have GLUT 2 transports passively both in and out 

o GLUT 2 allows rapid diffusion of glucose to make glucose concentration inside the hepatocyte the 

same as the blood glucose concentration. 

▪ High Km (17 mM) 

▪ Responds to increased levels of intracellular glucose 

▪ In fed state responds to high levels of blood glucose 

o Glucokinase (phosphorylates glucose) 

▪ High Km (compared to hexokinase- 6 carbon phosphrylator): low affinity, doesn’t bind to 

glucose readily as this provides liver with flexibility i.e. doesn’t make G-6-P when glucose is 

low because other tissues require it. 

▪ Isn’t inhibited with high levels of G-6-P and continues to synthesis G-6-P when glucose is 

present well above levels that will overwhelm other hexokinases. 

• Enzyme activity increases/decreases with changes in diet and need of other tissues 

• G-6-P= transfer station in liver 



GLUT 1: 

▪ Exists in 2 conformations: T1 and T2 

▪ T1 binding site on the outer surface 

▪ T2 binding site on inner surface  

1. Blood glucose binds to stereospecific T1 site 

2. Conformational change (glucose out to in). T2 facilitates passage of glucose 

3. Glucose released 

4. Transporter returns to T1. 

5. Low Km (3 mM) therefore high affinity therefore responds to low levels of glucose 

Liver Metabolic Processes 

Fate of G-6-P: 

- Dephosphorylated= free glucose to send to other tissue and replenishes blood glucose 

- Glycogen synthesis in liver= when G-6-P is in abundance 

- Glycolysis (pyruvate) CAC via pyruvate dehydrogenase (acetyl CoA)  oxidation (ATP) 

- CAC via pyruvate dehydrogenase (acetyl CoA) fatty acids and cholesterol 

- Pentose phosphate pathway (NADPH) for reductive biosynthesis 

 

 

 

 

 

 

 

 

 

 

 

 

 

After a meal: 

• Liver bathed in blood with increased insulin and nutrients 

• Takes up 

o Amino acids 

o Lipids 

o Carbohydrates 

• Detoxifies: removes toxic chemicals and turns it into water soluble compounds that can be excreted from 

the body such as urea or less toxic compounds via cytochrome P450** system 

• Stores nutrients: 

o Vitamins and minerals 

o Fe2+ 

• Has metabolic flexibility: 

o AA  plasma and tissue proteins 



o AA  metabolic intermediates  CAC and oxidative phosphorylation  ATP 

o AA  nucleotides, hormones and nitrogenous compounds 

*Extrahepatic tissue (situated or originating from outside the liver) is also flexible but not to the same extent as the 

liver 

** Cytochrome P450 enzymes are essential for the metabolism of many medications. Although this class has more 

than 50 enzymes, six of them metabolize 90 percent of drugs, with the two most significant enzymes being CYP3A4 

and CYP2D6. 

Amino Acids 

- AA  precursor to proteins 

- Cannot be stored but passed into the blood stream for other tissues 

- Liver proteins have a high turnover rate as they are constantly in contact with toxic substances metabolised 

by the liver and are therefore damaged quickly 

- Those not needed for biosynthetic reactions are de-aminated and the carbon skeleton undergoes: 

o glycolysis (pyruvate  glucose) 

o glycolysis and CAC (pyruvate  acetyl CoA  ATP) 

o glycolysis and anaerobic respiration (pyruvate  lactate) 

o Glycogenesis (glycogen) 

o Gluconeogenesis (glucose) 

o Fatty acid synthesis (triaceylglycerides)  

o CAC intermediates via gluconeogenesis (glucose) 

- Amonia  urea 

- Become proteins for liver and plasma 

- Make into hormones and nucleotides 

Fatty Acids 

- Converted to liver lipids 

- FA are the primary oxidative fuel 

- Oxidised via beta-oxidation (FA  acetyl CoA + NADH) 

- Excess acetyl CoA  ketones (acetoacetate and hydroxybutyrate) 

- Used for synthesis of plasma lipoproteins (carry lipids to adipose tissue for storage) 

- Some bound to albumin and transported to heart and skeletal muses (oxidised for energy) 

- De nova: fatty acid synthesis 

- Very low density lipoprotein (VLVD): liver packages TG into VLVD which are excreted into the blood and used 

by extrahepatic tissue. 

FA Oxidation: 

- Acetyl CoA into CAC requires oxaloacetate 

- Depleted levels of oxaloacetate (caused by GNG) results in acetyl CoA  ketone 

- Coenzyme A freed for beta-oxidation 

- Produces NADH, FADH2 and 28e- for electron transport chain 

Ketone Bodies 

- Circulate blood or made when oxaloacetate pools are too low to produce acetyl CoA 

- Transported in the blood to other tissues to be used as energy 

- Can penetrate the blood-brain barrier 

- KB  acetyl CoA for oxidative reactions 

- Made from acetyl CoA 

- Oxidised for energy in place of glucose 

- Beta-hydroxybutyrate/aceteoacetate/acetone 

- Can provide 1/3 of energy required by heart during fasting 



- Can provide 60-70% of energy required by brain during fasting and therefore are very important during 

starvation. 

Formation in the liver: 

- Beta-oxidation degrades fats into FA and glycerol in the adipocyte cytoplasm 

- FA transported to other tissues for fuel 

- Small FA diffuse across membrane but large FA are transported via acyl-carnitine/carnitine transporter 

- Ketone formation prouces: 

o NAD+ 

o Acetone 

o CO2 

o D-beta-hydroxybutyrate 

Acetyl CoA 

Building blocks to synthesis: 

• Cholesterol (membrane) 

• Steroid hormones 

• Bile salts (digestion and absorbing fats) 

The Membrane 

• Fluid mosaic 

• Cytosolic side: inner and different to outer 

• Phosphatidylserine: restricted to inner layers 

• Fatty acyl chain in the interior form hydrophobic fluid 

• Proteins floating in the fluid are held in place by the hydrophobic interactions between non-polar side chains 

• Free to move laterally but movement vertically is restricted 

• Moieties: carbohydrates attached to proteins on the surface of the membrane 

o Exposed to extracellular environment 

- Glycoproteins and oligosaccharides: only on outside 



- Receptor proteins: binding site for extracellular hormones or ligands (allosteric effector) on outside 

- Transport proteins: generally only orientated to facilitate transport in one direction (GLUT-2 is an exception) 

• Diffuse through Membrane (high concentration to low concentration): 

o Small 

o Nonpolar 

o O2 and CO2 

o Ethanol 

o Glucose into red blood cells 

• Aided diffusion: 

o Large 

o Polar 

o Glucose 

o Ions  

o Amino acids 

• Plasma membrane proteins: keep internal environment relatively stable 

Passive/ionophores/ion channels: simply speed transmembrane movement 

- Passive diffusion of polar molecules involves desolvation therefore has a high activation barrier. 

- Transport may be facilitated by proteins with an alternative diffusion path; known as transporters or 

permeases. 

TWO 

Glucose 

Transport 



• GLUT 1-5 

• Concentration of glucose in blood plasma is approx. 4.5 mM, in cytoplasm much lower therefore glucose 

enter cell through transporters 

• Brain/ red blood cell glucose uptake: insulin independent (is not stimulated by insulin) 

• Muscle and adipose tissue glucose uptake: insulin dependent  

• Liver: GLUT-2 transporter (high Km) transports glucose in and out of hepatocytes and responds to increased 

levels of glucose in blood or inside cell 

• Myocytes and adipocytes: GLUT-4 (low Km) and responds to insulin 

• GLUT 4 

o Regulation: 

▪ Transporters stored within cell 

▪ Insulin detected  vesicles move to surface increasing glucose transport 

▪ Insulin levels drop  transporters removed from plasma by endocytosis 

▪ Smaller vesicles fuse and patches of endosomes enriched with glucose transporters bud off 

to become small vesicles ready to return to the surface 

o Insulin increases glucose uptake 15+ fold 

o Type I diabetes: no insulin therefore GLUT 4 not mobilised  high blood glucose 

• Essential for: 

o Brain 

o RBC 

o Bone marrow 

o Renal medulla 

o Peripheral nerves 

Effects of low glucose: 

- Normal: 60-90 mg/100 mL (4.5 mM) 

- 40-60 mg/100 mL: lethargy, convulsion, coma 

- 0-40 mg/100 mL: permanent brain damage (if prolonged), death 

A2 

1. Discuss the regulation of enzyme concentration in cells and its role in the regulation of cellular metabolism 

2. Discuss kinetic regulation of enzyme activity 

3. Discuss allosteric enzyme regulation and regulation by reversible covalent modification 

4. Discuss the use of enzymes to detect various diseases 

 

- All pathways are intertwined and some regulated at the same time so futile cycles do not occur eg: 

o Lipogenesis and fatty acid cycle 

o Glycogenesis and Glycogenolysis 

o Gluconeogenesis and glycolysis 

- Typical eukaryote: 30,000 different proteins which catalyse 1000+ reactions each. Most share pathways 

Rates of Reactions 

Depends on: 

• Concentration of enzymes 

• Catalytic activity of enzymes 

o Rate of translation/degradation 

o Intrinsic activity (regulated by amount of substrate/product, phosphorylation, effectors) 

o Gene regulation 

o Regulatory proteins 

o Extracellular signals (hormones: insulin, neuronal: acetyl CoA, GH) 

• Concentration of reactant/product 



• Concentration of effectors 

o Allosteric 

o Competing substrates 

o pH (organelles with different intracellular pH are lysosomes) 

o Ionic environment  

• Temperature/pH 

• Lifespan of enzyme 

• Stage of reaction (exponential curve) 

 

ONE 

Regulation of Enzyme Concentration 

Cellular Protein Turnover: 

- Lifespan (finite) 

o Destroyed by proteases in minutes to hours (inducible/repressible enzymes) 

o Results from specific AA sequences or ubiquitination (targets for proteases) 

o Regulated by metabolites/hormones/growth factors 

o Done as enzymes come in contact with toxic substance and become damaged inhibiting function 

- High protein intake: high enzyme turn over 

- Low protein intake: starvation state 

*Constitutive enzymes: long lifespans (days to months). Present in constant concentration and involved in central 

pathways (glycolysis, CAC) 

- Inducible/repressible enzymes: 

o Induced by: insulin 

▪ Eg. Live glucokinase/phosphofructokinase up-regulates glycolysis in the fed state. Other 

enzymes are saturated at this point and cannot further catabolise glucose. Both 

metabolically irreversible steps. 

o Repressed by: usually end product 

Enzyme Expression: 

- Localised expression of enzymes via compartmentalisation. 

o Eg. G-6-Posphotase: only found in liver and kidney but not in muscle and adipose tissue. 

o RBC: do not have mitochondria therefore no enzymes 

o Creatine kinase: only at very high levels in muscles (but at low concentration in most other issues) 

o Pyruvate kinase: isoenzyme 

▪ M form: skeletal muscle, brain 

▪ L form: liver 

▪ K form: kidney 

- Isoenzymes: catalyse same reaction but have different primary structures 

o Glucokinase (hexokinase IV) 

o Often products of different genes 

o Different physicochemical techniques due to different structure 

o Different forms may occur in same cell 

o Differ in: 

▪ Kinetic properties 

▪ AA sequence 

▪ Co-factors 

TWO 



Regulation of Enzyme Activity 

Michaelis-Menten Kinetics: low substrate concentration, rate is proportional to substrate conc. High concentration, 

rate approaches limiting rate (Vmax) 

 

• Hexokinase I (skeletal muscle) 

- Low Km therefore low concentration of substrate needed to saturate enzyme 

- Acts with GLUT 4 to maintain balance between glucose uptake and phosphorylation 

- Allosterically inhibited by product G-6-P so no build-up of G-6-P in cell 

 

• Hexokinase IV (glucokinase in liver) 

- High Km therefore enzyme binds weakly to substrate. Therefore blood glucose will only be phosphorylated 

when levels are high leaving G-6-P for glycogenesis 

- Acts with GLUT 2 to allow blood glucose concentration= liver glucose concentration 

- Beta cells respond to elevated levels of glucose 

- Not inhibited by product but regulated by allosteric control 

Co-factors: 

• NAD+ and NADH 

• NADPH and NADP+ 

• ATP/ADP/AMP 

• Acetyl-S-CoA 

Metabolism of alcohol converts NAD+ to NADH. NAD+ is required for the CAC.  of co-factors also regulates 

enzyme activity 

THREE 

Allosteric: reversible non-covalent hinging of a modulator at a site other than the active site. 

Allosteric Modulation: 

• Two binding sites 

• Modulators: can inhibit or activate 

• Usually have quaternary structure with multiple subunits 

• Subunits can have more than one conformation 

• Bind is more agreeable with a particular conformation 

• Binding causes conformational change stimulating reaction 

Allosteric Regulation Kinetics: 

• Sigmoidal 



• Reflects co-operative interactions 

• Activators often increase affinity 

• Inhibitors often decrease affinity 

Reversible Covalent Modification: linkage of chemical group to activate/inactivate enzyme 

Regulation: 

- Phosphorylation: causes conformational change. Reversible 

• Dephosphorylated 

o Eg. Kinase is active 

o Phosphatase is inactive 

• Phosphorylated 

o Eg. Kinase is inactive 

o Phosphatase is active 

Irreversible Covalent Modification: 

- Zymogens: catalytically inactive precursor proteins. Activated by cleavage of specific peptide bonds 

Hormonal Regulation: 

- Chemical signals in blood 

- Only target cells respond 

- Slow 

- Do not enter cell: combine with external part of membrane receptor 

- Quickly eliminated from blood eg. Adrenaline 

- Intercellular and extracellular 

- Effects can result in 10-20 fold increase of enzyme activity 

- Insulin: 

o High glucose 

- Glucagon: 

o Low glucose 

- Adrenaline: 

o Prepare muscles, heart, lungs for burst of energy 

- All three primary for metabolic activity of liver, muscles and adipose tissue 

FOUR 

Isoenzyme: 

• Readily measured as they leak out of damaged cells and are therefore used to clinically diagnose 

qualitatively and quantitatively 

o Eg. Lactate dehydrogenase- LDH1: heart (H form), LDH5: liver (hep) and skeletal muscle (M form) 

o Creatine kinase- skeletal muscle, heart, brain 

o Aspartate amino transferase- skeletal muscle, heart, brain, liver 

 


