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cAMP 

 

 

Mechanism action of cyclic AMP 

cAMP is 2nd messenger carrier, it carries information with the hormone 

activity to the cell membrane 

Inside the cell, cAMP will be formed and this will carry the information 

from membrane to the inside of the cell 

cAMP is activated by adenyle cyclase which is thought to be (membrane 

bound enzyme) 

It is inactive form when it’s formed in the membrane while it’s activated 

when it’s bonded to hormone (adrenaline) 

 Each hormone has as specific receptor on the membrane. 

  It binds to  these receptor, as result the permeability of the cells 

membrane changes, so it allow Ca++ from extracellular into intracellular  

fluids, as result increase Ca++ inside the cell . 
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  Ca++  will shift the mg ++ inside the cell to bind with adenyl cyclase( 

inactive form) which is found in the membrane causing activation 

to it . 

 

 

Gluconeogenesis 

 

Is the process of synthesis of glucose from non-carbohydrate 

compounds or components such as: pyruvic acid, lactic acid, glycerol 

(from triglyceride), odd number fatty acids. 

This process takes place when energy requirement of the cell is minimal 

and source of ATP is available 

Gluconeogenesis is very important source for supplying glucose various 

tissue, liver, adipose tissue, brain, RBCs when glucose is not available 

as due to fasting and starvation (brain and RBCs does not have the 

enzyme of C.A.C, so they convert glucose into lactic acid to produce 

their energy, therefore they need high amounts of glucose) 

 

Failure of gluconeogenesis is usually fatal 

- Brain disturbances and causes a condition known as 

hypoglycaemia that cause a decrease in brain activities and feeling 

cold 

- Fainting and even death 

For example: when a diabetic patient takes an additional dose of 

insulin, this will cause drop in the level of glucose in the blood for 

treatment: he must be given glucose (as in juice) 

Even number fatty acids cannot be used to produce glucose but they are 

sources of energy 

Gluconeogenesis is important in maintaining the level of intermediates 

of citric acid cycle even when fatty acids are the main sources of acetyl 

COA in the tissues. In addition, gluconeogenesis clears lactate 
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produced by muscle and erythrocytes, and glycerol produced by 

adipose tissue. 

The process is activated by high level of ATP and every process that 

causes activation of glucose metabolism will inhibit the 

gluconeogenesis and vice versa. 

 

All the reaction of glycolysis are reversible except 3 reaction which 

are: 

 

1-  Phosphoenol pyruvate                          pyruvate 

2- Fructose 6 phosphate                      Fructose 1,6 diphosphate 

3- Glucose                       glucose 6 phosphate 

The above 3 reaction are irreversible because there is change in 

energy (phosphoenolpyruvate, fructose 1,6 diphosphate and glucose 6 

phosphate have more energy) so these reaction must be reversed for 

gluconeogenesis to occur. The cell evolves a series of reactions to 

overcome these 3 barriers by special enzyme systems to reverse 

glycolysis. 

1st barrier:  

Is the conversion of pyruvate to phosphoenol pyruvate (pyruvate          

PEP) 

To overcome this reaction, we have an enzyme in the mitochondria 

called (pyruvate carboxylase), it’s function is to fix CO2 and energy to 

pyruvate which then converts into oxaloacetate (this reaction needs a 

co-factor called Biotin that acts as a CO2 fixator). Now oxaloacetate 

can’t pass from the mitochondria to the cytoplasm, so it’ll converted into 

malate by the action of malate dehydrogenase 

Malate can pass to the cytoplasma where it’s returned to oxaloacetate 

by cytoplasmic malate dehydrogenase. Now oxaloacetate in the 

cytoplasm can convert into phosphoenolpyruvate by (PEP carboxylase 

kinase) but in order to do that we need energy that is taken from GTP 

and gives CO2 and PEP 
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PEP carboxylas kinase: found in the cytoplasm, an allosteric enzyme, 

that can be activated by the presence of high amount of acetyl COA 

and inhibited by low level of acetyl COA. 

- High level of acetyl COA indicates that citric acid cycle is working 

on producing high amount of energy, so gluconeogenesis is activated 

- Low level of acetyl indicates no energy, so gluconeogenesis will 

stop 

Now, PEP can be converted into glyceraldehyde-2 phosphate then to 

glyceraldehyde-3-phosphate which can in turn converts into 

glyceraldehyde-3-phosphate which reacts with dihydroxy aceton 

phosphate to form fructose 1,6 diphosphate. 

All these reaction are reversible because there’s small change in 

energy 

 

2nd Barrier: the conversion of Fructose1,6 diphosphate         Fructose 

6 phosphate 

To overcome this barrier we have an enzyme called fructose 1,6 

diphosphatase which will convert fructose 1,6 diphosphate into fructose 

6 phosphate 

Fructose 6 phosphate can be converted into glucose 

 

Fructose 1,6 diphosphatase: found in the liver, kidney and striated 

muscles only, an allosteric enzyme, it can be activated by high level of 

citrate and ATP and inhibited by high level of ADP and AMP. 

Factors activate phosphatase, inhibit phosphofrutokinase (fructose 6 

phosphate         fructose 1,6 diphosphate) and vice versa  

Now the blood needed glucose, we must convert glucose 6 phosphate        

glucose  

 

3rd barrier: can be overcome by enzyme glucose 6 phosphatase that 

will change glucose 6 phosphate         glucose 

- This enzyme is found only in liver and kidney so they are only  

organs that give glucose to blood 

- It’s a microsomal enzyme (found in the microsomal which are one 

of the cell organelles). 
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- It’s an allosteric enzyme              inhibited by insulin (so it’s active 

in a case of diabetes (because insulin function is to prevent the 

passage of glucose from the cells to blood, so it inhibits the enzyme). 

 

Increase ATP and citrate result in pyruvic acid will be no longer 

changed into acetyl COA and accumulate, therefore it changes by 

breaking down 3 barriers to be changed into glucose by 

gluconeogenesis and then to glycogen by glycogenesis in order to be 

stored because there’s no process to store pyruvic acid. 

 

The glucose can be synthesized also from the following: 

 

Lactic acid: 

Which is by the action of lactic acid dehydrogenase in a reversible 

reaction converted into pyruvic acid which then enter mitochondria and 

to oxaloacetate which can’t pass to the cytoplasm 

When it returns into oxaloacetate by the action of cytoplasm malate 

dehydrogenase now oxaloacetate takes energy from GTP and converts 

to PEP which then continue gluconeogenesis till formation of glucose 

 

Glycerol 

It comes from metabolism of fat that give fatty acid and glycerol, now 

glycerol and by the action of cytoplasmic glycerol phosphate kinase 

that takes ATP is converted into glycerol phosphate, now this 

compound and by the action of glycerol phosphate dehydrogenase is 

converted into dihydroxy aceton phosphate which can be converted 

into glyceraldehyde 3 phosphate by action of isomerase  

These 2 trioses can react giving fructose 1,6 diphosphate which by the 

action of phosphate is converted into Fructose 6 phosphate which can 

give glucose 6 phosphate by the action of glucose 6 phosphata+se 

 

Amino acids  

They can undergo deamination to give keto acids these amino acids 

can enter the cycle at different regions: 

 

1- Through pyruvate: so alanin can undergo deamination to give 

pyruvate that further form glucose. Other amino acid can enter through 
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this region so they undergo deamination and other reactions. These 

amino acids are serine, tryptophane, glycine, methionine and 

hydroxyproline 

 

2- Through oxaloacetate: So aspartic acid can undergo deamination 

to give oxaloacetate which can be converted further into glucose 

 

 

3- Through α- keto glutarate; so glutamate is deaminated to give α- 

keto glutarate then: 

α- keto glutarate              succinyl COA            succinate             

fumarate            malate            oxailoacetate which continues to give 

glucose 

Other amino acids may enter this pathway and they are: proline, 

histidine and arginine 

4- Through succinyl COA: these amino acids are valine, methionine, 

threonine and isoleucine 

 

5- Through Acetyl COA: Iselucine, lucine, phenylalnin 

 

6- Through fumarate: phenylalnine and tyrosine. These amino acids 

can be used to form glucose when needed and are called clycogen. 

amino acids 

 

ODD NO. of fatty acids 

These fatty acids contain odd no of fatty atom (3,5,7,9,…). So propionic 

acid is converted into D-methyl malonyl coA (D.M.M) and by the action 

of enzyme propionyl carboxylase and this reaction needs co factor 

(Biotin d-methyl malonyl CoA ) and by the action of isomerase which is 

converted into methyl malonyl coA. This rearrangement is to give 

succinyl COA. 

Succinyl COA is formed in citric acid cycle and can be converted into 

succinate         fumarate            malate           then passes to the 

cytoplasm to be converted to glucose 
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Why even no of fatty acids can’t produce glucose? 

How can glutamate be converted to lactose?  

 

 


