----------------------------------------------------------------------------------General reactions of amino acids

General metabolic reactions of amino acids
- Liver catabolizes amino acids but for methionine and branched-chain amino acids, other organs also participate.  It involves the following reactions:

1. Transamination: It is the reversible removal of amino group (in the form of vitamin B6-bound ammonia) from the amino acids to give (-keto acids.

2. Deamination:  It is the reversible removal of amino group from the amino acid (in the form of free ammonia) associated with or without dehydrogenation (oxidative or non-oxidative) to give an (-keto acid.

3. Transdeamination: It is the sequential occurrence of the above two processes on one amino acid resulting in an (-keto acid and free ammonia ready for urea synthesis.

4. Decarboxylation: It is the removal of CO2 combined with or without dehydrogenation (oxidative or non-oxidative) to form corresponding amines.

5. Transamidation: It is the transfer of amino group from amino acid amide to a sugar for synthesis of sugaramines. Amidation is the addition of ammonia to non-(-COOH group to give amide of amino acid, e.g., asparagine and glutamine.

6. Transmethylation: It is the transfer of a methyl-group from methyl-FH4 or S-adenosyl-methionine to an amino acid to produce a new product.

I. Transamination

Definition:

- Transamination means the reversible transfer of an amino group from (-amino acid (in the form of vitamin B6-bound ammonia) to an (-keto acid forming a new amino acid and a new (-keto acid. Thus the amino acid is converted to its corresponding (-keto acid while the (-keto acid is converted to its corresponding (-amino acid. It occurs mainly in liver, kidney, brain and heart. Amino acids are transaminable except lysine, threonine, proline and hydroxyproline.

Mechanism:

- Transamination reactions are catalyzed by group of enzymes known as transaminases or aminotransferases.  They are intracellular enzymes, i.e., if they appear in the blood, it means presence of cellular damage somewhere in the body.  

- Transaminases require pyridoxal phosphate as a coenzyme. Pyridoxal phosphate is an intermediate acceptor of the amino group from the amino acid to be aminated into pyridoxamine phosphate and liberating a new (-keto acid.  Then, it transfers the amino group to the (-keto acid converting it into a new (-amino acid and renewing pyridoxal phosphate again.
Transaminases:

- All transaminases are present either in cytoplasm or in both cytoplasm and mitochondria of most tissues. Among transaminases, three are specific and present in most mammalian tissues and have clinical diagnostic importance.  

 - These are alanine transaminase (ALT, also is called glutamate pyruvate transaminase, GPT), Aspartate transaminase (AST, also is called glutamate oxaloacetate transaminase, GOT) and glutamate transaminase.

1. Alanine transaminase (ALT, glutamate-pyruvate transaminase, GPT):

- It is a cytosolar liver enzyme that reversibly catalyzes transfer of amino group from alanine to (-ketoglutarate to form glutamate and pyruvate.  

- Normal plasma level is 0 - 42 IU/L increases in liver diseases particularly acute viral hepatitis (more than 250 IU/L).
2. Aspartate transaminase (AST, glutamate-oxaloacetate transaminase, GOT):

- AST is present in both cytosol and mitochondria of the cells of myocardium, liver mainly but also of muscles, pancreas, kidney, etc.  It catalyzes the transfer of amino group from aspartate to (-ketoglutarate to form glutamate and oxaloacetate in a reversible reaction. Normal plasma level is 0 - 41 IU/L and increases to a maximum within 24 hr of myocardial infarction, increases in liver diseases, muscular dystrophy and myositis, acute pancreatitis, and after prolonged severe exercise.

3. Glutamate (amino acid-(-ketoglutarate) transaminase:

- It is a cytosolar and mitochondrial enzyme that catalyzes amino group transfer from any transaminable amino acid to (-ketoglutarate producing glutamate. 

- Similarly, there is another transaminase that transfers amino groups from transaminable amino acids into pyruvate producing alanine (amino acid-pyruvate transaminase).

Functions of transaminases:

1. Transfer of amino group from most amino acids to (-ketoglutarate to form glutamate. This is very important since glutamate is the only deaminable to give free ammonia suitable for urea synthesis, see transdeamination.

2. Transamination is important in synthesis of non-essential amino acids, through reactions of (-keto-acids with glutamate.

3. Transamidation to form sugaramines and convert amino acids into ketone bodies or glucose for energy production during starvation.

4. Diagnostic importance of transaminases (ALT and AST): Transaminases are normally intracellular enzymes. The presence of elevated levels of transaminases in the blood indicates damage to cells having these enzymes.  An elevated level of both ALT and AST indicate possible damage of liver cells. An elevated level of AST only suggests damage to heart muscle (myocardial infarction), skeletal muscle or kidney.

Role of pyridoxal phosphate in transamination:

- Pyridoxal phosphate (PLP) acts as an intermediate carrier of amino group. Transamination reactions can connect between carbohydrate and protein metabolism through Krebs' cycle.
- By reversibility of these reactions, the process of gluconeogenesis from amino acids released from breakdown of body protein during starvation takes place.

II. Deamination

- It is the reversible removal of amino groups from amino acids as free ammonia to their corresponding (-keto acids.  Most of the amino acids are deaminable. 

- It is of several types as follows:

1. Oxidative deamination: (combined with removal of hydrogen).
2. Non-oxidative deamination:

a. Dehydratase (combined with removal of water). 

b. Desulfhydrase (combined with removal of hydrogen sulfide, H2S).

c. Specific deamination (is not associated with other reactions).

3. Hydrolytic deamination (combined with addition of water).

4. Reductive deamination (combined with addition of hydrogen).

1) Oxidative deamination:

- The reversible removal of the amino group as ammonia secondary to dehydrogenation of the amino acid.  Thus, it is oxidative conversion of the (-amino acid to its corresponding (-keto acids. There are three oxidative deaminases as follows:

1. L-amino acid oxidase

2. D-amino acid oxidase.

3. L-glutamate dehydrogenase.

- The amino acid oxidases are autooxidizable flavoprotein, i.e., the FMN or FAD is reoxidized directly by molecular oxygen forming H2O2 without transferring hydrogen to cytochromes or other electron carriers.

- The H2O2 is then detoxicated into O2 and H2O by catalase which is widely distributed accompanying these oxidases.

- Although amino acid oxidase reactions are reversible, genetic deficiency of catalase leads to oxidative decarboxylation of the produced (-keto acids non-enzymatically by H2O2 to form carboxylic acids with one less carbon atom. This makes the reaction irreversible.

1. L-amino acid oxidase:

- It is specific for the natural isomers of amino acids, i.e., L-amino acids but does not act on glycine, acidic, basic or (-hydroxy amino acids. It is an example of aerobic dehydrogenase allowing transfer of hydrogen from the L-amino acid to molecular O2 with formation of H2O2.

- It is an FMN-linked flavoprotein. It’s found only in a few organs as liver and kidney but its activity is very low. Therefore, its participation as a mechanism of deamination of L-amino acid is very negligible (i.e., a minor pathway), see above.

2. D-amino acid oxidases:

- It is a FAD-linked flavoprotein and a type of aerobic dehydrogenases present in liver and kidney. It acts on D-amino acids which are unnatural amino acids (except in bacteria) and catalyzes their oxidative deamination.

- These enzymes although highly active than L-amino acid oxidase they are not specific since they act on other substrates such as L-proline and glycine, see below.

Differences between L- and D-amino acid oxidases:

	D-amino acid Oxidase
	L-amino acid Oxidase

	1. Soluble (extractable with water).

2. FAD-linked.

3. Acts on D-amino acid but less specific.

4. Higher activity with unknown role.

5. In the liver and Kidney.
	1. Insoluble particle-bound, non-extractable.

2. FMN-linked.

3. Acts on L-amino acid and is strictly specific.

4. Lower activity with possible role.

5. In the liver and Kidney.


3. L-Glutamate dehydrogenase:

- Transamination channels amino groups from all transaminable amino acids into (-ketoglutarate to produce L-glutamate that is oxidatively deaminated by this enzyme into (-ketoglutarate and liberates ammonia that enters urea cycle. This gives it a central position in nitrogen metabolism. 

- It is an aerobic dehydrogenase locates in the mitochondrial matrix and is a metalloenzyme (contains Zn2+) that is NAD- or NADP-dependent.  In the liver, it is allosterically inhibited by ATP, GTP and NADH.H+ and is activated by ADP. Inhibition by NADH.H+ prevents the depletion of (-ketoglutarate required for Krebs' cycle during, e.g., (-oxidation and the enzyme changes its specificity towards other amino acids such as alanine.  Also certain hormones appear to influence its activity (insulin inhibits and glucocorticoids stimulates).

- It has high activity and is widely distributed in tissues.  Its reaction is freely reversible and functions both in amino acid catabolism and biosynthesis. Therefore, it removes free ammonia from glutamate to be utilized in urea synthesis and catalyzes amination of (-ketoglutarate by free ammonia.

- Accumulation of ammonia as in liver disease push the reaction towards conversion of (-ketoglutarate into glutamate causing depletion of (-ketoglutarate from Krebs' cycle and inhibiting it.  This leads to energy failure in the ammonia-sensitive tissues such as the brain, a one cause of hepatic coma.
2) Non-oxidative deamination:

- It is the removal of amino group (in the form of free ammonia) from the amino acid without oxidation (removal of hydrogen) and its conversion into (-keto acids.  Certain amino acids are susceptible to this type of deamination, namely:

1. Dehydratases: They catalyze primary dehydration of the hydroxy amino acid (serine, threonine and homoserine). Molecular rearrangement and spontaneous hydration associated with deamination forms (-keto acid.  Dehydratases require pyridoxal phosphate as a coenzyme and each enzyme is specific for its corresponding hydroxy amino acid.
Desulfhydrases: They catalyze the removal of the sulfhydryl group (SH) in the form of H2S from sulfur-containing amino acids (cysteine and homocysteine). Molecular rearrangement and spontaneous hydration combined with deamination forms (-keto acid.  Each enzyme is specific for its corresponding amino acid. Desulfhydrases require pyridoxal phosphate as a coenzyme.
2. Specific Deamination: These are deamination reactions that is considered specific and allows removal of amino group (as free NH3) from certain amino acids without oxidation or addition or removal of water.  It takes place during processes of putrefaction in large intestine. These include: 

Histidase: It removes the amino group of histidine to form urocanic acid without any accompanying reactions.
3) Hydrolytic deamination:

- It is the removal of free ammonia by addition of H2O molecule. It is mainly important for deamination of nitrogenous bases: purines and pyrimidines (see their catabolism). 

                        Gaunase                                        Adenosine deaminase

Guanine + H2O → Xanthine + NH3.      Adenosine + H2O → Inosine + NH3.
4) Reductive deamination:

- It occurs in the processes of putrefaction in the large intestine due to effect of bacteria.  Ammonia is removed by addition of two hydrogen atoms to the amino acid to form the corresponding carboxylic acid (i.e., fatty acid.).
III. Transdeamination

Definition: 

- It is the transamination of amino groups from all transaminable amino acids into (-ketoglutarate to produce glutamate that is then subjected to oxidative deamination (by glutamate dehydrogenase) to liberate free ammonia required for urea synthesis. 

- However, transamination collects the amino groups of most amino acids into (-ketoglutarate to form L-glutamate. 

- This is followed by the efficient liberation of free ammonia from glutamate to reproduce (-ketoglutarate catalyzed by glutamate dehydrogenase. The liberated ammonia from these two sequential processes is the substrate for urea synthesis.

- Since transdeamination is a reversible process, it is used both for deamination of (-amino acids to their corresponding (-keto acids and for re-synthesis of non-essential amino acids from NH3 and (-keto acids. 

IV- Amino acid Decarboxylation

- Decarboxylation of amino acids is the removal of their carboxylic group as CO2 catalyzed by amino acid decarboxylases which require pyridoxal phosphate as a coenzyme. Amino acid decarboxylases are found in a variety of tissues especially in the liver, kidney and brain. 

- Large intestinal bacteria catalyze decarboxylation of amino acids as a part of protein putrefaction. The product of decarboxylation of mono-amino mono-carboxylic amino acids is the corresponding amino acids, e.g.:

· Serine gives ethanolamine that is transmethylated into choline.

· Glutamic acid gives (-aminobutyric acid (GABA, a presynaptic inhibitory neurotransmitter) in the gray matter of the brain. 

· Tyrosine gives tyramine (vasoconstrictive and stimulates uterine contraction) in kidney and by intestinal bacteria. 

· Histidine gives histamine (a hypothalamic neurotransmitter, inflammatory agent in allergy, vasodilator and increase vascular permeability and increase HCl and pepsin secretion) in mast cells, basophils, gastric mucosa, and hitaminergic neurons and by intestinal bacteria. 

· Tryptophan gives tryptamine (vasoconstrictive) in liver, kidney and by intestinal bacteria. It is also converted into serotonin and melatonin, see tryptophan metabolism.

- Decarboxylation of diamino-mono-carboxylic amino acids produces diamines that are toxic in large amounts leading to ptomaine-poisoning, e.g., arginine gives agmatine, ornithine gives putrescine and lysine gives cadaverine. Putrescine is converted into spermidine and spermine; the three of them are called polyamines.  They stimulate cell proliferation and in large doses they are hypothermic and hypotensive.

- Both mono-amines and diamines are absorbed and catabolized by monoamine oxidases or diamine oxidases which require pyridoxal phosphate as a coenzyme.

V-Transmethylation

Definition: 

- It is the transfer of a methyl group from a methyl donor to a methyl acceptor catalyzed by methyltransferases to produce biologically active products or is a detoxifying conjugation process to excrete xeno- and endo-biotics.   It occurs in many tissues particularly the liver.

Methyl donors: 

- The major donor of methyl groups in the body is the active form of methionine, i.e., S-adenosyl-methionine. Methyl-cobalamin (the coenzyme form of B12) is a methyl donor in regeneration of methionine from homocysteine catalyzed by methionine synthase (a methyltransferase). A methyl group from N5-methyl-tetrahydrofolate regenerates methyl-cobalamin. Glycine-betaine (see choline cycle) is another methyl donor for regeneration of methionine from homocysteine catalyzed by methyltransferase.  Thus, although their contribution as direct methyl donor is little, methyl-cobalamin, N5-methyl-tetrahydrofolate (N5-methyl-FH4) and glycine-betaine are very essential for regeneration of methionine, otherwise it would be depleted and homocysteine appears as such or as homocystine in blood and urine. Homocysteine is catabolized also through cystathionine into cysteine (see cysteine metabolism).

Examples of methyl acceptors: They comprise an important long list such as:

· Conversion of noradrenaline into adrenaline, see adrenaline synthesis.

· Conversion of uracil into thymine, see pyrimidine synthesis.

· Conversion of guanidoacetic acid into creatine, see creatine synthesis.

· Conversion of ethanolamine into choline as a part of glycerophospholipids.

· Conversion of N-acetylserotonin into melatonin, see tryptophan metabolism.

· Conversion of carnosine into anserine, see histidine metabolism.

· Conversion of nicotinic acid into N-methyl nicotinic acid then into pyridine.

Coenzymes required: 

- Transmethylation requires ATP, GSH, coenzyme B12 and N5-methyl-FH4.

Enzymes required: 
- Two types of methyltransferases catalyze transmethylation: O-methyltransferases (i.e., put the methyl group on an O-) and N-methyltransferases (i.e., put the methyl group on an N-).

VI-Deamidation

- Deamidation, e.g., removal of ammonia from amide group. - Examples are (-ketoglutaramate ((-amide of (-ketoglutarate) to give (-ketoglutarate, asparagine to give aspartate and from glutamine to form glutamate.
VII-Transamidination

- Transamidination of amino groups from glutamine to sugars to produce sugaramines, or (-ketoglutarate to give (-ketoglutaramate, to xanthine to give guanine, to glutamate to give glutamine and asparatic acid to give asparagine.

Fructose-6-P + glutamine → Glutamate + glucosamine-6-P

PAGE  
59

