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Protein Metabolism 

 

        Most of the foods and drinks people ingest are complex materials that 

the body must break down into simpler substances. This process may involve 

several steps. The simpler substances are then used as building blocks, 

which are assembled into the materials the body needs to sustain life. The 

process of creating these materials may also require several steps. The major 

building blocks are carbohydrates, proteins, and fats (lipids). This complicated 

process of breaking down and converting the substances ingested is called 

metabolism. 

The metabolic pathways fall into two categories: (1) Anabolic 

pathways are those involved in the synthesis of compounds. Protein 

synthesis is such a pathway, as is the synthesis of fuel reserves of 

triacylglycerol and glycogen.(2) Catabolic pathways are involved in the 

breakdown of larger molecules, commonly involving oxidative reactions. 

Metabolism is carried out by chemical substances called enzymes, 

which are made by the body. If a genetic abnormality affects the function of an 

enzyme or causes it to be deficient or missing altogether, various disorders 

can occur. 

 

Protein metabolism is no less important than carbohydrate and lipid 

metabolism. Proteins make up the structural tissue for muscles and tendons, 

transport oxygen as hemoglobin, catalyze all biochemical reactions as 

enzymes, and regulate reactions as hormones. Our bodies must be able to 

synthesize the many proteins, amino acids, and other non-protein nitrogen 

containing compounds needed for growth, replacement, and repair. Proteins 

in excess are used to supply energy or build reserves of glucose, glycogen, or 

lipids. 

About 75% of all amino acids are used for the production of protein. 

Amino acids can come from the protein we eat or from degraded proteins in 

the body. This degradation is a continuous process as proteins in body are 

constantly being replace (protein turnover). 
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Amino acids serve as a source of nitrogen for other compounds in the 

body: 

   1- Nitrogen bases of DNA and RNA. 

   2- Heme and similar structures in myoglobin, hemoglobin, cytochromes,       

       enzymes….. 

3- Acetylcholine and other neurotransmetters. 

4- Hormones and phospholipids. 

 

* Nitrogen Cycle: 

Nitrogen is recycled just as carbon and oxygen are recycled in nature. 

Various microorganisms have the appropriate enzymes (nitrogenase) to 

convert elemental nitrogen from the air into ammonia. Green plants use the 

ammonia or nitrate as raw materials for the synthesis of amino acids and 

proteins. Animals and humans in turn use the plants to supply nitrogen to 

make amino acids and proteins. We humans are not as versatile as plants 

since we are unable to synthesize eight amino acids which must be included 
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in the diet. Finally, the nitrogen cycle is completed when plant and animal 

residues are decayed by microorganisms back to nitrogen gas for the air. 

The "nitrogen or amino acid pool" is a grand mixture of amino acids 

available in the cell derived from dietary sources or the degradation of protein. 

Since proteins and amino acids are not stored in the body, there is a constant 

turnover of protein. Some protein is constantly being synthesized while other 

protein is being degraded. For example, liver and plasma proteins have a half-

life of 10 days or more, while enzymes and hormones may be recycled in 

minutes or hours. 

Each day, some of the amino acids are catabolized producing energy 

and ammonia. The ammonia is converted to urea and excreted from the body 

and represents a drain on the nitrogen pool. 

A nitrogen balance is achieved by a healthy person when the dietary 

intake is balanced by the excretion of urea wastes. If nitrogen excretion is 

greater than the nitrogen content of the diet, the person is said to be in 

negative nitrogen balance. This is usually interpreted as an indication of tissue 

destruction. If the nitrogen excretion is less than the content of the diet, a 

positive nitrogen balance indicates the formation of protein. 
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 * Protein biosynthesis: 

         Protein synthesis is the process in which cells build proteins. The term 

is sometimes used to refer only to protein translation but more often it refers 

to a multi-step process, beginning with amino acid synthesis and transcription 

which are then used for translation. 

 * Amino Acid Synthesis: 

          Amino acids are the monomers which are polymerized to produce 

proteins. Amino acid synthesis is the set of biochemical processes (metabolic 

pathways) which build the amino acids from carbon sources like glucose. Not 

all amino acids may be synthesized by every organism, for example adult 

humans have to obtain 8 of the 20 amino acids from their diet. 

         For the synthesis of amino acids, the alpha-ketoglutaric acid first uses 

transamination of a different amino acid to make glutamic acid,    

which then reacts with a keto acid to make a new amino acid. In effect, the 

interconversion of alpha-ketoglutaric acid and glutamic acid lies at the very 

heart of nitrogen metabolism, therefore, glutamate is a key intermediate in 

amino acid metabolism. These molecules serve as the "collection and 

receiving agent" for nitrogen. The subsequent fate of the amino group is in 

new amino acids, any nitrogen bases, or any other nitrogen containing 

compounds. Carbon skeletons come from intermediates of glycolysis, pentose 

phosphate pathway(PPP), or citric acid cycle. 

                                                                    

 

 

http://en.wikipedia.org/wiki/Cell_(biology)
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Translation_(genetics)
http://en.wikipedia.org/wiki/Amino_acid_synthesis
http://en.wikipedia.org/wiki/Transcription_(genetics)
http://en.wikipedia.org/wiki/Translation_(biology)
http://en.wikipedia.org/wiki/Polymerized
http://en.wikipedia.org/wiki/Biochemical
http://en.wikipedia.org/wiki/Metabolic_pathways
http://en.wikipedia.org/wiki/Metabolic_pathways
http://en.wikipedia.org/wiki/Glucose
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* Transcription: 

         Transcription is the process by which an mRNA template, encoding the 

sequence of the protein in the form of a trinucleotide code, is transcribed from 

the genome to provide a template for translation. Transcription copies the 

template from one strand of the DNA double helix, called the template strand. 

and  Elongation, InitiationTranscription can be divided into 3 stages:  

ge number of proteins such as , each regulated by a larTermination

transcription factors and coactivators that ensure the correct gene is 

transcribed in response to appropriate signals.                                                  

 

*  Translation: 

        The synthesis of proteins is known as translation. Translation occurs in 

the cytoplasm where the ribosomes are located. Ribosomes are made of a 

small and large subunit which surrounds the mRNA. In translation, messenger 

RNA (mRNA) is decoded to produce a specific polypeptide according to the 

rules specified by the genetic code. This uses an mRNA sequence as a 

template to guide the synthesis of a chain of amino acids that form a protein. 

Translation is necessarily preceded by transcription. Translation proceeds in 

four phases: activation, initiation, elongation and termination (all describing 

the growth of the amino acid chain, or polypeptide that is the product of 

translation).                                                                                                          

                         ----------------------------------------------------------------------------------- 

* Catabolism of amino acids: 

Amino acids cannot be stored by the body, if there is an excess of 

amino acids or a lack of other energy sources, the body will use them for 

energy production. Unlike fats and carbohydrates, amino acids require the 

removal of amine group, it must then be disposed of as it is toxic to the body. 

Removal of α-amino group require two step process:  

1- Transamination Reaction: 

          Transamination as the name implies, refers to the transfer of an amine 

group from one molecule to another. This reaction is catalyzed by a family of 

enzymes called transaminases. Actually, the transamination reaction results 

in the exchange of an amine group on one acid with a ketone group on 

http://en.wikipedia.org/wiki/MRNA
http://en.wikipedia.org/wiki/Genetic_code
http://en.wikipedia.org/wiki/Genome
http://en.wikipedia.org/wiki/DNA
http://en.wikipedia.org/wiki/Template_strand
http://en.wikipedia.org/wiki/Transcription_factor
http://en.wikipedia.org/wiki/Coactivator
http://en.wikipedia.org/wiki/Cytoplasm
http://en.wikipedia.org/wiki/Ribosome
http://en.wikipedia.org/wiki/MRNA
http://en.wikipedia.org/wiki/MRNA
http://en.wikipedia.org/wiki/Polypeptide
http://en.wikipedia.org/wiki/Genetic_code
http://en.wikipedia.org/wiki/Amino_acid
http://en.wikipedia.org/wiki/Transcription_(genetics)
http://en.wikipedia.org/wiki/Polypeptide
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another acid. The most usual and major keto acid involved with 

transamination reactions is alpha-ketoglutaric acid, an intermediate in the 

citric acid cycle. A specific example is the transamination of alanine to make 

pyruvic acid and glutamic acid. 

                                                    

     

                                                                                                                            

                             

                                                                                                                            

    All of the amino acids can be converted through a variety of reactions and 

transamination into a keto acid which is a part of or feeds into the citric acid 

cycle. 

 

* Oxidative Deamination Reaction: 

      Deamination is also an oxidative reaction that occurs under aerobic 

conditions in all tissues but especially the liver. During oxidative deamination, 

an amino acid is converted into the corresponding keto acid by the removal of 

the amine functional group as ammonia and the amine functional group is 

replaced by the ketone group. 

       Oxidative deamination occurs primarily on glutamic acid because 

glutamic acid was the end product of many transamination reactions. 
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------------------------------------------------------------------------------------------- 

* Urea Cycle : 

     Urea is the major end product of nitrogen metabolism in humans and 

mammals. Ammonia, the product of oxidative deamination reactions, is toxic 

in even small amounts and must be removed from the body. The urea cycle or 

the ornithine cycle describes the conversion reactions of ammonia into urea. 

Since these reactions occur in the liver, the urea is then transported to the 

kidneys where it is excreted. 
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     Ammonia + carbon dioxide + 3ATP ---> urea + water + 3 ADP 

       Urea is routinely measured in the blood as: Blood Urea Nitrogen (BUN). 

BUN levels may be elevated (a condition called uremia) in both acute and 

chronic renal (kidney) failure. Various diseases damage the kidney and cause 

faulty urine formation and excretion. Congestive heart failure leads to a low 

blood pressure and consequent reduced filtration rates through the kidneys, 

therefore, BUN may be elevated. Urinary tract obstructions can also lead to 

an increased BUN. In severe cases, hemodialysis is used to remove the 

soluble urea and other waste products from the blood. Waste products diffuse 

through the dialyzing membrane because their concentration is lower in the 

dialyzing solution. Ions, such as Na+ and Cl- which are to remain in the blood, 

are maintained at the same concentration in the dialyzing solution - no net 

diffusion occurs.  

 

        High ammonia levels are toxic to humans. A complete block of any step 

in the urea cycle is fatal since there is no known alternative pathway for the 

synthesis of urea. Inherited disorders from defective enzymes may cause a 

partial block in some of the reactions and results in hyperammonemia which 

can lead to mental retardation. Extensive ammonia accumulation leads to 

extensive liver damage and death.  

-------------------------------------------------------------------------------------- 
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* Disorders of Amino Acid Metabolism: 

   * Phenylketonuria: Phenylketonuria (PKU) is a disorder that causes a 

buildup of the amino acid phenylalanine, which is an essential amino acid that 

cannot be synthesized in the body but is present in food. Excess 

phenylalanine is normally converted to tyrosine, another amino acid, and 

eliminated from the body. Without the enzyme that converts it to tyrosine, 

phenylalanine builds up in the blood and is toxic to the brain, causing mental 

retardation. 

          Symptoms include seizures, nausea and vomiting, an eczema-like rash, 

lighter skin and hair than their family members, aggressive or self-injurious 

behavior, hyperactivity, and sometimes psychiatric symptoms. Untreated 

children often give off a "mousy" body and urine odor as a result of a by-

product of phenylalanine (phenylacetic acid) in their urine and sweat. 

        To prevent mental retardation, phenylalanine intake must be restricted, 

beginning in the first few weeks of life. Because all natural sources of protein 

contain too much phenylalanine for children with PKU, affected children 

cannot have meat, milk, or other common foods that contain protein. Instead, 

they must eat a variety of phenylalanine-free processed foods, which are  low-

protein natural foods, such as fruits, vegetables. 

  

* Maple Syrup Urine Disease: Children with maple syrup urine disease are 

unable to metabolize certain amino acids. By-products of these amino acids 

build up, causing neurologic changes, including seizures and mental 

retardation. These by-products also cause body fluids, such as urine and 

sweat, to smell like maple syrup.  

      Infants with severe disease are treated with dialysis. Some children with 

mild disease benefit from injections of the vitamin B1 (thiamin). After the 

disease has been brought under control, children must always consume a 

special artificial diet that is low in the particular amino acids that are affected 

by the missing enzyme. 

 

* Homocystinuria: Children with homocystinuria are unable to metabolize 

the amino acid homocysteine, which, along with certain toxic by-products, 
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builds up to cause a variety of symptoms. Symptoms may be mild or severe, 

depending on the particular enzyme defect. 

      Infants with this disorder are normal at birth. The first symptoms, including 

dislocation of the lens of the eye, causing severely decreased vision, usually 

begin after 3 years of age. Most children have skeletal abnormalities, 

including osteoporosis; the child is usually tall and thin with a curved spine, 

elongated limbs, and long, spiderlike fingers. Psychiatric and behavioral 

disorders and mental retardation are common. Homocystinuria makes the 

blood more likely to spontaneously clot, resulting in strokes, high blood 

pressure, and many other serious problems. 

      In a few states, children are screened for homocystinuria at birth with a 

blood test. The diagnosis is confirmed by a test  measuring enzyme function 

in liver or skin cells. Some children with homocystinuria improve when given 

vitamin B6 (pyridoxine) or vitamin B12 (cobalamin). 

 

* Tyrosinemia: Children with tyrosinemia are unable to completely 

metabolize the amino acid tyrosine. By-products of this amino acid build up, 

causing a variety of symptoms. In some states, the disorder is detected on the 

newborn screening tests. 

       There are two main types of tyrosinemia: I and II. Type I tyrosinemia is 

most common in children of French-Canadian or Scandinavian descent. 

Children with this disorder typically become ill sometime within the first year of 

life with dysfunction of the liver, kidneys, and nerves, resulting in irritability, 

rickets, or even liver failure and death. Restriction of tyrosine in the diet is of 

little help. An experimental drug, which blocks production of toxic metabolites, 

may help children with type I tyrosinemia. Often, children with type I 

tyrosinemia require a liver transplant. 

       Type II tyrosinemia is less common. Affected children sometimes have 

mental retardation and frequently develop sores on the skin and eyes. Unlike 

type I tyrosinemia, restriction of tyrosine in the diet can prevent problems from 

developing. 

 

 

  


