
Medical Biochemistry 
Metabolism with Clinical Correlations 

METABOLISM-4 

PROTEIN AND NUCLEIC ACIDS 
METABOLISM 



DIGESTIVE MECHANISM FOR PROTEINS 

I. In the stomach: enzymes peptidases act on food proteins 
catalyzing the hydrolysis; the products are peptones 

 

1. Pepsin 

 Pepsinogen (inactive)  HCl  pepsin(active) + polypeptide 

       autocatalysis 

   

• optimal pH 1.5-2.5 

• acts on the peptide bonds of aromatic aminoacids (phe, tyr, trp) 

2. Gastricsin  

• optimal pH 3.5 

• acts on peptide bonds of dicarboxylic aminoacids (glu, asp) 



DIGESTIVE MECHANISM FOR PROTEINS 
II. In the intestine: the peptidases act on food proteins and 

polypeptides; they are hydrolysed in the component 
aminoacids. 

1. Endopeptidases = act on peptide bonds in the middle of the 
polypeptide chain resulting shorter fragments 

1.1. Trypsin 
 Trypsinogen    enterokinase (pancreas)  trypsin+ hexapeptide 
 (inactive)         (active) 

 
• acts on peptide bonds formed by lys, arg 

1.2. Chymotripsin  
 Chymotripsinogen   trypsin    chymotripsin + 2 dipeptides 

 
 

• acts on peptide bonds of phe, tyr, try (as pepsin does) 

1.3. Elastase 
• acts on aliphatic aminoacids 
 



DIGESTIVE MECHANISM FOR PROTEINS 

II. In the intestine:  
2. Exopeptidases = act on peptide bonds at the end of the 

polypeptide chain formed by the terminal aminoacids 
2.1. Carboxypeptidases catalyze the breakdown of the peptide 

bond of C-terminal aminoacids 
 Carboxypeptidase A – aromatic and aliphatic aminoacids 
 Carboxypeptidase B - lys, arg 
2.2. Aminopeptidases catalyze the breakdown of the peptide bond 

of N-terminal aminoacids 
• activated by Zn, Mn, cys 
2.3. Dipeptidases catalyze the hydrolysis of dipeptides 
• activated by Co, Mn 
 



DIGESTIVE MECHANISM FOR CONJUGATED PROTEINS 

1. Metalloproteins   metal          + aminoacids 
2. Phosphoproteins   H3PO4          + aminoacids 
3. Glycoproteins      carbohydrate   + aminoacids 
4. Lipoproteins      lipids          + aminoacids 
5. Chromoproteins    porphyrin        + aminoacids 
6. Nucleoproteins      nucleic acids    + protein 

 
 



DIGESTIVE MECHANISM FOR CONJUGATED PROTEINS 

       Nucleoprotein 
     enzymes in the gastric juice or intestine  
    (pepsin, trypsin, chymotrypsin)  

 
 protein   nucleic acid (DNA, RNA)  
     H2O    nucleases (pancreatic juice) 

 aminoacids nucleotides 
    H2O    nucleotidases (ribo-, deoxyribo-) 

    nucleosides + H3PO4 
    H2O    nucleosidases (ribo-, deoxyribo-) 

    nitrogenous bases + pentoses 
                            

    purines  pyrimidines  ribose  deoxyribose 
    (A,G) (U,T,C) 
 



AMINOACIDS FUND  IN THE CELL 

Aminoacid supply          Aminoacids consumption 
 pathways     pathways 

 
 
Aminoacids 
fund (pool) 
in the cell 

Transport of aminoacids  
from the extracellular fluid  
(food intake)  
by active mechanism  
(5 carrier proteins*) 

Synthesis of nonessential  
aminoacids 

Protein breakdown 

Synthesis of peptides and proteins 

Synthesis of nonprotein  
nitrogenous compounds:  
nitrogenous bases, porphyrins, creatin, 
choline, melanin, vitamins, coenzymes, 
tissue regulators, mediators 

Synthesis of carbohydrates 
(gluconeogenesis) 

Synthesis of lipids:  
fatty acids, triacylglycerides 

Synthesis of ketone bodies 

Oxydation to end products  
(urea, CO2, H2O) 

*5 mechanisms for the active transport of aminoacids:  
1. most neutral aa,  
2. gly, pro, pro-OH,  
3. basic aa,  
4. acidic aa,  
5. cyclic aa 



BREAKDOWN OF PROTEINS IN THE TISSUES 

The continuous renewal of the proteins has as the first stage the proteolysis 
under the action of proteinases = cathepsines 

Depending on their optimum pH and location, they are 
• In the lysosomes, acidic medium = acidic cathepsines 
• In cytoplasm and other organelles (mitochondria, endoplasmic 

reticulum, hyaloplasm), in neutral or weak acidic medium 
Depending on the specificity towards the protein substrate and the peptide 

bonds they hydrolyze: 
– Exopeptidases for  

• N-terminal aminoacid or  
• C-terminal aminoacid 

– Endopeptidases 

 
Proteolysis importance: 
• Renewal of proteins 
• Disposal of defective proteins 
• Energy reserve (e.g. in starvation) 

 
 



AMINOACIDS CATABOLISM 

The catabolism of amino acids: 
1. Common pathways for all the aminoacids: 

1.1. Deamination 
1.2. Decarboxylation 
1.3. Transamination 

2. Specific catabolic pathways for aminoacids 
 

1.1. Deamination = cleavage of –NH2 producing NH3 
• Reductive (+2H) 
• Hydrolytic (+H2O) 
• Intramolecular 
• Oxidative deamination 

1.2. Decarboxylation catalyzed by decarboxylase (with pyridoxal 
phosphate as coenzyme) = production of biogenic amines 
with high biological activity 

 
 



AMINOACIDS CATABOLISM 

 
 

Aminoacid Biogenic amine Location and Function 

Histidine histamine In plants, bacteria, skin, lungs, gastrointestinal tract 

Inactive form in mast cells and basophils 

- Relaxation of muscles of blood vessels  low blood pressure 

- mediator in allergic reaction,  

- stimulates secretion of pepsin and HCl in stomach 

Tryptophan tryptamine Plants and animal tissue 

- High blood pressure 

- Stimulates smooth muscles and CNS 

5-OH-
triptophan 

5-OH-triptamine 

(serotonine) 

Plants, animal tissue, hypothalamus, brain, gastrointestinal tract 

-neurotransmitter – mediator in the nervous system 

-tissue hormone - local functional regulator for peripheral organs 

Tyrosine tyramine Plants and animal tissue 

-high blood pressure 

-Contraction of uterus 

Glutamic a -aminobutyric acid (GABA) CNS (hypothalamus) - neurotransmitter with inhibitory action 

Aspartic a -alanine Constituent of  panthotenic acid and coenzyme A 

Cysteine Cysteamine Constituent of CoA 

Threonine Propanolamine Constituent of vitamin B12 

Serine Cholamine Complex lipids: sphingomyelins , cephalins 



AMINOACIDS CATABOLISM 
1.3. Transamination = the transfer of the -NH2 group from one 

-amino acid to an -keto acid. 
R1   R2      R1  R2 
|               |   |  | 

CH-NH2 + C=O      transaminase  C=O + CH-NH2 
|               |   |  | 

COOH   COOH   COOH  COOH 

aminoacid1 ketoacid2   ketoacid1  aminoacid2 

• Coenzymes pyridoxal phosphate (PALP) and pyridoxamine phosphate 
(PAMP) = derivatives of pyridoxine = vitamin B6 

 
 

 

             PALP                        PAMP 

• The most important reactions with amino transfer in the human 
organism are catalyzed by: 

Glutamate-oxalylacetate  transaminase (GOT) = aspartate aminotransferase (AST) 

Glutamate-pyruvate  transaminase (GPT) = alanin      aminotransferase (ALT) 
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AMINOACIDS CATABOLISM 

COOH             COOH                                     COOH             COOH 

|               |   |  | 

CH2                 CH2              GOT(AST)          CH2                  CH2 

|   |   |  | 

CH-NH2    +    CH2                                                C = O      +        CH2 

|   |   |  | 

COOH             C = O                                       COOH              CH-NH2 

   |     | 

                         COOH                                                              COOH 

aspartic acid  - acid ketoglutaric          oxalylacetic acid glutamic acid 

 

CH3                   COOH                                         CH3                   COOH 

|               |   |  | 

CH-NH2            CH2                GPT (ALT)              C = O                CH2 

|               |   |  | 

COOH       +     CH2                                                   COOH       +      CH2 

   |     | 

                           C = O                                                                         CH-NH2 

   |     | 

                          COOH                                                                       COOH 

L-alanine         -ketoglutaric acid   pyruvic acid glutamic acid  

                                                            

 
 



ROUTES TO METABOLIC DETOXIFICATION OF AMMONIA 

• Deamination of 
aminoacids and 
aa amides 

 

• Deamination of 
biogenic amines 

 

• Deamination of 
purines  

 

• Breakdown of 
pyrimidines 

 

• Production of urea 

 

• Production of  

 aa amides  
 (glutamine, asparagine) 

 

• Production of 
ammonia salts 

 

• Production of creatine 
and creatinine 

NH3 



1. UREA PRODUCTION CYCLE 

• in the liver, in the mitochondria 

• ureagenesis = arginine-urea cycle = ornithine cycle 
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2. PRODUCTION OF GLUTAMINE AND ASPARAGINE  
3. PRODUCTION OF AMMONIA SALTS 

• In the nervous tissue, muscles, kidneys 

                                          asparagine synthetase 

Aspartic acid + NH3 + ATP                                  asparagine +AMP+ H4P2O7 
                                                        glutamine synthetase 

Glutamic acid + NH3 + ATP                                 glutamine +AMP+ H4P2O7 

 

Glutamine and asparagine are considered transporters for ammonia as they 
carry it from the tissues, in the blood, to the kidneys. 

 

• In the kidneys they are hydrolysed: 
                                                 asparaginase 

Asparagine + H2O                                       aspartic acid + NH3 

                                                     Mg2+ 

                                                  glutaminase 

Glutamine + H2O                                         glutamic acid + NH3 
                                                      Mg2+ 

NH3 is neutralized to ammonia salts in the tubules NH3 + H+ + Cl-  NH4Cl 

and excreted in the urine. 



4. PRODUCTION OF CREATINE AND CREATININE 

1. In the kidneys and pancreas:  
                                             glycine-amidine transferase 

      Arginine + glycine                                        guanidyl acetate + ornithine  
2. In the liver and pancreas:                       guanidylacetate methyl transferase                                                          
      Guanidylacetic acid + adenosyl-methionine                                creatine 
 Creatine is transferred by the blood to other tissues and organs:  
        muscles (25-55 g/Kg), heart (15-30g/Kg), brain (10-15g/Kg). 
 
In the cells it takes part to the energy transfer:                                       
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HEMOGLOBIN 
BREAKDOWN 

Reticulo        (old RBCs) Hemoglobin      

Endothelial      

System    Verdoglobin       cathepsine 

(spleen, liver)  Fe2+          globin      aminoacids  
   Biliverdin 

           + 2H (NADPH+H+)  

    Bilirubin 

  Blood          + albumins 

  Liver    Bilirubin 

  (hepatocyte microsomes)   + UDP-glucuronic acid  Kidney 

    Bilirubin mono(di)glucuronide    
    

  Bile   Bilirubin 

  Intestine (bacteria)      

    Urobilinogen    Urobilinogen 

      

     Stercobilinogen   

                

  Feces    Stercobilin    Urobilin        Urine  



METABOLISM OF PURINES AND PYRIMIDINES 

CATABOLISM  
• PURINES (A, G) are oxidized to uric acid 

   adenase 

Adenine   hypoxantine 

      +H2O     –NH3 |O| hypoxantine oxidase 

   guanase 

Guanine   xantine 

      +H2O     –NH3 |O| xantine oxidase 

     Uric acid 

• PYRIMIDINES (U,T,C) are converted to: -alanine, acetic 
acid, propionic acid, urea, CO2, NH3; -alanine is used to 
synthesize carnosine, anserine or excreted in urine 

 



URIC ACID 
PRODUCTION 
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ANABOLISM 
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