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Lecture plan 

 Biosynthesis and biological role of creatine and creatine phosphate. 

 Glutathione: structure, biosynthesis and biological functions of glutathione. 

 Hereditary enzymopathies of cyclic amino acids metabolism – phenylalanine and tyrosine.  

 Metabolism of porphyrins: structure of heme; the scheme of reactions of protoporphyrins IX 
and heme biosynthesis. 

 The specialized pathways of cyclic amino acids metabolism – phenylalanine and tyrosine. 

 

  

 

  

  



Creatine 

 Creatine, or methyl guanidine-acetic acid  molecule that is stored largely in skeletal muscle, in both 
free and phosphorylated forms. The phosphorylated form of creatine is appropriately 
termed phosphocreatine or creatine phosphate. 

  

https://en.wikipedia.org/wiki/Creatine 



Creatine  synthesis 

 The first step (takes place in the kidney) involves transfer of an amidine group from arginine to glycine by the enzyme glycine transaminidase. 
The result is  guanidinoacetic acid.  

 The second step (takes place in the liver) - guanidinoacetic acid is methylated by guanidinoacetate methyltransferase (with the methyl group 
coming from S-adenosylmethionine) to form creatine.  

 The creatine is then transported via the bloodstream to storage sites in skeletal muscle (95%), where it can be phosphorylated by ATP to form 
creatine phosphate. About 60%-70% of the creatine in skeletal muscle is phosphorylated, thereby preventing migration across the plasma 
membrane, and essentially trapping the molecule within the muscle cell. 

  

  

https://www.sciencedirect.com/topics/nursing-and-health-professions/creatine-phosphate 



Creatine phosphate  is a phosphorylated creatine  molecule that serves as a rapidly mobilizable reserve of high-energy phosphates in 
skeletal muscle, myocardium and the brain to recycle adenosine triphosphate, the energy currency of the cell. 
Phosphocreatine can anaerobically donate a phosphate group to ADP to form ATP  Reaction of substrate level phosphorylation) during the first five to eight 
seconds of a maximal muscular effort. Conversely, excess ATP can be used during a period of low effort to convert creatine back to phosphocreatine. 
 

The reversible phosphorylation of creatine (i.e., both the forward and backward reaction) is catalyzed by  creatine kinase.  

Creatine kinase  is a dimer of M and B (M = muscle, B = brain) subunits produced by different structural genes. Three isozymes  are 
possible: BB (CK-1), MB (CK-2), and MM (CK-3).  Tissues rich in CK-l are brain, prostate, gut, lung, bladder, uterus, placenta, and 
thyroid; those rich in CK-3 are skeletal and cardiac muscle. Cardiac muscle contains significant amounts of CK-2 (25–46% of total CK 
activity, as opposed to less than 5% in skeletal muscle), so that in myocardial infarction the rise in serum total CK activity is accompanied by 
a parallel rise in that of CK-2. CK-3 – present in skeletal muscles. 

https://www.sciencedirect.com/topics/nursing-and-health-professions/creatine-phosphate 

https://en.wikipedia.org/wiki/Adenosine_diphosphate
https://en.wikipedia.org/wiki/Adenosine_triphosphate


https://slideplayer.com/slide/10620870/ 



Blood creatine  concentration: 0/08-0/11 mmol/l 

An increase in the concentration of creatine in the blood (hypercreatinemia)  is observed in muscular dystrophy of skeletal muscle diseases  

(myasthenia gravis, myositis), avitaminosis C and E, after childbirth.  

 

Creatine is absent in the urine of an adult healthy person.  

Physiological сreatinuria is possible in children and the elderly  persons.  

Creatinuria is characteristic of muscle tissue atrophy or damage.  

Blood creatinine  concentration: 0/06-0.076 mmol/l 

An increase in the concentration of creatinine in the blood (hypercreatininemia) is observed with severe physical  

activity, increased protein catabolism, fever,  prolonged  pressure sydrome, renal and cardiovascular failure. 

 Decreased concentration - with muscular dystophia or muscle diseases, hypodynamia.  

Creatinine urea excretion: 0.8-1.8 g/day (female), 1-2 g/day (male) 

Increased excretion: High protein diet, increased catabolism of proteins, fever, severe physical activity .  

Decreased excretion: renal and cardiovascular failure. 

Creatinine clearance (CrCl) is the volume of blood plasma cleared of creatinine per unit time. It is a rapid and cost-effective method for the 

measurement of renal function.  Creatinine clearance is a good estimation of the glomerular filtration rate because in the process of urine 

formation, reatinine is filtered, but almost not reabsorbed. This makes it possible to assess precisely the  filtration capacity of the kidneys.  

Normal creatinine clearance – 80-120 ml/min. 

 
  



Glutathione 

 Glutathione consists of  of three amino acids – glutamate, cysteine, glycine (gamma-glutamyl-cysteinyl-

glycine).  Glutathione can be found in virtually every cell of the human body. 

  SH-groups of cysteine residues are very  important for the functioning of enzymes and processes,  underlying 

responses  to environmental factors and intracellular  information transmission - cellular signaling. Basic mechanism of 

the central role of thiol-mediated oxidation-reduction (redox) control in cellular metabolism is the  ability of thiol 

groups to reversibly  change their redox state with subsequent change  in conformational, catalytic or regulatory 

functions of the protein.  

The redox state of the thiol groups  of proteins is maintained by the ratio of reduced (GSH) and oxidized (GSSG) 

glutathione.  

 Reduced Glutathione (GSH) is less susceptible oxidation unlike cysteine, which makes  it most suitable 

for maintenance of intracellular redox potential.  
 

  

 

https://en.wikipedia.org/wiki/Glutathione 



Glutathione synthesis 

https://www.researchgate.net/figure/Pathway-for-the-biosynthesis-of-
glutathione_fig9_11323304 

GSH synthesis involves two closely linked, 

enzymatically-controlled reactions that utilize ATP. 

First reaction: cysteine and glutamate are combined by 

gamma-glutamyl cysteinyl synthetase.  

Second reaction: GSH-synthetase combines gamma-

glutamylcysteine with glycine to generate GSH.  

 

As GSH levels rise, they self-limit further GSH 

synthesis; otherwise, cysteine availability is usually 

rate-limiting. Fasting, protein-energy malnutrition, or 

other dietary amino acid deficiencies limit GSH 

synthesis. 

 

GSH recycling is catalyzed by glutathione disulfide 

reductase, which uses reducing equivalents from 

NADPH to reconvert GSSG to 2GSH. The reducing 

power of ascorbate helps conserve systemic GSH. 



Glutathione biological role 

Glutathione is one of the inmportant antioxidant: 
Hydrogen peroxide is reduced to water  by glutathione peroxidase using GSH as a cosubstrate.The reduction of organic 

hydroperoxides to the corresponding alcohols  may not be carried out only due to the catalytic activity of glutathione 

peroxidase, but also peroxidases activity of Se-independent glutathione S-transferase, also using GSH as a cosubstrate:  

 

ROOH + 2GSH  →  ROH + GSSG 

 

 

.  

https://slideplayer.com/slide/5217798/ 



Glutathione takes part in the reactions  of 
biotransformation of xenobitics in the liver 
(conjugation reactions) –  the enzyme  is 
glutathione-S-transferase 

https://www.nature.com/articles/1206940 

Glutathione is important in the apoptosis mechanism.  

Decreased GSH levels leads to the appearance of a signal  

for the development of apoptosis, which is initiated by  

activation of the  death receptor or mitochondrial apoptoptotic 

signaling. On the contrary, an increase in the GSH content provides 

 cellular protection against Fas-induced apoptosis. 

 

Glutathione also is involved in the regulation of gene  

expression and DNA repair  

 
 



 
Glutathione is involved in the synthesis of leukotrienes and is a cofactor for the enzyme glutathione peroxidase. 

https://en.wikipedia.org/wiki/Leukotriene 



Porphyrins 

Porphyrins are a class of macrocyclic aromatic compounds 

composed of four pyrrole rings connected by methine 

bridges Porphyrins are ubiquitous in nature, as a heme cofactor 

of hemoglobin, cytochromes, and other redox active enzymes, 

and, as more saturated analogs. 

 

Pyrrole: 

https://www.memorangapp.com/flashcards/68286/GS+L51+Porphyrin+Biosynthesis 



https://www.memorangapp.com/flashcards/68286/GS+L51+Porphyrin+Biosynthesis/ 



https://www.memorangapp.com/flashcards/68286/GS+L51+Porphyrin+Biosynthesis/ 



https://www.memorangapp.com/flashcards/68286/GS+L51+Porphyrin+Biosynthesis/ 



https://www.memorangapp.com/flashcards/68286/GS+L51+Porphyrin+Biosynthesis/ 



https://www.memorangapp.com/flashcards/68286/GS+L51+Porphyrin+Biosynthesis/ 



https://www.slideshare.net/YESANNA/4porphyrias 



Metabolism of tyrosine and phenylalanine 

https://commons.wikimedia.org/wiki/File:Pathophysiology_of_metabolic_disorders_of_phenyl
alanine_and_tyrosine.png 

https://www.sciencedirect.com/topics/neuroscience/phenylalanine#:~:text= 
Phenylalanine%20and%20Tyrosine,in%20Parkinson%20disease%20and%20schizophrenia 



Phenylketonuria is a genetic disorder – deficiency of  the enzyme phenylalanine hydroxylase 
 

 Jerky movements of the arms and legs 

 Skin and eyes lighter color. Infants with PKU 
cannot adequately produce melanin, the pigment 
responsible for skin color and hair. 

 Body odor similar to Rust 

 Seizures 

 Skin Rashes 

 Small head size 

 Learn to sit, crawl or walk later than planned 

 Loses interest in the surrounding environment 

 Delays in mental and social skills 

 Intellectual disabilities 

 Behavioral problems such as hyperactivity 

  
https://phenylketonuria101.wordpress.com 



https://www.slideshare.net/ashokktt/metabolic-disorders-of-phenylalanine-and-tyrosine 

Albinism - is a genetic disorder – deficiency of  the enzyme tyrosine  

•an absence of color in the hair, skin, or eyes 

•lighter than normal coloring of the hair, skin, or eyes 

patches of skin that have avision problems, which may include: 

•strabismus (crossed eyes) 

•photophobia (sensitivity to light) 

•n absence of color 

Albinism occurs with nystagmus (involuntary rapid eye movements) 

•impaired vision or blindness 

•astigmatism 

Alkaptonuria is a rare genetic metabolic disorder  - deficiency 

of  the enzyme  homogentisate oxidase,  characterized by the 

accumulation of homogentisic acid in the body. Affected 

individuals lack enough functional levels of an enzyme 

required to breakdown homogentisic acid.  



https://drawittoknowit.com/course/biochemistry-fundamentals/nitrogen-metabolism/phenylalanine-
tyrosine-metabolism/1462/phenylalanine-tyrosine-metabolism 
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https://www.sciencedirect.com/topics/nursing-and-health-professions/creatine-phosphate 

https://www.sciencedirect.com/topics/nursing-and-health-professions/creatine-phosphate 

https://slideplayer.com/slide/10620870/ 

https://en.wikipedia.org/wiki/Creatine 

https://en.wikipedia.org/wiki/Glutathione 

https://www.researchgate.net/figure/Pathway-for-the-biosynthesis-of-glutathione_fig9_11323304 

https://www.nature.com/articles/1206940 

https://en.wikipedia.org/wiki/Leukotriene 

https://www.memorangapp.com/flashcards/68286/GS+L51+Porphyrin+Biosynthesis 

https://www.memorangapp.com/flashcards/68286/GS+L51+Porphyrin+Biosynthesis/ 

https://www.slideshare.net/YESANNA/4porphyrias 

https://www.sciencedirect.com/topics/neuroscience/phenylalanine#:~:text=Phenylalanine%20and%20Tyrosine,in%20Parkinson%20disease%20and%20schizophrenia 

https://commons.wikimedia.org/wiki/File:Pathophysiology_of_metabolic_disorders_of_phenylalanine_and_tyrosine.png 

https://phenylketonuria101.wordpress.com 

https://www.slideshare.net/ashokktt/metabolic-disorders-of-phenylalanine-and-tyrosine 

https://drawittoknowit.com/course/biochemistry-fundamentals/nitrogen-metabolism/phenylalanine-tyrosine-metabolism/1462/phenylalanine-tyrosine-metabolism 
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