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	1. Aminoacid
metabolism
I
  


	2. • The main  nitrogen-containing compounds are proteins and
nucleic acids.
• Proteins (amino acids) are the main source of nitrogen for
all nitrogen-containing compounds, thus they determine the
state of nitrogen balance in the body.
• Nitrogen balance is a comparison between Nitrogen intake
(in the form of dietary protein) and Nitrogen loss (as
undigested protein in feces, NPN as urea, ammonia,
creatinine & uric acid in urine,sweat & saliva & losses by
hair, nail, skin)
Nitrogen balance is important in defining
1.overall protein metabolism of an individual
2.nutritional nitrogen requirement.
It may be positive, negative and neutral (zero).
 


	3. • If the  amount of nitrogen that enters the body, is more than the
amount of nitrogen excreted, this condition is called positive
nitrogen balance. In the case of nitrogen is retarded in the body
and is used for the biosynthesis of proteins in organs and tissues.
This condition is observed in childhood, pregnancy and in
reconvalescents
• If the amount of nitrogen that enters the body, is less than the
amount of nitrogen excreted, this condition is called negative
nitrogen balance. It occurs during prolonged fasting,
protein deficiency, severe diseases, senile age, destroying of
malignant tumor, vast combustions, poisoning by some
toxins.
• If the amount of nitrogen that enters the human body, is equal
to the amount of nitrogen that is lost per day, this condition is
called nitrogen equlibrium. Nitrogen balance characteristic
of a healthy adult person who has balanced diet with normal
protein content
 


	4. A deficiency of  even one
amino acid results in a
negative nitrogen balance. In
this state, more protein is
degraded than synthesized.
 


	5. Protein Requirement for  humans
in Healthy and Disease Conditions
➢ The normal daily requirement of protein for adults is
0.8 g/Kg body wt/ day
➢ Protein requirement is increased
- in healthy conditions: during the periods of rapid growth,
pregnancy, lactation and adolescence.
- in disease states: illness, major trauma and surgery.
➢ Protein requirement should be reduced in: hepatic failure
and renal failure
 


	6. it is a  measure for the ability of dietary protein to provide the
essential amino acids required for tissue protein maintenance
Proteins of animal sources (meat, milk, eggs) have high
biological value because they contain all the essential amino
acids.
Proteins from plant sources (wheat, corn, beans) have low
biological value thus combination of more than one plant
protein is required (a vegetarian diet) to increase its biological
value.
Biological Value for Protein
 


	7. Blood Nitrogen includes
•  protein nitrogen
• non-protein (residual) nitrogen.
Residual non-protein nitrogen is nitrogen of bioorganic
compounds, which remains after the sedimentation of blood
plasma proteins. Its concentration in the blood is 0.2-0.4 g/l:
50% of residual nitrogen is nitrogen of urea,
25% - nitrogen of amino acids,
7.5% - of creatine and creatinine,
0.5% - of ammonium salts and indikan,
17 % - other substances
 


	8. Protein digestion
Digestion in  Stomach
The combination of acetylcholine, histamine and gastrin
causes the release of the gastric juice.
Mucin - is always secreted in the stomach
HCl - pH 0.8-2.5 (secreted by parietal cells)
Pepsinogen (a zymogen, secreted by the chief cells)
Hydrochloric acid:
▪ Creates optimal pH for pepsin
▪ Denaturates proteins
▪ Kills most bacteria and other foreign cells
▪ Stimulates the activity of pepsin.
▪ Stimulates the peristalsis.
▪ Regulate the enzymatic function of pancreas.
 


	9. Pepsinogen (MW=40,000) is  activated by the enzyme pepsin
present already in the stomach and the stomach acid.
Pepsinogen cleaved off to become the enzyme pepsin
(MW=33,000) and a peptide fragment to be degraded.
Pepsin partially digests proteins by cleaving the peptide bond
formed by aromatic amino acids: Phe, Tyr, Trp
Three enzymes are in gastric juice: pepsin, gastricsin and
rennin.
 


	10. Optimal pH for  gastricsin is 2,0-3,0. The ratio between
gastricsin and pepsin in gastric juice is 1:5,5. This ratio
can be changed in some pathological states.
Rennin also possesses a proteolytic activity and causes a
rapid coagulation of ingested casein. But this enzyme
plays important role only in children because the optimal
pH for it is 5-6.
 


	11. Digestion in the  Duodenum
Stimulated by food secretin and cholecystokinin regulate
the secretion of bicarbonate and zymogens trypsinogen,
chymotrypsinogen, proelastase and procarboxypeptidase
by pancreas into the duodenum
Bicarbonate changes the pH to about 7
The intestinal cells
secrete an enzyme
called
enteropeptidase
that acts on
trypsinogen cleaving
it into trypsin
 


	12. Trypsin converts chymotrypsinogen  into chymotrypsin,
procarboxypeptidase into carboxypeptidase and
proelastase into elastase, and trypsinogen into more
trypsin
 


	13. Trypsin cleaves peptide  bonds between basic amino acids
Lys and Arg
Chymotrypsin cleaves the bonds between aromatic amino
acids Phe, Tyr and Trp
Carboxypeptidase cleaves one amino acid at a time from
the carboxyl side
Aminopeptidase is secreted by the small intestine and
cleaves off the N-terminal amino acids one at a time
The splitting of elastin in an intestine is catalyzed by
elastase
and collagen is decomposed by collagenase.
 


	14. Proteolytic enzymes exhibit  the preference for particular
types of peptide bonds
Pepsin - aromatic (Phe, Tyr) and acidic AA (Glu, Asp)
Trypsin - basic AA (Arg, Lys)
Chymotrypsin - hydrophobic (Phe, Tyr, Trp, Leu) and acidic
AA (Glu, Asp)
Elastase - AA with a small side chain (Gly, Ala, Ser)
Peptidases: Carboxypeptidase A - nearly all AA
(not Arg and Lys)
Carboxypeptidase B - basic AA (Arg, Lys)
Aminopeptidase - nearly all AA
Prolidase - proline
Dipeptidase - only dipeptides
 


	15. Mechanism of amino  acid absorbtion
- Most proteins are completely digested to free amino
acids
- Amino acids and sometimes short oligopeptides are
absorbed by the secondary active transport (sodium
cotransport theory)
- Absorption of amino acids through the intestine mucosa
can occur far more rapidly than protein can be digested
in the lumen of the intestine. Since most protein
digestion occurs in the upper small intestine most
protein absorption occurs in the duodenum and jejunum.
- Amino acids are transported via the blood to the cells of
the body
 



	17. The ways of  entry and using of amino
acids in tissue
The sources of amino acids:
1) absorption in the intestine;
2) protein decomposition;
3) synthesis from the carbohydrates and lipids.
Using of amino acids:
1) for protein synthesis;
2) for synthesis of other nitrogen containing
compounds (creatine, purines, choline, pyrimidine);
3) for the gluconeogenesis.
4) for synthesis of biologically active compounds
5) as the source of energy;
 


	18. PROTEIN TURNOVER
Protein turnover  — the degradation and resynthesis
of proteins
Half-lives of proteins – from several minutes to
many years
Structural proteins – usually stable (lens protein
crystallin lives during the whole life of the organism)
Regulatory proteins - short lived (altering the
amounts of these proteins can rapidly change the
rate of metabolic processes)
How can a cell distinguish proteins that are
meant for degradation?
 


	19. Ubiquitin - is  the tag that
marks proteins for
destruction ("black spot" -
the signal for death)
Ubiquitin - a small (8.5-kd)
protein present in all
eukaryotic cells
Structure:
❑ extended carboxyl
terminus (glycine) that is
linked to other proteins;
❑ lysine residues for linking
additional ubiquitin
molecules
 


	20. Proteasomes degrade
- regulatory  proteins (short half-life)
- abnormal or misfolded proteins
- Proteasome has hollow cylindric
supramolecule,
- 28 polypeptides
- four cyclic heptamers (4 × 7 = 28)
- the caps on the ends regulate the
entry of proteins into destruction
chamber, upon ATP hydrolysis
- - inside the barrel, differently
specific proteases hydrolyze target
protein into short (8 AA) peptides
- Ub is not degraded, it is released
intact
 


	21. The general ways  of amino acids degradation:
➢ Deamination
➢ Transamination
➢ Decarboxilation
The major site of amino acid degradation - the liver.
Deamination of amino acids
is the catabolic way of amino acids with accompanied with
removal of amino group and release of ammonia. There are
four types of deamination in nature:
- reducing,
- hydrolytic,
- intramolecular
- oxidative.
 



	23. In humans there  is mainly oxidative
deamination of amino acids.
Enzymes that catalyze this process are NAD+ and
NADP+-dependent dehydrogenases (deaminating). The
most active is glutamate dehydrogenase which uses
NAD+ or NADP+ as hydrogen acceptor:
HOOC-CH-NH
(CH )
COOH
NAD+ NADH
Glutamate
dehydrogenase
HOOC-C=NH
(CH )
COOH
Spontaneous
H O NH
HOOC-C=O
(CH )
COOH
Glutamate Imino glutarate 2-Oxoglutarate
 


	24. Transamination of amino  acids
• is intermolecular transferring of amino group from
amino acid to ketoacid without intermediate release of
ammonia.
• Transamination results in formation of new amino acid
and new ketoacid.
• Transamination reaction is reversible; it is catalyzed by
enzymes – transaminases (aminotransferases).
• Usually α-ketoglutaric acid is used as acceptor of amino-
groups. During transamination it is converted to
glutamate, which then undergoes oxidative deamination.
 


	25. • Prosthetic group  of transaminases is pyridoxal
phosphate (coenzyme form of vitamin B6), which is
reversible intermediate carrier of amino group in the
active center of the enzymes
 


	26. COOH
CH
CH2
COOH
NH2
COOH
C
CH2
CH2
COOH
O
+ +
COOH
CH
CH2
COOH
NH2
COOH
C
CH2
CH2
COOH
O
aspartate 2-oxoglutarate  oxaloacetate glutamate
COOH
CH
CH3
NH2
COOH
C
CH2
CH2
COOH
O
+ +
COOH
CH NH2
COOH
C
CH2
CH2
COOH
O
2-oxoglutarate glutamate
CH3
alanine pyruvate
 


	27. Indirect deamination of  amino acids
(transdeamination)
• The main way of conversion of amino acids is
their transamination with formation of
glutamate from 2-ketoglutarate.
• Glutamate is deaminated by glutamate
dehydrogenase to form ammonia.
 


	28. Decarboxylation – removal  of carbon dioxide from
amino acid with formation of amines.
Usually amines have high physiological activity
(hormones, neurotransmitters etc).
amine
Enzyme: decarboxylases
Coenzyme – pyrydoxalphosphate
Decarboxylation of amino acids
 


	29. Serotonin is formed  from tryptophan:
Serotonin is neurotransmitter in CNS and also has local
regulatory functions in peripheral organs and tissues.
Decarboxylation of amino acids results in formation of
biogenic amines which have high biological activity. Biogenic
amines include neurotransmitters, tissue mediators:
gamma-amino butyric acid (GABA), catecholamines, taurine,
histamine, serotonin.
 


	30. glutamate gamma-aminobutyric acid  (GABA)
GABA –inhibitory
neurotransmitter of
nervous system
histamine
histidine
Histamine – mediator of inflammation, allergic reaction.
 


	31. Catecholamines (DOPA, dopamine,  norepinephrine and
epinephrine) - a group of neurotransmitters and hormones
which are phenylalanine and tyrosine derivatives.
Catabolism of biogenic amines leads to the formation of
ammonia. One way of their defradation is oxidative
deamination by aminooxydases:
НООС-CH2-СН2-СН2-NH2
О2 Н2О2,
NH3
МАО
НООС-CH2-СН2-С=О
Н
glutamate semisuccinic aldehyde
aldehyde dehydrogenase
НООС-CH2-СН2-СООН
NAD+ NADH succinate
 


	32. Aminooxidases are of  two types:
• monoamine oxidase (MAO) - has a coenzyme FAD, located
in mitochondria; inactivates primary, secondary and
tertiary amines
• diaminooxidase (DAO) - has a coenzyme
pyridoxalphosphate; inactivates mainly histamine,
putrescine, kadaverin, and to a lesser extent - aliphatic
amines.
Products of detoxification of biogenic amines are toxic
substance that undergo catabolism by other enzymatic
systems.
 


	33. Catabolism of amino  acids during the decay of
proteins
ornithine putrescine
lysine cadaverine
Enzymes of microorganisms (in colon; dead organisms)
decarboxylate amino acids with the formation of
diamines.
 


	34. Ways of ammonia  formation
• deamination of amino acids,
• deamination of biogenic amines,
• deamination of purine bases (adenine and guanine),
• degradation of pyrimidine bases (cytosine, uracil and
thymine)
• hydrolysis of amino acid amides (asparagine and
glutamine).
Ammonia - an extremely toxic compound, especially for
nerve cells. Accumulated in excess it causes excitation of
nervous system. Therefore, concentration of ammonia in
blood plasma should be kept at very low level. Normal
concentration of ammonia in the blood plasma is 25-40
micromol/l, which is almost 100 times lower concentration
of glucose in the blood.
 


	35. Postulated mechanisms for  toxicity of high
ammonia:
1. High [NH3] would drive Glutamine Synthetase:
glutamate + ATP + NH3 → glutamine + ADP + Pi
This would deplete glutamate – a neurotransmitter & precursor
for synthesis of the neurotransmitter GABA.
2. Depletion of glutamate & high ammonia level would drive
Glutamate Dehydrogenase reaction to reverse:
glutamate + NAD(P)+
-ketoglutarate + NAD(P)H + NH4
+ →
The resulting depletion of α-ketoglutarate, an essential Krebs
Cycle intermediate, could impair energy metabolism in the
brain.
 


	36. Ways of ammonia  detoxification are:
• - reducing amination or transreamination ;
• - formation of amino acid amides - glutamine and
asparagine;
• - formation of urea;
• - formation of ammonium salts.
Reducing amination - the process of binding of ammonia
with 2-oxoglutarate by glutamate dehydrogenase in the
presence of NADPH
 


	37. • Formation of  glutamine and asparagine is an
important way of ammonia detoxification in the
brain, kidney, muscle, retina. It is the performed
by glutamine synthetase
• Asparagine synthatase is glutamine-dependent
enzyme
 


	38. Synthesis of ammonium  salts (ammoniumgenesis)
• Glutamine, and to a lesser extent asparagine, are
transport form of ammonia. They are formed in
periferal tissues and then are transferred with
blood to the kidneys, where they undergo hydrolysis
under the action of specific enzymes - glutaminase
and asparaginase.
• Ammonia formed in renal tubules passes through the
cell membrane and is excreted with urine. In renal
tubules ammonia is protonated with formation of
ammonium ion which associates with the anion (Cl-)
and is excreted with urine.
NH3 + H+ + Cl- → NH4
+ Cl-
 


	39. • Ammoniumgenesis is  one way of acid-base regulation.
In case of acidosis glutaminase synthesis is activated
that promote excretion of acid from the body; in
case of alkalosis excretion of ammonia by the kidneys
is reduced.
• Ammoniumgenesis also provides retention of Na+ ions
in the body, which is necessary to excrete acid in
acidosis, preventing reduction of osmotic pressure in
interstitial fluid and dehydration of tissues.
 


	40. 1. Glutamate
transferres one  amino group WITHIN cells:
Aminotransferase → makes glutamate from -ketogluta-rate
Glutamate dehydrogenase → opposite
2. Glutamine
transferres two amino group BETWEEN cells → releases its
amino group in the liver
3. Alanine
transferres amino group from tissue (muscle) into the liver
Nitrogen carriers
 


	41. Glucose-alanine cycle
Ala is  the carrier of ammonia and of the
carbon skeleton of pyruvate from muscle to
liver.
The ammonia is excreted and the pyruvate is
used to produce glucose, which is returned to
the muscle.
Alanine plays a special role in
transporting amino groups to liver.
According to D. L. Nelson, M. M. Cox :LEHNINGER. PRINCIPLES OF BIOCHEMISTRY Fifth edition
 


	42. Ornithine cycle of  urea synthesis
• It is the main way of ammonia detoxification
• It occurs in the liver
• Urea is the main end product of protein metabolism.
• Urea synthesis begins with the activation of ammonia -
formation of carbamoyil phosphate by carbamoyil
phosphate synthetase
• In the next step carbamoyil group is transferred to
ornithine by ornithine carbamoyil transferase with
formation of citrulline
• The second amino group of urea is donated by aspartate
with the help of enzyme argininosuccinate synthetase.
• Argininosuccinate lyase catalyzes non-hydrolitic cleavage
of argininosuccinate with formation of arginine. The last
reaction in ornithine cycle is catalyzed by arginase which
results in formation of ornithine and urea.
 


	43. 2−
CH2
CH2
CH2
+
HC
NH3
COO−
3
NH +
O
H2N C
OPO3
COO−
3
CH2
CH2  CH2
HC
NH +
O C NH2
NH
COO−
CH2
COO−
HC NH2
CH2
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NH3
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COO−
CH2
COO− NH
H
HC N C
i
ATP
AMP + PP
CH2
CH2 CH2
+
HC
NH3
COO−
NH
C
2
NH +
H2N
COO−
HC
CH
COO−
H2N C NH2
O H2O
Pi
ornithine
urea
citrulline
aspartate
arginino-
succinate
fumarate
arginine
carbamoyl
phosphate
Urea Cycle
2
3
4
5
Urea Cycle
Enzymes in
mitochondria:
1.Carbamoyl
phosphate
synthase I
2.OrnithineTrans-
carbamylase
Enzymes in
cytosol:
3.Arginino-
Succinate
Synthase
4.Arginino
succinase
5.Arginase.
 


	44. Amino acid oxidation  and the
production of urea
Waste or reuse
Oxidation
 




	47. The synthesis of  fumarate by the urea cycle is important
because it links the urea cycle and the citric acid cycle .
Fumarate is hydrated to malate, which is in turn oxidized to
oxaloacetate.
Oxaloacetate has several possible fates:
(1) transamination to aspartate,
(2) conversion into glucose by the gluconeogenic pathway,
(3) condensation with acetyl CoA to form citrate, or
(4) conversion into pyruvate.
 


	48. Regulation of urea  cycle:
1. The reaction catalyzed by carbamoyl phosphate synthase
I is the rate limiting reaction and committed step of
Urea cycle
It is allosterically activated by N-acetylglutamate(NAG).
2. Consumption of protein rich meal increases the levels of
NAG in liver, leading to enhanced urea synthesis.
3. Carbamoyl phosphate synthase I and glutamate
dehydrogenase are located in mitochondria. They
coordinate each other in the formation of NH3, and its
utilization for the synthesis of carbamoyl phosphate.
The remaining enzymes of urea cycle are mostly controlled
by the concentrations of their respective substrates.
 


	49. • Daily 20-35  g of urea is excreted, which constitutes 80-
85% of the total nitrogen of urine.
• Concentration of urea in the blood is 3,33-8,33 mmol/l.
• Increased urea (uremia) in serum is observed in renal
failure, anuria, renal stones, malignant neoplasms in the
urinary tract, infectious diseases, peritonitis, burns with
dehydration, dysentery.
• Increased excretion of urea with urine is observed in
pernicious anemia, fever, hyperprotein diet, taking of
salicylates, quinine, phosphorus poisoning,
• When detoxifying function of the liver is impaired urea
synthesis decreases.
• Decreased excretion of urea is observed in uremia,
nephritis, parenchymatous jaundice, acidosis, acute liver
dystrophy.
 


	50. S.No Disorder Enzyme  involved
1. Hyperammonemia type I Carbamoyl phosphate synthase I
2. Hyperammonemia type II Ornithine transcarbamoylase
3. Citrllinemia Arginosuccinate synthase
4. Arginosuccinicaciduria Arginosuccinase
5. Hyperargininemia Arginase
 


	51. Defects of Urea  Cycle
↑ orotic acid
III
IV
V
 


	52. Hereditary deficiency of  any of the Urea Cycle enzymes
leads to hyperammonemia - elevated [ammonia] in blood.
➢Elevated ammonia is toxic, especially to the brain.
➢Other metabolites of urea cycle accumulate depending
on specific enzyme defect.
Infants with a urea cycle disorder appear normal at
birth but rapidly develop cerebral edema and the related
signs of lethargy, anorexia, hyper- or hypoventilation,
hypothermia, seizures, neurologic posturing, and coma.
•Because newborns are usually discharged from the
hospital within one to two days after birth, the symptoms
of a urea cycle disorder often develop when the child is
at home and may not be recognized in a timely manner by
the family and primary care physician.
 


	53. The typical initial  symptoms of a child with
hyperammonemia are nonspecific:
•Failure to feed
•Loss of thermoregulation with a low core
temperature
•Somnolence
Symptoms progress from somnolence to lethargy and
coma.
Abnormal posturing and encephalopathy are often
related to the degree of central nervous system
swelling and pressure on the brain stem
About 50% of neonates with severe hyperammonemia
may have seizures, some without overt clinical
manifestations.
 


	54. • Hyperammonemia type  I:
- Familial autosomal recessive disorder,
- produces hyperammonemia and symptoms of
ammonia toxicity
- mental retardation and developmental delay.
- Treatment with benzoate and phenylacetate →
hippurate and Phe-Ac-Gln are excreted in the urine
Hyperammonemia type II:
• X linked, produces symptoms of ammonia toxicity.
• Increased levels of glutamine (glutamine synthesis
enhanced in response to elevated NH3)
• males are more affected than females (males are
asymptomatic as heterozygotes)
• mental retardation and developmental delay.
 


	55. Argininosuccinate synthase deficiency  – citrullinemia
• autosomal recessive, inability to condense citrulline
with aspartate.
• Accumulation of citrulline in blood and excretion in
the urine.
• Therapy – specific supplementation with arginine for
protein synthesis and for formation of creatin and
ornithin.
Argininosuccinate lyase deficiency - argininosuccinate
aciduria)
• Rare autosomal recessive disorder,
• argininosuccinate is excreted in large amount in
urine.
• The severity of symptoms varies greatly, it is hard
to evaluate the effect of therapy – useful is dietary
restriction of nitrogen.
 


	56. Arginase deficiency -  argininemia
• Rare autosomal recessive disorder
• Accumulation and excretion of arginine in urine
and arginine precursors and products of arginine
metabolism.
• Therapy – low nitrogen compounds diet (including
essential amino acids
 


	57. Possible therapies for  the patients with defect
in urea cycle:
1.Defined diet containing just the minimum amount of
essential amino acids.
2.Feeding the patients with Benzoate or phenylacectate:
These compound react with glycine and glutamine
respectively forming non-toxic compounds that are
excreted in urine. Thus the body runs low in glycine
and glutamine and starts synthesizing these AA using
the ammonia available in system. Thus clearing the
system of excess ammonia.
3.In the patients with N-acetylglutamate synthase
deficiency, Carbamoyl glutamate can act as activator
of carbamoyl phosphate synthase.
4.Liver transplantation has also been used, since liver is
the organ that carries out Urea Cycle.
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