Ammonia Acids: Disposal of Nitrogen


· Amino acids and proteins are not stored by the body.
· Any excess amino acids must be catabolized (deaminated).
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· Amino acid pool ( 400g:
( 300 g reused.

(  100 g catabolized ( restored by diet.

· Protein turnover:

- Measured by protein half life.

- Proteins with short half life ( measured in minutes and hours:

· Misfolded proteins.
· Regulatory proteins ( e.g. Insulin half life = 6 min.

- Most enzymes have a long half life measured in days and weeks ( e.g. Albumin half life = 20 days.
· Protein degradation:

(1) Ubiquitin-proteasome mechanism:


a. Specific.


b. Requires ATP (energy-dependent).


c. Degrades endogenous proteins.

(2) Lysosomes:


a. Nonspecific.


b. Does not require energy.


c. Degrades exogenous proteins.

· Chemical signals for protein degradation:

1. Chemicals.




2. N-terminal amino acid:



 
- Serine: half life more than 20 hours (long-lived).

- Aspartate: half life about 3 minutes (short-lived).

3. Proteins rich in: proline, glutamate, serine, and threonine (PEST) ( Short-lived.

· Digestion of Dietary Amino Acids:




































· Carboxypeptidase works on the C-terminal.
Q. Which is the activator of all the other enzymes?

( Trypsin.

Q. Carboxypeptidase is an endopeptidase ( F ).

· We absord free amino acids and dipeptides by the intestines, but only free amino acids enter the blood.

Q. Which is absorbed by the intestines?


( Free amino acids & dipeptides.

Q. Which enters the blood?


( Only free amino acids.

· An exception: The first week of life the body can absorb proteins (antibodies in breast milk).

· 3 cases: Cystic fibrosis, pancreatitis, and pancreatectomy ( steatorrhea & protein in feces.

· Transport of Amino Acids into Cells:

- Active and requires ATP.

- 7 mechanisms (overlapping).

- Figure 19.6 ( memorize the amino acids (cystine, arginine, ornithine, and lysine).

- Disease: Cystinuria (named after this particular amino acid because it is the only amino acid that does not dissolve in urine and causes stones).

Q. Which is not reabsorbed in cystinuria?


( Cystine, arginine, ornithine, and lysine.

Q. Incidence of cystinuria?


( 1 in 7,000 individuals (most common genetic error of amino acid transport).

Q. Which precipitates in cystinuria?


( Cystine.
· Transamination:

- Reversible (according to the body’s needs).

- Requires pyridoxal phosphate as coenzyme.

- Transfers an amino group from an amino acid to <-ketoglutarate.

- Results in an <-keto acid and glutamate.

* Note except in one reaction: oxaloacetate where it is the one that receives the amino group from glutamate and forms aspartate – why? Aspartate is the nitrogen source in the urea cycle.

Q. Why do we want glutamate as an end product?


( Only substrate for oxidative deamination (by glutamate dehydrogenase).

( Can be used to synthesize nonessential amino acids.

Q. All amino acids undergo transamination except?


( Lysine and threonine.

Q. Most famous two enzymes of transamination?


( Alanine aminotransferase (ALT).

( Aspartate aminotransferase (AST).

Q. Transamination occurs in all parts of the body in the cytosol and especially in?


( Liver, kidney, intestine, and muscle.
Q. Transamination requires?


( Pyridoxal phosphate.

· Pyridoxal phosphate acts as a temporary transporter of amino group.

· ALT is more specific than AST for liver disease.

· ALT is found more in the liver while AST is found everywhere.

Q. Which is more specific for liver disease?


( ALT.

· AST is more specific than ALT ( Disease: myocardial infarction.

· Oxidative deamination ( Glutamate dehydrogenase:

- Reversible (according to the body’s needs).

- Found in the liver & kidney ( in the mitochondria.

- ( ATP, ( GTP ( Inhibition.

- ( ATP, ( GTP ( Activation.
Q. During feeding, all tissues of the body use glucose for energy.

· All tissues send amino groups by glutamate but the liver can send it by two ways: glutamate or alanine.

Q.  Urea cycle occurs where?


( Liver.

Q. All the urea reactions occur in the mitochondria ( F ).

· Carbamoyl phosphate synthetase 1 is the rate-limiting enzyme in the urea cycle.

Q. Which two amino acids do not enter into the synthesis of proteins?


( Ornithine, citrulline.

Q. Why does the urea cycle occur only in the liver?


( It’s the only organ containing Arginase.

Q. Which of the following is found only in the liver?


( Arginase.

· Ammonia is mostly toxic to the brain (CNS).

· Ammonia is toxic, while urea is not toxic.

Q. Most of the ammonia is changed in the liver to urea, why?


( Because urea it is not toxic.

· Some of the urea goes to the intestine ( runs into bacteria ( urease ( ammonia ( toxic to liver.

· Renal failure ( more urea to intestine ( more ammonia ( toxicity ( treatment: antibiotics (neomycin).
Q. How many ATP are used to make urea?


( 3 ATP.

Q. How many high-energy phosphate bonds are needed to make urea?


( Four.

· D-amino acid oxidase:
- Coenzyme FAD.

- Metabolizes D-amino acids (liver).

- D-amino acids are found in nature in plants and bacteria as free amino acids or small peptides.

- D-amino acid  ALT  L-amino acid.
· 80-90% of ammoia is turned into urea in the liver because the liver contains the enzyme arginase.

· 2 reactions occur in the mitochondria and 3 occur in the cytosol.

· Note the AMP in the 2nd reaction:





· Rate-limiting enzyme: carbamoyl phosphate synthetase I.
· “CoA” ( means: high-energy thioester bond.
· Thioester bond:



· Acetyl CoA ( Allosteric activator.

· Ammonia Metabolism:

- 5 sources of ammonia:


( Amino acids: most important source for ammonia.

( Glutamine (degraded by glutaminases:
1. Kidney: NH3 + H+ ( NH4+
2. Intestinal bacteria: Urease 

3. Liver: Hepatic glutamase. 

( Bacteria in the intestine (urease).
( Amines (no carboxyl group).

- Difference between amino acid and amine is CO2 found in amino acid.
( Purines and pyrimidines.
Q. What is the most important source of ammonia:


( Amino acids.

· Urea makes an ammonium ion and acts as an acid-base balance in the kidneys as it goes out in urine.

· Ammonia doesn’t enter the blood as ammonia, only as:

(1) Glutamine (All cells + muscle), especially: muscle, brain, and liver.

(2) Alanine (muscles).

Q. Most of the ammonia is changed in the liver into?


( Urea.

Q. Which is found more (highest concentration) in the blood/plasma?

( Glutamine.

· Liver synthesizes glutamine in case of acidosis for acid-base balance and sends it to the kidneys so that ammonia can form ammonium ions ( ( pH.

· Hyperammonemia:

· Due to either acquired liver disease or congenital liver disease.

· Ammonia is toxic to the CNS.

· Symptoms:

( Tremors.

( Slurred speech.

( Somnolence (Insomnia).

( Vomiting.

( Cerebral edema (severe headaches).

( Blurring of vision.

Finally ( Coma & death.

· E.g. Acquired:

1. Viral hepatitis.

2. Hepatotoxins ( Panadol overdose.

3. Cerosis (تليف الكبد) ( Alcohol ( portal hypertension ( portal shunt ( ammonia enters systemic circulation ( ammonia toxicity in blood.

4. Obstruction of bile duct.

- Reason: Ammonia is not turned into urea ( accumulation of ammonia.

- Occurs mostly (usually) in adults.

· E.g. Congenital:

- Occurrence: 1 in 30,000 births arising from one of the 5 urea cycle enzymes.

- All 4 are ( Autosomal recessive, EXCEPT: 

    ( Ornithine transcarbamoylase deficiency ( X-linked.

-  Most occurring (most common) is: Ornithine transcarbamoylase deficiency.

- Ammonia toxicity occurs in the first two weeks of birth.

· Autosomal ( means the defect is in the 22 non-sex chromosomes.

· Recessive ( means it can only occur when both parents have the disease.

Q. Which amino acid increases in blood?


( Glutamine.

· Transamination reactions are reversible.

· How is ammonia transported in the blood?

(1) Urea: 80 – 90% of ammonia is turned into urea in the liver.

(2) Glutamine: Most amino acid found in blood.

(3) Alanine.

Q. Which increases in the blood of a patient with ornithine transcarbamoylase deficiency?


( Ammonia and Glutamaine, NOT urea (b/c it is not synthesized).
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