BioChem Objectives – Amino Acid Metabolism

1. Body Protein Exchange > Daily Protein Intake > Amino Acid Pool

2. STOMACH - Pepsin

-ZYMOGEN is pepsinogen

activated by H+ ions

Acts on aromatic amino acids


PANCREAS – TRYPSIN




Trypsinogen




Activated by enteropeptidase & trypsin




Activates basic a.a’s



Chymotrypsin




Chymotrypsinogen




Activated by trypsin




Acts on Aromatic a.as



Carboxypeptidase




Procarboxypeptidase




Activated by trypsin




Acts on C-terminals



Elastase




Proelastase




Activated by trypsin & enteropeptidase




Acts on small, non-polar a.as, elastin


INTESTINE



Enteropeptidase – Activates trypsin + elastase



Aminopeptidase – Acts on N-terminal



Dipeptidase – acts on dipeptides

3. L’s are absorbed more readily than D’s

All L’s aren’t absorbed at the same rate

Almost all aa’s are absorbed thorugh the portal system

Absorption involves specific carriers (may be competition for them)

Absorption is “active” and requires ATP (Dinitrphenol inhibits)

4. Transaminases transfer amino groups to a-ketoglutarate to form glutamate. Pyridoxal phosphate is the co-enzyme involved. 

GDH reacts with glutamate (formed above) and deaminates the aa. 

-ATP & GTP inhibit GDH

-ADP & GDP activate GDH

5. Ammonia ( Urea

1. Carbamoyl Phosphate Synthase (MITOCHONDRIA)

2. Ornithine Transcarbamoylase (MITOCHONDRIA)

3. Argininosuccinate Acid Synthase (Cytosol)

4. Argininosuccinate (Cytosol)

5. Arginase (Cytosol)

   Urine Make-UP:  Urea (80-90%)



        Ammonia (2-6%)

                                Creatinine (3-4% males, 2-3% females)

6.
Ammonia is toxic to the CNS, and must be converted to less toxic form to transport for excretion. 


Transport as Alanine – muscle attaches amino N to to pyruvate ( alanine, which goes to the liver for excretion


Transport as Glutamine – Ammonia travels to kidney (direct excretion) or to the liver (conversion to urea) by being converted to glutamine.(Glutamine synthase) NOTE: Glutaminase removes ammonia and releases glutamine again.

7.
Lots of one-carbon units are formed during metabolic reactions and are utilized for the synthesis of other compounds. They are transported as “active”groups (attached to carrier-molecules)


CARRIERS:


THF – carbon is carried on nitrogen 5 and/or 10

S-Adenosylmethionine – methyl group becomes active 1-C group (use of ATP),

                                         All the PO’s of ATP are lost and adenosine becomes

                                         part of the carrier.

· Sulfa drugs (PABA) are competitive inhibitors of folate synthesis

· Methotrexate and aminopterin inhibit dehydrogenase. (Anti-cancer agents)

8. KETOGENIC = compounds which form acetyl Co A (cannot result in net glucose synthesis) ~1/3 of am. acids

ONLY leucine is purely ketogenic

GLUCOGENIC = form glycolytic/Kreb’s cycle intermediates (~2/3 of aa’s)


Alanine – pyruvate (GLUCO)


Cysteine – pyruvte (GLUCO)


Glycine – pyruvate (GLUCO)


Serine – pyruvate (GLUCO)


Threonine – pyruvate (GLUCO)


Tryptophan – pyruvate, acetyl Co A (BOTH)


Asparagine – Oxaloacetate (GLUCO)


Tyrosine & Phenylalanine – fumarate, Acetoacetyl coA (BOTH)


Isoleucine – Acetyl CoA, Succinyl CoA (BOTH)


Methionine & Valine – Succinyl CoA (GLUCO)


Leucine – Acetyl coA, acetoacetyl coA (KETO)


Lysine – acetoacetyl CoA (BOTH)


Glutamine, Arginine, Histidine, Proline – Glutamate (GLUCO)


SUMMARY

Gluco = Alanine, Cysteine, Glycine, Serine, Threonine – PYRUVATE



  Asparagine – Oxaloacetate

                          Methionine & Valine – Succinyl CoA



  Glutamine, Arginine, Histidine, Proline - GLUTAMATE

          
Both = Tryptophan – PYRUVATE + ACETOACETYL CoA

                        Tyrosine & Phenylalanine – FUMARATE + ACETOACETYL CoA



Isoleucine – ACETYL CoA + SUCCINYL CoA



Lysine – ACETOACETYL CoA + something else ?!?


Keto = Leucine – ACETOACETYL CoA + ACETYL CoA

9. Norepinephrine – TYROSINE, neurotransmitter in sympathetic nerves

Melanin – TYROSINE, chief skin pigment, formed by melanocytes

Thryoxine – TYROSINE, thyroid hormone, intemediate of diiodotyrosine

Serotonin – TRYPTOPHAN, peripheral vasoconstrictor, brain metabolism (paxil, Zoloft)

Nicotinamide – TRYPTOPHAN, important in structure of NAD and NADP

Histamine – HISTIDINE, allergic rxns, capillary expansion/ gastric secretion

Taurine – CYSTEINE, good emulsifier, forms bile acids


      Creatine – GLYCINE, ARGININE, METHIONINE

10. Creatine phosphate is important energy reserve b/c it is interconvertible with ATP by the action of CREATINE KINASE (is reversible)

11.        Pernicious Anemia – Garrod’s “Inborn Errors of Metabolism”

Alkaptonuria – absence of homogenitisate oxidase, homogenitisic acid     accumulates and turns urine dark

Phenylketonuria – absence of phenylalanine hydroxylase. Increase in blood and causes mental deficiency or other characteristic changes

Albinism – absence of tyronisase—can’t convert tyrosine ( DOPA, lose skin pigment.

12. Purines

1 (N) – comes from Aspartate

2 (C) – N-Formyltetrahydrofolate

3 (N) and 9 (N-H)– Amide of Glutamine

4, 5, 7 (C-C-N) – Glycine

6 (C) – Respiratory CO2

8 (C) – N5, N10-methylentetrahydrofolate

*Point of Ribose-PO4 attachment is the H off of 9 (N-H)

-Ribose PO4 is converted to PRPP, the first nucleotide formed is IMP (which is converted to AMP or GMP)

      Pyramidines


Synthesized from aspartate and carbomoyl phosphate


FEEDBACK CONTROL: CTP inhibits Aspartate Transcarbomylase





       UTP inhibits Carbamoyl Phosphate Synthetase

13. Pyrimidine Products

-broken down into CO2 and ammonia(( urea) and B-alanine (cytosine or uracil) or B-aminoisobutyrate (thymine)

Purine Products

-uric acid (water insoluble, main excretion form in birds)

*Allopurinol inhibits xanthine oxidase (prevents format’n of insoluble urates—forms hypoxanthine instead)- controls the GOUT!

