Chapter 13 Biosynthesis of amino acids, nucleotides, and related molecules
* Most of the nitrogen is bound up in amino acids and nucleotides.
* Amino acid A¥A : F4F, SAM
1. Overview of nitrogen metabolism

1) The nitrogen cycle maintains a pool of biologically available nitrogen
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Fig. The nitrogen cycle
Nitrification (Z4t3}), Denitrification (2 2&4H3})

2) Nitrogen is fixed by enzymes of the nitrogenase complex
w« AR Azotobacter, Cyanobacteria, symbionts(& A4 A])
« A1 g4 Nitrogenase complex
- Ny + 10H + 8- +16ATP —» 2NH;3 + 16ADP + H»
* The key two components of nitrogenase complex are dinitrogenase
reductase and dinitrogenase
+ Leghemoglobin : 42 ZSHMZE (nodule)
- deliver oxygen to electron transfer system of the bacteria
3) Ammonia incorporated into biomolecules through glutamate and glutamine
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@D The biosynthetic pathways to glutamate and glutamine

+« Glutamine synthetase [ZE organismOllA & &)

- Glutamate + NHy + ATP — Glutamine + ADP + Pi + H'
+« Glutamate synthase (M=, S0l ZXH)

- a-ketoglutarate + Glutamine + NADPH + H —» 2 Glutamate + NADP"
« Net reaction : MI=Z0IM
a—ketoglutarate + NH, + NADPH + ATP —»

L-Glutamate + NADP  + ADP + Pi

O Glutamate dehydrogenase
- a-ketoglutarate + NH;,+ NADPH — Glutamate + NADP" + H,O
- AIYME AL A 9] vt (matrix) ol S A &,

4) Glutamine synthetase is a primary regulatory point in nitrogen metabolism
(Glutamine synthetase= EAMAIC] ¢t ZEFOIOH
@ Glutamine synthetase regulation :
O Allosteric regulation (FATFEAZZH) : A E] 2T A3
- Glutamine® =7} =& uf 7+24, a-ketoglutarate, ATP3l o™ Z7}
O Covalent modification (FF+Z2 W H) @ ot 43 (AMPY F7Hd+g)
- adenylyltransferase’} 4w, Tyr 3719 AMP #7}
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Fig. Allosteric regulation of glutamine synthetase



2. OHO|'- At MM (Biosynthesis of amino acids)
1) All amino acids are derived from intermediates in glycolysis, the citric
acid cycle, or the pentose phosphate pathways.

TABLE 22-1 Amino Acid Biosynthetic Families,
Grouped by Metabolic Precursor

«-Ketoglutarate Pyruvate

Glutamate Alanine

Glutamine Valine*

Proline Leucine*

Arginine Isoleucine*
3-Phosphoglycerate Phosphoenolpyruvate and
Serine erythrose 4-phosphate
Glycine Tryptophan*

Cysteine Phenylalanine*
Oxaloacetate Tyrosine™

Aspartate Ribose 5-phosphate
Asparagine Histidine*

Methionine*
Threonine*
Lysine*

*Essential amino acids.
tDerived from phenylalanine in mammals.

2) Nitrogen enters these pathways by way of glutamate and glutamine
3) Chorismate is a key intermediate in the synthesis of Trp, Phe, Tyr
4) Histidine biosynthesis uses precursors of purine biosynthesis
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@ Tetrahydrofolate(THF) : &2t 1-EAHSE
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3 S-Adenosylmethionine (SAM) : IHIE'JI_I 30iH &2
- Methionine + ATP —_y  S-Adenosylmethionine + PPi + Pi
Methionine adenosyltransferase
3. Molecules derived from amino acids
« AMIN0O acids are precursors of many specialized biomolecules,
including hormones, coenzymes, nucleotides, alkaloids, cell-wall

polymer, porphyrins, antibiotics, pigments, and neurotransmitters
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1) Glycine is a precursor of porphyrins

* Porphyrin is heme protein (hemoglobin, cytochromes, chlorophyll)

2) Heme is the source of bile pigments

* Bilirubin binds to serum albumin and is transported to the liver

* Bilirubin glucuronide (water soluble)

. bile pigment

3) Amino acids are precursors of creatine and glutathione
® Phosphocreatine : an important energy reservoir in skeletal muscle

- Precursor :
@ Glutathione (GSH,

glycine, arginine, and methionine
23]

serves as reducing agent
- a tripeptide derived from glycine, glutamate, and cysteine
- GSSG(ArRHA) -

disulfide bondOil CI0l01 HEE 5 JHO] =SF

@ D-amino acids are found primarily in bacteria
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@ Aromatic amino acids are precursors of many plant substances

- Tryptophan ___, indole acetic acid (auxin)
- Phe + Tyr — »

lignin

® Biological amines are products of amino acid decarboxylation
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® Nitric oxide (NO) §+4
- Arginine is the precursors for biological synthesis of nitric oxide
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