Chapter 12 Amino acid oxidation and the production of urea
(OHOI:=&19] 24919t Q4 M)

*

Metabolic fates of amino groups(°}¥ 7] AL )

- Transamination : aminotransferase, transaminase

*

Nitrogen excretion and the urea cycle

Pathways of amino acid degradation(o}v] =4t &3]3 =)
- Glucose alanine cycle

OHOI= &t &Pt 20iU= 23

1) The amino acids released during protein breakdown will undergo

*

*

oxidative degradation if they are not need for new protein synthesis.

i1) The amino acids ingested in excess of the body'’s need s for protein
synthesis, the surplus may be catabolized (amino acid can not be stored)
iii) During starvation and in diabetes mellitus, body proteins are call upon as fuel
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Fig. Overview of amino acid catabolism in mammals



1. Metabolic fates of amino groups
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Fig. Overview of amino group catabolism in the verteberate liver.
Excess NH4 is excreted as urea or uric acid

2. Protein degradation(@¥ @ ¥3)
* Dietary protein is enzymatically degraded to amino acids
1] In Stomach
- Dietary protein —» gastrin release —» HCI
pepsinogen L, pepsin

[removed 42 amino acid residues]

- Pepsin hydrolyzes ingested proteins at peptide bonds on the amino-—
terminal side of the aromatic amino acid residues Tyr, Phe, Trp.

2] In small intestine
Acidic stomach contents

Small intestine (4 °]*]%) = Secretin release

y

Bicarbonate (pH increase) ——— Cholecystokinin release (4 o] X %)

!

Pancreatic enzymes release

(Trypsin, Chymotrypsin, Carboxypeptidase)
O Secretin : (ZEHIAZH|Z X, Cholecystokinine : (A2 AEHIEFX)



H © Trypsinogen, Chymot“rypsinogen, Procarboxypeptidase (zymogen) “

<+—— Free trypsin
Trypsin, Chymotrypsin, Carboxypeptidase (active form)

enteropeptidase

© Trypsinogen trypsin

© Trypsin inhibitor effectively prevents premature production of free
proteolytic enzymes within the pancreatic cells.

O Celiac disease (BtdA%} S, SFEY)
Intestinal enzymes are unable to digest certain water—soluble proteins of

wheat, particularity gliadin.

3. Amino acid oxidation (o}7] =4t Ak3})
1) Pyridoxal phosphate participates in the transfer of a-amino groups
to a-ketoglutarate
@ Transamination (OOI'=J| MEHLS)
- oju ojn|iAake] ofn7]E keto acidol G A ZE opu]wm=AbS YA
St H o] ofw] :=ARS Kketo acidZb = WHS-
- o] ¥-g-2 cytosolol A dojdtt.
- HIZ= OHOI=HE HIULOIM SIS0 F= 3528t JI

olr
flio
re
ml

O Enzyme : Aminotransferase or transaminase
Amino acid @ + Keto acid @ =2 Keto acid @ + Amino acid @

(donor) (acceptor) Aminotransterase or (ransaminase

O a-Ketoglutarate + L-amino acid = L-glutamate + a-Keto acid
glutamate aminotransterase
©O a-Ketoglutarate + L-Alanine s=——— L-glutamate + pyruvate

alanine aminotransferase

O Pyridoxal phosphate : Pyridoxal-5-phosphate (PLP)
- the coenzyme form of pyridoxine or vit B6
- function as an intermediate carrier of amino group at the active
site of aminotransferases.
i) ot =4Fe] a-amino 7]} ¥ <t 3skd
ii) ¥ FHEAS HASAT]7] skl Al dA FEAR A8



© Pyridoxal phosphate + L-amino acid <=2 Schiff’s base (intermediate)
Schiff’s base == pyridoxamine-® + a-Keto acid [transamination]
Schiff’s base = pyridoxal-® + D-amino acid [racemization]
Schiff’s base z—\:pyridoxal*@ + Amine [decarboxylation]
CcO2
- SZHH=E(Intermediate) : Quinonoid

2) Glutamate releases its amino group as ammonia in the liver
(7t A Glutamate & YR Uol2A olu 7|2 H&3})
(D Oxidative deamination : catalyzed by L-glutamate—-dehydrogenase

(present only in mitochondrial matrix)
O Glutamate + H-O a-ketoglutarate + NHs"

NAD(P)" NADPH + H'
- GTP : negative modulator
- ADP : positive modulator
@ Transdeamination : (aminotransferase + glutamate dehydrogenase)
Amino acid a—ketoglutarate NADH + H* + NH4

aminotransferase glut@ dehydrogenase
NAD"

a-Keto acid glutamate

© A few amino acids bypass the transamination pathway and undergo
direct oxidative deamination

3) Glutamine2 @ HFNA FEYoLE W
* Ammonia is quite toxic to the animal tissues
* (GGlutamine is a major transport form of ammonia
* Glutamine> 2ZLIO0IC] FEY +5 YHE 32 WSAHS9| 0HOILII9
S0l = 283t}
ATP ADP NH, Pi
Glutamate A A\ X »  Glutamine

Glutamine synthetase

H0O NH, —»—» urea
Glutamine ———»  Glutamate

Glutaminase

O Glutamine is a nontoxic, neutral compound that can readily pass

through cell membrane, whereas glutamate, which bears a negative
charge, cannot.




4) Alanine2 Z 59 A 7H(liver) 22 ¢ R YolE utdlt},

« Alanine 2 glucose-alanine cycle 7| A o2 F549 dRUYols o=
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* In muscle and certain other tissues that degrade amino acids for fuel,

amino groups are collected in glutamate by transamination.
* Glutamate= HSE FWHE 7] 359 glutaminelE HE}E 4 ot

« (Glucose-Alanine cycle
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5) Ammonia is toxic to animals (FE Yol FE Ao Ut}
* The major toxic effects of ammonia in brain probably involve changes
in cellular pH and depletion of certain citric acid cycle intermediates.
x Most of the ammonia generated in catabolism is present as NHs* at
neural pH



3. Nitrogen excretion and the urea cycle
1) Urea is formed in the liver
2) The production of urea from ammonia involves five enzymatic steps
- Urea cycle begins inside the mitochondria of hepatocytes, but the three
steps occur in the CYt0sSol.

HCUK_ATP 2ADP + Pi

» Carbamoyl phosphate

Carbamoyl phosphate synthetase 1
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Fig. Urea cycle and reactions that feed amino groups into the cycle



3) The citric acid and urea cycles are linked
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Fig. Links between the urea cycle and citric acid cycle

4) The activity of the urea cycle is regulated at two levels
(D Starvation and high protein diet

- produce high level of the urea cycle enzymes.
@ Carbamoyl phosphate synthetase |

- is allosterically activated by N-acetylgluamate

5) The urea cycle is energetically expensive (4ATP A X)
oNH," + HCO; + 3ATP" + H,O0 —>
Urea + 2ADP® +4Pi* + AMP* + 2H'

4. Pathways of amino acid degradation (o}H|x=4t2] B H=Z)
« Yol ke glucoseE M| d-opn| ke HIEME Ak
1) Several enzymes cofactors play important roles in amino acid catabolism
@ Biotin : Tt FI2H A3} BG4 o] FAIEHRAT] FHHA R A&
@ Tetrahydrofolate(THF) : Z&otE 1-EAHYE 24t
- BE g s 1-ghad A Y] FofA of 84 9
@ S-Adenosylmethionine (SAM) : W2 7] ] & oA 2§
- Methionine + ATP —” S-Adenosylmethionine + PPi + Pi
Methionine adenosyltransferase
© These cofactors are used to transfer one-carbon group in different

oxidation state
© Tetrahydrobiopterin (reduced form) : 23}8 9 Cofactor




2) Ten amino acids are degraded to acetyl-CoA
(D Alanine, glycine, serine, cysteine, tryptophan — PVA

@ Tryptophan, lysine, phenylalanine, tyrosine, leucine. isoleucine

Acetyl-CoA

@ Tryptophan< za% B2 AIFAHLS Y3 2
(niacin, indole acetate, serotonin)
precursor of NAD and NADP

plant growth hormone

1_

- Nicotinate(niacin) :

- Indole acetate :

- Serotonin : neurotransmitter(} 74 A &&4)
@ Phenylalanine catabolism
0., NADH NAD" H,O

- Phenylalanine M Tyrosine

phenylalanine hydroxylase

O Phenylketonuria (PKU) :
- HEdgdHd FANR LT 29F H o] phenylalanine &3 H A &
= o] phenylpyruvate® x Fo =2 sl @t}
- A4 AAAA TS YEAH
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Fig. Summary of amino acid metabolism
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3] Some amino acids can be converted to glucose, others to ketones
O Ketogenic amino acids :
- Trp, Phe, Tvr, lle, Thr, Leu, LvS, can yield ketones in the liver by
conversion of acetoacetyl-CoA into acetone and B -hydroxybutyrate.
- Leu, Lys : 2& HAIESHIOE Hdol= AISHS0HOI=LHO0ICE
@ Glucogenic amino acids :
- Amino acids can be converted into glucose and glycogen
4) Branched-chain amino acids are not degraded in the liver
- Leucine, isoleucine, valine are oxidized as fuels primarily in muscle,
adipose, kidney, and brain tissue.(FZ5, AW x2 A4 a3 ¥ &
ANA AbstE o] oA E ALkTh)
5) Asparagine and aspartate are degraded to oxaloacetate

- Asparginaset™ o} =3 t3lE Tt Este] of Au2ELE AAH S F3)

9. OHOI=¢&t R

1) Biosynthesis of the catecholamine
* Tyrosine = L-DOPA — Dopamine — Norepinephrine — epinephrine
[noraderenaline] [aderenaline]
o} A xA A ALbE = FIHIEONRIZ MEBHMEERE &
- FAle A Eel s = IUIE) SSEMYIEES @20 = 48
* Dopamine : a tyrosine product (F-AFZ A BA])
- dopamine A9 74 Parkinson's A3He] Y9l
- oA =97le HJAALS FARETH Z2 AL 3 #™E A
2) Neurotransmitters (MBMESSE
* amino acid®} 159 F=A+= 7HF MAEZFS] communication®] Al chemical
messenger =4 283k},

@D y-Aminobutyric acid (GABA) : Glutamate decarboxylation product

Ly

- act as an inhibitory neurotransmitter in the central nerve system
- @4A3 H7T T2, A9y F, AALA

@ Serotonin (a derivative of tryptophan) : 217 A && 2

@ Histamine (the decarboxylation product of histidine)

- YoM 4ke] BHE 3 allergic WHS-2] potent local mediator

ex) Histamine & A3 : A|HEY, EDHHE
A0 EHIE Ml — AOIXIZHSKIEH

@ Thyroxine : a tyrosine product

- 35 &0 YALE =2 EE iodineS -3 thyroid ()T =28
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Summary
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. OlOI=J1™M0l2 Alaminotransferase or transaminase)
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22ty ALOIZ(glucose-alanine cycle)

QAZ|Z (Urea cycle)

FIEHIZ Y °IAH M S A(carbamoyl phosphate synthetase)

N-acetyl SFE2AHN-acetyl glutamate)

HAIEH MA0H0] = AHketogenic amino acid)

S5IA MAMOH0|=2Hglucogenic amino acid)

HI 2 A= =(phenylketonuria)
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