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Decarboxylation of Amino Acids

Amino acid decarboxylases have
been found to catalyse the removal of CO, from the carboxyl group of amino acids. All

decarboxylases need pyridoxal phosphate as coenzyme. For example, histidine has been
decarboxylated to histamine by histidine decarboxylase.

NH,

H
N :
H/ \ Histidine decarboxylase \ +CO,
H H
Histidine Histamine

Also, 3, 4-dihydroxyphenylalanine has been decarboxylated to dopamine, tryptophan
to tryptamine, tyrosine to tyramine, glutamate to amino butyrate, and so on. Such
amines are called biogenic amines. Many of these amines possess strong pharmacological
effects while others are important as precursors of hormones or as coenzymes.

The various amino acids and their correspondlng biogenic amines with their
significance are given is Table 16.1.

Table 16.1
BIOGENIC AMINES

Amino acid Decarboxylation product Significance

1 2 3
Serine Ethanolamine Phosphatides e
Threonine Propanolamine Vitamin B

. 92

Cysteine | B-Mercaptoethyl amine Coenzyme l‘:\
Aspartl(? acu.i ﬁ-Ala.nine Coenzyme A, Pantothenic acid
Gl’ut.ar‘nlc acid Y-{\mmobutyric acid Brain (ganglia inhibitor)
Histidine Histamine Vasodilator and hence decreases

blood pressure
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1 2 i
: 3
Tyrosine Tyramine -
:)Jlterus contracting, increases
3, 4-Dihydroxy- Dopamine Tizzd P;;essure
. . ue
phenylalanine (= epinephrine) (= ho,m(;,mone
Tryptophan Tryptamine Hormone e)
6 Hydroxy- Serotonin Tissue hormone
tryptophan (= Melatonin) (hormone) |

Except the decarboxylation of glutamic acid in brain tissue, other decarboxylation
reactions have been found to be irreversible.

Disposal of the Nitrogen

Ammonia 1s constantly produced in the tissues. It is a toxic substance and should
be removed rapidly from the circulation (detoxication) by the liver which converts it
(ammonia) into glutamate, glutamine or urea. The various paths for the fixation of
ammonia obtained from amino acids are as follows :

(1) Synthetic pathways.

(i1) Gutamate pathway.

(i) Formation of urea.

(iv) Direct excretion;

(v) Formation of creatine and creatinine.

We shall discuss these one by one.

(i) Synthetic pathways : Ammonia may involve in the reductive amination of a-
' bohydrates) to form new amino acids. This 1s

keto acids (derived from car _ . |
( mination reactions. Ammonia may also involve

termed as reversal of transdea . : :
in the svnthesis of purines, pyridines and porphyrins. In these syntheses,
ammom'ay does not act in the free state but in the form of carrier such as

glutataminate, aspartate, carbamoyl-phosphate and glycine.

n extrarenal tissues ammonia is converted 1nto glutamine

24 Clikiamate patiuey, amine synthetase, an enzyme present primarily in the

in the presence of glut
brain and liver.
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The ammonia thus liberated accounts for about 60% of the urine ammonj

iii) Direct excretion : Usually deamination of amino acids takgs place in extrarep
tissues in which the ammonia is immediately channelled into certain metabgj
pathways which bind it. If the removal of amino group from the amino acig
(deamination) takes place in kidney in the absence of immediate physiologica|
requirements for synthetic purposes, the liberated ammonia gets excreted
directly into the urine. The source of urinary ammonia accounts for about 40%

of the total urinary ammonia (60% of urinary ammonia is obtained by the
hydrolysis of glutamine in kidney).

(iv) Formation of urea : The conversion of ammonia to urea in the liver occurs by
the ornithine cycle proposed by Krebs. This cycle starts with a carrier molecule
called ornithine (amino acid). Before the actual ornithine cycle takes place,
ammonia (derived by deamination of amino acids) and carbon dioxide (derived

from Krebs cycle) comb'ine in the presence of ATP to form carbamyl phospbaté
(amido phosphate). This reaction takes place in two steps :
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glutamate and asparate) and one CO, gives

o ATP are consumed.
Ornithine cycle of urea synthesis is shown in Fig. 16.2

(v) Creatine and creatinine : Creatinine i
e 1s the anhydrid '
Tt (rela : ydride of creatine.
a ! des(cribebed delstoe mh‘;izlé mtaS'S) ;ls excreted daily. Formation eofht:i:soensilt:i’l;
: w in this chapter because th
be . : ese are formed only f
amin ini i
three amino acids, namely, glycine, arginine and methionine rather tl?eyenl:i);z

group of amino acids, However, the relati ‘
’ ’ atio
other has been depicted as follows - 1onship of these compounds to each
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Fig. 16.2. Urea synthesis by the ornithine cycle.
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Disposal of Carbon Skeleton

The fate of keto acids, which are obtained by the removal of amino group ag
ammonia, may be either of the following types :

(i) Synthetic pathways : The a-keto acids which are forr_ned.by deamingtion may
also undergo amination reductively by reversing transdeammatlon mechanism, thyg
reforming the original amino acids. This process 18 continuous.

(ii) Glucogenic pathway : The carbon skeleton of most of the gmmo'amds may be
converted into carbohydrates (gluconeogenesis from protein).' Suc_:h amino gclds are termed
as glucogenic or antiketogenic amino acids. A few amino acids involving in carbohydrate
metabolism directly, are depicted below :

Glucose == Pyruvate——=0Oxaloacetate——=a -Ketoglutarate

H

Alanine Aspartate Glutamate

The routes for the conversion of various keto acids to carbohyd’rates bavg 'been
found to depend upon the compound concerned (for details see metabolism of individual
amino acids). The various glucogenic amino acids are given in Table 16.2.

The keto acids derived from these amino acids may also directly enter the
tricarboxylic acid cycle and thus get oxidised ultimately to CO, and H,O. For examplfe,
pyruvic acid obtained by the deamination of alanine gets oxidised to CO, and H,0 via
TCA cycle.

Table 16.2
AMINO ACIDS ACCORDING TO THE FATE OF THEIR CARBON SKELETON
Glycogen forming Fat for}ﬁing Both glycogen and fat forming
(Glycogenic amino acid)  (Ketogenic amino acid) (Glycogenic as well as ketogenic
amino acids)

Alanine Hydroxyproline Leucine Isoleucine

Arginine Methionine Lysine

Asparate Proline Phenylalanine

Cystine Serine , Tyrosine

Glutamic acid Threonine Tryptophan

Glycine Valine

Histidine
(111) Ketogenic pathway : The o-keto acid (isovaleryl formic acid) derived from the
deamination of leucine, on its oxidation to CO, and H,0 has to pass through the stage
of acetoacetic acid and thus ketone bodies instead of glucose are formed. Such amino
acids are termed as ketogenic amino acids.

I
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ITIH——C| H, (I)Hz.NH3 -
C=NHCH CH
| : | N\
NH, CH, = CH, = NH — NH
iH.NH2 H — NH, | OOH —__&)OH
OOH OOH
Arginine Ornithine Proline Hydroxyproiine
1
COOH CONH,
H, éHz
H.NH, éH.NH2
OOH OOH
Glutamic acid Glutamine

Interrelationships of some amino acids

(iv) Glucogenic as well as ketogenic pathway : The keto acids derived from certain
amino acids may enter the above-mentioned glucogenic as well as ketogenic pathways,
thereby forming both glucose and ketone bodies. Such amino acids are isoleucine, lysine,
phenylalanine, tyrosine and tryptophan.

(v) Other pathways : The metabolic pathways of certain amino acids do not

correspond with either of the above pathways. These routes are highly specific and have
been described in the appropriate sections.

Interrelationships of amino acids : Isotopic experiments show that arginine,

ornithine, proline and glutamic acid could be interconverted by keeping the carbon
chain intact.
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