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AMINO ACID METABOLISM AND CATABOLISM
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Amino Acid metabolism/catabolism = Metabolic pathway

Proteins
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Amino Acids
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a-amino group  carbon skeletons
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seven intermediate products

1—> o-ketaglutarate
2——> oOxaloacetate
3——> pyruvate

4— fumarate — —> Metabolic Pathways
>—> succinyl coenzyme A

b6—s acetyl coenzyme A
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Classification of Amino Acid
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Role of “one-carbon pool” in Amino Acid Metabolism/catabolism

III

The “one-carbon pool” refers to single carbon units attached to the group of carrier
compounds such as Tetrahydrofolate, S-adenosylmethione, Biotin etc.

These single carbon units can be transferred from carrier compounds to specific
structures that are being synthesized or modified.



Tetrahydrofolate

Tetrahydrofolate is an active form of Folic acid (vitamin B9 or folacin).

Nucleotide and protein synthesis,
Dihydrofolate reductase AV’ A <7 . P : Y .
Folate <.> __ . Methylation of many biological
'y <\

compounds etc
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Tetrahydrofolate

The One-Carbon Units include different groups linked to THF:
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THF acts as a carrier of reactive single carbon units,

I N5-Formimino which are bonded to N-5 and N-10.
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CH
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Methenyl
THF

The oxidation level can be changed to methyl or
methenyl by reduction or oxidation; methenylTHF
can be hydrolyzed to formylTHF.

These derivatives can be used in synthetic reactions
as donors of single C at the appropriate oxidation
level.


http://flipper.diff.org/app/pathways/info/384�

S-adenosylmethionine SAM

Methionine adenosyltransferase (MAT), which catalyzes the biosynthesis of S-
adenosylmethionine (SAM) , the principal methyl donor.

Methylation targets are:

DNA

RNA

Proteins

Lipids

Hormones and neurotransmitters



E L-Methionine

ATP

CHj
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CH;
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cO0™
S-Adenosylhomocysteine

Synthesis of SAM

S-adenosylmethionine SAM

SAM serves as a precursor for numerous
methyl transfer reactions



Conversion of Norepinephrine to Epinephrine requires SAM
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Classificatiron of Amino Acid
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Amino acids that forms a-ketoglutarate

Glutamine Glutamine

Glutaminase

Glutamate + nH3

NAD+ NADH NH,

QOO_ Cl)OO_
C,;H2 Glutamate c.:H2
o CH dehydrogenase CH
Oxidative € i .

+ 1 !

) . H,N-CH #‘7 ~N O=C
Deamination (IJOO' éOO'
NH; NADP+ NADPH

Glutamate o-Ketoglutarate




Amino acids that forms a-ketoglutarate

Proline

Proline Oxidized

> Glutamate

i

NAD+ NADH NH,

coo eelop
Oxidative C|;H2 Glutamate CI)H2
Deamination CH, dehydrogenase CH,

+ 1 !
HSN_(FH O=CI;
COO COO
NH; NADP+ NADPH

Glutamate o-Ketoglutarate




Amino acids that forms a-ketoglutarate

Arginine
Arginine
lArginase — Urea cycle
Ornithine

l

o-ketoglutarate




Amino acids that forms a-ketoglutarate

Histidine
NH,' NH,
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NAD+ NADH NH,
QOO' u 2 QOO-
Oxidative Gl Glutamate ek
.. ('_)H2 dehydrogenase CH,
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H3N CH O=(_I‘,
COO' COO
NH; NADP+ NADPH
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Amino Acid that forms pyruvate

Alanine

Transamination of alanine to form pyruvate

GH
H(?H H3+
COO~
L-Alanine
(-KETOGLUTARATE
Alanine
aminofransferase
Glutamate
CHs
G=0
coo
PYRUVATE




Amino Acid that forms pyruvate

Glycine

Glycine ——» CO, + NH,

A N5 N'"-Methylene-
tetrahydrofolate

Serine
hydroxymathyl-
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Tetrahydrofolate
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NH2 -

glycine

H-CH-COCH

-~ NH,
R
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0-C 0=C

N

0
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i HH VM2 g MH CH,
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HN HN

This reaction provides the largest part of the
one-carbon units available to the cell.



Amino Acid that forms pyruvate

Serine

u Glycine ——» CO; + NH,

N5, N'9-Methylene-
Serine tetrahydrofolate
hydroxymethyl-
transferase Tetrahydrofolate

Serine
Sering dehydratase
NH,* H,O

E PYRUVATE

This reaction provides the largest part

of the one-carbon units available to the
cell.




Amino Acid that forms pyruvate

Cystine is a dimeric amino acid formed by

Cystine the oxidation of two Cysteine residues
l Reduced using NADH + H* as which covalently link to make a disulphide
areductant bond.
Cysteine
l desulfuration O
HoN
pyruvate T~ OH
“SH

Cysteine Cystine


http://en.wikipedia.org/wiki/File:Cysteine.svg�
http://en.wikipedia.org/wiki/File:Cystine-skeletal.png�

Amino Acid that forms pyruvate
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Amino acids that form fumarate

Phenylalanine and Tyrosine

L-Phenylalanine

Phenylalanine
hydroxylase

Y

L-Tyrosine

vV oV

Tetrahydro-
biopterin + O,

Dihydro-
biopterin + H,0

FUMARATE ACETOACETATE

Glucogenic Ketogenic

0; H,0
?00_ \ / coo~
|
Q—CHQ—QH . HO—Q—CHQ—CH
NH; Phenylalanine plle
Phenylalanine -+ Sy T
Tyrosine
Fli H
|
NH2YN N NHz. N, N
LT TIX
N N GH-CH-CH By CH—CH~CHy
OH H OH OH 0 OH OH
H;—biopterin H,—Dbiopterin
Dihydropteridine
duct;

NAD+ reguciase NADH + H+
Essential MNonessential
Arginine < Aldlanine
Histidine Aspartate
Isoleucine Cwvsteline
ILeucine Glutamate
Lvsine Glycine
Methionine? Proline
Phenvlalanine € — Serine
Threonine Tl Vrosine
Tryvptophan
Waline

9 Arginine is synthesized by mammalian tis-
sues, but the rate is not sufficient to meet the
need during growth.

& Methionine is required in large amounts to
produce cysteine if the latter is not supplied
adeguately bwv the diet.

¢ Phenvlalanine is needed in larger amounts
to form tyvrosine if the latter is not supplied
adequately by the diet.



Amino acids that form succinyl CoA

Methionine

Methionine is special because:

* Converted to S-adenosylmethionine (SAM), the major methyl-group donor in

one-carbon metabolism
* Source of homocysteine ----a metabolite associated with atherosclerotic vascular disease



S-Adenosylmethion
synthatase

SA M S-Adenosylmethionine

Methyl acceptors
5 f e r a S e Mathyltransferases
Methylated

Methyltran:

S-adenosylhomocy:

L-Homocyste
Cystathion
B-synthase
Cystathion

y-cystathionasé

steine

Amino Acid that forms Succinyl CoA

Hydrolysis of SAM:

> Homocysteine

L-Methionine
ATP

g2+

P; + PP;

S-Adanosyl-

methionine

i n e synthetase

CH,
Adencsine - ?'
T
G,
HONHg*
coo”

2P

Adenosine - S Al

CHg
H{_ijs+
CO0~
S-Adenosylhomocysteine

g

Methionine cysteine

Vot

Adenosine

H
SH Negy, Synthatase
CHo I j£ Methionine synthase
CH
EHa
il CH = (Methyl-B, )
ine coo" —
L-Homocysteine N%-Methyltetrahydrofolate
L-Serine
e Cystathioning
p-synthase
There are two major disposal
QHz-S-QHz pathways for homocysteine.
{?Hz HE;NH3+ Conwversion to methionine

requires folate and vitamin
B,,-derived coenzymes, and is a
remethylation process. The
formation of cysteine requires
vitamin By (pyridoxine), and is

a transsulfuration process.

HCNH3* COO™

NE  Crutationine
Hz0

y-Cystathionase {JL:F")

L-Methionine

Goo" H
—C-NH*

H-G ~NHg ~eH,
CH; | H
CH, M
CH3 H

Tetrahydrofolate

ethionine

A1%4

a-Ketobutyrate + NHg*

Oxidatively

€

Propionyl Succinyl

L-Cysté

2ine  wosere o-ketbutyrate

—~ CoA



E L-Methionine Essential Nonessential
g Arginine“ Alanine
o~ Mo Histidine Aspartate
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CH; [LLeucine Glutamate
Adenosine =& 2P, Lyvsine Glycine
g:? Methionine? Proline
HONEL Phenylalanine* Serine
coo- Threonine Tvrosine
S-Adenosylmethionine Tryptophan
Methyl acceptors YWaline
" e 7 Arginine is synthesized by mammalian tis-
Methylated sues, but the rate is not sufficient to meet the
Adenosine - products need during growth.
CH; # Methionine is required in large amounts to
GHa . produce cysteine if the latter is not supplied
Hgggf adequately by the diet.
S-AdoRTIER oteine © Phenylalanine is needed in larger amounts
to form tyrosine if the latter is not supplied
adeqguately by the diet.

H,0
Adenosine
SH

CH,
GHy

HCNHZ*

COoo
L-Homocysteine
L-Serine

H o0 n
N Ha H-G-NH,* | ~CH,
| H Mathionine synthase CH; - H
N CH Methylcobalamin Ha H CH;
CH4 M- (Methyl-B, ) S M-
H

C'Hg H

L-Methionine Tetrahydrofolate

N3-Methyltetrahydrofolate

There are two major disposal
pathways for homocysteine.
Conversion to methionine
requires folate and vitamin
B,;-derived coenzymes, and is a
remethylation process. The
formation of cysteine requires
vitamin By (pyridoxine), and is

a transsulfuration process.




Homocysteine and vascular diseases

Promotes oxidative damage
Inflammation
Endothelial dysfunction

Risk factors for
occlusive vascular
diseases

T Homocysteine

Plasma levels of homocystein is inversely related to folate, Vitamin B12, and B6.

Homocysteine levels are also increased in Homocystinurea; disease caused due to the defective
cystathione [3-synthatase is defective



Catabolism of the branched-Chain amino acids

H H
H .
HN-CCOOH R e #n cocoon Essential aa
CH, CH H-C-CHy
CH HiC  CH, CH,
HC  CH, CH,
Leucine Valine Isoleucine

TRANSAMINATION

(Branched-chain a-amino acid transferase

a-Ketoisocaproic acid a-Ketoisovaleric acid a-Keto-B-methylvaleric acid
. |
Maple Syrup I OXIDATIVE DECARBOXYLATION
Urine digease hed-chain a-keto acid dehydrogena : oA

Lipolic acid, FAD)

Isovaleryl CoA Isobutyryl CoA a-Methyl butyryl CoA

FAD-linked DEHYDROGENATION

\’ \’ \/

Acetoacetate + \ Ki
Acetyl CoA ropionyl CoA Acetyl CoA

Succinyl CoA




Amino acids that form acetyl CoA and acetoacetyl CoA

Leucine

v

Acetoacetate
Acetyl CoA

1

Ketogenic

Isoleucine

v

Acetyl CoA
Propionyl CoA

!

Ketogenic
And
Gucogenic

*Lysine

v

Acetoacetyl CoA

* Unusal---never
undergoes
transamination

!

Ketogenic

Trptophan

v

Alanine
and acetoacetyl
CoA

!

Ketogenic
And Glucogenic



Biosynthesis of non-essential amino acids



Biosynthesis of non-essential amino acids

Synthesis from a-keto acids: Alanine, Aspartate, Glutamate

Alanine, aspartate, and glutamate are synthesized by transfer of an amino group to the a-
keto acids pyruvate, oxaloacetate, and a-ketoglutarate, respectively.

d Amino acid a-Keto acid A ﬂ Alanine aminotransferase B Aspartate aminotransferase
Alanine a-Ketoglutarate
\ j . Oxaloacetate Glutamate
PYRUVATE €—— > Alanine
Aminofransferase
8 y
i B Aspartate a-Ketoglutarate
Amino acid a-Keto acid Pyruvate Glutamate

NS

OXALOACETATE <€ > Aspartate Ehe
Aminotransfarase O dovias S
coo~ coo~
'-,‘_ & oa~-Amino acid a~-Ketoglutarate
' Ty
- - - Aminotransferase
Amino acid c-Keto acid - soo
c=0 i C,:H:
coo~ H;N-CH
COO™
o-KETOGLUTARATE (k—i) Glutamate e Glirturmists
Aminoiransferase

L "




Biosynthesis of Glutamine and Aspargine

Synthesis by amidation: Glutamine, Aspargine

Glutamine

(T?DD'
CH,
GH,
H'[IJN Hat
coo™
Glutamate

ATP + NH,
Glutamine
synthetase

ADP + P,

CO - NH,
CH
HCNH,*
Coo™

Glutamine

Aspartate

Aspargine

ENZVME asparagine synthetase

AMP + PP,
ATP

]

clutamine glutamate

o

HN —CH—C —0Or

CH2

[

MH4+

Lsparagine



Biosynthesis of Proline, Serine and Cysteine

Proline

Serine

Cyclization and reduction

Glutamate

3-phosphoglycerate

l Oxidized
3-phosphopyruvate

l transaminated

3-phosphoserine
l Hydrolysis of
phosphate
Serine

Serine and Glycine

ﬂ Glycine —» CO, + HH;,]

A o N°N'-Methylene-
Sarina /» tetrahydrofolate

hydroxymethy/-
fﬂﬂﬁfﬂfﬂﬁv\) Tetrahydrofolate

Serine
Serine dehydratase

HI'I,{"(/ Y\:\ H,0
E PYRUVATE

Proline

Cysteine

L
$H
GHa
CH,
HCNH,*
cCoO™
L-Homocysteine

L-Serine
Cystathionine
f-synthase
H;0

GHa"S-CH,
GH, HCNHy*
HCNH,;* COO™
i
Cystathionine

Hz20
y-Cystathionase LT q .
m-Ketob

L-Cysteine




Biosynthesis of Tyrosine

Tyrosine

L-Phenylalanine

Phenylalanine
hydroxylase

Y

L-Tyrosine

Tetrahydro-
biopterin + O,

Dihydro-
biopterin + H,0
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