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Amino Acid Metabolism
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Ketoacid ~ + Ammonia — Urea (15-30 glday)
Dietary proteins—————— ~ Body —

(50-75 giay) anino ™ Oxidation
acid pool
(100g)
/ Gluconeogenesis
Breakdown of
body proteins Non-gssential amino acids
(300-400 giday)

Synthesis of specialized products (heme, purines, pyrimidines, creatine,

Synthesis of body proteins (300-400 g/day)

enzymes, hormones, efc.)
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Glutamic aclq ———p )
——p Glutamine

Deamination ———»
Amino sugars——p

N Ammonia
Pyrimidine ———» pool

—» Asparagine
Putrefaction ————p

Glutamine/ ————p
asparagine

———— % Urea
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(IIOO_ CO0
?H+__NH3 C=0
ClH2 (I)H2
(|:H2 (IJH2
CO0 ™ COO0
Glutamate Alpha-ketoglutarate

Pyridoxal phosphate

COO ?OOf
= +
CHéNH,
CH3 CH3
Pyruvate Alanine

Summary
amino acid 1 + keto acid 2->amino acid 2 + keto acid 1
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Any amino acid Alpha ketoglutarate

Transamination| in all tissues

Corresponding Glutamate
keto acid
Transport from tissues to liver 4:

Oxidative
Deamination in liver
COO" Glutamate CO0™
é HaNH* dehydrogenase .
I AL +H20 ?_O
CH » CH +NH
2 / \ M2 3
Cle NAD"  NADH+H ?Hz
COoO COO
Glutamate Alpha ketoglutarate
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"00C-CHNH; —CH,—CH,—C00"

Glutamic acid
NH; ATP
Glutamine synthetase

H,0 ADP + Pi
'OOC-CHNH.; —CH,—CH,—CO—NH,
Glutamine

Glutaminase
NH,

Glutamic acid




2y

6)li_all

Gl palsddl Y
Loge I Lebisonts Lissass o0 palietd] o o oandl s lomil S (0 SO ) Lis ¥ a3
bisg il MEaY Ll ) 2 Lysad) oF 31 USI e Loyl ooy S LS alaaelss
(lp}ﬂ‘ 8593 ) a.:}a..\.” Jodl dal>
4l eMeladd| dl.‘d@ Jo¥! Sl ga O_c;_g,ﬁ’\ o lasg clewion — sS 8395 ks By9ll sia CByad
ibian (e (AT Lygdl 3 cnisaz sl camg AN 3 0ls e catiing¥ 8y9 L Lle (3llay
L)Ll (im0 Alilly Liga¥l (oo Leaust cnalizee
Slisgd L galy I JuSi: Jo¥ Bohaktl i

(@il 3Ll Slasgd Jrag SO @3 Ala sl gy Ida Jelazll jams9(ATP)

Ammonia + CO,
1

Carbamoyl phosphate

sy

Ornithine Citrulline
\ Aspartate
Urea
3
] Fumarate
5

Argininosuccinate

Arginine
‘\ _l_ﬂ-_
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Ammonia + CO,

|

Carbamoyl phosphate

/‘5\

Ornithine Citrulline
Aspartate

Urea
Fumarate

Argininosuccinate

Arginine
4
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Diseases Enzyme deficit

Hyperammanemia type | CPSH

Hyperammaonemia Type Il (OTC) Ornithine transcarbamoylase

Hyperornithinemia Defective ornithine transporter protein

Citrullinemia Argininosuccinate synthetase
Argininosuccinic adiduria Arginingsuccinate lyase

Hyperargininemia Arginase

Features

Very high NH3 levels in blood. Autosomal recessive. Mental
retardation. Incidence is 1in 200,000

Ammaonia level high in blood. Increased glutamine in blood,
(CSF and urine. Orotic aciduria due to channelling of carbamoyl
phosphate into pyrimidine synthesis. X-linked

Elevated blood level of ammonia and arnithine. Decreased level
of urea in blood. Autosomal recessive condition

Autosomal recessive inheritance. High blood levels of ammonia
and citrulline. Citrullinura (1-2 g/day)

Argininosuccinate in blood and urine. Friable brittle tufted hair
(Trichorrhexis nodosa). Incidence 3/200,000

Arginine increased in blood and CSF. Instead of arginine,
cysteine and lysine are lost in urine. Incidence 1 in 100,000

ZJj—!—"j ?.\." é ij.g." S griiid

G el Lygudl Souny 3801 2aylogd 1 h5eS ol 8 Lygudl (ot shatel @iy 2 pud! Aoyl 3

Js/ la( £ -) Lk

dyhaine AN Casllsg (985 Loie Lygud| S9une ala3s

ALl 31301 a9 Lygall JSa35 agalls cmg s plo 10 Jls sl 3 Lgall 51,80 Jbas il

Lgunall
(G) Glycin caulall

sl a2 L) (ales™M (10 99 Gual e Ll 9o

ZLL.A.;)J;Y\ pfol.c.ﬂ‘ Jl IR CL‘Lz:ﬁ C023 NH3 uﬁ}ﬁ'z.i_' ‘_5.:.4517_1\ L}}AS/\ &).1 w Lé—w-ﬁ-‘i-fl )Ua_&.ﬂ u.l]n.u’"

4

Gl oSyl ilawgd g il cldadsyual i cuselgud « NAD)




ZY

ojl_aJl
Glycine
PLP A

co,

Amino methyl group

THFA Lipoamide NADH+H+
BJjC D
Reduced =
Methylene ; ; NAD
THEA lipoamide
NH,

A = Glycine decarboxylase; B = Aminomethyltransferase;
C = Methylene THFA synthase; D = Lipoamide dehydrogenase;
THFA = Tetrahydrofolic acid; PLP = Pyridoxal phosphate
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CH, P
SaH
M-<H,
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Coc ADP I
CH
CH; & I
Creastine = Coreati- MN—CH,
M—CHy phosphate nina |
| C=ikH
C=HH Pi = H O |
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1 = Glycine arginine amidolramsferase
2 = Guanikdinoacaiasla methyltransfarasa
3 = Cmaatima kinasa

4 = Spomiancous (non-emnzyematic)

SaM = S-ademosylrmeed Fiomniame

SEaH = S-ademcayihomaocysie imes

S CSlazal
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Proteins Proteins

Serine—» Glycine
Threonine =~

Co, +
NH, +
1-C

'

—= Glycine cleavage system
ammaonia— Urea
1 carbon unit

—= Sering — Pyruvate — Glucose

Cysieina
Choline
—= Glyooylic acid — Oxalate

= Creatine — CP — Creatinine
— C4 Cg, Ny of puring ring

—= AL A — Heme

— Glutathione

— Bile salt

—= Conjugation, e.g. hippuric acid
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ATP PPi+Pi
THFA < Methlonine S-Adenosyl  Acceptor

methionine

Methionine| synthase Methyl | transferase

Methyl- Vitamin By, :
THFA J
I Homocysteine S-Adenosyl
"~ Homocysteine Methylated
Folic B — acceptor
Acid
N Adenosine
Cystathionine
Vitamin Bg
Cysteine
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Disease

Deficiency of enzyme

Mental retardation

Ectopia lentis

Amino acid in urine

Amino acid increased in blood
Mitroprusside test
Supplement

Restrict
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Manifestation
Cystathionine synthase
+++

+

Homocysteine
Methicnine, homocysteine
+++

Cysteine, pyridoxine

Methionine
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0, H,O
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NADP" NADPH
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Tyrosiree i rs s rmer = sa
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Fidaloyd oo boacet@bae sorma o s
Furmaeryl e e o cet ahe. Ry ol rokoses

mn & G-

cHTE:H-c:Gc_ P ey D v s

e
FHy
1

Hﬂ—@— CHE—?H_—'_GE}G— Tyrosine
FH,
o=l = bl Eara ke =
(L=
Slutarmes ackd . L
= Paura hoyrd rooscyr-
HG@_ CHE'E'C":‘D phenylpyrumncic aacid
=P
AvsooaiHc aced =
Cog
HO (o] ] riF oo yr-
D o [N ——— pheamdacatic acid
CHE—L‘.UU_ “" e Thomogantisic acid)
L ey -
O CHL - OO H - SO - S H= O H SO
Pl @ ey Eavcetocacetic acid
l .
Fumarylacetoacetic acid
[ H:;_G//,E\‘
T -CH A O Hy OO H=CH OO
Aceboacetic =cid Fumaric @cid
Hetoganics pathnean {Glucogenic pathway)
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HD—@—CHZJIEH—EDD_ Tyrosine
4
NH, (+)0,
HO
_ DOPA
HO CHz-{I}H-EO{) ( Dihydromy-
+

. phenylalanine)
D l
U@‘CH:*&JH-COD_ DOPA-quinone
N
NH, l
o |
O

N
Melanin Indolequinone

MH
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Tyrosine
HID HoCH-COCF 1Oy
_Q_C =it MADPH and | 4
HO MNH, betrakhydrobicpbern
_ DO
H HE-IFH--:.‘-'D-G fdibrydrosny-
P pheanylalanire)
. PLFP
=
HO cgi%
HO H~CH -MH Do anminea
Cur*
Ho WL S =
HG—@—CHQH-':HTHHQ Horeplnephrine
Shh
4
H
Sa.H
H HOH-CH_~NH-CH Eplmnepburine
SN
5
Halo— SaH
HID HIOH-CH,-MH-CH, I L
L

Hy—
_ WM A
HO CHOH-CO0 waniliyl-
mand=lic acad |

1 = Tyrosine hgdroxylase

Z = Dopa decartoxylasa

2 = Dopamina hydroxylass

4 = N-rmethyltransferase (MMT)

5 = Catechol-CO-meathyltransferase (COMTE
& = Monoamines axciase (MAO)
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) 1 6 ; .
Phenylalanine —— Tyrosine ——— Hydroxyphenylpyruvic acld ——————————— Homogentisic acid

14

g

DOPA DOPA Thyroxing Maleylacetoacetate
Dopamine Dopaguinone Fumarylacetoacetate
Voo .
Morepinaphring )
l Melanin Fumarate (Glucogenic)
Epinephring = YMA Acetoacetate (Kefogenic)

1 = Phenylketonuria; absence of phenylalanine hydroxylase

2 = Alkaptonuria; absence of homogentisic acid oxidase

3 = Hypertyrosinamia (Tyrosinemia type 1), absence of fumary| acetoacetate hydroxylase
4 = Albinism; absence of tyrosinase

§ = Tyrosine hydroxylase, key enzyme of epinephrine synthesis

6 = Tyrosinemia type II; absanca of tyrosing fransaminase

(1857-1936)

Q.p'jﬂﬂl oMaw! e

Sir Archibald Edward Garrod
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Tryptophan
l Tryptophan pymolase (+)05

M-formylkynuranine

+

Kynurenine + Formyl group —s 10 pool

3-OH-kynurenine
Kynureninase + PLP

Alanine — | Glucogenic
3-hydroxy-anthranilic acid ————————— Quinolinic Acid
NAD
Fathway
Acetoacetyl-Cos, ———————» Ketogenic

Miacin ar
Micotinic acid

NMMN (Micotinate mononucleotide)

| NAD+{Ninotlnsmide adenine dinucleotide )
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i Teywtophan
MH,
| ]
o L "
K anP Tetrabhydrobkapiernin g,
T »
NADFH+H Dihydrobicphesin HZ O

HD—E:LT—EHE-[FH Fole w] i i
- My S-hydroxyiryptophan (SHT)

[(PLF)

e el
=2

CH-CH-MH w
M S-hydroxytryptamins

Chy (Serctonin
3
HH
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acetic acid (S-HLAA}

WCHEEHz-HH—EG-CH;
4}

E 3
Acetyl serobomin

NI Lh

®
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ch—c:m CGHy-GHy-NH-CO-GH,
. +

Malatonin

= mryplophan hydrmoxylasea

= PLP dependant aromatc amana acid dacarboxylasa
= monaamine oxidase (A
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Glucogenic Ketogenic
Amino acids G amino acids
Glycine lucose Leucine
Serine Pyruvate Lysine
Threonine l Isoleucine
Cysteine Phe/Tyr
Tryptophan Oxalo Tryptophan
Alanine acetic + Acetyl-CoA
/ acid ‘\
Aspartate / Citrate
Fumarate Wetons Dodies
T Citric acid cycle
Phe/Tyr
Succinyl CoA Alpha keto- ¢— Ghamete
- glutarate
Arginine
Methionine, Isoleucine, Histidine
Proline

Valine
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