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Nitrogen metabolism

N2 Atmospheric nitrogen N2 is most abundant but is too
inert for use in most biochemical processes.

v

Dietary protei r]SAtmospheric nitrogen is acted upon by bacteria (nitrogen

fixation) and plants to nitrogen containing compounds. We
assimilate these compounds as proteins (amino acids) in

v our diets.
Amino acids Conversion of nitrogen
\ into specialized products
~amino Other nitrogen | Lecture |l
Body proteins groups\ containing compounds
NH4+

v
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Enters various metabolic pathways




Amino acids catabolism

Removal of
o-amino groups

|
|
|

Urea

Carbon skeleton

!
!

1) Oxaloacetate

2) a-ketoglutarate

3) Pyruvate

4) Fumarate

5) Succinyl coenzyme A (CoA)
6) Acetyl CoA

/) Acetoacetate

Enter the metabolic
pathways

Synthesis of Lipid, Glucose or
in the production of energy through
their oxidation to CO, and H,O



Essential versus Nonessential Amino Acids

Cannot be synthesized
de novo, hence, must

be supplied in the diet. Synthesized by body
Essential Nonessential
Arginine“ Alanine
Histidine Aspartate
Isoleucine Cysteine
[Leucine Glutamate
Lysine Glycine
Methionine?” Proline
Phenylalanine® Serine
Threonine Tyrosine
Tryptophan
Valine

“ Arginine is synthesized by mammalian tis-
sues, but the rate i1s not sufficient to meet the
need during growth.

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

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



Glucogenic and Ketogenic Amino acids

Amino acids are classified as glucogenic, ketogenic, or both based on which of the
seven intermediates are produced during their catabolism.

Glucogenic Ketogenic
Amino acids that can be Amino acids that can be
converted into glucose converted into ketone bodies
through gluconeogenesis through ketogenesis

Amino acids whose catabolism yields pyruvate or one of the intermediates of the
citric acid cycle are termed glucogenic or glycogenic

Amino acids whose catabolism yields either acetoacetate or one of its precursor,
(acetyl CoA or acetoacetyl CoA) are termed ketogenic.

Some amino acids are both glucogenic or ketogenic



Ketone bodies

are three water-soluble compounds that are produced as
in the liver and kidney.

The three ketone bodies are , and

Ketone bodies are transported from the liver to other tissues, where acetoacetate and
beta-hydroxybutyrate can be reconverted to to produce energy, via the

Excess ketone bodies accumulate, this abnormal (but not necessarily harmful)
state is called



Glucogenic and Ketogenic Amino acids

Glucogenic
Glucogenic| and Ketogenic
or glycogenic Ketogenic
Alanine Tyrosine
Arginine
—, Asparagine
T || Aspartate
%+ || Cysteine
§ Glutamate
& || Glutamine
£ || Glycine
o ;
Z || Proline
~—| Serine
™ L - ol .
I
< || Histidine  |lsoleucine | Leucine
g Methionine |Phenyl- Lysine
(2 || Threonine | alanine
Valine Tryptophan
e e e -




Catabolism of the carbon skeletons of amino acids

Amino acids that enter metabolism as oxaloacetate

CONH,
CH,
[}
HCNH*
Coo
Asparagine
H,0
Asparaginase
NH,

Aspartate
a-Ketoglutarate

Aminotransferase

Glutamate

goo"
GH;
0=0
cCoo™

OXALOACETATE

(Aspargine and Aspartate)

Asparagine is hydrolyzed by Asparaginase, liberating ammonia and Aspartate

Aspartate loses its amino group by transamination to form oxaloacetate

» condenses with acetyl CoA to form citrate

v

in the first reaction of the Krebs cycle.



1) Glutamine:

Amino acids that form a-ketoglutarate

(Glutamine, Proline, Arginine, Histidine)

CO-NH,
i
CH,
HEI‘;NH3+
COO™
Glutamine

Hz0
Glutaminase
MNH -

(?OO_
CH
CH;
!
HCNH,*
COoO™
Glutamate

Oxidative qeamination

NAD+ NADH NH,

coo™ CIFGD'
':-,-;Hz Glutamate ?HE
'-?HE dehydrogenase (?Hz
H;N™-CH 0=C
CoOo™ Coo
NADP+ NADPH NH,
Glutamate

o-Ketoglutarate

oxidative deamination by
glutamine dehydrogenase

»o-ketoglutarate

2) Proline: ltis oxidized to glutamate. Glutamate is then oxidatively deaminated to form o-ketoglutarate

3) Arginine: This aa is cleaved by arginase to produce ornithine. Ornithine is subsequently converted to

a-ketoglutarate

4) Histidine:
’ HIHsf NH,
CH,-CH-COOH ZH_.) I—I-CHfGH-GDG' 'DOC-(I.‘:H-CHE-CHE-C{){T Glutamate
L ,LH Histidase N NH 2 HN, NH \
il i c KETOGLUTARATE
L
Histidine Urocanic H T“;“Ih Al
acid N-Formimino- 0 5-Formimino-
glutamate (FIGIu) tetrahydrofolate




Amino acids that enter metabolism as pyruvate
1) Alanine

" Alanine, Serine, Glycine, Cystine Threonine
HONH,*
coo”

L-Alanine

Ku—xemwmm Alanine loses its amino group by transamination to form pyruvate

Alaning
aminotransferase
Glutamate
Gy
¢-0
coo™
PYRUVATE

2) Serine and 3) Glycine

Glycine —» CO; + NH,4 . : .
A Nnomemyiene. | INtEF CONVersion of serine and glycine
Serina tetrahydrofolate
hycroxymethy
transferase . .
Tetrahydrofolate | Serine can be converted to glycine and N5, N10-methylenetetrahydorfolate or to
Serine pyruvate by serine dehydratase.
Sarine dehydratase
NH,* H;0
B PYRUVATE
4) Cystine

. reduced by NADH + H+ . desulfuration
Cystine » Cysteine » pyruvate

5) Threonine
pyruvate

Threonine

a-ketobutyrate »Succinyl CoA



Amino Acids that enter metabolism as fumarate

Phenylalanine and Tyrosine

1) Phenylalanine and 2) Tyrosine

L-Phenylalanine e Fumarate
. biopterin + O. ) hydroxylated )
raniasnie a ? Phenylalanine U / » Tyrosine
) ) Dihydro-
biopterin + H.O
. : Acetoacetate
L-Tyrosine

FUMARATE ACETOACETATE

Hence these two aa are both glucogenic and ketogenic



Amino acids that enter metabolism as succinyl CoA

Methionine

(Methionine Valine, Isoleucine, Threonine)

*Converted into S-adenosylmethionine (SAM), (a major universal methyl donor in one-carbon metabolism)
+It is also a source of homocysteine---a metabolite associated with artherosclerotic vascular disease

a L-Methionine

ATP
S-Adencsyl-
methionine pMa=*
synthetaso P. + PP,
i i

.
Adenbsine - g* 2P
GH,
GH.
2) H(I)NHa"
(oo o
S-Adenosylmethionine

Methyl acceptors
Methyltransforases
Methylated

Adencsmans products
GH2
GHa
HCNH5™
COo™
3)S-Adenosylhomocysteine

H.O
Adenosine

4) L-Homocysteine N=.Methyltetrahydrofolate L

L-Serine
Cystathioning
B-synthase [

GH-S-GH,
CH, HCNH,*

r-Cystathionase [l:=F1
Sﬁtobmrale + NH4*

L-Cysteine

H
- + N
: N Ho H-G-NH; ~GH,
‘T—’Hz + I /CQ Merhionine synthase — (,3"'2 + | H
"

1) Methionine condenses with ATP to form S-adenosylmethionine
2) Methyl group is activated and transferred to oxygen, nitrogen or carbon atoms.

3) The reaction product is S-adenosylhomocysteine

4) S-adenosylhomocysteine is hydrolyzed to homocysteine.

Homocysteine has two fates:

a) In case of methionine deficiency it is remethylated to methionine

b) If methionine stores are adequate, it enters transulferation pathway to form cysteine
and a-ketobutyrate, which is oxidatively decarboxylated to form propionyl CoA which
is then converted to Succinyl CoA.

COo™ H

CH, Methylcobalamin e H CH;
CHa N- (Methyl-B,3) S e
H CH3 H

L-Methionine Tetrahydrofolate

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

wvitamin By (pyridoxine), and is
a transsulfuration process.




Amino acids that form succinyl CoA
Valine, Isoleucine and Threonine

Valine

iIscleucine

TRAMSAMIMATION
{Branched-chaln «-aming acid aminairansierasal

!

o-Ketoiso-
waleric acid

- Keto-f-methyl-
valeric acid

COXIDATIVE DECARBOX YLATHIMN
{Branched-chain «-kefo 2eid dehydrogenase
cosnzpmes: NAD, Coda, TPP, lipoic acid, FAD3)

Oxidative decarboxylation
of branched-chain amino
acids is deficient in maple
syrup urine disease.

Isobutyryl CoA

ce-hathyl-
| butyryl Cos

FAD-linked DEHYDRCOHGEMNATIOMN

¥

2
S

Propionyl CoA

Biotin
Methylmalonyl Cob,

5'-Decxyadenosyl-
cobalamin
(derivative of B,z)

SUCCINYL Coll

1) Valine and Isoleucine—
Valine and Isoleucine

Propionyl CoA
l Requires vitamin B12 and Biotin

Succinyl CoA » TCA cycle

2) Threonine
Threonine
l dehydrated
Propionyl CoA

Succinyl CoA

» TCA cycle



1) Leucine

Exclusively Ketogenic

Leucine

2) Isoleucine

Isoleucine

TRAMSAMIMATION
(Branched-chain a-aming acid aminalransiarass |

TRANSAMINATION
{Branched-chain n-amino acid aminolransierase)

u-Ketaiso-
caproic acid

a-Keto-fi-methyl-
valeric acid

OXIDATIVE DECARBOXYLATION
(Branched-chain a-keto acid dehydrogenase
coenzymes: NAD, CoA, TPP, lipoic acid, FAD)

OXIDATIVE DECARBOXYLATION
{Branched-chain -keto acid dehydrogenase
coanzymes: NAD, CoA, TPP, lipoic acid, FAD)

Oxidative decarboxylation I

of branched-chain amino
acids is deficient in maple
syrup urine disease.

Oxidative decarboxylation
of branched-chain amino
acids is deficient in maple
syrup urine disease.
butyryl CoA

A

o-Methyl-

FAD-linked DEHYDROGENATION

FAD-linked DEHYDROGENATION

v
¥

HMG CoA

ACETO-
ACETATE

+
ACGETYL CoA

¥

J&:nu Coal

Propionyl CoA
Biatin
Methylmalonyl CoA
5'-Deoxyadenosyl-

cobalamin
(derivative of B,;)

SUCCINYL Col

Amino acids that form acetyl CoA or acetoacetyl CoA

3) Lysine 4) Tryptophan

Ketogenic and glucogenic Exclusively Ketogenic Glucogenic and ketogenic

Since its metabolism
yields both alanine and
Acetoacetyl CoA

Acetyl CoA

Lysine is unusual in that neither of its amino groups
undergoes transamination as the first step of in catabolism



Overview of Amino Acid Catabolism

BP0 e [ {" G e o
-~ |: LY 1
R ks 57 5 Gl eocnoisci o L™ i [P =
Fabcas =-F Chhcosa U-P
.Jllr +1
ENTEEE M:I;JE-FE
]
B hapriwicess. T.F- e dﬂfuﬂ;?“ Fh.nI:a-i
Frcioss 1 9-om-F :EWTFmi-ﬂ
iy T 00 m_“.fﬂ”..__._ o o
L3
1. 5 -bs-Fapephaphoorans Gb'I-'ulP g, Tabpomecl
:l-"rwttLth'ﬂ
ot }"W
R N L

%> e
bl ] B fiouby ToA f"'— == Acexmovseiie Eﬁ
e v
Asr - . T
i ""1 i pSceptaly iala
ASPANNE T3 Cunlcaceiaie Tt
'\J:.. o Ty
o S
el bl EreTTN e Sin
A rgirrmcn nlke T ke (] &
e FJT|¥!J# WW'IJJ e g G a— |Ill“
_‘,JI 'ﬂu S, Prix
Argnre _.-'; Barza ::- Sucory Cok a— kelelrp ke eyl Col
L1] —
J"f' LTH = PropscryHoohA
P | The (E= 8
T Wal
= Fany foyHsas
TRETRI 58 PR

Ala

Cys

Gily Leu
Sar Lys
Thr Fhe
Trp r\rnuv.n.'rsf—ﬁe Trp

T +
Fodry grinyd o +—— Forfy apsd
=t Frassp cana Eamesia ‘/,/ -

r 0
Glucogenic
Glucogenic and Ketogenic
Ketogenic
Alanine Tyrosine
Arginine*
— Asparagine
I Aspartate
% || Cysteine
2 || Glutamate
@ || Glutamine
o -
5 Glycine
2 || Histidine*
~—| Proline
Serine
) ' ~ ~ ™~
S
‘€ || Methionine |[Isoleucine Leucine
® || Threonine  |Phenyl- Lysine
& || valine alanine
Tryptophan
f S
A

|

Enter as acetoacetate

intermediates
Enter as both TCA cycle and acetyl

derived intermediates

Enter as TCA cycle intermediates

Asn ':'—1:“—13'?--!—'!r Tyr
L ACETYL CoA = ACETOACETATE
ﬁs__E
o™
ONXALOACETATE Citrate
halate Isocitrate Gin
lT $CO:  n [arg
FUMARATE s-KETOGLUTARATE = Glu-—{His
£ '{{,, co, Pro
g Succinate SUCCINYL Cof lle
Tyr Thr
Wal

Seven central products of
amino acid metabolism



Catabolism of the branched chain amino acids

Branched chain AA are: Isoleucine, Leucine, Valine H H H
* Essential AA "ﬂ: E ff“ s EH;COD“ *H,N -G COOH
Metabolized primarily by the peripheral tissues (muscles) and not A ™ ARh,
In the liver like other amino acids. CH; HhC 4CH
*All three have similar route of catabolism Isoleucine Leucine Valine

Leucine

Valine
—L _fTWSLm éf.;;_j“_“”:‘j‘ . » Transamination
' Catalyzed by a single Vitamin B6-requiring enzyme,
caproic acia ¥ Branched-chain a-amino acid aminotransferase.
e s T i
CRIDATIVE IF,'EG.GIE:ED:(‘-‘JL_ATIQN > OXIdatIVG decarbOxylatlon
e ”'I”*' "’“’“““']”"”' == The removal of carboxyl group of the a-keto acids from these three AAs

Oxidative decarboxylation is catalyzed by the same branched-chain a-keto acid dehydrogenase
acidsa is deficient in maple
syrup wrine disaase_ CompleX.

This enzyme uses thiamine pyrophosphate, lipoic acid, FAD, NAD+, and
CoA as cooenzymes).

—

Isowvalaryl Cof

ax—Plest -
| Buityryl o~

CEHY DRSS ERAT N

]

» Dehydrogenase

i v ) Oxidation of the products formed in the decarboxylation reaction
.;I"m. \ f;: ______yields a-B-unsaturated acyl CoA derivatives.

BCETYL Coll -
Bictin

Mathylmalomg l Codly

&' -Deoxyadancayl-
oo lamim

SUCCIMNYL Cof



Role of Folic aid in Amino acid metabolism

Tetrahydrofolic acid, an active form of Folic acid that carries single carbon unit. This carbon unit is transferred
to specific structures that are being synthesized or modified.

One-carbon metabolism comprises a network of integrated biochemical pathways that donate, and regenerate,
the one-carbon moieties needed for physiologic processes.



Biosynthesis of nonessential amino acids

Non essential amino acids are synthesized from intermediates of metabolism or,
from essential amino acids.

d Amino acid a-Keto acid

\ '/ > Alanine

Aminotransferase

. >

PYRUVATE €

-,

Amino acid c-Keto acid

N/ \ Ala, Asp and Glu are synthesized by transfer of
AT s T 17" an amino group to the a-keto acids pyruvate,
oxaloacetate, and a-ketoglutarate respectively.

.
P

AN

Amino acid cu=Keto acid

o-KETOGLUTARATE (&—A)-G!utamat#

Aminatransferase
L A

Glutamate can also be synthesized by
Reverse of oxidative deamination,
catalyzed by glutamate dehydrogenase.



Biosynthesis of nonessential amino acids
Synthesis by amidation

Glutamine:
A
CH
CH,
HChHy Glutamine:
muiﬁ. econtains an amide linkage with ammonia at the y-carboxyl
: ATE: *Is formed from glutamate
et o Reaction is driven by glutamine synthetase
y ‘Requires ATP
i -Reaction serves as a major step for detoxification of ammonia in
CH, addition to the synthesis of Glutamine for protein synthesis.
"o
Glutaming
Aspargine:
Aspargine:

scontains an amide linkage with ammonia at the -carboxyl

*Is formed from Aspratate

*Reaction is driven by asparagine synthatase using glutamine as a amide donor.
*Requires ATP



Biosynthesis of nonessential amino acids

Proline:

Glutamate is converted to proline by cyclization and reduction reactions.

Serine:

Synthesized from glycolysis intermediate 3-phosphogylcerate.
Or

B Glycing —» COy + NH,

N* N '-Methylene-
Sring mhydfﬁguh
hydraxymaliy-
AR Tetrahydrofolate

Sarine

Sanine gehydratEse
NH,* HLO

n Glycine —3 CO3 + NH,
N* N""-Methylene-
Swﬂﬂ mhrdrﬁ:};ﬂh
Piyietraiyrmahyt
tran e
. ) Tetrahydrofolate
Glycine: rdmoval oyn

methyl group Serine
from serine Sarine dehydratase

NH,* H,0

E PYRUVATE

Cysteine: |s synthesized by two consecutive reactions
1) Homocysteine + serine » Cystathionine

m PYRUVATE

2) | hydrolysis

a-ketobutyrate + cysteine




Biosynthesis of nonessential amino acids

Tyrosine

Phenylalanine
hydroxylase

Phenylalanine » Tyrosine

Tyrosine and Cysteine are non essential AA. But there synthesis is dependent on the
essential AAs phenylalanine and methionine resp.
Hence, these AAs are non essential only when there is an adequate supply of essential AA.



Metabolic defects in Amino acid metabolism

Cystinuria
Histidinemia
Phenylketonuria

Methylmalonyl CoA
mutase deficiency

Albinism

1 10 100
Incidence (per 100,000)

Homocystinuria*

Alkaptonuria®

Maple syrup urine disease®*

Cystathioninuria*
*All have similar incidence




Phenylketonurea

(Prevalence of 1:15,000)

A deficiency in phenylalanine hydroxylase results in the disease phenylketonuria (PKU).

More than 400 mutations in gene that code for PKU has been identified and the disease is often heterozygous.

B2 ot

H

'““‘Tcl-u:-t::-r.c:-:r
- HH:IIE

L-Fhenylalanine ‘

FKU

Fhaprakina
e pet iRk L8

Tatrahwd
biopterin + O,

fll.hj'dn:l- BH2
biapberin + Hyl

BH,

Deficiency of enzymes required for the synthesis of BH4 and
dihydropterine (BH2) Reductase which regenerates BH4 from

BH2 also leads to hyperphenylalaninemia.

Tyrosine synthesis Catecholamine synthesis Serotonin synthesis

Phenylalanine

0,
Tetrahydro
bioptenn

(BH,)

Dihydro-

biopterin

H0 (BH,)
Tyrosine +

GTP

NAD"

~N/

Dihydropteridine
L

AN

NADH + H'

Tyrosine

V Tetrahydro
T biaplenn

iy

DOPA

Catechal-
amines

[BH,;]
Ditvydro-

biopterin
(BHy)

GTP

N

mducrase

MADH + H'

Tryptophan

V Tetrahydro
biopterin

Ta'ﬂfﬂ_ﬂ"l&n (BH,)

D|hl;dro-
uoptann

{BHz)
S-Hydroxy-
tryptophan A\

Y A

in ap

A deficiency in dihydrobiopterin reductase or any of the enzymes of BH, synthesis leads to
hyperphenylalaninemia, and decreased synthesis of catecholamines and serotonin.

N

Dm«umprmae

NADH + H*

BH4 is also required for tyrosine hydroxylase and tryptophan

hydroxylase

Treatment: replacement therapy with BH4 or generated products



Pathways of phenylalanine metabolism
in normal individuals and in patients
with phenylketonuria.

Characteristics of classic PKU:

Ph&ﬂﬂ%lﬂ“i"ﬂ o Tissue proteins

v f_: R Roranin 1) Elevated phenylalanine, phenylpyruvate, phenyllactate and
Tyrosine 5 Catecholamines phenylacetate in tissues, plasma and urine.
~ 2) CNS symptoms: Mental retardation, failure to walk or talk,
N reasetate seizures, hyperctivity, tremor etc.

3) Hypopigmentation: deficiency in the formation of Melanin

lead to the deficiency of pigmentation (fair hair, light skin,
Phenylpyruvate *Phenyllantatn COIOr, and b|ue eyeS.

T & Phenylacetate

Phenylalanine

— Treatments: Synthetic nutrient with low phenylalanine content
supplemented with tyrosine




Maple syrup urine disease (MSUD) (rare, prevalence of 1:185,000)

Autosomal recessive disease in which there is a partial or complete deficiency of
Branched chain a-keto acid dehydrogenase, an enzyme that decarboxylates leucine,
Isoleucine, and Valine.

Lewuwcine

| Valina

|  1scleucine Disease leads to accumulation of these amino aids
- "'""]:'” e and substrates causing
T abnormalities in brain functions.
“'"IGJ“:?,:::?:;:?:?'- _
e AT I E DEGHFEED}(?JI._ATIGH CharaCterIStICS Of MSUD
rﬂ%ﬂ“fi”?"ﬂ"fffﬁffﬂ]ﬁ?“ﬂﬁ Patients show feeding problems, vomiting,
Cxidative decarboxylation dehydration, severe metabolic acidosis and
Sirup e dieamee Classic maple syrup odor to the urine.
ok Treatments:

Isowalary |l Cod

Isobarty ryl Codk
wx— Pl -

Giving a synthetic formula that contains
Lty Tyl ~ . . . .
_ mmLEmmﬁ: ] limited amount of leucine, Isoleucine,
and Valine.

vl 1
v V.

A T O -
ACETATE FPropicrnyl So

W TEET WL ol

Biotin
Flathy lmakbormyl Cof

5 - Cesowaclernosyl-
o ke e

BUWESIMNYL Cod



Normal

- . . |
Phenylpyruvate ---3> Phenyllactate

"% Phenylacetate

Phﬂ"ﬂ{'ﬂ"'“ﬂ Tissue proteins
A P
Melanin
Y
Tyrosine
T

~ — Catecholamines

\1 Fumarate
Acetoacetate

Condition in which results in deficiency in the
production of melanin.

Characteristics: hypopigmentation caused due to the deficiency in the formation of
melanine results in partial or full absence of pigment from the skin, hair, and eyes.



Homocystinuria

Caused due to the defect in the metabolism of homocysteine. Most common cause is
A defect in the enzyme cystathionine -synthatase.

Results in elevation of homocysteine, methionine, and low levels of cysteine in plasma

| EIH

CH,
CH,
I'!él'-.lH-_.'|
CoOo
L-Homoeysteine

Cystafnonme By
fh-gprithiage
H,0

CH,=5-CHy
CH, HCNH,®
HENHS+ COO™
Coo
Cystathionine

L=Serina

Charactristics:

1) High levels of homocysteine and
methionine in plasma and urine.

2) Patients exhibit ectopia
(displacement of the lens of the eye)
3) Skeletal abnormalities

4) Premature arterial disease

5) Osteoporosis

6) Mental retardation

Treatment:
Restriction of methionine intake and
supplementation with Vit B6, B12, and folate.



Al kapto nuria Rare disease involving deficiency in homogentisic acid oxidase, enzyme in tyrosine

degradation pathway.

m Urine from a patient
with alkaptonuria

After two hours, the

The specimen on the left,

which has been standing
for fifteen minutes, shows
some darkening at the
surface, dus to the
oxidation of homogentisic
acid.

B Vertebrae from a patient
with alkaptonuria

Dense, black plgment depor.lted
on the intervertebral disks of
the vertebrae

Characteristics:

1) Results in accumulation of homogentisic
acidurea.

2) Large joint arthritis
3) Dense, black pigments deposited on the
intravetebral disks of the vertebrae.

Treatment:

Low protein (low in phenylalanine and tyrosine) diet
Help reduce the levels of homogenistic acid.



Summary of the metabolism of amino acids
e s s Dtomes |

Phenyllactate Fo Fins
1 B P_H T Leucine
Fhenyipynvate nr_Bmlsm
e e Lk |
Phenylalanine \\. Glycine

PHENYLKETO Nunm ™~ n F a-Ketcbutyrate  Threonine _— ll S
et Cysteine -
Ine Serine / —

Creatine
\PVIILUATE " ACETOACETYL Cof

" Asparagine T
’“Nmy\pr‘wwwm (R Alanine™ l } }*“"’""‘"‘ Arginine
_ Aspartate
Catecholamines gentisate / \\‘-ﬁ.‘ mnﬂ: Lysine Tryptophan -._d
ALKAPTOMNURLA [ Purines OXALOACETATE [:Hrt ~ L
(sea tath P\,rr*rnidinas / I Niacin | I onnl /
Matata /

TYROSINEMIA TYPE I 1 /
Fumarylacaetoacetate Fuuln.g.-rs -KETOGLUTRATE .— Glutamate «— «— Proline

@ The disease is due to a
deficiency in fumaryl-

acetoacetate hydrolase. Acetoacelate Succinate SUCCINYL COA Glutamine ‘\-. Urocanate
\.,____________,- —

® Accumulation of
fumarylacetoacetate
and its metabolites,
particularly succinyl-
acetone, in the urine.

Purines
Pyrimidines

METHYLMALONYL CoA MUTASE
DEFICIENCY

@ Characteristic cabbage- @ The disease is due to a deficiency in
like odor occurs. methyimalonyl CoA mutase.

- Histidine
HISTIDINEMIA

® The disease is due toa
deficiency in histidase.

® Liver failure and renal @ Elevated levels of methyl- = P
tubular acidosis result. malonyl CoA occur in blood. ® Elevated levels of histidine | Histamine |
occur in blood and urine.
® Treatment includes & Metabolic acidosis and

dietary restriction of

phenylalanine and lepmental problems occur.

tyrosine.
Methylmalonyl semialdehyde Propicny] Cos
— 1> Aceryt con i
—_— 1 Threonine — a-Ketobutyrate CYSTATHIONINURIA
- ® Accumulation of cystathionine
e U s A ) Cysteine and its metabolites is due to a
* deficiency in cystathionase.
@ Mo clinical symptoms are present.
ml(ﬂlmlﬁrn’la a-Keto-B-Methyhalerate Cystathionins
W I i 1 i ine
aline soleuc Serine %@ HOMOCYSTINURILA
MAPLE SYRUP URINE DISEASE Homocysteine ® The disease is due to a deficiency

& The disease is due o a deficiency in branched- ¥ ¥ ’

chain c-kelo acid dehydrogenase. : @ Accumulation of homocysteine

S-Adenosylhomocysteine occurs in the urine

& Levels of branched-chain «-amino acids and their

w-keto analogs are elevated in plasma and urine. & Methionine and its metabolites

S-Adenosylmethionine are elevated in the blood.

@® MNeurologic problems are common. The disease

has a high mortality rate. I A = & Mental retardation, osteoporosis,

ethionine nwocardial inh H = "

@ Treatment involves a restricted dietary intake of ch?amg;:’r?sllic :Ii—‘:;‘;?:r;-ﬁl:ndol: the

the branched-chain amino acids. lens occur.




Metabolism of amino acids

l Some clinically important amino acids

.-...i Catabolism of amino acids ;

.Fm'i:rh'ﬂ-s

v 4

Remowval of Metabolism of
o=amino group carbon skeletons

—<

mm'erges;m prodiuee

[ Seven products

C‘GFJ‘S-I:‘SEI'HQ of
\d

[ Glucose

| ACETYL Cof I PYRUVATE
i ACETOACETYL r.'.n.n.][ OMALOACETATE
FUMARATE
-METOGLUTARATE
SUCCINYL CoA
cassifn as c!ass:iiedas
[ HKetogenic ][ Glucogenic
T T,
| Lipids Lipids ]
[ Energy 1 Energy ]
]

| . | Synthesis of amino acids

mvolves

Transamination of
o=-keto acids,
for example,
pyruwvate —* alanine

Amidation,
for example,
asparate — asparagine

Synthesis from other
amino acids,

— for example,

phenylalanine — tyrosime

[ methionine |

& Source of methyl groups
in metabolism

e Precursor of cysteine

[ Arginine ]
& Member of
urea cycle

= Precursor of
nitric oxide

[ Glutamine ]

e Storage and transport
form of ammonia

= Precursor of purines
and pyrimidines

[ Phenylalanine ]

& Precursor of tyrosine

= Elevated in phenyl-
ketonuria

[ Histidine |

= Precursor of histamine
= Elevated in histidinemia

[ Tryptophan ]
e Precursor of serotonin

[ Alanine ]

» Transport form of
ammonia from muscle

i Metabolic defects in amino metabolism

mamcrﬂ;r-l‘zad by

enzymeas of amino acid

Family of defects in
metabolism

caus;?d by

Point mutations, deletions,
splicing ermors

mmc%n lead to

Partially or completely
inactive anzyme

T
Mﬁchf"eﬂds.ra

Accumulation of substrate
and a deficiency in product
of defective enzyme

]
mﬁcnifawdsm

metabolism, particulariy

Disturbances in
the CHNS

T
Mﬁch;eads:o

Seizures, mental retardation,
other CHNS effects

ﬂ-—{ Screened for in neconates

Inheritance is recessive;
heterozygotes usually do not
show symptoms

wsually

|
realted by
T

[ Dietary restriction

can rescilf Characteristic smell of
nr the urine

Amino acids:
Dhisposal of 1 g
MNitrogen

Concept connect




	
	

