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e Inborn errors of amino acid metabolism result from a mutation in the gene responsible for
making the enzyme involved in the amino acid synthesis pathway. Biochemistry-37

e There are around 50 errors known so far, but generally their incidence is very rare.

e  Phenylketonuria is the most common one.

e  Most of these errors are routinely tested right after birth.

Introduction ]

Inborn Errors of Amino Acid Metabolism

° The normal function of the enzyme is
converting substrates into products.

Caused by enzyme loss or deficiency due to gene mutation e  The enzyme might or might not be helped by
a cofactor.
If the enzyme or its cofactor is deficient, the products will be deficient and the e  Ifthe enzyme orits cofactor is deficient, the

products will be deficient and the substrate
will accumulate.

° The symptoms result from accumulation of
the substrate.

Cofact ° Generally the symptoms involve intellectual

OTacCtors and developmental disorders.

E%e + Substrate Product ° According to the type of mutation, the enzyme
might be completely lost or just deficient.

° If the enzyme was completely lost, no

e products will be produced at all, and the

Excess Deficient substrates will accumulate in huge amounts,
leading to a more severe disease.

° If the enzyme was not completely lost, some
substrates will be converted to products and
the disease will be less severe.

° Deficiency of the product is not always
present, because there might be another
pathway that results in the same product.

substrate will accumulate.




Inborn Diseases of Amino Acid Metabolism
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Phenylketonuria IMPORTANT ‘
You have to know for each disease:
(Most common) 1- The enzyme that is deficient

2- Substrate which is accumulated
3- The product that is deficient

@® Maple Syrup Urine Disease

® Albinism

@® Homocystinuria

@ Alkaptonuria



Phenylketonuria (PKU)

Most Common disease of amino acid metabolism Pathway of Classical PKU
Due to deficiency of Phenylalanine hydroxylase enzyme @_CH _m _ Phenylalanine
(PAH) FEATE accumulated

Accumulated Substrate <—— Phenylalanine
Cofactor (BH4) <«—— Tetrahydrobiopterin + 0,
Results in hyperphenylalaninemia and tyrosine deficiency ||nnj

Phenylalanine hydroxylase

NH;

i _ Enzyme
o  Substrate: Phenylalanine “accumulate” ””QQHE_GH_COO Ny '
o Enzyme: Phenylalanine hydroxylase mytes —— Deficient Product
o  Cofactor: Tetrahydrobiopterin (BH4)
which is converted to dihydrobiopterin (BH2) \ ’@
o Product: Tyrosine “becomes deficient”

pathways, only memorize the substrates,
enzymes, cofactors and products.

You don't need to memorise structures or ‘

Tyrosine is normally a non-essential amino acid. but in case of enzyme deficiency, the body can’t produce it so it becomes essential,
therefore tyrosine supplements are given to the patient “meaning it is conditionally essential”.

Essential = can't be produced by the body
Non essential = can be produced by the body 4



cont .Phenylketonuria (PKU)

Other reasons for hyperphenylalaninemia:
e Deficiency of Tetrahydrobiopterin (BH4)

o  Conversion of Phenylalanine to Tyrosine requires tetrahydrobiopterin (BH4)
o Even if phenylalanine hydroxylase level is normal, the enzyme will not function without BH4
o Hence Phenylalanine is accumulated

e Atypical hyperphenylalaninemia:

Due to deficiency of:
o  Dihydropteridine reductase.

o  Dihydrobiopterin synthetase. These enzymes maintain (BH4)

o  Carbinolamine dehydratase.
“No need to memorise this one”

Classical PKU is caused by PAH deficiency.
Atypical PKU is caused by BH4 deficiency or the enzymes maintaining it. 5



Amino Acids and Tetrahydrobiopterin
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Tyrosine synthesis Catecholamine synthesis S CLIGES GEEIE

Phenylalanlne Tyrosine Tryptophan
o oo

/ Telnhydro NAD' / Tetrahydroxy NAD* Te1rahydr NAD*
bcopler-n\ /7 3 bcoplarm\ / '_ b»opmnno\ /

P;;’);‘gg;’: lanine | (BHa) - Dinydropteridine ,,y’g;,'f’f',:“ ﬁ_ff‘fff?,.’oihydmpresﬁgene [ (BH) “Dinyaopteridine
Duhydro % | Dihydro- Dihydro-
t ‘y\ biopterin H,0 biopterin /\ biopterin /\ X
: (BHz) NADH + H* pora  (BHa) NADH + H* 5-Hydroxy- (;Hz) NADH + H
tryptophan
Catechol-| A A
GTP amines GTP GTP

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

Copyright © 2008 Wolters Kluwer Health | Lippincott Williams & Wilkins

BH4 is also required for g So, If there was a deficiency in BH4 or its enzymes, it will
- Tyrosine synthesis cause :
- Conversion of tyrosine to dopa and catecholamines - Atypical PKU
- Conversion of tryptophan to serotonin i Serotonin deficiency

(Synthesis of catecholamines and serotonin which are - Catecholamine deficiency
neurotransmitters) 6



Characteristics of PKU >
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P

In the absence of BH4 , Phe will not be converted to Melanin Biosynthesis from Tyrosine
tyrosine. . .
. . - L Tyrosine-+»DOPA—» DOPAquinone—DOPAchrome
Melanin will become deficient because Tyrosine is - e -
required for Synthesis of melanin. No or less tyrosine/ also No or less melanin

Deficiency of tyrosinase will lead to albinism. inhibited by excess Phe Light skin in PKU patients

Causes light skin and photosensitivity in PKU patients.

B

You don’t need to memorize the
pathway

Tyrosine will not be converted to catecholamines.
Tryptophan will not be converted to serotonin as they both require BH4.
Catecholamines and serotonin are neurotransmitters.

. . . . Phenylalanine
Elevated phenylalanine in tissues, plasma, urine. d

Phe is degraded to:

© phel’M ’ phenyl ’ phenyl ©’°H2—?H_°°O' ©CH2—COO ©—0H2—<":—coo>
Gives urine a mousy odor. -

Phenyllactate Phenylacetate Phenylpyruvate



Characteristics of PKU
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CNS Mental retardation, failure to walk or talk,
symptoms seizures, microcephaly etc.

Fair hair, light skin colour and blue eyes

Hypoplgme Melanin is not synthesized
ntation

Urine has a musty (mousy) odor




Diagnosis and Treatment of PKU
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Diagnosis:
e Prenatal “before birth” diagnosis is done by detecting gene mutation in fetus

e Neonatal diagnosis in infants is done by measuring levels of blood Phenylalanine
We measure it after birth after 24-48 hours NOT immediately

Treatment:
e Lifelong phe-restricted diet

e Tyrosine supplementation

If the treatment is started before 7 days of birth, they might have a near normal life ,The
problem is that phenylalanine is very abundant in most foods, so it is difficult to control.



Maple Syrup Urine Disease
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e Due to deficiency of branched chain a-ketoacid dehydrogenase

e The enzyme deca rboxylates: Check out the next slide to understand the
5 Leucine role of substrates and enzymes.
o Valine (branched chain amino acids)

o isoleucine

e These amino acids accumulate in blood
e Symptoms: mental retardation, physical disability, metabolic acidosis, etc.

e Maple syrup odor of urine

Deficiency of branched chain a-ketoacid dehydrogenase — accumulation of amino acids and their a-ketoacid (leading to metabolic acidosis).

10



Maple Syrup Urine Disease
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No need to memorize structures or pathways.

You can read the notes to understand the role of the substrates and enzymes

NHg g

CHg—CH—CH—CO00~ CHy—CHp— CH—CH—C00~
|

CHg CHg
Valine Isoleucine
o—ketoglutarate o—ketoglutarate
branched chain [~ amino acid transaminase
glutamate glutamate

CH3—<‘:H—t":—co¢r CHg—CHz—CH —§—coo-
CHz O CHg O
a—Ketoisovalerate
NAD* + CoA
x x branched chain
NADH + H* + CO,
CHg—‘CH*ﬁ*SCoA CHg—CHz— ?H—(":—SCQA
CHz O CHz ©
Isobutyryl CoA

a-Keto—-fi-methylglutarate

NAD* + CoA
a—keto acid dehydrogenase
NADH +H* + COz

o-Methylbutyryl CoA

FAD FAD
a-methyl acyl CoA dehydrogenase
FADH; FADH,

CHz:?ffﬂ‘/-‘SCoA CHngH—?f(‘iJfSCOA
CHz O CH3 O

Methylacrylyl CoA Tiglyl CoA

e
CHz—CH— CHz—CH—COO~
CHg

Leucine

a—ketoglutarate
gutamate 20T T T T

CHy—CH— CHp—C—coo- | Isoleucine,
1 Leucine and their
keto acids

I

1

1

1

CHa o 1

1
o—Ketoisocaproate

e | accumulated

NAD* +CoA T °™%
x NADH + H* + CO,
CHy—Gt—CHy— G—8CoA
CHg. o

Isovaleryl CoA

FAD
isovaleryl CoA dehydrogenase
FADHz

CH3—C=CH— (\I:7SCOA
CHg o
[-Methylcrotonyl CoA

Degradation of branched-chain amino acids: valine, isoleucine and leucine.
Deficiency of branched chain a-keto acid dehydrogenase leads to MSUD.

In our body we have certain branched chain amino acids.
These amino acids are leucine, isoleucine and valine.

The first step in their degradation is deamination “we
remove an amino group and introduce a ketone group at
the alpha carbon”.

By the end of this step, each amino acid is converted to
its [a- keto acid].

The a- keto acids are acted on by their a- keto acid
dehydrogenases.

If the a- keto acid dehydrogenase is deficient, it will lead

to accumulation of the amino acids and their a- keto acid,
leading to maple syrup urine disease (MSUD).

11



Maple Syrup Urine Disease
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Types:

Classic type: Intermediate and Thiamine-responsive
intermittent forms: form:

- Most common - Higher enzyme activity - High doses of

increases a-ketoacid

- Due to little or no activity of =
dehydrogenase activity

- Symptoms are milder

Thiamine-responsive form:

Activity of a-ketoacid dehydrogenase requires thiamine (COFACTOR).

Patient comes in with deficiency of the enzyme — by default you prescribe thiamine if the patient responds and his
symptoms become milder, you put the patient in the 3rd category.

Treatment;

Limited intake of leucine, isoleucine and valine causes no toxic effects.

(We cannot restrict the intake entirely because these amino acids are essential for normal development.) 19



Albinism
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e Adisease of tyrosine metabolism

< Tyrosinase

Tyrosine and DOPA
accumulated

e Tyrosine is involved in melanin production

e Melanin is a pigment of hair, skin, eyes

DOPAquinane v, only need to know

tyrosine and dopa.

e Due to tyrosinase deficiency

(will lead to accumulation of tyrosine and dopa) LeucoDOPAchrome
e Melanin is absent in albino patients i
L] Hair, skin, €yes appear white “eyes might appear red also” \

Melanin

e Vision defects, photophobia

Melanin biosynthesis from tyrosine: Deficiency of tyrosinase
leads to albinisim

Hypopigmentation in albinism is more severe than in phenylketonuria.

And the hypopigmentation in phenylketonuria is associated with CNS symptoms which are not found in albinism because tyrosine can
be acquired by other sources. 13



Biochemistry437

Homocystinuria

e Due to defects in homocysteine (a non-standard amino acid) metabolism

e Deficiency of cystathionine B-synthase
o Converts homocysteine to cystathionine

e High plasma and urine levels of homocysteine and methionine and low levels of cysteine.
(High in blood and in urine)

e Homocysteine is a risk factor for atherosclerosis and heart disease.
(If homocysteine is accumulated in blood it causes oxidative stress and is associated with inflammation
and endothelial injury)

e Skeletal abnormalities, osteoporosis, mental retardation, displacement of eye lens.

If homocysteine is elevated in blood it is associated with low level of vitamin B12, B6 and folate [an active
form of folic acid] . Studies have proved these vitamins causes homocysteine levels to go down.

14
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H
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; CH,
. § | . H,0 PP 2 NHF @
CHy—S — CHa=CHy—¢—C00 y S, Adshing
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. A Biochemistry437
HO OH

Methionine and its
metabolites are

S-Adenosylmethionine (SAM)
accumulated

THF L
biosynthetic methyl acceptor
Shetiiyiaton; methylated acceptor
NP-methyl- THF <5
H
NAD* |
"“ % — CH,— CH,—C —CO0™
HS— CHy— CHy— C—CO0~ Anexonian.  -Ha0 CHL NHF
RS - &
0. Adenine
HoOH
N— 1
HO OH
S-Adenosylhomocysteine
!
8 CHy—CH;—C—C00™ 1o np,

H NHF

H
6 ] ;
i A e Kt . H;C— CHy—C—CO0~ + HS—CH,—C—(00 Cystgme becomes
s cysteine I ! deficient
NI biosynthesis o
Cystathionine a-Ketobutyrate

CoASH + NAD®

7
NADH + €0

H3C— CH;— C— SCoA ~00C— CHy— CHy— C— SCoA
1l 8 9 10 Il
o = I = o

Propionyl-CoA Suceinyl-CoA

Methionine degradation pathway: Deficiency of cystathione b-synthase leads to homocystinuria /
homocysteinemia

 What Dr.Sumbul said : Don’t skip this note

: Normally homocysteine is usually converted to
- 1. Methionine

: 2. Cysteine (a non-essential amino acid but when there is defect in enzyme it becomes essential) by the enzyme Cystathione (3
; (beta)-synthase.

When cystathione B-synthase is deficient there will be an accumulation of methionine and homocysteine and cysteine is deficient : 15




Hyperhomocysteinemia is also associated with:

cont.Homocystinuria

Spina Bifida (Open Defect)

Neural tube defect (spina bifida incomplete closure of backbone) /

Vascular disease (atherosclerosis)

A risk factor of heart disease

Treatment of Homocystinuria

Oral administration of vitamins B,,B,,and folate
because homocysteine metabolism requires these vitamins

Vitamin B is a cofactor of cystathionineB-synthase

Methionine-restricted diet
16



Alkaptonuria
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)

e Arare disease of tyrosine degradation

e Due to deficiency of homogentisic acid oxidase.*

Tyrosine Fate

Catecholamine P-Hydroxyphenylpyruvate

Homogentisic acid

Homogentisic acid

e  Homogentisic acid oxidase deficiency causes accumulation oxidase*
of homogentisic acid, it has no effect on steps before that.

. e Homogentisic acid accumulates in bones and cartilage
causing a dark color. TCA cycle i
e e e e e e ettt e e J 17




Characteristics of Alkaptonuria

e Homogentisic aciduria: elevated homogentisic acid in urine which is
oxidized to dark pigment over time.

e Arthritis.
e Black pigmentation of cartilage, tissue.

e Usually asymptomatic until adulthood.
Up to the age of 40 the patient doesn’t know that he/she has alkaptonuria,
after that in late stages it shows as arthritis like symptoms and pain.
In babies, the mother might notice change in the urine color in the diaper.

Treatment of Alkaptonuria

After 15 min the
homogentisic
acid reacts with
the air causing a
dark color

Dark because of
accumulation of
homogentisic
acid

e

u Urine from a patient
with alkaptonuria

B Vertebrae from a patient
with alkaptonuria
N LSS

Restricted intake of tyrosine and phenylalanine reduces homogentisic acid and dark pigmentation.

18



Disease

Classical
Phenylketonuria

Atypical
Phenylketonuria

Maple Syrup
disease

Albinism

Homocystinuria

Alkaptonuria

Enzyme

Phenylalanine
hydroxylase

Dihydropteridine
reductase
Dihydrobiopterin
synthetase

Branched chain
a-ketoacid
dehydrogenase

Tyrosinase

Cystathionine
B-synthase

Homogentisic acid
oxidase

Amino acid
accumulated

Phenylalanine

Leucine, Isoleucine,
Valine
And their a-ketoacids

Tyrosine

Homocysteine and
Methionine

Homogentisic acid

Deficiency of

Tyrosine

Tetrahydrobiopterin

leading to non functioning
phenylalanine hydroxylase

Products of Leucine,
Isoleucine, Valine

degradation pathways.

Melanin

Cysteine

Fumarate

Symptoms

° CNS symptoms

° Hypopigmentation

° Musty (mousy) odor
of urine

Mental retardation, physical
disability, metabolic acidosis,
maple syrup odor of urine.

White hair, skin, and eyes.
Vision defects, photophobia.

Atherosclerosis, heart
diseases, skeletal
abnormalities, mental
retardation.

Dark urine pigment.
Later stages: arthritis.

A
J 1

Biochemistry437

Treatment

Life long
phenylalanine
restricted diet
and tyrosine
supplementation.

Limited intake of
leucine, Isoleucine,
Valine.

Vitamins B6 & B12
and folic acid.
Methionine-restrict
ed diet.

Restricted tyrosine
& phenylalanine
intake.



1-Which one of the following is symptome of
Maple Syrup disease?
A)  Atherosclerosis.

B) heart diseases.
C) all of them.
D) none of them.

2-Classic PKU is caused due to deficiency of:
A)  phenylalanine hydroxylase.
B) Dihydrobiopterine synthetase.
C) Carbinolamine dehydratase.
D) Dihydropteridine reductase

3-Child diagnosed with alkaptonuria what is
the only symptom you could find:
A)  Homogentisic aciduria.
B) Arthritis.
C) black pigmentation in cartilage and tissue
D) bothBandC.

4-Melanin is synthesized from:

A)  Tyrosine.

B) Tryptophan.
C) cystathionine.
D) Methionine.

5-Albinism is disease of:
A)  Tyrosine synthesis.
B) Tyrosine metabolism.
C) Tyrosine degradation.
D) none of them

6-Which on of the following is caused by
deficiency of homogentisic acid oxidase?
A)  Albinism.
B) Maple syrup Urine disease.
C) Alkaptonuria.
D) Phenylketonuria.

Biochemistry437
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