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Introduction

IS offered as a supplement to your teaching aids collection.
As physicians, genetic counselors, dietitians, nurses, and other providers
In the field of biochemical genetics, we hope these visual aids complement
your teaching with patients, families, students, and other clients.

The book i1s comprised of two sections: general metabolic concepts and
specific biochemical pathways. The slides are not designed to stand
alone, but rather depend on provider expertise for successful explanation.
In some cases, overlays are utilized to allow a stepwise approach to a
complex pathway.

With the advent of expanded newborn screening and ongoing research,
our understanding of biochemical genetics continues to grow and change.
This book reflects one approach at one point in time in a dynamic field.
On many levels, it is intended as a starting point.
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Parts of a Cell
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Human Anatomy
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Brain Anatomy

GRAY MATTER: PART OF THE
BRAIN THAT IS COMPOSED OF
NERVE CELL BODIES [NEURONS).

CEREBRUM

GRAY MATTER ‘ .

WHITE MATTER

CEREBELLUM

WHITE MATTER: PART OF THE BRAIN THAT
| IS COMPOSED OF MYELINATED NERVE
! CELL PROCESSES [AXONS].
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Genes

Cofactor

Enzyme Disorders
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T I l Carbohydrates
Monosaccharides (simple sugars]
O O

Glucose Galactose Fructose

Disaccharides

O + _ O Table Sugar

Glucose Fructose Sucrose
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T T l Carbohydrates
Polysaccharides (complex carbohydrates)
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Carbohydrates are many molecules of simple sugars joined together (such as glycogen
and starch) that the body uses for energy. They can be eaten as food (potatoes, corn]
or can be produced by the liver.




Digestion
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Amino Acids

Protein

Protein is found in foods such as cheese, eggs,

fish, and meat. Our muscles also contain protein.
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T ” Amino Acids
20 basic building blocks of protein

(Must get from our food) (Made by our bodies]
O Histidine @ Alanine O Serine
AN |soleucine f_} Arginine Tyrosine
Leucine @ Asparagine
Lysine O Aspartate
Methionine Cysteine
Phenylalanine @ Glutamate
Threonine @ Glutamine
Tryptophan o Glycine
Valine @ Proline
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T T l Fats
A triglyceride Is made

up of glycerol and
three fatty acids.

...contains molecules
called triglycerides.

Fat in food and
INn our bodies...
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i
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Saturated Fats: solid at room temperature
Unsaturated Fats: liquid at room temperature




DigeStion/FaSting - Up to 36 hours

) O

G-{}-D-G'D-U-Q_G,_C'}_D_G_O-G Glucose

. Glucose from food is used for energy and is the preferred energy ©:0:0:0:0°0 6.00:0-0. =
for the brain. Extra glucose is stored as glycogen. When glucose g e |
IS gone, glycogen Is broken down into glucose for energy.

Digestion

T T“
. . > . = ; i ~ ENERGY =
Il. Protein from muscle i1s broken down into amino acids. Amino Protein O O = ﬁ

acids go to the liver and are broken down for energy through
gluconeogenesis or the citric acid cycle.

. Fat tissue breaks down into triglycerides. Glycerol is broken down
into glucose. Fatty acids go to the liver and are broken down into
energy for the body and energy for the brain in the form of ketones.




Digestion/Fasting

Different fuels take different times to be digested by the body.

Protein

4 hr 12 hr 16 hr 24 hr




Newborn Screening

00 |
l A Heel stick
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o

Newborn :
Screening - =
Card o Sent to
) g Laboratory
Abnormal=

Diagnosis & Treatment

Tandem Mass
Spectrometry

)]

Normal =
False positive

|

Diagnostic
Testing

\

Normal =
No additional
studies needed

. A

Interpretation

—

Abnormal!
Elevations of
metabolites

!

Consultation with
Metabolic Specialists



Diagnostic Process

Diagnosis and Treatment

ENZYME
blood
or tissue

~ BIOCHEMICAL

glucose blﬂﬂd, urine organic acids
ketones etc... and CSF acylcarnitine profile

NEWBORN SCREENING

enzymatic tandem mass

screen dried blood spots spectrometry




Occurring mainly
in the liver...

Galactosemia

Galactose t
1-Phosphate
l Galactose-1-P Uridyl Transferase

Galactosemia

—

UDP-Galactose




Occurring mainly

Glycogen Storage Disease
Type1A (GSD 1A]

Glycogen _ Glucose

Stored in 1_Ph05phate

the liver
—= '
Glucose-6
Glucose 6- Phosphatase GSD ‘.
T@” - Phosohate d " h Glucose - ~ENERGY -
‘ \ Uric Acid

Pyruvate <4

Lactate

Acetyl-CoA ) Cholesterol

', \ Triglycerides




Phenylketonuria (PKU) i
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?@ ‘ l I Phenylalanine t

Tetrahydrobiopterin
(BH,

Phenylalanine
Hydroxylase

PKU

/N

Neurotransmitters Melanin




Homocystinuria (HCU) i

T@ ! l l Methionine S-Adenosylmethionine

Betaine

o-Methyltetrahydrofolate

(Folic Acid Cycle) B12 [Methylcobalamin]

S-Adenosylhomocysteine

Homocysteine

—
HCU

—

Cystathionine f3- Synthase

Cystathionine

U

Cysteine




Biotinidase Deficiency (BIOT) ..o

—
T@” ) Biotin (bound]
I Biotinidase

BIOT

|

Biotin (free]

Inactive Carboxylases Active Carboxylases

Carboxylases aid in the metabolism
of fats, carbohydrates and proteins




Maple Syrup Urine Disease i
(MSUD)

—e
|lsoleucine
T I ) Valine
Leucine

2-0x0-3-Methylvalerate
2-0xo-lsovalerate
2-0xo-Ilsocaproate

Branched-Chain Oxo-Acid
Dehydrogenase Complex

MSUD

—

Succinyl-CoA — = &
Acetyl-CoA '_ __
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Propionic Acidemia (PA)  “iie

lsoleucine Odd chain
— Valine fatty acids
Methionine

Threonine Gut flora

Inhibits the urea cycle, citric

PFOpiOﬂYl“COA t acid cycle and others

Biotin
Propionyl-CoA
Carboxylase




Methylmalonic Acidemia ™o
(MMA)

| lsoleucine Odd chain
— Valine fatty acids
Methionine

Threonine Gut flora

R

Methylmalonyl-CoA t — Propionyl-Co

Inhibits the urea cycle,

citric acid cycle and others
Methylmalony!-
CoA Mutase

Cobalamin

(B12)




Cobalamin (B12) Processing
A

CblF

i N

blC

i B

bl D

P,

O

Homocysteine Methylmalonyl-CoA

Methyl- . . ACbl A
kCobalamin @co em Cobalamin  Cobalamin IJEP B

Cbl G Methionine Methylmalonyl-

Synthase CoA Mutase

Methionine Succinyl-CoA

Adenosyl-
Cobalamin

|




Isovaleric Acidemia iy
(IVA)

_—.
?@” B | ccine
|lsovaleric Acid

Iswaleryl—CoAt _ |sovalerylglycine

Isovalerylcarnitine

Isovaleryl-CoA
Dehydrogenase

IVA

—

3-Methylcrotonyl-CoA




Occurring across tissues
including liver and kidney...

3-Methylcrotonyl-CoA

3-Methylcrotonyl-CoA

3_ M CC Carboxylase

;

4

3-Methylglutaconyl-CoA

;

3-Methylglutaconyl-CoA

3_ M GA Hydratase

3-Hydroxy-3-Methylglutaryl-CoA

Acetyl-CoA




Glutaric Acidemia, -
Type 1 (GA1)

—e
— Lysine
T@ ! l Tryptophan
+

B ' Glutaric Acid
Glutaryl-CoA B 3-Hydroxy-Glutaric Acid

Glutarylcarnitine
l Glutaryl-CoA

GA" Dehydrogenase

-

Glutaconyl-CoA




Urea
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Ornithine

Arginine

The Urea Cycle

—_—i
T@” B Ammonia P Glutamine

1
N-Acetyl Glutamate N l2

Carbamyl Phosphate

AN

)

3

Occurring mainly
in the liver...

Citrulline

Argininosuccinic Acid

1. N-Acetyl

Glutamate Synthase
(NAGS)

2. Carbamyl
Phosphate Synthetase
[CPS)

3. 0rnithine
Transcarbamylase

[OTC]

4. Argininosuccinic
Acid Synthetase (ASS]

9. Argininosuccinic
Acid Lyase (ASL/ASA)

6.Arginase (ARG)




The Urea Cycle e
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Ornithine Q

A

Citrullinemia

G deficiency

Arginine Argininosuccinic Acid

.ﬂrgiﬂfnnsu ccinic‘

Acidemia

Urea




The Urea Cycle e
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I@H The Carnitine Cycle

Medium Long Carnitine
Chain Fats Chain Fats | | |
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QOuter mitochondrial membrane

I Acyl-CoA + Carnitine Acyl-Carnitine Carnitine
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Chain Fats Acyl-CoA

\ Fatty Acid

Oxidation

Acyl-Carnitine Carnitine

Carnitine
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Occurring mainly

Fatty Acid Oxidation ..o

Q|

Fatty Acids

Scossesay

Thiolases

Dehydrogenases 4

1. Very Long Chain Acyl-CoA
Dehydrogenase

2. Medium Chain Acyl-CoA
Dehydrogenase

3. Short Chain Acyl-CoA
Dehydrogenase

4. Long Chain 3-Hydroxyacyl-
CoA Dehydrogenase

Acetyl-CoA

Chain Length-Specific
Jehydrogenases 4

via ATP in muscle via ketones in liver



Occurring mainly

Fatty Acid Oxidation ..o

and liver...

Q|

Fatty Acids

Scossesay

Chain Length-Specific ~ Acetyl-CoA
VLCAD Dehydrogenases e

o
MCAD

Thiolases

Dehydrogenases | CHAD

via ATP in muscle via ketones in liver
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Medium Chain Triglycerides (MCT)

In Fatty Acid Oxidation Disorders

MCT

L L8
'_o ! oH
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h 0
i h
-"'"L-I""-.r’\.-fkr_ﬂH f\f\f\a'xr\f"ka’\r‘n.f\.f_GH

Carnitine

MCTs are fats of medium carbon chain length (6-12 carbons). MCTs are used to make energy through fatty acid oxida-
tion Inside the mitochondria. MC1s may be given in formula or as a supplement. They are found naturally in coconut
and palm oils and are also made by our bodies by breaking down long chain fats.

Long chain fats enter the mitochondria with the help of carnitine, which acts like a shuttle. In some disorders of the
carnitine cycle, a block prevents long chain fats from entering the mitochondria. MCTs do not require carnitine to be
transported into the mitochondria. Therefore, MCTs can be used for making energy through fatty acid oxidation de-
spite a problem with the carnitine shuttle.

In disorders of long chain fat metabolism, the fats enter the mitochondria but then cannot be broken down into
smaller chain lengths and used to make energy. MCTs bypass this first step of the breakdown process, allowing fatty
acid oxidation to proceed.



Mitochondria

OUTER MEMBRANE

INNER MEMBRANE

MATRIX

MITOCHONDRIAL DNA

RESPIRATORY CHAIN / ELECTRON TRANSPORT
CHAIN MADE OF COMPLEXES I-V




Electron Transport Chain i

Cilric
Acid

Cycle
Electrons




Occurring across
most tissues...

Pyruvate Dehydrogenase

l l !

Acetyl-CoA dPDHh Pyruvate - | actate

Fyruvate
Dehydrogenase Complex

Citric
Acid
Cycle

Electrons




Mitochondrial Heteroplasmy

O Nucleus

O Typical Mitochondria
@ Affected Mitochondria




Mitochondrial DNA

Gene Name

Cytb
\ /~ NDb

C-1ll
X~ tRNAs Y

"RNAS NDbS

Mitschandrat | &
Component

-

c-1'\\ ND4

e

C-I

ND3

™~

C-N o cv sZ Coll

/ \ ATPaseb
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Nuclear and Mitochondrial DNA

O MITOCHONDRIAL DNA- ENCODED COMPONENT

NUCLEAR DNA-ENCODED COMPONENT
(SUBUNIT OR ASSEMBLY PROTEIN]

"
T

yos
Mitochondrial D“
membrane ‘@5 ';:




Nuclear and Mitochondrial DNA

O MITOCHONDRIAL DNA- ENCODED COMPONENT

NUCLEAR DNA-ENCODED COMPONENT
(SUBUNIT OR ASSEMBLY PROTEIN]

MITOCHONDRIAL DNA MAINTENANCE

AND REPLICATION




Lysosomal Storage g iy

MITOCHONDRION

NUCLEUS

LYSOSOME

Lysosomal
Enzymes

"




Lysosomal Storage Disorder -

most tissues...

MITOCHONDRION

NUCLEUS

LYSOSOME

Lysosomal
Enzymes

|| SDjem)
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