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Lipoic Acid
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Coenzyme lipoamide is the protein-bound form
of lipoic acid

Animals can synthesize lipoic acid, it Is not a
vitamin

Lipoic acid Is an 8-carbon carboxylic acid with
sulfhydryl groups on C-6 and C-8

Lipoamide functions as a “swinging arm” that
carries acyl groups between active sites in
multienzyme complexes




»Lipoic acid Is bound via an amide linkage to the
e-amino group of an enzyme lysine

» Reactive center of the coenzyme shown in red
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Acetyl groups attached to the C-8 of lipoamide
can be transferred to acceptor molecules

In the pyruvate dehydrogenase reaction the acetyl
group Is transferred to coenzyme A to form
acetylSCoA
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A water-soluble vitamin

* Biotin can be obtained from a variety of foods

» Deficiency is rare, but can result from a diet rich in raw eggs,
because eggs are rich in avidin, which binds biotin very
tightly

« A specialized carrier of one-carbon groups in the form of CO,

« Example: Prosthetic group for pyruvate carboxylase
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<*Biotin Is required in very small amounts because It
Is available from intestinal bacteria

<*Avidin (raw egg protein) binds biotin very tightly
and may lead to a biotin deficiency (cooking eggs
denatures avidin so it does not bind biotin)

“*Biotin (a prosthetic group) enzymes catalyze:
< (1) Carboxyl-group transfer reactions

< (2) ATP-dependent carboxylation reactions



“*Biotin Is linked by an amide bond to the e-
amino group of a lysine residue of the enzyme

“*The reactive center of biotin is the N-1 (red)
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speaking ot Carboxvlation:
Biotin - no cool vitamin
name

*Used in Carboxvlation reactions
*Human requirement 15 met by
synthesis from mtestinal bacteria.

*Defictencies can occur when
*Y oul eat (o0 MmAany 1aw eggs
*Take too mmch antibiotics.

Symptoms mclode: Depression,
Hallucmaaons, Muscle pan, Dermatns



~ pyruvate carboxylase

Two step mechanism

Step 1: Formation of carboxybiotin-enzyme
complex (requires ATP)

Step 2: Enolate form of pyruvate attacks the
carboxyl group of carboxybiotin forming
oxaloacetate and regenerating biotin
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Folic acid and vitamin B,

Folate: green leaty vegetables, liver, lima beans, whole grains
B..: liver, whole milk, eggs, oysters, shnimp, pork, chicken

o save ) e )

‘ WEmmin & {retinsl, A-carohsnsa)
~ Vitamin O {cholecaicifsrol)

— Witamin X {phyfoguinemes; menesguinonon)

Non=B-Complex B-Complex I ~ Witamin £ [tocosherols)

Ascorbls acid fritaman C)
1] Lt L h
. 4

Thilaming [vidmin ) K Fokie pcig =~ Pyridoing (vilmin By)
Ribofavin {vwtamin B [, Vitamin By, | Pyridozal

Bicdin
PFantothanic schkd




“*Folic acid Is found In leafy vegetables, beans
and peas.

“*Grains are now (since 1996) enriched with
folic acid

“*Prevents neural tube defects in the developing
fetus, and heart disease

“*The folic acid derivative tetrahydrofolate
carries 1-carbon units...
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Pterin, folate and tetrahydrofolate (THF)
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Need your folate for DNA synthesis.
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Biosynthesis of serme,
methionine, glyveine, chehine:
but you can often get these ffrom
vour diet.

Biosynthesis of the purne
nuclectdes: But you can salvage
used nucleotides for this.

Biosynthesis of dTMP: That's
the clincher - can't make DINA
without folate.

Deficiency causes anenma: DINA synthesis block.

Usually not a problem except i pregnant women.
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Tetahyd

Vitamin folate iIs found in green leaves, liver, yeast

The coenzyme THF Is a folate derivative where
positions 5,6,7,8 of the pterin ring are reduced

THF contains 5-6 glutamate residues which
facilitate binding of the coenzyme to enzymes

THEF participates in transfers of one carbon units at
the oxidation levels of methanol (CH,OH),
formaldehyde (HCHO), formic acid (HCOQOH)



THF and DHF are made from
Folate (Folic Acid)

%" Used in One-Carbon Chemistry
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Foeneiion oi‘Tetrahydrofelate |

(THF) from folate

78-Dihydrofolate 5,6,7 8-Tetrahydrofolate
(74)
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a pterin Coenzyme

Coenzyme has a 3-carbon side chain at C-6

Not vitamin-derived, but synthesized by some
organisms
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Folate and epigenetic regulation

Control
litters looked
like mother.

The pup’s
Agouti gene
had same

sequence as
mother's hut

was more
methylated.

.
.

Pup from mothers

fed with B12, folic
acid, choline and

Agouti yellow mother A

Waterland and Jirtle, MCB 2003
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Vitamin B12
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Vitamin B12 helps maintain healthy nerve
and red blood cells

It is found in fish, meat, poultry, eggs,
milk, and milk products

Vegans are in danger of deficiency

Other foods such as breakfast cereals are
commonly supplemented with B12
Vitamin B12 deficiency results in reduced
levels of hemoglobin and nervous system Dorothy Crowfoot Hodgkin
Impairment that may be irreversible TE

Folic acid can correct the anemia from Determlne_d 3-D
B12 deficiency, but it cannot correct the ~ Structure in 1956
nerve damage!

Take both together...




" Folate’s partner is the Freakiest

Vitamins: Behold Colbalamin:
Vitamin B,
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. Cobalamin (Vitamin B],z)

Coenzymes: methylcobalamin,
adenosylcobalamin

Cobalamin contains a corrin ring system and a
cobalt (it Is synthesized by only a few
microorganisms)

Humans obtain cobalamin from foods of animal
origin (deficiency leads to pernicious anemia)

Coenzymes participate in enzyme-catalyzed
molecular rearrangements in which an H atom and
a second group on the substrate exchange places
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! Cobalamin (Vit B,,) and its
coenzymes

(a)Cobalamin.

Corrin ring
(black), is
not
aromatic

N
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(b)Abbreviated
structure of
cobalamin Hoet:
coenzymes R=  —CH, (in methylcobalamin)

OH

(C)NOte the 5 deOXy R = H /4 IE\\H (in adenosylcobalamin)
adenosyl “
attachment




Intramolecular rearrangements catalyzed by
adenosylcobalamin enzymes

(a) Rearrangement of an H and substituent X on an
adjacent carbon

(a) a a




(b) Rearrangement of methylmalonyl CoA
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