Definition: vitamin, coenzyme, cofactor

Vitamin -
organic
compound
required in
trace amount
(micronutrient)
in mg or g per
day e.g. A, D,
E,K,B,C

Coenzyme - complex
organic or metallo-
organic moleculee.g.
TPP, Coenzyme A,
bound to the active
site of an enzyme
(covalent or non-

covalent) and
participate in catalysis

Cofactor - metal
lon for proper
function of
enzyme e.g. K,
Mg?*, Ca?*
Fe2*,Zn%*

Some vitamin are precursor of coenzymes

Classification of coenzymes by binding substrates

|
! }

Cosubstrates Prosthetic groups

(loosely bound) (tightly bound)

Flavin coenzymes

Biocytin

Lipoamide (lipoic acid)

Cofactors are electrophiles
because

1.Positive charge
2.Act as Lewis acids

3.Can bind ligand at least 2
positions in the same time




Classification of vitamin by solubility

Vitamin AD E K

Non B-complex B-complex
Vitamin C

v v v
ENERGY-RELEASING HEMATOPOIETIC OTHERS
Thiamine Folic acid Pyridoxin
Riboflavin Vitamin B12
Niacin
Biotin

Pantothenic acid



Some vitamins are precursor of coenzymes

Vitamin coenzyme
Thiamin (B1) Thiamin pyrophosphate
Riboflavin (B2) Flavin coenz.

Pantothenate (B5) Coenzyme A

Pyridoxine (B6) Pyridoxal phosphate
Cobalamin (B12) Cobalamin B12 coenz.
Nicotinamide Nicotinamide coenz.
Folic acid Tetrahydrofolate
Biotin Biocytin

Mechanism of action (coenzyme & cofactor)

*Help enzyme to bind with substrate

*Charge or interaction between molecules
*Change active site of enzyme to fit with substrate
-Stabilize enzyme structure

*Acts as catalytic components



chemical reactions

Classification of coenzyme by their functions in

1.e- carrier (ox-red rx.)

Energy metabolism e.g.ETS

Coenzyme Vitamin precursor
FAD, FMN Vitamin B2 (riboflavin)
NAD+, NADP+ Vitamin B3 (niacin or

nicotinic acid)

Co Q (ubiquinone) No

2.group transfer

General rx. in the body

B1, B5, B6, B12, H, folic
acid

Lipoic acid, SAM



Vitamin B1 (Thiamine)

Coenzyme - Thiamine pyrophosphate (TPP)

Thiamine PP

NH, H

Thiamine Thiamine pyrophosphate

(Vitamin B1)

kLo e %Lo_i_o_p_oe

pyrlmldlne thiazole 0 0 }

Destroyed by

* thiaminase
(fermented fish)

* Function

*energy metabolism

* group transfer (aldehyde)
*Maintain nerve system
sImprove brain by acting as neurotransmitter

* caffeic acid, tannlc
acid

* heat




Vitamin B2 (Riboflavin)

Flavin coenz.(FAD, FMN)
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Vitamin B3 (Niacin or Nicotinic acid )

Coenzyme- Nicotinamide
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Vitamin B5 anthenic acid)

Part of Coenzyme A

~

Pantoic
acid

Pantothenic Acid <
(Vitamin Bs)
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Coenzyme A



Vitamin B6 (Pyridoxine)

Coenzyme - Pyridoxal phosphate (PLP)
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Vitamin H (Biotin)

Biocytin
0
NWID Qﬂﬁ’m’mi@maaﬂ%m“ﬁu HN)J\NH
Biotin link with enz by amide bond o
(COOH of biotin and NH2 of Lys) CHECHECHECHTC,’
5 ‘oH
0 Biotin

HN)kNH The combined biotin and lysine side chains act

as a long flexible arm that allows the biotin ring to
o translocate between the 2 active sites
q CH,CH,CH,CHx—C”

N_lysine—enzyme
I Inhibitor — avidin in white egg
BIOCYTIN bind with biotin, inhibit
absorption



Folic Acid
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Destroyed by heat and oxygen

carry and transfer various
forms of 1-C units (e.g.methyl,
methylene, methenyl, formyl
or formimino groups) during
biosynthetic rxs.

Deficiency

poor growth, mental confusion,
irritability, fatigue, Gl tract
deterioration

macrocytic anemia due to inability

y one-Carb0|’1 transfer:
-CH;, -CH,-,-CH =, -CHO-

Coenzyme :Tetrahydrofolate
(THF or TH4)

to synthesize DNA during
erythrocyte maturation - leads to

spinal bifida improper
development of spinal chord in
fetus (neural tube defect)

macrocytic anemia (abnormally
large erythrocytes).

Anemia

Microc: ytic Macrocytic

e T

Hypochromic

=S



Function

Involved in DNA synthesis, amino acid metabolism, cell
division, formation of neural tube in developing fetus

Methionine
PROLIFERATION |  TRANSMETHYLATION
THF SAM
/ @Cel[ular
5,10-CH,THF 1| ms Methylation |2
/ \ 12 SAH Reactions
Purinesand| J-methylTHF Adenosine
Thymidylate Hnmncylf—taina
8%)
] {cas>
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ViaminBlZ

Cobalamine B12 coenzyme
Methylcobalamine (methyl B12) — main in plasma

Deoxyadenosylcobalamine — main in tissue

|

Normal blood cells. The size, shape, and
color of the red blood cells show that
they are normal.

Function

Development of rbc,
nerve function, cell ,_
division, homocysteine | . &
conversion to
methionine

Blood cells in pernicious anemia (mega-
loblastic). Megaloblastic blood cells are
slightly larger than normal red blood
cells, and their shapes are irregular.

Figure 10-1:
Page 342

Absorption — illeum

Storage - in liver 2-4 years


http://en.wikipedia.org/wiki/File:Cobalamin.png
http://en.wikipedia.org/wiki/File:Cobalamin.png

only two reactions in the body that require vitamin B12 as a cofactor

1. conversion of homocysteine to methionine

5-Methyltetra-
hydrofolate Tetrahydrofolate
(DNA synthesis)
Methyltransferase
Homocysteine Methionine
Methylcobalamin Icubalam (Mefyiien)
I I I —|
2. oxidation of odd chain fatty acids
v
Adenosylcobalamin
Methylmalonyl-CoA » Succinyl-CoA
Methylmalony!
CoA mutase

110 B12 M 11idun3121 DNA anaq iz In3A3909 methylmalonyl CoA F49
Sj >
VIINT T AT 121 myelin sheath VD9 nerve cell

EQ




Example of coenzyme/enzyme in metabolism

Coenzyme Enzymes

TPP pyruvate decarboxylase
transketolase

FMN NADH dehydrogenase (complex )

FAD Succinate dehydrogenase

NAD~* Lactate dehydrogenase

Malate dehydrogenase
NADP* Glucose -6- P dehydrogenase

Co A Acyl CoA synthetase
Acyl carrier protein (ACP)

PLP Alanine aminotransferase(ALT)
Aspartate aminotransferase(AST)
ALA synthetase

Biocytin Pyruvate carboxylase

Acyl CoA carboxylases

TPP, FAD pyruvate dehydrogenase complex
CoA, NAD* w-ketoglutarate DH complex
Lioamide

Metabolic pathway

Alcoholic fermentation

Pentose phosphate pathway (PPP)
Electron transport system (ETS)
Krebs cycle
Anaerobic glycolysis

Krebs cycle

Pentose phosphate pathway (PPP)
B-oxidation of fatty acids

Fatty acid synthesis
Amino acid metabolism
Amino acid metabolism

Heme synthesis

Gluconeogenesis

Fatty acid synthesis

Aerabic glycolysis
Krebs cycle



Pantothenic Acid

To Electron ——= Makes ATP

Transport
Chain

Niacin

To Electron

T l —®  Makes ATP




(alcoholic fermentation)
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http://www2.carthage.edu/~pfaffle/170/second.html

Vitamins/coenzymes in electron transport chain (ETS) |

COMPLEX 1l COMPLEX IV
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COMPLEX1: MNADH:ubiquinone oxidoreductase
COMPLEX Il : Succinate:ubiguinone oxidoreductase
COMPLEX Il : Ubiguinolcytochrome C oxidoreductase
copyright 1998 5 Marchesini COMPLEX IV Cytochrome oxidase



Vitamins/coenzymes in fatty acid metabolism

16-C fatty acid
o
A OH
H
H

Uses energy
ATP)

-_______...-—-'*' CoA
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CoA
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Coenzyme | . — Riboflavin
/" lcomeyme (Biotin)
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CoA —™




NADP* coenzyme in pentose NAD and beta-oxidation of fatty acid
phosphate pathway as H* R—c—C—C—LL8CoA  acyl-CoA

acceptor and get NADPH R
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Propionyl-CoA
Mammalian Fatty Acid Synthase
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Amino acids

Niacin
4

To Electron
+
Transport
Chain

dioxide L

To TCA Cycle
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Some enzymes need many coenzymes

Pyruvate dehydrogenase complex (PDH)
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Summary

1.Some enzymatic rx. depend on the presence of
coenzyme or cofactor.

2.Vitamins are complex organic molecules essential for
life. There are water and fat-soluble vitamins.

3.Vitamins (most water-soluble) are precursor of
coenzymes.

4. Coenzymes can be classified into e- carrier and
group transfer.

5.Some rx. require more than 1 coenzyme.



