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
ion for proper
function of
enzyme e.g. K*,
Mg?*, Ca?*
Fe2*,Zn%*

Some vitamin are precursor of coenzymes

Classification of coenzymes by binding substrates

I
| }

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




Some vitamins are precursor of coenzymes

Vitamin coenzyme Cofactor Enzyme
Thiamin (B1) Thiamin pyrophosphe | Coenzyme
) ) ) Thiamine pyrophosphate Pyruvate dehydrogenase
Riboflavin (B2) Flavin coenz. Flavin adenine nucleotide Maonoamine oxidase
Pantothenate (B5) Coenzyme A Nicotinamide adenine dinucleotide ~ Lactate dehydrogenase
] ] ] Pyridoxal phosphate Glycogen phosphorylase
Pyridoxine (B6) Pyridoxal phosphate Coenzyme A (CoA) Acetyl CoA carboxylase
Cobalamin (B12)  Cobalamin B12 coenz Diotin , Hpoete.cacbon e
5" Deaxyadenosyl cobalamin Methylmalonyl mutase
Nicotinamide Nicotinamide coenz. "Tetrahydrotolate Thymidylate synthase
Folic acid Tetrahydrofolate Metal
o ] i Znlt Carbonic anhydrase
Biotin Biocytin Zn=t Carboxypeptidase
Mg+ EcoRV
. . Mg+ Hexokinase
Mechanism of action Nil* Urease
(coenzyme & cofactor) o s
~ Se Glutathione peroxidase
. . 1.2 . . A
Help enzyme to bind with substrate M Spmcle Cie
el Propionyl CoA carboxylase

*Charge or interaction between molecules

*Change active site of enzyme to fit with substrate

*Stabilize enzyme structure
*Acts as catalytic components




Classification of vitamin by solubility

~ Vitamin |

{ Water soluble J [ Fat soluble }

Non B- complex B-complex
Vitamin C
v

ENERGY-RELEASING HEMATOPOIETIC OTHERS

Vltamln ADEK

Thiamine Folic acid Pyridoxin
Riboflavin Vitamin B12

Niacin

Biotin

Pantothenic acid



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
N..--" (Vitamin B1)
)\ " @
|
0—p—0—p—0°

I I
O 0

pyr|m|d|ne thlazole

Destroyed by

* thiaminase
(fermented fish)

* Function
*energy metabolism
* group transfer (aldehyde)
*Maintain nerve system » caffeic acid, tannlc
-Improve brain by acting as neurotransmitter acid

* heat




Vitamin B2 (Riboflavin)

Flavin coenz.(FAD, FMN)

O o 0

“OCLE MUCTE CrrLr
= T .
5 , N/KO H,C N N/J\o H,C N N/&O
OH
OH

H,C N
OH OH
H HO HO
OH OH
OH (8]
=
0

. . O:J B
Isoalloxazine ring 0O
Riboflavin Flavin Flavin adenine angular
{Vitamin B;) mononucleotide dinucleotide OH OH e
' : [FMN] [FAD] Stomatltls

& A a A .
WUATILIN 103 LLAZITAIURIRIATDY “flavin”
uazlunlasIgs9NUaA ribose Lm:a@a%i

Stable- acid, oxidation
Unstable- base, UV

glossitis




Vitamin B3 (Niacin or Nicotinic acid )

Coenzyme- Nicotinamide

NH,

(™ ~ >

Nicitinamide adenine
dinucleotide
(NAD")

©0—p—0°
Nicitinamide adenine
dinucleotide 2'-phosphate
(NADP")



Vitamin B5 (Pantothenic acid)

Part of Coenzyme A pyrophosphate

| /]

Pantoic
acid

1 N
| I o
Pantothenic Acid < O O
(Vitamin Bs) |
""'H_Z
INH 0 HJ,(:—(I: — CH; H H

B-alanine |
3 H,C—CH,—C —OH HO—CH
Pantothenic acid T ﬁp
Hit—CH—C—N—CH,—CH;—SH

Unstable- acid, base, heat pantothenate

Deficiency-rare Coenzyme A




Vitamin B6 (Pyridoxine)

Coenzyme - Pyridoxal phosphate (PLP)

V|tam|n HO | “Ny—CH,0H HO | Xy— CH,0H HO i Xy—CH,0H
H;C 7 H,C z H;C Z
r-w-|
Tus3T0T16% 3 TJuuy
u Pvridoxine Puridnyal Pvridaxaming
o %
anuaIrian NG o .. _—— )
T P
Ho—-l N c:Hz-o-—ﬁ—-o HO | X CHz—o—ﬁ—o
coe nzyme he—N 2 0 he—N 2 0
Pvridoxal phosphate (PLP) Pyridoxamine phosphate

o—keto acidy + c—amino acid: 2 c«—amino acidy + c—keto acid:




Vitamin H (Biotin)

Biocytin
0
NWID gﬂﬁ’lmﬂmaaﬂ%m%ﬁ HN)kNH
Biotin link with enz by amide bond o
(COOH of biotin and NH, of Lys) CH,CH, CH, CHy—C”
S "OH
0 Biotin

)k The combined biotin and lysine side
HN”  “NH

chains act as a long flexible arm that
allows the biotin ring to translocate
O o a
. CHECHZCHECHTC/, between the 2 active sites

N—lysine—enzyme
i Inhibitor — avidin in white egg
BIOCYTIN bind with biotin, inhibit
absorption



Folic acid

Tetrahydrofolate (THF)

Destroyed by heat and oxygen
carry and transfer various

Glu forms of 1-C units (e.g.methyl,
TN gH—c—cn—cooit) - methylene, methenyl, formyl
H  COOH or formimino groups) during

biosynthetic rxs.

Il
c—llu—?u—caz—cﬂz—coo-
H €00

Coenzyme :Tetrahydrofolate
(THF or TH4)

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



Function

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

MTX Tetrahydrofolate is required
for the synthesis of

NADPH + H+ NADP deoxythymidine
\‘_J monophosphate (dTMP) from

- — deoxyuridine monophosphate
ihydrofolate
reductase (wt)
Dihydrofolate for the regeneration
tetrahydrofolate
of tetrahydrofolate

from dihydrofolate Serine
Thymidhlate

syrnthase

NS, 10 -Methylene-
dUMP tetrahydrofolate

Glycine



Vitamin B12

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.

HGhIC 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.

Absorption — illeum

Storage - in liver 2-4 years



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
Methylati
Methylcobalamin Icubalam[ [Whiion)
| | I —|
2. oxidation of odd chain fatty acids
v
Adenosylcobalamin
Methylmalonyl-CoA » Succinyl-CoA
Methylmalony!
CoA mutase

119 B12 1 17 dan351211 DNA aaad uaz In3AI09 methylmalonyl CoA @492
¥

JUHINITAUANTIZH myelin sheath YD nerve cell




Example of coenzyme/enzyme in metabolism

Coenzyme Enzymes

TPP pyruvate decarboxylase
transketolase

FMN NADH dehydrogenase (complex I)

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* wa-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

Aerobic glycolysis
Krebs cycle



Pantothenic Acid

B¢

To Electron ——» Makes ATP

Transport
Chain

Niacin




(alcoholic fermentation)

Vitamins/coenzymes
i ’ - NADH
in Krebs’ cycle o w\w 4 o+ H+ NAD
o/\( Y | ”ﬁ/
. Pyruvate Alcnhui
Energy metab0||sm CH; decavrbuxylase CH; dehydrogenase CH;
Pyruvate Acetaldehyde Ethanol

| | S B3 Pyruvate DH
complex-TPP
| oxaloacatata | aC | o
Malate DH _ -

malate
~ —L{socitrate DH
. fumarate -:{: | (X«_KG D H :
SUCCInate DH % complex-TPP | :amm:am | sc |
SRS TPP luugnsen
- - i decarboxylation
sucginyl CoA | 4cC riacH PG .

R-C-C-0-H + HS-CoA > R-C - S- CoA +|CO;
|

Il I
O O O




Vitamins/coenzymes in electron transport chain (ETS) ‘

; :““””JC ' )Cm “:“ R g oyt cue
Ao Fet--5 uH Fe!* 5 Cytet® Cytcrt Cyta™™ Cyt.ad™ Cu™ H,0
+ IJ
COMPLEX II =78 Y ‘\
ray  Cyth2t Cyth™
T
FADHZ Cyt.h**Cyt b2t
SUCCIMATE
AHZ [ He
FUMARATE COMPLEX Il

COMPLEX1: MNADH:ubiquinone oxidoreductase
COMPLEX Il : Succinate:ubiguinone oxidoreductase
COMPLEX I : Ubiguinol:cytochrome C oxidoreductase
copyright 1998 5 Marchesini COMPLEX I : Cytochrome oxidase



Vitamins/coenzymes in fatty acid metabolism

16-C fatty acid
O

_______...---+ CoA
Pantothenic Acid

Uses energy
ATP)

CoA

H
H Niacin
/- Coenzyme | . — Riboflavin
Coe e . .
o (Biotin)
\'b Coenzyme ! "is — = To Electron
0 E Transport B Maokes ATP




NADP*coenzyme in pentose NAD and beta-oxidation of fatty acid
phosphate pathway as H* Rec—c—c—_scoa

acyl-CoA
H, H, H,
acceptor and get NADPH —~
) acyI-Cqﬁ dehyd_rogenase
Glucose 6-phosphate FADH, (st xation
Glucose @ Q
f-phosphile "/ \ @ R—C—E=EJ—SC0A trans-delta2-enoyl-CoA
dehydrogenase i k
H.O
6-Phosphoglucds ¢ enoyl-CoA hydratase
- HE{-] (hdration)

Gluconolactonase ) o 0
b “ - UH“"“WE R—C—E—CJ'I—SCOﬂ L-3-hydroxyacyl-Coh

Ry by
6-Phosphogluconate eE o

b-Phosphogluconate |
dehydrogenase

{eecond oxidation)

MAD*
) L-3-hydroxyacyl-CoA dehydrogenase
MNADH + H*

l""\._-* .

0 ]
B R—CJ-I—EJI—SCQ,Q 3-ketoacyl- CoA
Ribulose 3-phosphate S

HS-CoA

0 ] thi.olas.e
NADPH coenzyme in biosynthesis of He—l-scoa (thiolysis)
fatty acid, cholesterol, amino acid

0
R—EIZJJ_SCOA acyl-Coa



Propionyl-CoA

HOOTN_

_— ATP L
biotin

biotin

= ADP + P

propionyl-CoA
carboxylase

|
H—C—H

0
b
C~{—H
& | D-Methylmalonyl-CoA
0 C

7 X
CoA-S O

methylmalonyl-CoA
EpLMerase

. B12

| 0\*,\ III
H—c—p Coenz 6-C—H
0‘% | nethyl CoA-8 I
/C_(r —H m.ti-- Iy lJ'fUA B-C—H
CoA-S C mutase
% o
O O O L]

L-Methylmalonyl-CoA

Succinyl-CoA

Mammalian Fatty Acid Synthase

fketoacyl-ACP synthase

malonyl-CoA-ACP transacylase

acelyl-CoA-ACP ransacy lase

Bhydrozyacy-ACP- (SRR ACPOPOs A AN

enoyl-ACP reductase
f-ketoacyl-ACP reductase

L =

\‘\_'*-\H‘
palmitoy] Ihiueme‘m&cr“n‘
“\"'\. . -
-

2a, 3

© R Paselk [ 997

_2b



Amino acids

/ Niacin

Carbon
dioxide o

To TCA Cycle




Pyridoxal —
phosphata- H paanzyma
ENZ YT CH o
I |
HO >~ T CHa—O—R— 0T« N,
-t
I
H
ot=Amino Ce—AMminG
acid acid
{substrate) {product)
|
i
CH Aldiming +NH3
|
HO~N= | CH,—(E)" *Apoenzyme
HaC

B6 coenzyme in
w lransamination rx

L
{H'}H—ﬁ—ﬂm"

!

CH Kelimine *NHq
Hﬂf\/]rﬂ"'r@‘ *Apoenzyme
HyG ™ ™3

H

'

—=H,0, H

D= o d
(substrate

Y

.

CHz *MH5
HO |

= | CH,—(B)" *Apoenzyme
HaG =
H Pyridoxamine

phosphate-anzyme



Some enzymes heed many coenzymes

Pyruvate dehydrogenase complex (PDH)

| NAD' NADH

[TPP|lipoate]

F. j
pyruvate dehvdrogenase
complex (E, + E, + EJ)

Acetyl-CoA

AG' = —33.4 kd/mol

Oxidized Reduced Acetylated

Coenzyme A (pantothenate) - form form B -

(g - CH, HS—CH,

reactive thiol is an acyl carrier [ on, e, o,
""C{{ HS—CH HS—C{I
CH,

NAD+ (niacin) — e carrier
FAD (riboflavin) — e carrier

TPP (thiamine) — clevage bond next
to carbonyl

/;_'T:\ rd

l
S - S
3w €3

Lipoate — reversible oxidation at N Buipeptide chaino
E, (dihydrolipoyl

thiols, e carrier and acyl carrier > anmayiae




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.



