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« Cofactors: Are chemical species required by inactive
apoenzymes to convert them to active holoenzymes.

« Are essential portions of the active sites of certain enzymes.

Cofactors
Inorganic I | I Organic
Essential ions Coenzymes
I I
I I I I
Activator ions Metal ions of Cosubstrates  Prosthetic groups
(loosely bound) metalloenzymes (loosely bound)  (tightly bound)
(tightly bound)
K+, Ca++, Mg++ Zn++, Fe+3

Dr. Rama IBRAHIM 2



https://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjWy8mT1YXfAhUExhoKHZtCAc8QjRx6BAgBEAU&url=https://www.coursepics.com/lesson/coenzymes-cofactors-prosthetic-groups/&psig=AOvVaw3rdBeA7OH8i1NffGgmhAZ0&ust=1543995330309456

COENZYMES éuey 3Vl pileil

Jaugac saclune Jolse oo 8l o tquou iVl pilai)l O
i 9l Jriiwss il o 8uaabooll o3l) J8lgi 95 umls
oVl oMeladl Wil (segi JSoin dusubdy wlcgoo

VU Lbli,l a>,> uawsw aaou iVl piloall R 0

ol;8, @liow UeSs_tCosubstrates éacluwn WIS, (a
Jelasdl Ll Jowss Lp| Sl L &S, Ll duou VI oMelal

Ol ez ol V|, o0 Jleall g8gall e Jasisy csoussVl
sley LpigS) Tyk) 8>V ,31 Jelaw (sloVl LIS i (5] S99
(ATP o aul3dl csd oVl oMeledl csd Tl Lpolaiowl

:Prosthetic group 233 YU bli,Vl aoS>xe wlcgoo (b
ol Sy wswou V| Jeladl sawe (sle pave Aoy (i
59 ‘_s\Lo\” LdS_id see Ol iz SJy Jelasl bl Lyl Jouss
po3ilJ Ulaall gdsally plS>L piledll 018 by - Jeledl &lp)
sac M3 0 gl ,Covalent bonds aoslus kulg, ddawlgs ol
.Many noncovalent bonds a.ealusiMI kulg,Jl O S

Dr. Rama IBRAHIM



ploddl e paucll .J..a:u ol |§o
Cailow il Jow) @ y9,mall auoy iVl

,Protists _sJlgVlg ,Prokaryotes U,uSul o JS gudaiws +
&ou V| Lposlos ¢ Lol Plants wlilallg ,Fungi glasllg

Animals oUlg.=ll Ol > 9, adan Wb o Bl
bz ,auns 3Vl pilodll gldnol (sde &y gladl Lp5,18 wass
ool 0 gldnoV &MbS wluoliuall JMpwl (sJl sJUIL
oo ligoliuall (sle o dsousl ©Wass sl,>] i)
(as9lgoll piloddl (sJl Jg=iid oozl

2 pass S>y Vitamin-deficiency Oliaolaall joc
&l5gll ol Lp>Me dsle pi @uuso Lol Hebi (sl wluolusll
. 3dlgodl Guoliuall Jgbs JMs o Lpio

« The word vitamin (originally spelled “vitamine”) was
coined by Casimir Funk in 1912 to describe a “vital
amine” from brown rice that cured beriberi.

< The term vitamin has been retained even though many
vitamins are not amines.
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TABLE 7.2 Major coenzymes
Coenzyme

Adenosine triphosphate (ATP)
S-Adenosylmethionine
Uridine diphosphate glucose

Nicotinamide adenine dinucleotide (NAD®)
and nicotinamide adenine dinucleotide
phosphate (NADP®)

Flavin mononucleotide (FMN) and flavin
adenine dinucleotide (FAD)

Coenzyme A (CoA)
Thiamine pyrophosphate (TPP)

Pyridoxal phosphate (PLP)

Biotin

Tetrahydrofolate

Adenosylcobalamin
Methylcobalamin

Lipoamide

Retinal
Vitamin K
Ubiquinone (Q)

Table 7-2 Principles of Biochemistry, 4/e
© 2006 Pearson Prentice Hall, Inc.

Vitamin source

Niacin

Riboflavin (B,)

Pantothenate (B3)

Thiamine (B;)

Pyridoxine (Bg)

Biotin

Folate

Cobalamin (B);)
Cobalamin (By,)

Vitamin A
Vitamin K
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Major metabolic roles

Transfer of phosphoryl or nucleotidyl groups
Transfer of methyl groups
Transfer of glycosyl groups

Oxidation-reduction reactions involving
two-electron transfers

Oxidation-reduction reactions involving
one- and two-electron transfers

Transfer of acyl groups

Transfer of two-carbon fragments
containing a carbonyl group

Transfer of groups to and from amino acids

ATP-dependent carboxylation of substrates
or carboxyl-group transfer between substrates

Transfer of one-carbon substituents, especially
formyl and hydroxymethyl groups; provides the

methyl group for thymine in DNA
Intramolecular rearrangements
Transfer of methyl groups

Oxidation of a hydroxyalkyl group from TPP
and subsequent transfer as an acyl group

Vision
Carboxylation of some glutamate residues

Lipid-soluble electron carrier

Mechanistic role

Cosubstrate
Cosubstrate
Cosubstrate

Cosubstrate

Prosthetic group

Cosubstrate

Prosthetic group

Prosthetic group

Prosthetic group

Cosubstrate

Prosthetic group
Prosthetic group

Prosthetic group

Prosthetic group
Prosthetic group

Cosubstrate
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LIPID-SOLUBLE mWATER-SOLUBLE

@ Hydrphobic. @ Hydrophilic.

@ Transport in blood: in
lipoproteins or attached to ® Main function as enzyme
specific binding proteins. cofactors:

© Diverse vitamins and diverse 1) Vitamins B (B1, B2, B3,...)

1) Vit A: vision and cell 2) Vitamin C
differentiation.

2) Vit D: calcium and ® Sﬁecific syndromes are
phosphate metabolism, characteristic of deficiencies
and cell differentiation. of individual vitamins.

3) Vit E: antioxidant. @ Excessive intake can only

+ K* blood clotti rarely cause toxicity since

4) Vit K: blood clotting. water soluble vitamins can

be excreted from the body.

« Dietary inadequacy,
deffective lipid digestion or
absorption (very low fat diet,
steatorrhea, disorders of the
biliary system...) can lead to
deficiency syndromes.

Toxicity can result from
excessive intake.
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Water-soluble vitamins and their associated
nutritional-deficiency diseases

Vitamin Disease
Ascorbate (O) Scurvy
Nicotinic acid( B;) Pellagra

Riboflavin (B,)
Pantothenate (B5)
Thiamine (B;)
Pyridoxal (Bg)
Biotin

Folate

Cobalamin (B3)
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Growth retardation
Dermatitis in chickens
Beriberi

Dermatitis in rats
Dermatitis in humans
Anemia

Pernicious anemia
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CHZ_ CHz_ OH

CH2 N\ 2, 1s Thiazolium
Pyrlmldme ring
ring J\

Thiamine (vitamin B,)

(b)
| | o
NH, ® ;34_55 o@ oe
JN\%U/CHZ_ N\c;/s
H3C Y H
Thiamine pyrophosphate
(TPP)

Olaawea)l (W uolud] gldnsV asdb Loyl Guoladl ey (2
duloc (59 I,95 w=l il Thiamine triphosphate (TTP)
aiel 9 oISl wlgid Juseig 8,8w8 JU> o wasdl Jsil
a2l LM
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VITAMIN B2 (RIBOFLAVIN)
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CHz 2 Black is FMN.

CHOH CHOH

I Black and blue is FAD

CHOH Ribitol (IZHOH

CIHOH CIHOH

CH,OH ] CIHz NH>
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Vitamin B2 (Riboflavin) II g | :0: |
H H
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Reduction and reoxidation of FMN or FAD
within flavoproteins

(0]
H3C N
:@‘r’f‘\j‘: < Oxidation occurs in two
H3C ,lq S Yo ~H®, —ee\ steps. A single electron is
R

removed each time.

(0]
FMN or FAD H
(quinone form) H3Cjij['§jfk NH
o y® HsC N SN0
+ HO® R
FMNH* or FADH*

(semiquinone form)

o)
H5C N
@is I /tl e
1
H5C N~ O
H

FMNH; or FADH, The conjugated double bonds between N-1 and

(hydroquinone form) N-5 are reduced by addition of a hydride ion and
a proton to form FMNH2 or FADH2 respectively.
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VITAMIN B3 (NIACIN)
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Nicotinic acid Nicotinamide
(Niacin)
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Oxidized and reduced forms of NAD+ (and NADP+)

Nicotinamide
mononucleotide
(NMN)

Adenosine
monophosphate

(AMP)

Nicotinamide adenine dinucleotide

Oxidized form
H O

’ &)
5 N/

NH,
o _
O—P=0 N X
T )
5 J
O——CH, o. NNy
H H
H H
3/ 2'

oH oH(oro®D)

NAD® (NADP®)

Dr. Rama IBRAHIM

Reduced form
H HO
AW

S

NH,
© _
O—P=0 N X
T )
5 J
O0——CH, o NN
H H
H H
3 2'

OH OH (opog@)

NADH (NADPH)

(Ultraviolet absorbance
at 340 nm)
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scaly &,.usio &9,9 ,photosensitive dermatitis csqal) o>
: udolzeol] @zl (8 W YVawsg sores

,9ki5 ,0gi,l ol B3 ouolind slncl LMl dxdleo pis pd I5] <
W9 =9 depressive psychosis wlasSl uldS al> sJ]

BLgJl Jl S>gi 139 ,dementia

\NitTcaearmi r“f)f)
[ DO

.\ An inability to absorb
niacin (vitamin B3)
or the amino acid
tryptophan may
cause pellagra, a
disease characterized
by scaly sores,
mucosal changes
and mental symptoms
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VITAMIN BS (PANTOTHENIC ACID)
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paoi yisy Sl Coenzyme A (CoA/HS- CoA) _S\OJ )AJI

LS J.u.uXJI 193> Jau pdluy Cosubstrate g5 oo cswousl
2>V Prosthetic group bls )Vl @aS=o dcgomo yuis

ACP (Acyl carrier sey Sily JuwVl iz alslll wlyig,ul
protein)
OMasiwl (99 , S asl> wMelai 58 bg=o 9> COA wely ®

ACP J,Lin Louiw ,éusoVl ogazdly Jg oSy gl
aonwll Uogosdl £ lhol duloss
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Structure of coenzyme A and ACP

Coenzyme A

(a) B-Alanine Pantoate
I 10 1
1 1 " i
OH CH; o®
L Il ]l
2-Mercaptoethylamine Pantothenate ADP with 3’-phosphate group
(Vit B5)

‘ Site of acylation

\(b) $
(o] (o] CH3 (0] CcC=0

|
HS - CHy— CHp—N—C — CH;— CH;—N—C—CH —(IZ—CHz—O—P—O—-CHz—-(liH Serine

|
OH CHs ©o NH

§

Phosphopantetheine prosthetic group Protein

ACP

o
I
H3C—C—S— CoA
Acetyl CoA
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VITAMIN B6 (PYRIDOXINE)

kS 90l T OLS o w09 B6 uolind adled nalis @
o lwS g9 ,ullg , pyridoxal JLuwSqa,uudl , pyridoxine
.5 839g0ll (59 8,8.waoll Lpilsiiog pyridoxamine

yOblgazl 0uS  ailaiciog cud=l (89 a>lg tAuamni Ml 0)0baw ©
Lgidlg Ugoludl EJlowlg

(a)

N
OH o
# 7 Y
H,C HC H,C
HOH,C ___; o® HOH,C.__~ o® HOH,C.__~ o®
5 3
N7~ “CH; N CH; N CH;
H H H

Pyridoxine Pyridoxal Pyridoxamine
(b) o
£ nc”
| 5’
©0—p—0— S
o |I> O—H,C 2 o

eo S$@®?2

N7 ~CHs

H
Pyridoxal 5'-phosphate (PLP)

Dr. Rama IBRAHIM 21




Interconversion of the vitamin B6 vitamers

CH,OH : (l) CH,OH
HOCHZ\('\/(OH Kinase 0=I|DOCH2 ) __oH
S TR ¢
X @) X
N NcH, Phosphalase N NcH,
Pyridoxine Pyridoxine phosphate
| Oxidase
Sr N
HC=0 : | HC=0
HOCHZ\(I\/(OH Kinase 0=POCH, A _oH
G I
S O x
N"cH, Phosphatase N“NCH,
Pyridoxal K Pyridoxal phosphate )
Aminotransferases HI Oxidase
G
CH2NH2 - I CH2NH2
HOCHz\fl\/(OH Kinase 0—POCH, ___OH
S — A &
S O X
N"NcH, Phosphatase N"NCH,

Pyridoxamine Pyridoxamlne phosphate
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BIOTIN (VITAMIN B7)

o sz JSoiu ouiend! € Lol o t8umd J 0,50aw ©
9 8,550 a>lgiu WS intestinal flora ageoll U,uSJl Jud
a9 oo bo MSiuo wliig |l 8o o o plalall
g ol> o lpio ;=g Biocytin

bLi,VI pS=o (swousil pusi Guigadl sy te> | 0,05 ®
JSiw JuwnS oo ,Sl a=ilodl wlou ;5VU (prosthetic group)
.(ATP-dependent carboxylase) ATP _slc soi=o
0

~O0C—N NH Carboxy-biocytin |

C=0
k )\/\/\C N\/\/\(I;H
o l
NH
I

Biotin as carboxyl-carrier coenzyme
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Reaction catalyzed by pyruvate carboxylase

First step in gluconeogenesis pathway

Enol pyruvate Oxaloacetate
?ooe ?ooe
L0 c=0
|| © |
Pi CHz \ CHZ
; — 1
00
0 ATP
\ A
Sc—02 + HNY NH OO/C\MJLNH HNT NH
/ ’ (-
HO
Bicarbonate S Enz S Enz S Enz
Biotin Carboxybiotin Biotin

Deficiency is unknown, except upon eating large amounts
of uncooked egg white, which contains avidin; avidin-
biotin complex can not be absorbed.
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VITAMIN B12 (COBALAMIN)

ey Ju9 o bid Lo VUesll gibuay Qi )l 0,5las ©
vasug Wllg=)l aslixi) Microorganisms asusMJ| L VI
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o0 VWlo W an,c Veissy Laailidl UL ..U.\Js ,v.svlgaadl

O1o9Sl asl> (sde algi>V T uoVlsSIL B12 u-wLuB EN-EVHO
U1 dUgS sle Sorme lpiSls pupll dal> aiis wsall Corrin
BVECY |

0 acgazo £llaoY dsdb uoVlgSUl iz : | 0,95 ©

Methylcobalamine yaoVUeSJIl Juiae Jio) duoy )AJI pilodl
)Ig.»XJI ols (Adenosylcobalamine aoYUeSIl Jujgisdle

low M Prosthetic group JSoiw weSs wsallg @olel dusglgull
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Cobalamin Coenzymes derived from cobalamin
(b)

(a)

HOCH,
H3C R=  —CH; (in methylcobalamin)
OH OH

H (in adenosylcobalamin)

N
<1

NH,

R= -CN (in cyanocobalamin)
R= -OH (in hydroxocobalamin)
R= H20 (in aquocobalamin)

» Metal coordinated by corrin is cobalt.
» Benzimidazole ribonucleotide (blue) is coordinated with cobalt and is
also bound via phosphoester linkage to a side chain of corrin ring system.
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O liiaino p st S\l Wlow 3V pdl
Loy pil pulois HaoVUlgSJi

1)  Methylmalonyl-CoA mutase (uses adenosylcobalamine).
2) Methionine synthase (uses methylcobalamine).

1. Methylmalonyl-CoA mutase:l Intramolecular rearrangement.

(a) a a
I I
b— CIZ — X b— (IZ —H
e — ? —H e@i— ? — X
d d
(b)
H (o] H
o L 1 =
OO0OC—C—C—S-CoA Methylmalonyl-CoA oOoC—C—H
| mutase |
H—C—H H—C—C —S-CoA
| Adenosylcobalamin | Il
H H o
Methylmalonyl CoA Succinyl CoA
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2. Methionine synthase :

?H HLC — ?
(CH,), (CH,),
H—(|3—NH3+ H—(ID—NHS“'
(|DOO_ (|)OO“
Homocysteine Methionine

Methionine
synthase

Methylcobalamin
Methyl — H , folate B H, folate
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Vit B12 ,9c
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van> OV Lhig .a) j9¢ Gga> (sJlg cldssll Lans> LMakwl
039¢ S ,LM=Jl olussl ;L-JI DNAJI ¢ llhoV o> S)g,0 cldgsll
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VITAMIN B9 (FOLIC ACID)
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Attached to N-5 (formyl,formimino, or methyl groups).
Attached to N-10 (formyl).

Bridging N-5, N-10 (methylene or methenyl groups).
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Sources and utilization of one-carbon substituted folates

Sources of one-carbon units Synthesis using one-carbon units

Serine hydroxy

Serine f‘ methyl-transferase
Serine
/

Grycine—h Methylene-THF —> Methyl-THF  —> Methionine

Choline “ TMP . dlhydrofolate

Histidine — Formimino-THF —> Methenyl-THF DNA

\ ¥ Formyl-methionine
Formate —> Formyl-THF —> Purines
~

Oxidation\COZ + Free THF

Dr. Rama IBRAHIM 34



DNA JIl g Lol w9 cldesll o> J=>ai

s iy @il dldsall aozd dolpdl &xzaloudl HlgsVl o o
138 o omen | augzid Jawligs o993V pwlw VI @lie duloc
Thymidylate synthase ;luaw O dowd|l ol dowley Jeladll
Jwiaodl 8,03) 2uleS 5,10- Methylene-THF paswioww SAJI

(o] o]
H.

NJ] Hoy |
0" "N D‘A‘N

— i
P-P-O o P-O o
j:r:}EH

o on HN Gly
dubkP dUMP C"C"zH

L
Thymidylata
synthase 5,10~ metr'rrleneTHF 7; j\

5-Fluorouracil T‘I j\ DHFR
- L HM
(5-FU) ) NADP*
{A_H)k,rc a NADPH + H*

‘fiJ
OH

35

Dr. Rama IBRAHIM



https://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwij2MbazpjfAhUJJhoKHbvoC04QjRx6BAgBEAU&url=https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/deoxyuridine-monophosphate&psig=AOvVaw21u2UZxxmbcuF4d0YA8x1l&ust=1544646378613875

JduJoall yow> joc

oo 91) Jwsdl pl siss Loyl sl cldoall Lan> joc Sady
51 DA e Lol ddoc b Jolsdl JLdl @i U,S5 LoS (wlog, VI
15 Lodg slnzl o)l SLyS @M ol

Ml 5oVl JMs aslss) Jomedl sl elgall Laas sec (S35
2uais iy ,ouizd) cswasll LeoVl (88 wldguis Gea> (] (ol
>Vl M o9u/ 059,500 400 lasos cldgell Jas> Jolian Jol=l
ozl S dnag)l SLloYl 0 Ssle) Josdl oo oVl &Ml

FOLIC ACID
400 MCG

Dr. Rama IBRAHIM ST 36



https://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwi0ldn9uqDfAhVGJBoKHVcxDIgQjRx6BAgBEAU&url=https://www.amazon.com/Solgar-Folic-Acid-Tablets-Packaging/dp/B005P0WCL0&psig=AOvVaw217HjMPtm9WejYTZ-i5Kf0&ust=1544915701750433

VITAMIN C (ASCORBIC ACID)
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1. Copper-containing hydroxylases.

Ex. Dopamine B-hydroxylase: copper-containing enzyme
involved in synthesis of catecholamines (norepinephrine
and epinephrine), from tyrosine. During hydroxylation, Cu+
is oxidized to Cu2+; reduction back to Cu+ requires
ascorbate, which is oxidized to monodehydroascorbate.

H

Tyrosine | = Hopaming
H o MH:
0, Asoarbio
acid Y
] Dopamina f-hydroxylass
0, Dty o

ascirbic acid
L

oH
]

T
O-. - x‘] Norepinephrine
NH:
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2. Iron-containing hydroxylases.

Ex. Proline and lysine hydroxylases: are required for the
postsynthetic modification of procollagen to collagen.
Ascorbate is required to reduce the iron prosthetic group
after accidental oxidation during reaction

2-Oxoglutarate Succinate
s A
Os-OH Osc-OH
H-C—C: i , H-C—C
| CH, —( Proline hydroxylase }—b 8 _am
HN, / & BN, /# ™
N - “ N
C * . C
H, "’ “ H,
Proline i = Hydroxyproline
0,, Fe?* Fe?®, 00, % ¢
L ;
& :::-::: 2
HO e . HO
HO e
O 0O HO OH
Dehydroascorbate Vitamin C
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