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•• Transfer of Transfer of acylacyl (carbon (carbon
chains) require anchains) require an
activation stepactivation step

-- These reactions involvedThese reactions involved
a a thioesterthioester high energy high energy
bond.bond.

-- Use the compoundUse the compound
Coenzyme A (derivedCoenzyme A (derived
from from panthanoicpanthanoic acid, acid,
vitamin Bvitamin B55))

-- The hydrolysis ofThe hydrolysis of
thioestersthioesters is as is as
energetically favorableenergetically favorable
as ATP hydrolysisas ATP hydrolysis

-- Used in fatty acidUsed in fatty acid
synthesis, lipidsynthesis, lipid
production, lipidproduction, lipid
modification of proteinsmodification of proteins
and othersand others

CofactorsCofactors
Required by inactiveRequired by inactive  apoenzymesapoenzymes  to convertto convert

them into activethem into active  holoenzymesholoenzymes
–– Essential ions Essential ions –– mostly metal ions mostly metal ions
–– Coenzymes Coenzymes –– organic compounds organic compounds

Carbonic anhydrase 
active site

Many enzymes require traceMany enzymes require trace
metals for activitymetals for activity

Table 1.1

Metal-activated enzymes (eg. K+, Ca2+, Mg2+)
Metalloenzymes (eg. iron, zinc)

Coenzymes: a closer lookCoenzymes: a closer look
•• Altered during the course of the reactionAltered during the course of the reaction
•• Provide reactive groups not found in amino acid sideProvide reactive groups not found in amino acid side

chainschains
•• Two classesTwo classes

–– Co-substratesCo-substrates  freely dissociate from enzymes freely dissociate from enzymes ––
regenerated by another enzyme (regenerated by another enzyme (egeg. NADH). NADH)

–– Prosthetic groupsProsthetic groups  remain bound (sometimesremain bound (sometimes
covalently) to its covalently) to its apoenzyme apoenzyme –– regenerated during regenerated during
each full catalytic event (each full catalytic event (egeg. FAD). FAD)
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Metabolite coenzymesMetabolite coenzymes

synthesized from common metabolitessynthesized from common metabolites

ATPATP Phosphoryl Phosphoryl transfertransfer
S-AdenosylmethionineS-Adenosylmethionine Methyl transferMethyl transfer
UDP-glucoseUDP-glucose Glycosyl Glycosyl transfertransfer

Vitamin-derived coenzymesVitamin-derived coenzymes
•• vitamins are precursors obtained asvitamins are precursors obtained as
nutrients in small amounts.nutrients in small amounts.

•• Most vitamins must be Most vitamins must be enzymaticallyenzymatically
transformed to their correspondingtransformed to their corresponding
coenzymecoenzyme

•• Vitamin deficiency can lead to diseaseVitamin deficiency can lead to disease

NADHNADH
(and NADPH)(and NADPH)

•• Full nameFull name
–– Nicotinamide Nicotinamide adenineadenine

dinucleotidedinucleotide
•• Vitamin precursorVitamin precursor

–– nicotinic acid (niacin)nicotinic acid (niacin)
•• Vitamin deficiencyVitamin deficiency

–– PellagraPellagra
•• Metabolic roleMetabolic role

–– Oxidation-reductionOxidation-reduction
involving two-electroninvolving two-electron
transferstransfers

•• Cosubstrate Cosubstrate forfor
–– dehydrogenasesdehydrogenases

nicotinamide FAD (and FMN)FAD (and FMN)
•• Full nameFull name

–– flavin flavin adenineadenine
dinucleotidedinucleotide

•• Vitamin precursorVitamin precursor
–– Riboflavin (BRiboflavin (B22))

•• Vitamin deficiencyVitamin deficiency
–– Growth retardationGrowth retardation

•• Metabolic roleMetabolic role
–– Oxidation-reductionOxidation-reduction

involving one- and two-involving one- and two-
electron transferselectron transfers

•• Prosthetic group forProsthetic group for
–– flavoenzymesflavoenzymes

Fig. 7.10

Reduced
form
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CoACoA

•• Full name: Coenzyme AFull name: Coenzyme A
•• Vitamin precursor: Vitamin precursor: Pantothenate Pantothenate (B(B33))
•• Vitamin deficiency: Dermatitis in chicksVitamin deficiency: Dermatitis in chicks
•• Metabolic role: Metabolic role: Acyl Acyl transfertransfer
•• Cosubstrate Cosubstrate for: Hundreds of enzymesfor: Hundreds of enzymes

Fig. 7.12

TPPTPP
•• Full name: Thiamine pyrophosphateFull name: Thiamine pyrophosphate
•• Vitamin precursor: Thiamine (BVitamin precursor: Thiamine (B11))
•• Vitamin deficiency: beriberiVitamin deficiency: beriberi
•• Metabolic role: Transfer of 2-carbon fragmentsMetabolic role: Transfer of 2-carbon fragments

containing carbonylcontaining carbonyl
•• Prosthetic group for: Some Prosthetic group for: Some carboxylasescarboxylases

Fig. 7.14

PLPPLP
•• Full nameFull name

–– Pyridoxal Pyridoxal phosphatephosphate
•• Vitamin precursorVitamin precursor

–– Pyridoxine, Pyridoxine, pyridoxalpyridoxal,,
pyridoxamine pyridoxamine (B(B66))

•• Vitamin deficiencyVitamin deficiency
–– Dermatitis in ratsDermatitis in rats

•• Metabolic roleMetabolic role
–– Transfer of groups toTransfer of groups to

and from amino acidsand from amino acids
•• Prosthetic group forProsthetic group for

–– transaminasestransaminases Fig. 7.16

BiotinBiotin
•• Full name: biotinFull name: biotin
•• Vitamin precursor: BiotinVitamin precursor: Biotin
•• Vitamin deficiency: Dermatitis - humansVitamin deficiency: Dermatitis - humans
•• Metabolic role: Carboxyl group transfer and ATP-Metabolic role: Carboxyl group transfer and ATP-

dependent dependent carboxylationcarboxylation
•• Prosthetic group for: Some Prosthetic group for: Some carboxylasescarboxylases

Fig. 7.19
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TetrahydrofolateTetrahydrofolate
•• Full name: Full name: tetrahydrofolatetetrahydrofolate
•• Vitamin precursor: Folic acidVitamin precursor: Folic acid
•• Vitamin deficiency: anemia, Vitamin deficiency: anemia, spina spina bifidabifida
•• Metabolic role: One-carbon transfer (Metabolic role: One-carbon transfer (formylformyl, , hydroxymethylhydroxymethyl))
•• Cosubstrate Cosubstrate for: for: Dihydrofolate reductase Dihydrofolate reductase and othersand others

Fig. 7.21

Other coenzymesOther coenzymes

Vitamin KVitamin K
•• DeficiencyDeficiency

–– Blood clotting disorderBlood clotting disorder
•• Metabolic roleMetabolic role

–– carboxylation carboxylation of of GluGlu
•• Prosthetic group forProsthetic group for

–– VitVit. . K-depK-dep. . carboxylasecarboxylase

UbiquinoneUbiquinone
•• Alternate nameAlternate name

–– Coenzyme QCoenzyme Q
•• Metabolic roleMetabolic role

–– Electron transferElectron transfer
•• cosubstrate cosubstrate forfor

–– Mitochondrial enzymesMitochondrial enzymes

Figs. 7.30, 7.32

Other essential vitaminsOther essential vitamins

lipidlipidFragileFragile
blood cellsblood cells

AntioxidantAntioxidantEE

LipidLipidRicketsRicketsGeneGene
expressionexpression

DD

WaterWaterScurvyScurvyAntioxidantAntioxidantCC

LipidLipidNightNight
blindnessblindness

VisionVisionAA

solubilitysolubilityDeficiencyDeficiencyRoleRoleVitaminVitamin

HemeHeme
•• Metabolic roleMetabolic role

–– electronelectron
transfertransfer

•• Prosthetic groupProsthetic group
forfor
–– cytochromescytochromes

Fig. 7.33


