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Reaction type Substrate type Enzyme Examples

involved

1 Phasel
(functionalization)
1.1 Oxidations
1.1.1 hydroxylation
. aromatic, allylic, CYP R_@ . R_@_OH
benzylic cpds.
. aliphatic, R—CHj — > R-CH,0H
alicyclic cpds.

Q HQ
. carbonyl, imine R—CHyC-R' ™ R-CH-C=R'
cpd. with []-C
1.1.2 epoxidation . aromatic, allylic CYP o
cpds. > i : (
113 N-, O-, S- « N- O- S-akyl CYP R-0-CH; —> [ R-0-CH,0H ] —>
dealkylation drvs. R-OH + CH20
114 N-, S- . 2° 3° amines CYP, FMO  (CHg)s—N—> [ (CHg)3—N-OH] —>
oxidation «  S-alkyl drvs. (CHa)3=NO + H+
1.1.5 deamination . amines CYP, R_CHZ_NHZW. RCHO + NH 4
MAO
R=CH-CHg =% Rreoch 3 + CH20
NH»
1.1.6 oxidation . alcohol, Dehydro-
CH3—CHy;OH — CH3—-CHO
aldehydes genase
1.2 Reductions . aldehydes, Reductase OH
ketones R-CH > R-CH,
. azo, nitro
1.3 Hydrolysis . ester Esterase
0 0
. amides Amidase R-C-OR' — R-C-OH
. epoxides Epoxide
hydrases
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Reaction type Substrate type Enzyme Examples
involved

2 Phasell

(Conjugation)

2.1 Glucuronidation . alcohols, UDP-

phenols glucuronyl R_Q_OH — R_Q_O_CGHQOG

. carboxylic transferase (O-glucuronide metabolite)
acids

. amines

. thiols

2.2 Sulfation . phenols, Sulfotrans- 9

alcohols ferase R_Q_OH — R—@—o—bsl—o

. aromatic
amines

«  N-hydroxy
cpds.

2.3 Conjugation . carboxylic N-acyltrans- o G COOH
with amino acids ferase Rochzemon == R_CHZ-C_NH_E_-R
acids

2.4 Glutathione . epoxides Glutathione- Glutathione adduct
conjugation . reactive S-transfer-

electron- ase
deficient cpds.
2.5 Acetylation . 1° amines Acetyltrans- o
. sulfonamides ferase R—<;>—NH2_> R—QNH'E-CHs
. hydrazines,
hydrazides

2.6 Methylation . phenols Methyltrans- o NHz CH30 NH

ferase HOKJ/\/—’ Hojg/\/

CYP = cytochrome P450 monooxygenase, FMO = flavin-containing monooxygenase, MAO = monoamine oxidase
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N
=
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