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Enzymes 3D structure

*Enzymes are proteins and their activities depends on the 3D structure of the amino acids that compose
them (note: also some RNAs have catalytic activity but they won’t be covered in this course)

Primary Secondary Tertiary Quaternary
structure structure structure structure

Amino acid a Helix Polypeptide chain Assembled subunits
residues
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CH,CH, OH + NAD CHe—* ,CHO + NADH

E.C. 1.1.1.1 Alcohol:NADOxidoreductase
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Oxidoreductases

*EC 1.1 includes oxidoreductases that act on the CH-OH group of donors (alcohol oxidoreductases)
*EC 1.2 includes oxidoreductases that act on the aldehyde or oxo group of donors

*EC 1.3 includes oxidoreductases that act on the CH-CH group of donors (CH-CH oxidoreductases)
*EC 1.4 includes oxidoreductases that act on the CH-NH, group of donors (Amino acid oxidoreductases, Monoamine Dhix alFehaiki
oxidase)

*EC 1.5 includes oxidoreductases that act on CH-NH group of donors

*EC 1.6 includes oxidoreductases that act on NADH or NADPH

*EC 1.7 includes oxidoreductases that act on other nitrogenous compounds as donors

*EC 1.8 includes oxidoreductases that act on a sulfur group of donors

*EC 1.9 includes oxidoreductases that act on a heme group of donors

*EC 1.10 includes oxidoreductases that act on diphenols and related substances as donors

*EC 1.11 includes oxidoreductases that act on peroxide as an acceptor (peroxidases)

*EC 1.12 includes oxidoreductases that act on hydrogen as donors

*EC 1.13 includes oxidoreductases that act on single donors with incorporation of molecular oxygen (oxygenases)

*EC 1.14 includes oxidoreductases that act on paired donors with incorporation of molecular oxygen

*EC 1.15 includes oxidoreductases that act on superoxide radicals as acceptors

*EC 1.16 includes oxidoreductases that oxidize metal ions

*EC 1.17 includes oxidoreductases that act on CH or CH, groups

*EC 1.18 includes oxidoreductases that act on iron-sulfur proteins as donors

*EC 1.19 includes oxidoreductases that act on reduced flavodoxin as a donor

*EC 1.20 includes oxidoreductases that act on phosphorus or arsenic in donors

*EC 1.21 includes oxidoreductases that act on X-H and Y-H to form an X-Y bond

*EC 1.97 includes other oxidoreductases
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L-Glutamate + NAD(P)_I_+ H, 0 «——®Ketoglutarate+ NHy+ NAD(P)H

E.C. 1.4.1.3 Glutamate: NAD(P) Oxidoreductase
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ATP + D-Hexose «——— ADP + D-Hexose-6-P

E.C. 2.7.1.1 ATP:D-Hexose-6-Phosphotransterase (Hexokinase)
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Transferases

*EC 2.1 1iIncC
*EC 2.2 InC
*EC 2.3 InC
*EC 2.4 inc
*EC 2.51IncC
groups

uc
uc
uc
uc

uc

es enzymes that transfer one-carbon groups (methyltransferasejm s

es enzymes that transfer aldehyde or ketone groups

es acyltransferases

es glycosyltransferases

es enzymes that transfer alkyl or aryl groups, other than meth

*EC 2.6 includes enzymes that transfer nitrogenous groups (transaminase)

*EC 2.7 includes enzymes that transfer phosphorus-containing groups
(phosphotransferase, including polymerase and kinase)

*EC 2.8 includes enzymes that transfer sulfur-containing groups
(sulfurtransferase and sulfotransferase)

*EC 2.9 includes enzymes that transfer selenium-containing groups
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E.C. 3.2.1.23 3-D-Galactoside galactohydrolase
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E.C. 3.1.3.1 Glycerol ester hydrolase (Lipase)
E.C. 3.2.1.26 B-D-Fructofuranoside fructohydrolse (Sucorase)




hydrolases

*EC 3.1: ester bonds (esterases: nucleases, phosphodiesterases, lipase,
phosphatase)

*EC 3.222: sugars (DNA glycosylases, glycoside hydrolase)

*EC 3.3: ether bonds

*EC 3.4: peptide bonds (Proteases/peptidases)

*EC 3.5: carbon-nitrogen bonds, other than peptide bonds

*EC 3.6 acid anhydrides (acid anhydride hydrolases, including helicases and
GTPase)

*EC 3.7 carbon-carbon bonds

*EC 3.8 halide bonds

*EC 3.9: phosphorus-nitrogen bonds

*EC 3.10: sulfur-nitrogen bonds

*EC 3.11: carbon-phosphorus bonds

*EC 3.12: sulfur-sulfur bonds

*EC 3.13: carbon-sulfur bonds
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E.C. 4.1.2.1 L- Malate Hydrolyase (Fumarase)
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Lyases

*EC 4.1 includes lyases that cleave carbon-carbon bonds, such as
decarboxylases (EC 4.1.1), aldehyde lyases (EC 4.1.2), oxo acid lyases(EC

4.1.3) and others (EC 4.1.99)
*EC 4.2 includes lyases that cleave carbon-oxygen bonds, such as
dehydratases

*EC4.3iInc
*EC4.4Inc
*EC4.5iInc
*EC4.6iIncC

udes

uc
uc

uc

es
es
es

yases t
yases t
yases t
yases t

nat C
nat C
nat C

nat C

eave car
eave Car
eave Car

pon-nitrogen bonds
oon-sulfur bonds

non-halide bonds

eave phosphorus-oxygen bonds, such as
adenylate cyclase and guanylate cyclase

*EC 4.99 includes other lyases, such as ferrochelatase
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D-Glyceraldehyde 3-Phosphate ——> Dihydroxy Acetone
3-Phosphate

E.C. 5.3.1.1 D-Glyceraldehyde 3-Phosphate Ketol Isomerase
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Isomerases

*EC 5.1 includes enzymes that catalyze racemization (racemases)
and epimerization (epimerases)

*EC 5.2 includes enzymes that catalyze the isomerization of
geometric isomers (cis-trans isomerases)

*EC 5.3 includes intramolecular oxidoreductases

*EC 5.4 includes intramolecular transferases (mutases)

*EC 5.5 includes intramolecular lyases

*EC 5.99 includes other isomerases (including topoisomerases)
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ATP + CH,-CO-SCoA + CO, =—>
ADP + Pi + HO-CO-CH,-CO-SCoA

E.C. 6.4.1.2 Acetyl CoA: CoA CO, Ligase
(Acetyl Co carboxylase)
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Ligases

*EC6.11INnC
*EC6.21INC
*EC6.3inc

udes
udes
udes

igases used
igases used

igases used

to form carbon-oxygen bonds
to form carbon-sulfur bonds
to form carbon-nitrogen bonds (including

argininosuccinate synthetase)

*EC 6.4 1INnC
*EC 6.5INnC
*EC 6.6 1INC

udes
udes
udes

igases used to form carbon-carbon bonds
igases used to form phosphoric ester bonds
igases used to form nitrogen-metal bonds
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https://en.wikibooks.org/w/index.php?title=Phosphoric_ester&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_6.6&action=edit&redlink=1

The EC System

A
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EC1.1

1.1

EC 1.1.1 With NAD or NADP as acceptor

2 W 5

1.3

EC 1.1.3 With oxygen as acceptor

14

Acting on the CH-OH group of donors ‘

EC 114 With a disulfide as acceptor

15

EC 1.1.5 With a qunones or sunmlar compound as acceplor

L6

EC 1199 With other acceptors

Vi
EC1 Oxidoreductases | JEC 3 Hvdiolases
EC11 JActno onthe CH-OH grow of donors ~ |EC31 JActng on Ester Bonds
EC12 |Actig on the aldehyde or oxo group of EC32 |Glyosylases
doyors
EC13 lActing on the CH.CH group of donors EC33 {Act
EC 14 |Actng on the CH-NH, growp of donors EC34 |Achie on de bonds dases
EC15 |Actng on the CH-NH group of donors EC35 |Achng on Carbon-Nitrogen Bonds. other
tan Peptide Bonds
EC16 JActng on NADH or NADPH EC36 JAc on Acid Anindndes
EC17 |Acting on other mtropenous compounds as |[EC 3.7 | Acting on Carbon.Carbon Bonds
dopors
EC LS _JActing on o sulfiy group of dogoes EC3S JActmgogHalideBonds
EC Acting on o heme of EC39 |Actne on Plo -Ni
EC 110 JActing on diphenols and related substances |EC 3.10 | Acting on Sulfur-Nitrogen Bonds
as donors
EC 11! JAchne on a peroxade as acceptor EC3.1! JActng on Carbon-Phosphorus Bonds
EC112 i as EC312 JAc Sul fur-Sulfur
EC 1.13 |Acting on single donors wath incorporation |EC 3.13 | Acting on Carbon-Sulfr Bonds
of molecular oxygen (axygenases)
EC 114 |Actng on paired donors, with EC4 Lyases
incorporation or raduction of molecular
EC LIS 1Acting on superoxide s aoceptor EC] lCybop-Cubonlyases
EC 116 JOndizng netal jons EC42__JCarbon Oxveen Lynses
EC 117 JActnw on CH or CH, groups EC43 | Carbon-Nitrogen Lyvases
EC 118 |Actno on won-sulfir proteins as donors EC 44 | Carbon Sulfir Lyvases
Actig oo reduced favodoxnas donor  JEC 45 | Carbon Halide Lyases
EC 120 JActing on phos) orarsemc indonors |EC 46 | Phosphonis-Oxvgen Iyases
EC121 |AcungonX-Hand Y-Htoforman X-Y |EC 499 |Other Lyases
bopd
EC 197 o tases - [ Isomerases
EC198 1Enzymes using B as reductant EC31 __IRacenmses and Fpunerases
ECLO0 ECS2 _los-uans soneruses
EC2 Transfernses EC53 |ntramplecular Oxidoreductases
EC21 | Transfernne One-Carbon Groups EC 54 |Intranolecular Transferases
R YTy XY R TR T (T P e e S —
EC 23 | Acvitransferases EC 599 | Other Isonerases
EC24 |Glycosyitransferases EC6 Ligases
EC25 |Trusfernng Alkyl or Aryl Groups, Other  |EC 6.1 | Formang Carbon-Oxygen Bonds
EC26 1T N EC62 |F :
EC27 |Transfernng Phosphorus-Contaimng EC6.3 |Formng Carbon-Nitrogen Bonds
EC28 |Trarsfernng Sulfir-Contamming Grouwps EC 6.4 | Formng Carbon-Carbon Bonds
EC29 Tramfernng Selenium Containing Groups JEC 65 _Forming PhosphoricEster Boods |
EC66 )Formng Nitroges—Metal Bonds |

LEC 1.1.1With NAD or NADP as acceptor

| EC 111 slcohol delnadrogenase |
EC 1117 alcohol delnvdrogenase (NADP-+)

LEC L1113 homosenne dehydrogenase
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Lock-and-Key Theory

* The lock-and-key theory explams the high specificity
of enzyme activity. Enzyme surfaces accommodate
substrates having specific shapes and sizes, so only
specific substances “fit” in an active site to form an
ES complex.

: A
Dhia alFekaik

« A limitation of this theory 1s that it requires enzymes
conformations to be rigid. Research suggests that
istead enzymes are at least somewhat flexible.

Enzyme ES complex 24
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Induced-Fit Theory 1Y

» A modification of the lock-and-key theory called the A
induced-fit theory proposes that enzymes have
flexible conformations that may adapt to mcoming
substrates.

* The active site adopts a shape that 1s co_mglementaly
to the substrate only after the substrate 1s bound.

Enzyme ES complex
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