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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)
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تعريف  الأنزيمات

جزيءوالانزيممالجسفيالمختلفهالتفاعلاتلتحفيزالخلاياتنتجهامتخصصهبروتيناتهي
الحيهالخلايابواسطةيصنعبروتيني

البروتينمنسلاسلعدةأوواحدةسلسلةمنالأنزيميتألفقد

القويهواعدالقووالاحماضبالحرارهتتأثرحيثالبروتيناتصفاتفلهابروتيناتأنهابما
.الطبيعيهصفاتهاوتغيرتكسرلهاممايسبب

وظائفأهمنمالخليهداخلالكيمايئيهللتفاعلاتوالتعجيلالتسهيلأوالحفزعمليةتعتبر
الإنزيمات

.التفاعلذلكخلالتستهلكولاالكيمايئيهالتفاعلاتتحفز
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تصنيف الإنزيمات 

تماد يصنفون الإنزيمات وفق مبادئ مختلفة إلى أن قررت اللجنة الدولية اع1961كان الباحثون قبل عام 
:  المبادئ الثلاثة التالية أساساً للتصنيف

المبدأ الأول على الطبيعة الكيمياوية للإنزيم.

المبدأ الثاني على الطبيعة الكيمياوية للركيزة التي يؤثر فيها الإنزيم.

ية الإنزيماتالمبدأ الثالث على نمط التفاعل الذي يتم بوساطة الإنزيم والذي يعد أساساً عاماً في تسم  .
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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-NH2 group of donors (Amino acid oxidoreductases, Monoamine 
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 CH2 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

https://en.wikibooks.org/w/index.php?title=Category:EC_1.1&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Alcohol_oxidoreductases&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_1.2&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Aldehyde&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_1.3&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=CH-CH_oxidoreductases&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_1.4&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Amino_acid_oxidoreductases&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Monoamine_oxidase&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_1.5&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_1.6&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_1.7&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_1.8&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Sulfur&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_1.9&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Heme&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_1.10&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Diphenol&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_1.11&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Peroxide&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Peroxidase&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_1.12&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_1.13&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Oxygenase&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_1.14&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_1.15&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Superoxide&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_1.16&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_1.17&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_1.18&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_1.19&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Flavodoxin&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_1.20&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Phosphorus&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Arsenic&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_1.21&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_1.97&action=edit&redlink=1
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Transferases
•EC 2.1 includes enzymes that transfer one-carbon groups (methyltransferase)
•EC 2.2 includes enzymes that transfer aldehyde or ketone groups
•EC 2.3 includes acyltransferases
•EC 2.4 includes glycosyltransferases
•EC 2.5 includes enzymes that transfer alkyl or aryl groups, other than methyl 
groups
•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

https://en.wikibooks.org/w/index.php?title=Category:EC_2.1&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Methyltransferase&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_2.2&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Aldehyde&action=edit&redlink=1
https://en.wikibooks.org/wiki/Ketone
https://en.wikibooks.org/w/index.php?title=Category:EC_2.3&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Acyltransferases&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_2.4&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Glycosyltransferases&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_2.5&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Alkyl&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Aryl&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_2.6&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Nitrogenous&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Transaminase&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_2.7&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Phosphorus&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Phosphotransferase&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Polymerase&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Kinase&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_2.8&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Sulfur&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Sulfurtransferase&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Sulfotransferase&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_2.9&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Selenium&action=edit&redlink=1


first lecture on enzymes by Dr.Dhia .F.Al-Fekaiki 2019



first lecture on enzymes by Dr.Dhia .F.Al-Fekaiki 2019

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

https://en.wikibooks.org/w/index.php?title=Category:EC_3.1&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Ester&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Esterase&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Nuclease&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Phosphodiesterase&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Lipase&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Phosphatase&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_3.522&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=DNA_glycosylase&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Glycoside_hydrolase&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_3.3&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Ether&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_3.4&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Peptide_bond&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Protease&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_3.5&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Carbon-nitrogen_bond&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_3.6&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Acid_anhydride&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Acid_anhydride_hydrolases&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Helicase&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=GTPase&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_3.7&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Carbon-carbon_bond&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_3.8&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Halide&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_3.9&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_3.10&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_3.11&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Organophosphate&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_3.12&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_3.13&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Organosulfur_compounds&action=edit&redlink=1
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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
•EC 4.3 includes lyases that cleave carbon-nitrogen bonds
•EC 4.4 includes lyases that cleave carbon-sulfur bonds
•EC 4.5 includes lyases that cleave carbon-halide bonds
•EC 4.6 includes lyases that cleave phosphorus-oxygen bonds, such as 
adenylate cyclase and guanylate cyclase
•EC 4.99 includes other lyases, such as ferrochelatase

https://en.wikibooks.org/w/index.php?title=Category:EC_4.1&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Decarboxylase&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Aldehyde_lyases&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_4.2&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Dehydratase&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_4.3&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_4.4&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_4.5&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_4.6&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Adenylate_cyclase&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Guanylate_cyclase&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_4.99&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Ferrochelatase&action=edit&redlink=1
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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)

https://en.wikibooks.org/w/index.php?title=Category:EC_5.1&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Racemization&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Racemase&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Epimer&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Epimerase&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_5.2&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Geometric_isomerism&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Cis-trans_isomerase&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_5.3&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Intramolecular&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Oxidoreductase&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_5.4&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Transferase&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Mutase&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_5.5&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Lyase&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_5.99&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Topoisomerase&action=edit&redlink=1
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Ligases
•EC 6.1 includes ligases used to form carbon-oxygen bonds
•EC 6.2 includes ligases used to form carbon-sulfur bonds
•EC 6.3 includes ligases used to form carbon-nitrogen bonds (including 
argininosuccinate synthetase)
•EC 6.4 includes ligases used to form carbon-carbon bonds
•EC 6.5 includes ligases used to form phosphoric ester bonds
•EC 6.6 includes ligases used to form nitrogen-metal bonds

https://en.wikibooks.org/w/index.php?title=Category:EC_6.1&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_6.2&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_6.3&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Argininosuccinate_synthetase&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_6.4&action=edit&redlink=1
https://en.wikibooks.org/w/index.php?title=Category:EC_6.5&action=edit&redlink=1
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
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