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Metabolism

• It is a series of chemical reactions inside the cell with the help of different types of 
enzymes. The chemical compounds involved in this process known as metabolites.

• This process can be linier (Glycolysis), cyclic (Krebs cycle) or spiral (Fatty acid 
synthesis).   

.تابلقتسلما مساب ةيلمعلا هذه يف ةكراشلما ةيئايميكلا تابكرلما فرعُتو .تاميزنلإا نم ةفلتخم عاونأ ةدعاسمب ةيلخلا لخاد ةيئايميكلا تلاعافتلا نم ةلسلس نع ةرابع يه •

.)ةينهدلا ضامحلأا قيلخت( ةينوزلح وأ ،)سبيرك ةرود( ةيرود وأ ،)زوكولجلا للحت( ةيطخ ةيلمعلا هذه نوكت نأ نكمي •





• It’s divided in two pathways on the basis of synthesis and breakdown
of compounds.

• Anabolic pathway: It’s involve synthesis of compounds and usually
endergonic in nature.

• Catabolic pathway: Its involve breakdown of compounds and
usually exergonic in nature.

تابكرلما للحتو قيلخت ساسأ ىلع نيراسم ىلإ هميسقت متي •

ةقاطلل ةصتمم ةعيبط اذ نوكي ام ةداعو تابكرلما قيلخت نمضتي :يئانبلا راسلما •

ةقاطلل ةدراط ةعيبط اذ نوكي ام ةداعو تابكرلما للحت نمضتي :يمدهلا راسلما •



Catabolic and anabolic pathways in cell metabolism
Catabolic pathways involve the breakdown of nutrient molecules (Food: A, B, C) into usable forms (building 
blocks). In this process, energy is either stored in energy molecules for later use, or released as heat. Anabolic 
pathways then build new molecules out of the products of catabolism, and these pathways typically use energy. 
The new molecules built via anabolic pathways (macromolecules) are useful for building cell structures and 
maintaining the cell.

 ،ةيلمعلا هذه يفو .)ءانبلا لتك( مادختسلال ةلباق لاكشأ ىلإ )ج ،ب ،أ :ماعطلا( تايذغلما تائيزج للحت ةيمدهلا تاراسلما نمضتت ايلاخلل يئاذغلا ليثمتلا ةيلمع يف ةيئانبلاو ةيمدهلا تاراسلما
 .ةقاطلاً ةداع تاراسلما هذه مدختستو ،مدهلا تاجتنم نم ةديدج تائيزج ءانبب ةيئانبلا تاراسلما موقت مث .ةرارحك اهقلاطإ متي وأ ،اقًحلا اهمادختسلا ةقاطلا تائيزج يف امإ ةقاطلا نيزخت متي
.اهيلع ظافحلاو ايلاخلا لكايه ءانبل ةديفم )ةريبكلا تائيزجلا( ةيئانتبلاا تاراسلما ربع اهؤانب متي يتلا ةديدجلا تائيزجلا
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•



1) Amino acids and proteins

What are amino acids and proteins?
• Amino acids and proteins are the basic structural unit of all cells. Proteins are the

building blocks of any biological entity. Proteins are actually polymers that are
made up of monomers called amino acids.

• Amino acids are organic compounds having 2 essential groups: amino group and
carboxylate groups.

• Then there’s one side chain group that is specific to each amino acid. Different or
same amino acids are linked to each other via peptide bonds and form long
peptides (polypeptides/ proteins).

؟تانيتوربلاو ةينيملأا ضامحلأا يه ام
 ةيساسلأا تانبللا يه تانيتوربلا .ايلاخلا عيمجل ةيساسلأا ةيوينبلا ةدحولا يه تانيتوربلاو ةينيملأا ضامحلأا •
ةينيملأا ضامحلأا ىمست تارمونوم نم نوكتت تارميلوب عقاولا يف يه تانيتوربلا .يجولويب نايك يلأ

.ليسكوبركلا تاعومجمو ةينيملأا ةعومجلما :ينتيساسأ ينتعومجم نم نوكتت ةيوضع تابكرم يه ةينيملأا ضامحلأا •

 ضعبلا اهضعبب ةلثامتلما وأ ةفلتخلما ةينيملأا ضامحلأا طبترت .ينيمأ ضمح لكب ةصاخ ةيبناج ةلسلس ةعومجم كانه مث •
)تانيتورب/تاديتبب يلوب( ةليوط تاديتبب لكشتو ةيديتبب طباور ربع



1. Protein Anabolism (Synthesis)

• Let’s define anabolism involving proteins! Protein anabolism is the process by
which various proteins are synthesized inside/outside a biological body.

• It encompasses 2 processes: amino acid synthesis and protein synthesis (or
polypeptide synthesis)

• Amino acids are of 2 types: essential and non-essential in humans. Non-essential
ones can be synthesized by the human body but essential ones need to be taken via
diet. There is no such concept of essential and non-essential amino acids for plants
since they can produce all of them.

• Protein synthesis from amino acids encompasses 4 major steps: transcription,
translation of proteins, PTMs (post-translational modifications), and protein
folding ينتوربلا يطو ،ةمجرتلا دعب تلايدعتلاو ،تانيتوربلا ةمجرتو ،خسنلا :ةيسيئر تاوطخ عبرأ ةينيملأا ضامحلأا نم ينتوربلا قيلخت نمضتي •

 ضامحلأا عينصت ناسنلإا مسجل نكمي .رشبلا ىدل ةيساسأ ريغو ةيساسأ :ينعون ىلإ ةينيملأا ضامحلأا مسقنت •
 موهفم دجوي لاو .يئاذغلا ماظنلا قيرط نع اهلوانت بجيف ةيساسلأا ةينيملأا ضامحلأا امأ ،ةيساسلأا ريغ ةينيملأا
.اهعيمج اهجاتنإ اهنكمي ثيح ،تاتابنلا ىدل ةيساسلأا ريغو ةيساسلأا ةينيملأا ضامحلأل

)ديتببيلوبلا قيلخت وأ( ينتوربلا قيلختو ةينيملأا ضامحلأا قيلخت :ينتيلمع لمشي •

.يجولويبلا مسجلا جراخ/لخاد ةفلتخلما تانيتوربلا عينصت اهللاخ نم متي يتلا ةيلمعلا يه يئاذغلا ءانبلا ةيلمع !تانيتوربلا نمضتت يتلا يئاذغلا ءانبلا ةيلمع فرّعن انعد •

)قيلختلا( ينتوربلا ءانب ةيلمع .1



2. Protein Catabolism (Breakdown)

The breakdown of proteins is specifically called proteolysis.
• After the proteins are broken down to the monomeric form i.e. amino acids, they

are further reduced by degradations to individual atoms like nitrogen, oxygen,
carbon, and hydrogen (also sulfur, selenium in some specific amino acids).

• Vital roles performed by proteins are:

• Catalysis of metabolic pathways
• Formation of cell and organism’s structure
• Intracellular transportation
• Cell signaling
• Antibodies and immune functions
• Hormones and storage

ةيضيلأا تاراسلما زيفحت •
يحلا نئاكلاو ةيلخلا ةينب نيوكت •
ايلاخلا لخاد لقنلا •
ةيلخلا تاراشإ •
ةيعانلما فئاظولاو ةداضلما ماسجلأا •
نيزختلاو تانومرهلا •

:يه تانيتوربلا اهبعلت يتلا ةيويحلا راودلأا • 

.ينيتوربلا للحتلا مسا ديدحتلا هجو ىلع تانيتوربلا للحت ىلع قلطُي
 تارذ ىلإ للحتلا قيرط نع ربكأ لكشب اهلازتخا متي ،ةينيملأا ضامحلأا يأ يداحلأا لكشلا ىلإ تانيتوربلا للحت دعب •
)ةددحلما ةينيملأا ضامحلأا ضعب يف موينيليسلاو تيربكلا اضًيأ( ينجورديهلاو نوبركلاو ينجسكلأاو ينجورتينلا لثم ةيدرف



Proteins are one of the most important biochemicals in the biological world. They play some indispensable roles 
as described in the figure.

لكشلا يف حضوم وه امك اهنع ىنغ لا يتلا راودلأا ضعب بعلت .يجولويبلا ملاعلا يف ةيويحلا ةيئايميكلا داولما مهأ نم ةدحاو يه تانيتوربلا



2) Lipids

• What are lipids?

• Lipids are the biochemicals that don’t dissolve in polar solvents but only in non-polar solvents.
Most of the lipids are either amphipathic or hydrophobic. Amphipathic, literally means a
molecule that has both hydrophilic and hydrophobic parts. There’s an entire array of lipids in the
biological world ranging from simple fats to PUFAs (polyunsaturated fatty acids), from mono-
& triglycerides to long-chain prenol lipids, from different types of phospholipids and
sphingolipids to sterols.

• While some lipids are non-essential for animals and mammals as they can be derived from
cetain lipids in the body, other lipids like ALA (alpha-linolenic acid) and LA (linoleic acid) are
essential for the human body. There’s no such concept of essential and non-essential lipids for
plants; they are the major producers of lipids on this planet.

• Site of major lipid and fat metabolism in animals: liver, pancreas
• Site of major lipid metabolism in plants: plastids and peroxisomes

تاموسيسكوريبلاو تاديتسلابلا :تاتابنلا يف نوهدلل يسيئرلا يئاذغلا ليثمتلا عقوم

سايركنبلاو دبكلا :تاناويحلا يف نوهدلل يسيئرلا يئاذغلا ليثمتلا عقوم

 ضمحو كينيلونيل افلأ ضمح لثم ىرخلأا نوهدلا نإف ،مسجلا يف نوهدلا ضعب نم اهصلاختسا نكمي ثيح تاييدثلاو تاناويحلل ةيرورض ريغ نوهدلا ضعب نأ ينح يف •
بكوكلا اذه ىلع نوهدلل يسيئرلا جتنلما يهف ؛تاتابنلل ةيساسلأا ريغو ةيساسلأا نوهدلل موهفلما اذه لثم دجوي لا .ناسنلإا مسجل ةيرورض كيلونيللا

.ةيبطقلا ريغ تابيذلما يف طقف بوذت لب ةيبطقلا تابيذلما يف بوذت لا ةيويح ةيئايميك داوم يه نوهدلا •
اًيفرح ءالما عم ةسملاتم ةملك ينعتو .ءاملل ةهراك وأ ءالما عم ةسملاتم نوكت نأ امإ نوهدلا مظعم
 يجولويبلا ملاعلا يف نوهدلا نم ةلماك ةعومجم كانهو .ءاملل ةهراك ىرخأو ءاملل ةبحم ءازجأ ىلع يوتحي يذلا ءيزجلا
 ديرسيلجلا يثلاثو ديرسيلجلا تايداحأ نمو ،ةددعتلما ةعبشلما ريغ ةينهدلا ضامحلأا ىلإ ةطيسبلا نوهدلا نم حوارتت
تلاوريتسلا ىلإ تاديبيلوجنيفسلاو تاديبيلوفسفلا نم ةفلتخم عاونأ نمو ،ةلسلسلا ةليوط لونيرب نوهد ىلإ



Metabolism of lipids

1. Lipids Anabolism (Synthesis)

• Lipid anabolism is the process by which lipids are synthesized biologically.
• Plants are the major producers of lipids on the planet.
• Plants and bacterial systems are characteristically different from animals and mammals

in lipid production since they possess distinct enzymes for each step of lipid biogenesis
while the animals and mammals possess a multi-functional enzyme that carries out all
the steps of lipid synthesis.

• Plants possess special desaturase enzymes that aid in the introduction of double bonds
after carbon 9 and 10. Mammals are devoid of any such enzyme and thus can’t
synthesize their own omega fatty acids (omega-3 and omega-6); making these the
“essential fatty acids” that need to be obtained from the diet.

نوهدلا بلاقتسا

)قيلختلا( نوهدلا ءانب ةيلمع .1

اًيجولويب نوهدلا عينصت اهللاخ نم متي يتلا ةيلمعلا يه نوهدلا ءانب ةيلمع •

.بكوكلا ىلع نوهدلل يسيئرلا جتنلما تاتابنلا ربتعت •

 نع زيمم لكشب ةيريتكبلاو ةيتابنلا ةمظنلأا فلتخت •
 كلتمت اهنلأ نوهدلا جاتنإ يف تاييدثلاو تاناويحلا
 نوهدلا نيوكت تاوطخ نم ةوطخ لكل ةزيمم تاميزنإ
 فئاظولا ددعتم امًيزنإ تاييدثلاو تاناويحلا كلتمت امنيب
نوهدلا قيلخت تاوطخ عيمج ذفني

 طباورلا لاخدإ يف دعاست عبشتلا ةلازلإ ةصاخ تاميزنإ تاتابنلا كلتمت •
 ليبقلا اذه نم ميزنإ يأ نم ةيلاخ تاييدثلا .10و 9 نوبركلا دعب ةجودزلما
 )6 اجيموأو 3 اجيموأ( ةينهدلا اجيموأ ضامحأ عينصت اهنكمي لا يلاتلابو
 بجي "ةيساسأ ةينهد اضًامحأ" ضامحلأا هذه لعجي امم ؛اهب ةصاخلا
.يئاذغلا ماظنلا نم اهيلع لوصحلا



2. Lipids Catabolism (Breakdown)

The process of lipid breakdown is called beta-oxidation.
• Sites of beta-oxidation in plants: peroxisomes and glyoxysomes
• Sites of beta-oxidation in animals and mammals: mitochondria and peroxisomes

.اتيب ةدسكلأاب نوهدلا للحت ةيلمع ىمست
تاموسيسكويلجلاو تاموسيسكوريبلا :تاتابنلا يف اتيب ةدسكلأا عقاوم •
تاموسيسكوريبلاو ايردنوكوتيلما :تاييدثلاو تاناويحلا يف اتيب ةدسكلأا عقاوم •

)للحتلا( نوهدلا بلاقتسا .2



Vital roles performed by lipids are:

• Storage of energy
• Structural component of membranes
• Hormonal and homeostatic functions
• Signaling and chemical messenger
• “Cushion” of vital organs
• Transport of fat-soluble nutrients

:يه نوهدلا اهيدؤت يتلا ةيويحلا راودلأا

ةقاطلا نيزخت •

ةيشغلأل يوينبلا نوكلما •

يلخادلا نزاوتلاو ةينومرهلا فئاظولا •

ةيئايميكلا لئاسرلاو تاراشلإا •

ةيويحلا ءاضعلأل "ةداسو" •

نوهدلا يف نابوذلل ةلباقلا ةيئاذغلا رصانعلا لقن •



Lipids perform some very essential roles in a cell metabolism and organism’s body as described in the figure. 
These are only a few of the many roles played by lipids. 

 ةديدعلا راودلأا نم ليلق ددع ىوس تسيل هذه .لكشلا يف حضوم وه امك يحلا نئاكلا مسجو ايلاخلل يئاذغلا ليثمتلا ةيلمع يف ةياغلل ةيساسلأا راودلأا ضعب نوهدلا يدؤت
نوهدلا اهبعلت يتلا



3) Carbohydrates

• Carbohydrates are basically the hydrates of carbon; mainly consisting of carbon, oxygen, and
hydrogen atoms. The four main types are mono-, di-, oligo– and poly-saccharides.

• Monosaccharides: The main fuel source of all biological activities is monosaccharides. Glucose,
ribose, fructose, trehalose, ribulose, xylulose, galactose, mannose, deoxyribose, and lyxose are
examples of monosaccharides and serve as important precursors of many metabolic activities
inside a cell.

• Disaccharides: Disaccharides are also simple carbohydrates that are formed via the joining of
two monosaccharides by glycosidic linkages. Lactose, maltose, sucrose, and cellobiose are some
examples of disaccharides.

• Oligosaccharides: Oligosaccharides are small polymers of sugars; of about 3-10
monosaccharides joined together. Raffinose series, maltodextrin, cellodextrin are some
examples of oligosaccharides.

• Polysaccharides: Polysaccharides are polymeric complexes that are composed of 200-2500
monosaccharides joined together by glycosidic linkages. They are both linear and branched.
Starch, cellulose, chitin, glycogen, and galactogen are some examples of polysaccharides.

.ةددعتلماو ىلولأاو ةيئانثلاو ةيداحلأا تايركسلا يه ةيسيئرلا ةعبرلأا عاونلأاو .ينجورديهلاو ينجسكلأاو نوبركلا تارذ نم يساسأ لكشب نوكتتو ؛نوبركلا تارديه ساسلأا يف يه تارديهوبركلا •

 زوبيرلاو ،زونالماو ،زوتكلاجلاو ،زولوليزلاو ،زولوبيرلاو ،زولاهيرتلاو ،زوتكرفلاو ،زوبيرلاو ،زوكولجلا .ةيداحلأا تايركسلا وه ةيجولويبلا ةطشنلأا عيمجل دوقولل يسيئرلا ردصلما :ةيداحلأا تايركسلا •
.ةيلخلا لخاد ةيضيلأا ةطشنلأا نم ديدعلل ةمهم تامدقمك لمعتو ةيداحلأا تايركسلا ىلع ةلثمأ يه زوسكيللاو ،ينجسكلأا صوقنم

 ينيداحأ نيركس داحتا قيرط نع لكشتت ةطيسب تارديهوبرك اضًيأ يه ةيئانثلا تايركسلا :ةيئانثلا تايركسلا •
.ةيئانثلا تايركسلا ىلع ةلثملأا ضعب يه زويبوليسلاو زوركسلاو زوتلالماو زوتكلالا .ةيديسوكيلج طباورب

 تايركس 10-3 يلاوح نم نوكتت ؛تايركسلا نم ةريغص تارميلوب نع ةرابع ددعتلا ةليلقلا تايركسلا :ددعتلا ةليلقلا تايركسلا •
ددعتلا ةليلقلا تايركسلا ىلع ةلثملأا ضعب يه نيرتسكيدوليس ،نيرتسكيدوتلام ،زونيفار ةلسلس .ضعبلا اهضعبب ةطبترم ةيداحأ

 طباورب ضعبلا اهضعبب ةطبترلما ديراكسلا تايداحأ نم 2500-200 نم نوكتت ةيرميلوب تابكرم يه ديراكسلا تاديدع :ديراكسلا تاديدع •
.ديراكسلا تاديدع ىلع ةلثملأا ضعب يه ينجوتكلاجلاو ينجوكيلجلاو ينتيكلاو زوليلسلاو اشنلاو.ةعرفتمو ةيطخ يهو .ةيديزوكيلغ



The 3 main types of carbohydrates and the basic pointers related to them. 



1. Carbohydrates Anabolism (Synthesis)

• Plants: Plants synthesize their own carbohydrates via photosynthesis from carbon
dioxide, sunlight, and water.

• Animals & Fungi: Gluconeogenesis is an anabolic reaction method of
carbohydrate production from non-carbohydrate sources in animals and mammals.
The site of gluconeogenesis is the liver in vertebrates. There is another method of
carbohydrate synthesis called glycogenesis; the process of conversion of glucose
to glycogen.

• 2. Carbohydrates Catabolism (Breakdown)

• The breakdown of carbohydrates like glucose happens via glycolysis. Glycolysis
happens in both plants and animals.

• The breakdown of carbohydrates like glycogen happens via glycogenolysis, a
catabolic reaction process.

.ءالماو سمشلا ةعشأو نوبركلا ديسكأ يناث نم يئوضلا ليثمتلا قيرط نع اهب ةصاخلا تارديهوبركلا عينصتب تاتابنلا موقت :تاتابنلا •

 زوكولجلا نيوكت عقوم .تاييدثلاو تاناويحلا يف ةيتارديهوبرك ريغ رداصم نم تارديهوبركلا جاتنلإ يئانب لعافت ةقيرط وه زوكولجلا نيوكت :تايرطفلاو تاناويحلا •
.ينجوكيلج ىلإ زوكولجلا ليوحت ةيلمع يهو ؛ينجوكيلجلا نيوكت ىمست تارديهوبركلا قيلختل ىرخأ ةقيرط كانه .تايراقفلا يف دبكلا وه

)قيلختلا( تارديهوبركلا ءانب ةيلمع .1

)للحتلا( تارديهوبركلا بلاقتسا .2 .تاناويحلاو تاتابنلا نم لك يف زوكولجلا للحت ثدحي .زوكولجلا للحت قيرط نع زوكولجلا لثم تارديهوبركلا للحت ثدحي •
.يمده لعافت ةيلمع يهو ،ينجوكيلجلا للحت قيرط نع ينجوكيلجلا لثم تارديهوبركلا للحت ثدحي •



Various carbohydrates anabolic and catabolic processes are explained in the given flowchart.



Vital roles performed by carbohydrates are:
• Vital roles performed by carbohydrates are:

• Storage of energy
• Structural components
• Coenzyme component
• Nucleotide component
• Role in the immune system, fertilization
• Role in growth and development

 :يه تارديهوبركلا اهترجأ يتلا ةيويحلا راودلأا •
 ةقاطلا نيزخت •
 ةيلكيهلا تانوكلما •
 ميزنيك تانوكم •
ديتويلكوينلا نوكم •
 باصخلإا ،يعانلما زاهجلا يف رود • 

ةيمنتلاو ومنلا يف رود •



Various roles performed by carbohydrates in biological bodies.
.ةيجولويبلا ماسجلأا يف ةفلتخم ارًاودأ تارديهوبركلا بعلت
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Carbohydrates 

are the most abundant macromolecules on our planet, in part because of the plant 
carbohydrates cellulose and starch, both composed of multiple conjugated 
glucose molecules. Cellulose is an important structural element of plant cell 
walls. Animals lack enzymes that can break down the cellulose into smaller 
glucose molecules, but they can break down starch into smaller glucose 
molecules. Animals also have glycogen, another carbohydrate composed of 
multiple conjugated glucose molecules. 

Many of us who exercise or play sports know that carbohydrates serve as a really 
good source of fuel during these strenuous endeavors. Unfortunately, most of us 
realize that overconsumption of carbohydrates can easily help us put on weight 
under nonexercised conditions. So, we know that carbohydrates can either be 
catabolized for energy (ATP) or used for anabolic functions, such as production 
of fatty acids. 



Carbohydrates are divided into three major groups based on their structures: (1) simple sugars (monosaccharides 
and disaccharides), such as glucose or sucrose (glucose and fructose); (2) complex carbohydrates, such as 
glycogen, starch, and cellulose, which are multiple conjugated glucose molecules; and (3) glycoconjugates, 
which are modified forms of glucose covalently attached to either proteins (glycoproteins) or lipids (glycolipids), 
which participate in important functions, such as immunity, and as components of cell membranes. This review 
covers all three groups and highlights their importance in maintaining physiological 
functions. 



QUICK GUIDE TO CARBOHYDRATES 

Simple sugars, such as glucose, fructose, and galactose, can enter glycolysis. 

Gluconeogenesis begins with mitochondrial oxaloacetate being converted to phosphoenolpyruvate (PEP) by 
either mitochondrial or cytosolic phosphoenolpyruvate carboxykinase (PEPCK) . 

Glycerol, alanine, lactate, and glutamine are the major substrates for gluconeogenesis. 

There are three irreversible steps in glycolysis (hexokinase, phosphofructokinase-1 [PFKl], and pyruvate 
kinase) that are bypassed by enzymes specific to gluconeogenesis (glucose 6-phosphatase, fructose 1, 6-
bisphosphatase, and phosphoenolpyruvate carboxykinase). All the enzymes that catalyze the reversible steps in 
glycolysis are used by gluconeogenesis. 

Glycogen can be degraded to glucose I-phosphate to enter glycolysis (i.e., glycogenolysis). Conversely, glucose 
molecules can be converted into glucose I-phosphate to generate glycogen (i.e., glycogenesis). 
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Overview of carbohydrate metabolism. 
Simple sugars, such as glucose, fructose, or 
galactose, have different points of entry into 
glycolysis. A process referred to as 
gluconeogenesis can also generate glucose. 
Complex carbohydrates such as glycogen can 
also enter glycolysis. The hexosamine pathway 
generates glycoproteins and glycolipids, which 
are modified forms of glucose covalently 
attached to either proteins (glycoproteins) or 
lipids (glycolipids), that participate in important 
functions in signaling and as components of 
cell membranes 



METABOLISM OF SIMPLE SUGARS 

The Greek word "sakcharon" means sugar, and we use the word saccharide to denote a sugar. Simple sugars are • 
monosaccharides, such as glucose, galactose or fructose; the disaccharides include lactose (galactose and glucose, 
milk sugar, sucrose (glucose and fructose, table sugar), and maltose (glucose and glucose) . Sucrase and lactase are 
enzymes that break down sucrose and lactose into their monosaccharides, respectively . Many adults are unable to 
metabolize lactose (i.e., they are lactose intolerant) usually because of diminished levels of the enzyme lactase. 
Certain bacteria in the colon use lactose as a source of fuel and, in the process, generate methane (CH4) and 
hydrogen gas (H2), which cause discomfort in the gut and the embarrassing problem of 
flatulence. 
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• Simple sugars have different levels of sweetness in mammals. The sensation of sweetness is based on sugars 
binding to G-protein-coupled receptors expressed on the surface of taste cells (gustatory cells) on our tongues, 
which stimulate a neuronal signal to brain. 

• The differential affinity of sugars to the G-protein-coupled receptors in these cells determines the perceived 
sweetness. For example, fructose is sweeter than glucose, making certain fructose-based drinks addictive. 

• Moreover, the metabolic fate of these sugars can be quite diverse. Glucose, galactose, and fructose enter glycolysis 
through different routes. Glucose becomes glucose 6-phosphate by an ATP-dependent reaction, using hexokinases 

• Galactose enters through the Leloir pathway, in which galactokinase uses ATP to generate galactose I-phosphate, 
which is converted to glucose I-phosphate and, subsequently, to glucose 6-phosphate by the enzyme's galactose- I­
P-uridyl transferase and phosphoglucomutase, respectively. In the liver, glucose 6-phosphate can be converted to 
glucose, whereas, in other tissues, it is metabolized through glycolysis. 



The conversion of galactose to glucose 6-phosphate is slower than the rate by which glucose becomes glucose 6-
phosphate. In proliferating cells, the replacement of glucose with galactose in vitro results in the galactose 
preferentially entering the pentose phosphate pathway (PPP) because mitochondrial oxidative phosphorylation 
provides ATP and the need for ribose 5-phosphate provided by the PPP is important for 
proliferation. 

In cells with mitochondrial oxidative phosphorylation defects, galactose metabolism through glycolysis is too 
slow to generate enough ATP to meet metabolic demands, resulting in metabolic catastrophe and cell death. 
Mitochondrial biologists use galactose sensitivity to determine whether a genetic mutation or pharmacologic 
inhibitor is suppressing oxidative phosphorylation. 
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Galactose catabolism occurs through 
the Leloir pathway. The Argentine 
Luis Federico Leloir, who received the 
1970 Nobel Prize in Chemistry, 
discovered galactose catabolism. 
Galactokinase converts galactose into 
galactose I-phosphate, which 
subsequently becomes glucose !­
phosphate, which can either be stored 
as glycogen or enter glycolysis by 
being converted into glucose 6-
phosphate. 
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Fructose metabolism. Fructokinase 
converts fructose into fructose !­
phosphate, which subsequently 1s 
converted into glyceraldehyde and 
dihydroxyacetone phosphate by aldolase 
B that enters glycolysis. A key feature of 
fructose metabolism is that it bypasses the 
major regulatory step in glycolysis, the 
PFKl-catalyzed reaction. 



Fructose 

• is primarily metabolized by the liver and, to a lesser extent, by the small intestine and kidney. The first step is the 
phosphorylation of fructose to fructose I-phosphate by fructokinase. Subsequently, fructose I-phosphate is cleaved 
into glyceraldehyde and dihydroxyacetone phosphate by a specific fructose I-phosphate aldolase B. 
Glyceraldehyde is then phosphorylated to glyceraldehyde 3-phosphate, a glycolytic intermediate, by triose kinase. 

• The glycolytic intermediates generated can either proceed through glycolysis and its subsidiary biosynthetic 
reactions, including generation of fatty acids or storage as glycogen. At first glance, it seems that fructose 
metabolism eventually mirrors glucose metabolism; however, fructose enters glycolysis after the important 
regulatory step of PFKI in glycolysis. At the end of this review, we will discuss how high consumption of fructose 
through bypassing this regulatory step is linked to the alarming obesity epidemic. 



GLYCOGEN SYNTHESIS AND DEGRADATION MAINTAINS GLUCOSE HOMEOSTASIS 

• Glycogen is a large, highly branched polysaccharide consisting of individual glucose molecules joined by a-(1,4) 
and a-(1,6) glycosidic bonds. 

• Glycogen is degraded and synthesized in the cytosol, notably in liver and muscle cells, but also in other cells, 
including tumor cells and cells in the retina. 

• The key enzymes are glycogen synthase, glycogen phosphorylase, and branching/debranching enzymes. 

• The enzyme UDP-glucose pyro phosphorylase exchanges the phosphate on C-1 of glucose I-phosphate for UDP to 
generate UDP-glucose. The energy of the phospho-glycosyl bond of UDP-glucose is used by glycogen synthase to 
catalyze the incorporation of glucose into glycogen. 
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• The electron transport chain is a series of four protein complexes that couple red ox reactions, 
creating an electrochemical gradient that leads to the creation of ATP in a complete system 
named oxidative phosphorylation. 

• It occurs in mitochondria in both cellular respiration and in chloroplasts for photosynthesis. In 
the former, the electrons come from breaking down organic molecules, and energy is released. 

• In the latter, the electrons enter the chain after being excited by light, and the energy released is 
used to build carbohydrates. 



• Oxidative phosphorylation has two parts: the electron transport chain (ETC) and chemiosmosis. 

• The ETC is a collection of proteins bound to the inner mitochondrial membrane and organic 
molecules, which electrons pass through in a series of redox reactions, and release energy. 

• The energy released forms a proton gradient, which is used in chemiosmosis to make a large 
amount of ATP by the protein ATP-synthase. 



Cellular Level 

• In the electron transport chain (ETC), the electrons go through a chain of proteins that increases 
its reduction potential and causes a release in energy. Most of this energy is dissipated as heat or 
utilized to pump hydrogen ions (H+) from the mitochondrial matrix to the intermembrane space 
and create a proton gradient. This gradient increases the acidity in the intermembrane space and 
creates an electrical difference with a positive charge outside and a negative charge inside. The 
ETC proteins in a general order are complex I, complex II, coenzyme Q, complex III, 
cytochrome C, and complex IV. 

• Complex I, also known as ubiquinone oxidoreductase, is made up of NADH dehydrogenase, 
flavin mononucleotide (FMN), and eight iron-sulfur (Fe-S) clusters. The NADH donated from 
glycolysis, and the citric acid cycle is oxidized here, transferring 2 electrons from NADH to 
FMN. Then they are transferred to the Fe-S clusters and finally from Fe-S to coenzyme Q. 
During this process, 4 hydrogen ions pass from the mitochondrial matrix to the intermembrane 
space, contributing to the electrochemical gradient. Complex I may also play an important role 
in causing apoptosis in programmed cell death. 



• Complex II, also known as succinate dehydrogenase, accepts electrons from succinate (an 
intermediate in the citric acid cycle) and acts as a second entry point to the ETC. 

• When succinate oxidizes to fumarate, 2 electrons are accepted by FAD within complex II. FAD 
passes them to Fe-S clusters and then to coenzyme Q, similar to complex I. 

• However; no protons are translocated across the membrane by complex II, the ref ore less ATP is 
produced with this pathway. 



• Glycerol-3-Phosphate dehydrogenase and Acyl-CoA dehydrogenase also accept electrons from 
glycerol-3-P and fatty acyl-CoA, respectively. Inclusion of these protein complexes allows for 
the donation to the ETC by cytosolic NADH (glycerol-3-P acts as a shuttle to regenerate 
cytosolic NAD from NADH) and fatty acids undergoing beta-oxidation within the mitochondria 
(acyl-CoA is oxidized to enoyl-CoA in the first step, producing FADH2). 

• Coenzyme Q, also known as ubiquinone (CoQ), is made up of quinone and a hydrophobic tail. 
Its purpose is to function as an electron carrier and transfer electrons to complex III. Coenzyme 
Q undergoes reduction to semiquinone (partially reduced, radical form CoQH-) and ubiquinol 
(fully reduced CoQH2) through the Q cycle. This process receives further elaboration under 
Complex III. 

• Complex III, also known as cytochrome c reductase, is made up of cytochrome b, Rieske 
subunits ( containing two Fe-S clusters), and cytochrome c proteins. A cytochrome is a protein 
involved in electron transfer that contains a heme group. The heme groups alternate between 
ferrous (Fe2+) and ferric (Fe3+) states during the electron transfer. Because cytochrome c can 
only accept a single electron at a time, this process occurs in two steps (the Q cycle), in contrast 
to the single-step complex I and II pathways. Complex III also releases 4 protons into the 
intermembrane space at the end of a full Q cycle, contributing to the gradient. Cytochrome c 
then transfers the electrons one at a time to complex IV. 



Q Cycle 

• Step 1 in the Q cycle involves ubiquinol (CoQH2) and ubiquinone (CoQ) binding to two 
separate sites on complex III. CoQH2 transfers each electron to a different path. One electron 
goes to Fe-S and then cytochrome c, while the second electron is transferred to cytochrome b 
and then to CoQ bound at the other site. While this occurs, 2 H+ ions are released into the 
intermembrane space, contributing to the proton gradient. CoQH2 is now oxidized to 
ubiquinone and dissociates from the complex. The CoQ bound at the second site enters a 
transitional CoQH- radical state from accepting one of the electrons. 

• The second step of the cycle involves a repeat of the first: a new CoQH2 binds to the first site 
and transfers two electrons like before (and 2 more H+ ions released). Again, one electron 
passes to cytochrome c and one to cytochrome b, which this time works to reduce CoQH- to 
CoQH2 before it dissociates from complex III and can be recycled. In this way, one full cycle 
appears as follows: 



• Complex IV, also known as cytochrome c oxidase, oxidizes cytochrome c and transfers the 
electrons to oxygen, the final electron carrier in aerobic cellular respiration. 

• The cytochrome proteins a and a3, in addition to heme and copper groups in complex IV 
transfer the donated electrons to the bound dioxygen species, converting it into molecules of 
water. 

• The free energy from the electron transfer causes 4 protons to move into the intermembrane 
space contributing to the proton gradient. Oxygen reduces via the following reaction 



• ATP synthase, also called complex V, uses the ETC generated proton gradient across the inner 
mitochondrial membrane to form ATP. ATP-synthase contains up of FO and Fl subunits, which 
act as a rotational motor system. FO is hydrophobic and embedded in the inner mitochondrial 
membrane. It contains a proton corridor that is protonated and deprotonated repeatedly as H+ 
ions flow down the gradient from intermembrane space to matrix. 

• The alternating ionization of FO causes rotation, which alters the orientation of the Fl subunits. 
Fl is hydrophilic and faces the mitochondrial matrix. Conformational changes in Fl subunits 
catalyze the formation of ATP from ADP and Pi. For every 4 H+ ions, 1 ATP is produced. ATP­
synthase can also be forced to run in reverse, consuming ATP to produce a hydrogen gradient, as 
is seen in some bacteria. 
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Enzymes

• Enzymes are biological catalysts (also known as biocatalysts) that speed up
biochemical reactions in living organisms.

• They can also be extracted from cells and then used to catalyze a wide range of
commercially important processes.

• For example, they have important roles in the production of sweetening agents and
the modification of antibiotics, they are used in washing powders and various
cleaning products, and they play a key role in analytical devices and assays that
have clinical, forensic and environmental applications.

• The word ‘enzyme’ was first used by the German physiologist Wilhelm Kühne in
1878, when he was describing the ability of yeast to produce alcohol from sugars,
and it is derived from the Greek words en (meaning ‘within’) and zume (meaning
‘yeast’).

ةيحلا تانئاكلا يف ةيويحلا ةيئايميكلا تلاعافتلا عرست يتلا )ةيويحلا تازفحلما مساب اضًيأ فرعُت( ةيجولويب تازفحم يه تاميزنلإا •

اًيراجت ةمهلما تايلمعلا نم ةعساو ةعومجم زيفحتل اهمادختسا مث ايلاخلا نم اهصلاختسا اضًيأ نكمي •

 ةيريرس تاقيبطت اهل يتلا تاسياقلماو ةيليلحتلا ةزهجلأا يف ايسيئر ارود بعلتو ، ةفلتخلما فيظنتلا تاجتنمو ليسغلا قيحاسم يف مدختست يهف ، ةيويحلا تاداضلما ليدعتو ةيلحتلا لماوع جاتنإ يف ةمهم راودأ اهل ، لاثلما ليبس ىلع •
ةيئيبو ةيعرشو

 ، تايركسلا نم لوحكلا جاتنإ ىلع ةريمخلا ةردق فصي ناك امدنع ، 1878 ماع يف نهوك ملهليف ينالملأا يجولويسفلا ملاع لبق نم ةرم لولأ "ميزنإ" ةملك مادختسا مت •
.)"ةريمخلا" ىنعمب( zume و )"لخاد" ىنعمب( en ةينانويلا تاملكلا نم هقاقتشا متيو



mage Source: wou.edu



Enzymes and activation energy

• A substance that speeds up a chemical reaction—without being a reactant—is 
called a catalyst. The catalysts for biochemical reactions that happen in living 
organisms are called enzymes. Enzymes are usually proteins, though some 
ribonucleic acid (RNA) molecules act as enzymes too.

• Enzymes perform the critical task of lowering a reaction's activation energy—that 
is, the amount of energy that must be put in for the reaction to begin. Enzymes 
work by binding to reactant molecules and holding them in such a way that the 
chemical bond-breaking and bond-forming processes take place more readily.

طيشنتلا ةقاطو تاميزنلإا

 .تاميزنلإا ةيحلا تانئاكلا يف ثدحت يتلا ةيويحلا ةيئايميكلا تلاعافتلل تازفحلما ىمستو .زفحلما ىمست - ةيلعافت ةدام اهنوك نود - اًيئايميك لًاعافت عرست يتلا ةدالما •
.اضًيأ تاميزنأك لمعت )RNA( كيلكونوبيرلا ضمح تائيزج ضعب نأ نم مغرلا ىلع ، تانيتورب تاميزنلإا نوكت ام ةداع

 تاميزنلإا لمعت .لعفلا در يف اهعضو بجي يتلا ةقاطلا ةيمك يأ - لعافتلا طيشنت ةقاط ضفخ يف ةلثمتلما ةجرحلا ةمهلما تاميزنلإا يدؤت •
ربكأ ةلوهسب تادنسلا نيوكتو ةيئايميكلا تادنسلا نيوكت تايلمع متت ةقيرطب اهب ظافتحلااو ةلعافتلما تائيزجلاب طابترلاا للاخ نم



Image modified from "Potential, kinetic, free, and activation energy: 
Figure 5," by OpenStax College, Biology, CC BY 3.0._



Active sites and substrate specificity

• To catalyze a reaction, an enzyme will grab on (bind) to one or more reactant 
molecules. These molecules are the enzyme's substrates.

• In some reactions, one substrate is broken down into multiple products. In others, 
two substrates come together to create one larger molecule or to swap pieces. 

• In fact, whatever type of biological reaction you can think of, there is probably an 
enzyme to speed it up!

• The part of the enzyme where the substrate binds is called the active site (since 
that’s where the catalytic “action” happens).

ةزيكرلا ةيصوصخو ةطشنلا عقاولما

ميزنلإا زئاكر يه تائيزجلا هذه .رثكأ وأ ةدحاو تائيزجل )طبر( ميزنلإا طقتلي فوس ، لعافتلا زيفحتل •

.عطقلا لدابتل وأ ربكأ ءيزج ءاشنلإ نازئاكر عمجتت ، ىرخأ تلااح يف .ةددعتم تاجتنم ىلإ ةزيكرلا ميسقت متي ، لعفلا دودر ضعب يف •

هعيرستل ميزنإ كانه نوكي امبرف ، هيف ريكفتلا كنكمي يذلا يجولويبلا لعافتلا عون ناك امهم ، عقاولا يف •

.)زيفحتلا "لمعلا" هيف ثدحي يذلا ناكلما وه اذه نلأ( طشنلا عقولما ةزيكرلا طبري يذلا ميزنلإا نم ءزج ىلع قلطي •



Proteins are made of units called amino acids, and in 
enzymes that are proteins, the active site gets its 
properties from the amino acids it's built out of.
 
These amino acids may have side chains that are large 
or small, acidic or basic, hydrophilic or hydrophobic.
The set of amino acids found in the active site, along 
with their positions in 3D space, give the active site a 
very specific size, shape, and chemical behavior. 
Thanks to these amino acids, an enzyme's active site is 
uniquely suited to bind to a particular target—the 
enzyme's substrate or substrates—and help them 
undergo a chemical reaction.

 ةيضمح وأ ةريغص وأ ةريبك ةيبناج لسلاس ىلع ةينيملأا ضامحلأا هذه يوتحت دق
.ءالما نم ةرفان وأ ءاملل ةبحم وأ ةيساسأ وأ
 يف اهعقاوم بناج ىلإ ، طشنلا عقولما يف ةدوجولما ةينيملأا ضامحلأا ةعومجم حنمت
.اًيئايميك اكًولسو لًاكشو ادًدحم امًجح طشنلا عقولما ، داعبلأا يثلاث ناكلما
 طبرل ديرف لكشب اًبسانم طشنلا ميزنلإا عقوم نوكي ، ةينيملأا ضامحلأا هذه لضفب
يئايميك لعافتل عوضخلا ىلع مهتدعاسمو - ميزنلإا زئاكر وأ ةزيكرلا - ينعم فده

 ، تانيتوربلا يه يتلا تاميزنلإا يفو ، ةينيملأا ضامحلأا ىمست تادحو نم ةعونصم تانيتوربلا
.اهنم اهؤانب مت يتلا ةينيملأا ضامحلأا نم هصئاصخ ىلع طشنلا عقولما لصحي



                                 function of enzymes 

• The majority of enzymes Source are proteins, though some are Ribonucleic acid (RNA) 
molecules. RNA molecules translate information from DNA and create proteins.

• Each cell contains thousands of enzymes, providing specific help throughout the body.

• Enzymes help with the chemical reactions that keep a person alive and well. For 
example, they perform a necessary function for metabolism, the process of breaking 
down food and drink into energy.

• Enzymes speed up (catalyze) chemical reactions in cells. More specifically, they lower 
the threshold necessary to start the intended reaction. They do this by binding to another 
substance known as a substrate.

تاميزنلإا ةفيظو

.تانيتوربلا ءاشنإو يوونلا ضمحلا نم تامولعلما ةمجرتب يبيرلا يوونلا ضمحلا تائيزج موقت .)RNA( كيلكونوبيرلا ضمح تائيزج نع ةرابع اهضعب نأ نم مغرلا ىلع ، تانيتوربلا يه تاميزنلإا ردصم ةيبلاغ •

مسجلا ءاحنأ عيمج يف ةددحم ةدعاسم رفوي امم ، تاميزنلإا فلاآ ىلع ةيلخ لك يوتحت •

 ةيلمعل ةيرورض ةفيظو يدؤت ، لاثلما ليبس ىلع .ةديج ةحصبو ةايحلا ديق ىلع صخشلا يقبت يتلا ةيئايميكلا تلاعافتلا يف تاميزنلإا دعاست •
ةقاط ىلإ بارشلاو ماعطلا للحت ةيلمع يهو ، يئاذغلا ليثمتلا

ةزيكرلا مساب فرعت ىرخأ داومب طابترلاا قيرط نع كلذ لعفت .دوصقلما لعفلا در ءدبل ةمزلالا ةبتعلا ضفخت اهنإف ، ادًيدحت رثكأ لكشبو .ايلاخلا يف ةيئايميكلا تلاعافتلا )زيفحت( عيرست تاميزنإ •





Structure of Enzymes
• All enzymes are proteins composed of amino acid chains linked together by 

peptide bonds. This is the primary structure of enzymes. All enzymes have a 
highly specific binding site or active site to which their substrate binds to produce 
an enzyme-substrate complex. The three-dimensional structures of many proteins 
have been observed by x-ray crystallography. These structures differ from one 
enzyme to another, and some of the enzymes and their structure has been 
described below:

 ةزيكرلا هطبري طشن عقوم وأ ةياغلل ددحم طبر عقوم ىلع تاميزنلإا عيمج يوتحت .تاميزنلإل يساسلأا بيكرتلا وه اذه .ديتببلا طباور ضعبب ةطبترلما ةينيملأا ضامحلأا لسلاس نم ةنوكم تانيتورب يه تاميزنلإا عيمج •
:هاندأ اهبيكرتو تاميزنلإا ضعب فصو مت دقو ، رخآ ىلإ ميزنإ نع بيكارتلا هذه فلتخت .ةينيسلا ةعشلأاب تارولبلا ةطساوب تانيتوربلا نم ديدعلل داعبلأا ةيثلاث تابيكرتلا تظحول دقو . ةزيكرلا-ميزنلإا بكرم جاتنإب

تاميزنلإا بيكرت



1. Ribonuclease (RNase)

• Ribonuclease is a small globular protein secreted by the pancreas into the small 
intestine, where it is involved in the catalysis of the hydrolysis of certain bonds in 
ribonucleic acids present in ingested food.

• This enzyme protein consists of a single polypeptide chain of 124 amino acid 
residues with lysine at the N-terminal and valine at the C-terminal.

• About 25% of the segments are in α-helix structure while the rest are β-sheets.
• Besides, there are eight cysteine residues, thus apparently forming four disulfide 

linkages that support the tertiary structure of the protein.
• The active site is present in the depression at the middle of the chain and the 

residues forming the active site are 6-8.

.علتبلما ماعطلا يف ةدوجولما كيلكونوبيرلا ضامحأ يف طباورلا ضعبل يئالما للحتلا زفح يف كراشي ثيح ، ةقيقدلا ءاعملأا يف سايركنبلا هزرفي ريغص يورك ينتورب نع ةرابع زايلكونلا •

.C ةطحم يف Valine و N فرطلا يف ينسيل عم ةينيملأا ضامحلأا نم اياقب 124 نم ةدحاو ديتبب يلوب ةلسلس نم ميزنلإا ينتورب نوكتي •

. -β ةينب يف حئافص نع ةرابع يقابلا امنيب -α ةينب يف ةينوزلح ءازجلأا نم ٪ 25 يلاوح •

ينتوربلل ثلاثلا بيكرتلا معدت ديتيربك يناث طباور ةعبرأ لكشت يلاتلابو ، ينتسيسلا اياقب ةينامث كانه ، كلذ ىلع ةولاع •

.8-6 طشنلا عقولما لكشت يتلا اياقبلاو ةلسلسلا فصتنم يف ضفخنم يف دوجوم طشنلا عقولما •



2. Lysozyme

• Lysozyme is another small globular protein that is present in tears, nasal mucus, 
gastric secretions, milk, and egg white.

• The enzyme lysozyme is consists of 129 amino acids linked together to form the 
primary structure, and the first amino acid is lysine.

• The enzyme has about 12% β-conformation and 40%-α helical segments.
• Lysozyme has a compactly-folded conformation with most of its hydrophobic R 

groups inside the globular structure, away from water, and its hydrophilic R 
groups outside, facing the aqueous medium.

• The active site has six subsites that bind various substrates or inhibitors, and the 
amino acid residues located at the active sites are 35, 52, 59, 62, 63, and 107.

.ضيبلا ضايبو ، بيلحلاو ، ةدعلما تازارفإو ، يفنلأا طاخلماو ، عومدلا يف  دوجوم رخآ ريغص يورك ينتورب وه ميزوزيلالا•

.ينسيل وه ىلولأا ةينيملأا ضامحلأاو ، يساسلأا بيكرتلا نيوكتب ةطبترلما ةينيملأا ضامحلأا نم 129 نم ميزوزيللا ميزنلإا نوكتي •

.ةينوزلح حئارش-٪ 40 و تلايكشتلا نم ٪ 12 يلاوح ىلع ميزنلإا يوتحي •

.107 و 63 و 62 و 59 و 52 و 35 يه ةطشنلا عقاولما يف ةدوجولما ةينيملأا ضامحلأا تافلخمو ، تاطبثم وأ زئاكرلا نم ديدعلا ينب طبرت عورف ةتس ىلع طشنلا عقولما يوتحي

.يئالما طسولا ةهجاوم يف ، ءاملل ةبحلما اهتاعومجمو ، ءالما نع ادًيعب ، يوركلا بيكرتلا لخاد ةيئالما هتاعومجم مظعم عم طوغضم لكشت هُل موزوزيلالا



3. Chymotrypsin

• Chymotrypsin is a mammalian digestive enzyme produced in the small intestine 
that catalyzes the hydrolysis of proteins.

• Chymotrypsin is highly selective in its action as it catalyzes the hydrolysis of only 
those peptide bonds that are present on the carboxyl side of amino acids with 
aromatic or bulky hydrophobic R groups.

• A molecule of chymotrypsin consists of 3 short polypeptide chains of 13, 131, and 
97 amino acid residues respectively, supported by two interchain disulfide bonds.

• The secondary structure of chymotrypsin consists of several antiparallel β pleated 
sheet regions and a little α helical structure.

تانيتوربلل يئالما للحتلا زفحت يتلا ةقيقدلا ءاعملأا يف ةجتنُلما يمضهلا تاييدثلا ميزنإ وه

ءاملل ةهراكلا وأ ةيرطعلا تاعومجم عم ةينيملأا ضامحلأا نم ليسكوبركلا بناج ىلع ةدوجولما طقف ديتببلا طباورل يئالما للحتلا زفحي هنلأ هلمع يف ةياغلل يئاقتنا هنا

Interchain ديتيربك يناث طباور نم يننثا نم معدب ، يلاوتلا ىلع ةينيملأا ضامحلأا نم اياقب 97 و 131 و 13 نم ةريصق ديتبب لسلاس 3 نم chymotrypsin نم ءيزج نوكتي

ةريغص α ةينوزلح ةينبو β ينيزاوتملل ةداضم ةحيفص قطانم ةدع نم chymotrypsin ـل يوناثلا بيكرتلا نوكتي



Classification of Enzymes

• Oxidoreductases
• Catalyze oxidation-reduction reactions where electrons are transferred.
• These electrons are usually in the form of hydride ions or hydrogen atoms.
• The most common name used is a dehydrogenase and sometimes reductase is 

used.
• An oxidase is referred to when the oxygen atom is the acceptor.

تاميزنلإا فينصت

.تانورتكللإا لقن متي ثيح ةدسكلأا نم دحلا تلاعافت زيفحت

.ينجورديهلا تارذ وأ ديرديهلا تانويأ لكش يف نوكت ام ةداع تانورتكللإا هذه

لازتخا مادختسا متي اًنايحأو dehydrogenase وه مدختسلما اعًويش رثكلأا مسلاا

لبِقتسلما يه ينجسكلأا ةرذ نوكت امدنع زيديسكوأ ىلإ راشي



Transferases

• Catalyze group transfer reactions.
• The transfer occurs from one molecule that will be the donor to another molecule 

that will be the acceptor.
• Most of the time, the donor is a cofactor that is charged with the group about to be 

transferred.
• Example: Hexokinase used in glycolysis.

لقنلا

ةعومجلما لقن تلاعافت زيفحت

.ركسلا للحت يف ةمدختسلما hexokinase :لاثم

هلقن كشو ىلع ةعومجلماب فلكم دعاسم لماع حنالما نوكي ، تاقولأا مظعم يف

لبقتلما نوكيس رخآ ءيزجل حنالما نوكيس دحاو ءيزج نم لقنلا ثدحي



Hydrolases 

• Hydrolases 
• Catalyze reactions that involve hydrolysis.
• It usually involves the transfer of functional groups to water.
• When the hydrolase acts on amide, glycosyl, peptide, ester, or other bonds, they 

not only catalyze the hydrolytic removal of a group from the substrate but also a 
transfer of the group to an acceptor compound

• For example: Chymotrypsin.

يئالما للحتلا ىلع يوطنت يتلا تلاعافتلا زيفحت •

.ءالما ىلإ ةيفيظولا تاعومجلما لقن ىلع يوطني ام ةداع •

لبقتم بكرم ىلإ ةعومجلما لقن اضًيأ نكلو ةزيكرلا نم ةعومجلم ةيئالما ةلازلإا طقف زفحت لا اهنإف ، ىرخلأا تادنسلا وأ رتسلإا وأ ديتببلا وأ ليسوكيلغ وأ ديمأ ىلع زلاورديه لمعي امدنع •



Lyases

• Catalyze reactions where functional groups are added to break double bonds in 
molecules or the reverse where double bonds are formed by the removal of 
functional groups.

• For example: Fructose bisphosphate aldolase used in converting fructose 1,6-
bisphospate to G3P and DHAP by cutting C-C bond.

• Isomerases
• Catalyze reactions that transfer functional groups within a molecule so that 

isomeric forms are produced.
• These enzymes allow for structural or geometric changes within a compound.
• For example: phosphoglucose isomerase for converting glucose 6-phosphate to 

fructose 6-phosphate. Moving chemical group inside same substrate.

ةيفيظولا تاعومجلما ةلازإ قيرط نع ةجودزلما طباورلا لكشتت ثيح سكعلا وأ تائيزجلا يف ةجودزلما طباورلا رسكل ةيفيظو تاعومجم ةفاضإ متت ثيح تلاعافتلا زيفحت

C-C ةطبار عطق قيرط نع DHAP و G3P ىلإ تابسومسب -1،6 زوتكرفلا ليوحت يف مدختسلما سودلأ تافسوفيب زوتكرفلا :لاثلما ليبس ىلع

ةيرموزيلأا لاكشلأا جاتنإ متي ثيحب ءيزج لخاد ةيفيظولا تاعومجلما لقنت يتلا تلاعافتلا زيفحت

بكرم لخاد ةيسدنه وأ ةيلكيه تارييغتب تاميزنلإا هذه حمست

اهسفن ةزيكرلا لخاد لقن ةيئايميك ةعومجم .تافسوف 6 زوتكرفلا ىلإ تافسوف-6 زوكولجلا ليوحتل زوكولغوفسفلا زاريموزيأ :لاثلما ليبس ىلع



Ligases

• They are involved in catalysis where two substrates are ligated and the formation 
of carbon-carbon, carbon-sulfide, carbon-nitrogen, and carbon-oxygen bonds due 
to condensation reactions.

• These reactions are coupled to the cleavage of ATP.

تائيزجلا جمد تاميزنإ

فيثكتلا تلاعافت ببسب ينجسكلأا-نوبركلاو ، ينجورتينلا-نوبركلاو ، نوبركلا-ديتيربكلاو ، نوبركلا-نوبركلا ليكشتو نازئاكر طبر متي ثيح زيفحتلا يف نوكراشي •

ATP ماسقنأب هذه لعفلا دودر نرتقت •



Coenzyme: 
•Coenzyme: A substance that enhances the action of an enzyme. (An enzyme is a 

protein that functions as a catalyst to mediate and speed a chemical reaction).

•Coenzymes are small molecules. They cannot by themselves catalyze a reaction 
but they can help enzymes to do so. In technical terms, coenzymes are organic 
nonprotein molecules that bind with the protein molecule (apoenzyme) to form the 
active enzyme (holoenzyme).

•A number of the water-soluble vitamins such as vitamins B1, B2 and B6 serve as 
coenzymes.

)هعيرستو يئايميكلا لعافتلا يف طسوتلل زفاحك لمعي ينتورب وه ميزنإ( .ميزنلإا لمع ززعت ةدام

 ، ةينفلا ةيحانلا نم .كلذب مايقلا ىلع تاميزنلإا ةدعاسم مهنكمي نكل ، مهسفنأب لعفلا در زيفحت مهنكمي لا .ةريغص تائيزج يه coens تاميزنأ
)holoenzyme( طشنلا ميزنلإا ليكشتل )apoenzyme( ينتوربلا ءيزجب طبترت ةيوضع ينتورب ريغ تائيزج يه coenshys تاميزنأ

coensyms تاميزنأ ةباثمب B6 و B2 و B1 تانيماتيفلا لثم ءالما يف نابوذلل ةلباقلا تانيماتيفلا نم ددع



cofactor 

is a non-protein chemical compound or metallic ion that is required for an enzyme's 
role as a catalyst (a catalyst is a substance that increases the rate of a chemical 
reaction). Cofactors can be considered "helper molecules" that assist in biochemical 
transformations. The rates at which these happen are characterized in an area of 
study called enzyme kinetics. Cofactors typically differ from ligands in that they 
often derive their function by remaining bound.

دعاسلما لماعلا

 تلاوحتلا يف دعاست يتلا "ةدعاسلما تائيزج" ةدعاسلما لماوعلا رابتعا نكمي .)يئايميكلا لعافتلا لدعم نم ديزت ةدام وه زفحلما( زفاحك ميزنلإا رودل بولطم يندعم نويأ وأ ينتورب ريغ يئايميك بكرم وه
ةديقم/ةمزلم ءاقبلا للاخ نم اهتفيظو دمتست ام اًبلاغ اهنأ ثيح نم طباورلا نع ةدعاسلما لماوعلا فلتخت ام ةداع .ميزنلإا ةيكرح ىمست ةسارد لاجم يف اهب ثدحت يتلا تلادعلما زيمتت .ةيويحلا ةيئايميكلا
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Michaelis-Menten Kinetics

• Michaelis-Menten kinetics is a model of enzyme kinetics which explains how the
rate of an enzyme- catalyzed reaction depends on the concentration of the enzyme
and its substrate. Let’s consider a reaction in which a substrate (S) binds reversibly
to an enzyme (E) to form an enzyme-substrate complex (ES), which then reacts
irreversibly to form a product (P) and release the enzyme again.

• S + E ⇌ ES → P + E
 ةزيكر هيف طبترت لًاعافت ضرتفنل .هتزيكرو ميزنلإا زيكرت ىلع ميزنلإاب زَّفحُلما لعافتلا لدعم دمتعي فيك حرشي ،ميزنلإا ةيكرحل جذومن يه تننيم-سيلياكيم ةيكرح

)S( ميزنلإاب اًيسكع اًطابترا )E( ةزيكر-ميزنإ بَّكرمُ نيوكتل )ES(، جتان نيوكتل هيف ةعجر لا لًاعافت هرودب لعافتي يذلاو )P( ىرخأ ةرم ميزنلإا قِلطُي مث.
• S + E ⇌ ES → P + E

Substrate Enzyme Substrate-Enzyme Product Enzyme 



Two important terms within Michaelis-Menten kinetics are:

• Vmax – the maximum rate of the reaction, when all the enzyme’s active sites
are saturated with substrate.

• Km (also known as the Michaelis constant) – the substrate concentration at
which the reaction rate is 50% of the Vmax. Km is a measure of the affinity an
enzyme has for its substrate, as the lower the value of Km, the more efficient the
enzyme is at carrying out its function at a lower substrate concentration.

• The Michaelis-Menten equation for the reaction above is:

ةزيكرلاب ةعبشم ميزنلإل ةطشنلا عقاولما عيمج نوكت امدنع ،لعافتلا لدعلم ىصقلأا دحلا

What does mean :
Km ?
V max ?

:V max

 براقتل سايقم وه Vmax. Km نم %50 لعافتلا لدعم اهدنع نوكي يتلا ةدالما زيكرت - )سيلياكيم تباثب اضًيأ فرعُي( 
.لقأ ةدام زيكرت دنع هتفيظو ءادأ يف ميزنلإا ةءافك تداز ،Km ةميق تضفخنا املكف ،اهعم لعافتي يتلا ةدالما عم ميزنلإا
:Km

:يه هلاعأ لعافتلل تننيم-سيلياكيم ةلداعم •



• This equation describes how the initial rate of reaction (V) is affected by the initial
substrate concentration ([S]).

• It assumes that the reaction is in the steady state, where the ES concentration
remains constant.

• When a graph of substrate concentration against the rate of the reaction is plotted,
we can see how the rate of reaction initially increases rapidly in a linear fashion as
substrate concentration increases (1st order kinetics).

• The rate then plateaus, and increasing the substrate concentration has no effect on
the reaction velocity, as all enzyme active sites are already saturated with the
substrate (0 order kinetics).

)]S[( يلولأا ةزيكرلا زيكرتب )V( يلولأا لعافتلا لدعم رثأت ةيفيك ةلداعلما هذه فصت •

اًتباث ES زيكرت لظي ثيح ،ةرقتسم ةلاح يف لعافتلا نأ ضرتفي •

.)ىلولأا ةجردلا ةيكرح( ةزيكرلا زيكرت ةدايز عم ةيطخ ةقيرطب ةعرسب ةيادبلا يف لعافتلا لدعم دادزي فيك ىرن نأ اننكمي ،لعافتلا لدعم لباقم ةزيكرلا زيكرتل ينايب مسر مسر متي امدنع •

.)0 ماظنلا ةيكرح( ةزيكرلاب لعفلاب ةعبشم ميزنلإل ةطشنلا عقاولما عيمج نوكت ثيح ،لعافتلا ةعرس ىلع ةزيكرلا زيكرت ةدايز رثؤي لاو ،لدعلما رقتسي مث •



Fig 1 – Graph of the rate of reaction against substrate concentration, demonstrating Michaelis–Menten kinetics, with Vmax and 
Km highlighted

 لعافتلا داز                       زيكرتلا داز املك
لعافتلا لق                     زيكرتلا لق املك

<-
<-

Kmو Vmax زاربإ عم ،ينتنيم-سيلياكيم ةيكرح حضوي ،ةزيكرلا زيكرت دض لعافتلا لدعلم ينايب مسر - 1 لكشلا



• This plot of the rate of reaction against substrate concentration has the shape of a
rectangular hyperbola.

• However, a more useful representation of Michaelis–Menten kinetics is a graph
called a Lineweaver–Burk plot, which plots the inverse of the reaction rate (1/r)
against the inverse of the substrate concentration (1/[S]).

• This produces a straight line, allowing for the easier interpretation of various
quantities and values from the graph.

• For example, the y-intercept of the graph is equivalent to the Vmax. The
Lineweaver-Burk plot is also useful when determining the type of enzyme
inhibition present by, comparing its effect on Km and Vmax.

ليطتسم دئاز عطق لكش هل ةزيكرلا زيكرت دض لعافتلا لدعلم ينايبلا مسرلا اذه •

.)]S[/1( ةزيكرلا زيكرت سوكعم لباقم )r/1( لعافتلا لدعم سوكعم مسري يذلاو ،كروب-رفيونيلا ططخم ىمسي ينايب مسر وه تننيم-سيلياكيم ةيكرحل ةدئاف رثكلأا ليثمتلا نإف ،كلذ عمو •

ينايبلا مسرلا نم ةفلتخلما ميقلاو تايمكلل لهسأ ريسفتب حمسي امم ،ميقتسم طخ ءاشنإ ىلإ اذه يدؤي •

.Vmaxو Km ىلع هريثأت ةنراقمب كلذو ،دوجولما ميزنلإا طيبثت عون ديدحت يف اضًيأ ادًيفم كروب-رفيونيلا ططخم دّعُي .Vmax ةميق ينايبلا مسرلل y عطاقتلا لداعُي ،لاثلما ليبس ىلع



Fig 2 – Different types of enzyme inhibition as shown on a Lineweaver-Burk plot
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• How important is the citric acid cycle? So important that it has not one, not two, 
but three different names in common usage today! 

• The name we'll primarily use here, the citric acid cycle, refers to the first molecule 
that forms during the cycle's reactions-citrate, or, in its protonated form, citric 
acid. However, you may also hear this series of reactions called the tricarboxylic 
acid (TCA) cycle, for the three carboxyl groups on its first two intermediates, or 
the Krebs cycle, after its discoverer, Hans Krebs. 



• The first two intermediates of the citric acid cycle are shown below. Each has 
three carboxyl groups, marked with red boxes. When citrate gains three 

• [H+] ions, so that it no longer has a negative charge, it is called citric acid. 
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Overview of the citric acid cycle 

• In eukaryotes, the citric acid cycle takes place in the matrix of the mitochondria, 
just like the conversion of pyruvate to acetyl [CoA] 

• In prokaryotes, these steps both take place in the cytoplasm. The citric acid cycle 
is a closed loop; the last part of the pathway reforms the molecule used in the first 
step. The cycle includes eight major steps. 
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Steps of the citric acid cycle 
• Step 1. In the first step of the citric acid cycle, acetyl 

• [CoA] joins with a four-carbon molecule, oxaloacetate, releasing the 

• [CoA] group and forming a six-carbon molecule called citrate. 



• Step 2. In the second step, citrate is converted into its isomer, isocitrate. This is 
actually a two-step process, involving first the removal and then the addition of a 
water molecule, which is why the citric acid cycle is sometimes described as 
having nine steps-rather than the eight listed here 

• Step 3. In the third step, isocitrate is oxidized and releases a molecule of carbon 
dioxide, leaving behind a five-carbon molecule-a-ketoglutarate. During this step, 
[NAD+] is reduced to form 

• [NADH]. The enzyme catalyzing this step, isocitrate dehydrogenase, is important 
in regulating the speed of the citric acid cycle. 



• Step 4. The fourth step is similar to the third. In this case, it's a-ketoglutarate 
that's oxidized, reducing [NAD] to [NADH] and releasing a molecule of carbon 
dioxide in the process. The remaining four-carbon molecule picks up Coenzyme 
A, forming the unstable compound succinyl 

• [CoA]. The enzyme catalyzing this step, a-ketoglutarate dehydrogenase, is also 
important in regulation of the citric acid cycle. 
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Fermentation 

• Fermentation is the anaerobic degradation of glucose to produce ATP. 
Interestingly, fermentation is considered the oldest metabolic pathway, as it is 
suitable for environments that did not have oxygen yet. 

• By contrast, in aerobic respiration (which includes the Krebs cycle and the 
electron transport chain), glucose is broken down in the presence of oxygen to 
form ATP. 



• In particular, the role of oxygen in aerobic conditions is to serve as the final 
electron acceptor in the electron transport chain. 

• In this way, oxygen helps to regenerate NAD+ from NADH, which are then 
shuttled to the glycolytic pathway. However, in anaerobic conditions, NAD+ must 
be regenerated in the absence of oxygen, therefore, a molecule other than oxygen 
must serve as the final electron acceptor. 



Lactic Acid Fermentation 

• There are two different types of fermentation - lactic acid fermentation and 
ethanol fermentation. Lactic acid fermentation is performed by muscle cells 
during periods of vigorous physical activity. 

• During these activities, oxygen is used up so quickly that cells are under hypoxic 
conditions. 

• In such conditions, cells have to undergo fermentation in order to produce energy 
to maintain the activity. 

• Furthermore, in fermentation, pyruvate serves as the final electron acceptor. 
illustrates the process of lactic acid fermentation in which pyruvate is reduced to 
lactate and NADH is oxidized to NAD+. 
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• Lactic acid fermentation is catalyzed by the enzyme lactate dehydrogenase. 

• The NAD+ regenerated from this reaction can then be used in glycolysis, 
contributing to the break down of glucose to pyruvate and ATP production. The 
lactate produced is released into the blood or converted back to glucose by the 
liver. 
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Ethanol Fermentation 

• Ethanol fermentation is performed by yeast cells to regenerate NAD+ and occurs 
in two steps. 

First, pyruvate is broken down to acetaldehyde by pyruvate decarboxylase in a 
decarboxylation reaction. 

Then, alcohol dehydrogenase catalyzes the reduction of acetaldehyde to ethanol and 
the coupled oxidation of NADH to NAD+. 

In this way, NAD+ is regenerated in order to be used in glycolysis. Ethanol 
fermentation can be used in a variety of ways, such as producing alcoholic drinks, 
like wine or beer, production of ethanol fuel, or even for baking bread. 
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Thanks for your attention 
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