
 
Chapter 10 : Cell respiration 

Introduction:
1- living cells require energy from outside  sources to do work 

  ةيجراخ رداصم نم >إ هقاطلا هذه ىلع لوصحلا ةيلخلا عيطتست >و )ةيضي7ا اهتايلمعب موقت ( لغش لمعل ةايحلل همهم هقاطلا

2- the work of the cell includes assembling polymers, membrane transport, moving , 
and reproducing 

: لصفم حرش
:تايلمعلا هذه نمو ،اهتفيظوو اهءاقب نمضت يتلا ةيساس7ا تايلمعلا نم ديدعلا لمشي ةيلخلا لمع

 ىمسُت رغصأ تادحو نم نوهدلاو يوونلا ضمحلاو تانيتوربلا لثم ةريبكلا تائيزجلا عيمجتب ةيلخلا موقت :*تارميلوبلا عيمجت .1
.ةيويحلا اهفئاظو ىلع ظافحلاو ةيلخلا لكيه ءانبل يرورض عيمجتلا اذه .تارمونوgا

 لثم تايلمع قيرط نع كلذ متي .اهنم جرخي امو ةيلخلا ىلإ لخدي ام ميظنت يفً امهمً ارود بعلي يولخلا ءاشغلا :**ءاشغلا لقن** .2
.رسيgا راشتن>او ،طيسبلا راشتن>ا ،طشنلا لقنلا

 كيرحتب موقت ةكرحتgا ريغ ايxخلا ىتح .ةكرحلا ىلع ةرداق ،ةيونgا ايxخلا وأ ةيلضعلا ايxخلا لثم ،ايxخلا ضعب :**ةكرحلا** .3
.zسوياgاو zتك7ا لثم ةصاخ تانيتورب مادختساب ةيلخادلا اهتانوكم

 ومنب حمسي اذه .)يزويgا ماسقن>ا( يلازتخ>ا ماسقن>ا وأ )يزوتيgا ماسقن>ا( يطيخلا ماسقن>اب امإ رثاكتت ايxخلا :**رثاكتلا** .4
.ةيحلا تانئاكلا يف يسنجلا رثاكتلاو ةفلاتلا ايxخلا لادبتساو يحلا نئاكلا

3- Animals can obtain energy to do this work by feeding on other animals or photosynthetic 
organisms 

4-the energy stored in the organic molecules 
of food ultimately comes from the sun .

 سمشلا يه هيوضعلا تابكرgا يف هنزخgا هقاطلا ردصم

5-photosynthesis generates oxygen,as well as 
organic molecules used by the mitochondria of 

eukaryotes as fuel for cellular respiration.
 تابكرم ىلإ هفاض>اب zجسكو7ا يئوضلا ءانبلا ةيلمع جتنت
 سفنتلا ةيلمعل دوقوك ايردنوكوتيgا اهمدختست ) زوكولغ ( ةيوضع
. يولخلا

6- Respiration breaks this fuel down , using oxygen and generating ATP.
 )ATP تائيزج ( ةقاط جاتن�  zجسكو>ا ةًمدختسم تابكرgا هذه رسكت يولخلا سفنتلا ةيلمع

 



Note:
 ايريتكبلا ضعبو ،بلاحطلا ،تاتابنلا اهمدختست يتلا ةيلمعلا يه  : يئوضلا ءانبلا ةيلمع
 يف ةيلمعلا هذه متت .ركسلا تائيزج يف نزخُت ةيئايميك ةقاط ىلإ ةيئوضلا ةقاطلا ليوحتل
.ةيتابنلا ايxخلا لخاد ءارضخلا تاديتسxبلا

7_the waste products of this type of respiration, carbon dioxide and 
water , are the raw materials for photosynthesis 

 ماخ داومك مدختست ) ءاgاو نوبركلا ديسكأ يناث ( يولخلا سفنتلا ةيلمع نم هجتانلا تايافنلا
. يئوضلا ءانبلا ةيلمعل

Note
:  نم وأ( زوكولجلا نم ةقاطلا صxختس> ايxخلا اهب موقت ةيويح ةيلمع يه يولخلا سفنتلا ةيلمع

 zسونيدأ( ATP تائيزج لكش ىلع مادختسxل ةلباق ةقاط ىلإ اهليوحتو )ىرخأ ةيوضع داوم
ةفلتخgا ةيولخلا ةطشن7ا ليغشتل مدختسُت يتلاو ،)تافسوفلا يثxث

>>Concept10.1: Catabolic pathways yield energy by oxidising organic 
fuels 

Metabolic pathways that release stored energy by breaking down complex 
molecules are called catabolic pathways. Transfer of electrons from  fuel 

molecules (like glucose) to other molecules plays a major role in these  
pathways

 تاراسgا ىمسُت ةدقعgا تائيزجلا ريسكت قيرط نع ةنزخgا ةقاطلا قلطت يتلا ةيضي7ا تاراسgا
 ةدقعgاو ةريبكلا تابكرgا كيكفت متي ،تاراسgا هذه يف .)catabolic pathways( ةيمدهلا
 مدختسُت يتلا ةقاطلا قلطي للحتلا اذه .رغصأ تائيزج ىلإ تانيتوربلاو نوهدلاو زوكولجلا لثم
.ةيلخلا لخاد مادختسxل ةلباقلا ةقاطلل يسيئرلا ردصgا ربتعت يتلا ،ATP تائيزج جاتن�

 تائيزج للحتت امدنع .تانورتكل�ا لقن يه ةيمدهلا تاراسgا يف ثدحت يتلا تايل�ا مهأ دحأ
 وأ ⁺NAD لثم ىرخأ تائيزج ىلإ تائيزجلا هذه نم تانورتكل�ا لقن متي ،زوكولجلا لثم دوقولا

FAD. ل ةلماحلا تائيزجلا هذه� ىلإ تانورتكل�ا لقنب موقت )FADH2 و NADH( تانورتكل
 تانورتكل�ا لقن نع ةجتانلا ةقاطلا مادختسا متي ثيح ،ايردنوكوتيgا يف تانورتكل�ا لقن ةلسلس
.ATP جاتن�



Organic compounds posses ener as a result of the arrangement of electrons 
in the bonds between their atoms.Compounds that can participate inexergonic 

reactions can act as fuels .
 

Producing ATP:
Through the activity of enzymes , a cell systemically degrades complex organic 
molecules that are rich in potential energy to simpler waste products that have 
less energy taken out of chemical storage can be used to do work ; the rest is 
dissipated as heat

 نكمي يتلا تابكرgا .اهتارذ zب طباورلا يف تانورتكل�ا بيترتل ةجيتن ةقاط كلتمت ةيوضعلا تابكرgا 
.دوقوك لمعت نأ نكمي )exergonic reactions( ةقاطلل ةدراطلا تxعافتلا يف كراشت نأ

:ATP جاتنإ
 ةقاط ىلع يوتحت يتلا ةدقعgا ةيوضعلا تائيزجلا كيكفتب ايxخلا موقت ،تاميزن�ا طاشن لxخ نم
 تائيزجلا هذه نم ةجرختسgا ةقاطلا .لقأ ةقاط ىلع يوتحت طسبأ تxضف جتاون ىلإ ةيلاع ةنماك
.ةرارح لكش ىلع هديدبت متي ةقاطلا يقاب نأ zح يف ،ةيولخ لامعأب مايقلل مدختسُت ةيئايميكلا

Examples for catabolic pathways:
A- Fermentation:Parital degradation of sugars or other  organic fuel that  

occurs without the use of oxygen.

 ىلإ هجاحلا نود ثدحت ىرخ7ا ةيوضعلا تابكرgاو تايركسلا تائيزج ميطحت ةيلمع يه رمختلا
 zجسك7ا مادختسا

B- Aerobic respiration:it’s the most effective catabolic pathways in which 
Oxygen is consumed as a reactant along with the organic fuel 

The cells of the most eukaryotic and many prokaryotic organisms can carry out aerobic 
respiration.

C-Anaerobic respiration: similar to aerobic but the organism use 
substances other than oxygen as reactant 

:)Aerobic respiration( يئاوهلا سفنتلا.1
 ىلع دمتعي، ةقاطلا ىلع لوصحلل ةيوضعلا تائيزجلا ميطحتل ةيلاعف ةيضي7ا تاراسgا رثكأ وه
 ايxخ يف ثدحي،)زوكولجلا لثم( يوضعلا دوقولا بناج ىلإ ةلعافتم ةدامك zجسك7ا مادختسا
.ةاونلا ةيئادب تانئاكلا ضعبو ةاونلا ةيقيقح تانئاكلا مظعم
:)Anaerobic respiration( يئاوهxلا سفنتلا.2
 مدختست تانئاكلا نأ وه يساس7ا قرفلا نكلو ،ةقاطلا جاتنإ ثيح نم يئاوهلا سفنتلا هبشي
.zجسك7ا اهيف رفوتي > يتلا فورظلا يف مدختسُي،ةلعافتم ةدامك zجسك7ا ريغ ىرخأ داوم



Technically, the term cellular respiration includes both aerobic and 
anaerobic processes. However, it originated as a synonym for aerobic 

respiration because of the relationship of that process to organismal 
respiration, in which an animal breathes in oxygen.

The overall process of cellular respiration is as following:

Organic compounds + Oxygen → Carbon dioxide + Water + Energy

Carbohydrates, fats, and protein molecules from food can all be 
processed and consumed as fuel. In animal diets, a major source of 

carbohydrates is starch, a storage polysaccharide that can be broken 
down into glucose (C6H12O6) subunits.

C₆H₁₂O₆ + 6 O₂ → 6 CO₂ + 6 H₂O + Energy (ATP + heat)

This breakdown of glucose is exergonic, having a free-energy change 
of -686 kcal (2,870 kJ) per mole of glucose decomposed (ΔG = -686 

kcal/mol).

Recall that a negative ΔG (ΔG < 0) indicates that the products of the 
chemical process store less energy than the reactants and that the 

reaction can happen spontaneously—in other words, without an input 
of energy.

Catabolic pathways do not directly move flagella, pump solutes 
across membranes, polymerize monomers, or perform other cellular 

work. Catabolism is linked to work by a chemical drive shaft (ATP). To 
keep working, the cell must regenerate its supply of ATP from ADP 

and ~P.

Cellular respiration is a combination of oxidation and reduction 
reactions.



:يولخلا سفنتلا ةيلمعل طسبم حرش

 ثدحي نأ نكمي .ةقاط ىلإ ةيئاذغلا داوgا ايxخلا اهيف لوحت يتلا ةيلمعلا وه يولخلا سفنتلا
 نودب( يئاوهxلاو )zجسك7ا مادختساب( يئاوهلا سفنتلا :سفنتلا نم zعون لxخ نم اذه
.)zجسك7ا

:يئاوهلا سفنتلا .1

 زوكولجلا ميطحتل zجسك7ا ىلع ةيحلا تانئاكلا مظعم دمتعت ثيح ،ةيلاعفو اعًويش رثك7ا وه
:ةيلاتلا ةلداعgاب ةيلمعلا هذه صيخلت متي .ةقاط ىلإ هليوحتو )طيسب ركس(

ةقاط + ءاgا + نوبركلا ديسكأ يناث >> zجسك7ا + زوكولجلا

 همدختست ”دوقو”ـك لمعت يتلا ،ATP تائيزج لكش يف يتأت اهقxطإ متي يتلا ةقاطلا
.اهفئاظو عيمج ءاد7 ايxخلا

:يئاوهxلا سفنتلا .2

 نمً >دب .احًاتم zجسك7ا نوكي > امدنع ةيحلا تانئاكلا ضعب اهمدختست ةليدب ةيلمع وه
 ديلوتل ،تاتيربكلا وأ تارتنلا لثم ،ىرخأ ةيئايميك داوم تانئاكلا هذه مدختست ،zجسك7ا
.ةقاطلا

:ميهافgا ضعبل ليصفت

.ايxخلل ةمزxلا ةقاطلا رفويو تايركسلا نم عون وه :زوكولجلا•
•ATP: خلا اهجاتحت يتلا ةقاطلا نزخُي بكرم وهxا لقن لثم اهفئاظو ءاد7 ايgكيرحتو داو 
.ةيلخلا لخاد تايضعلا

•ΔG ةقاط ىلإ ةجاح نودب اًيئاقلت ثدحي نأ نكميو ةقاط قلطي لعافتلا نأ ينعي :بلاسلا 
.ةيجراخ

:ةيمه7ا

 مدختست ةجتانلا ةقاطلا نأ ثيح ،ةيحلا تانئاكلا ةايح ىلع ظافحلا يف دعاست تايلمعلا هذه
.ةيلخلا لخاد ةيويحلا ةطشن7ا عيمج يف



Redox Reaction: Oxidation and Reduction 

$ oxidation- Reduction reaction: reaction involved a transfer of one or more 
electrons (e) from one reactant to another 

 ىرخأ ىلإ هلعافتم ةدام نم رثكا وأ دحاو نورتكلإ لاقتنا اهيف ثدحي تxعافت يه



Stepwise Energy Harvest via NAD⁺ and the Electron Transport Chain.

Cellular respiration does not oxidize glucose (or any other organic fuel) in a single 
explosive step either. Rather, glucose is broken down in a series of steps, each one 

catalyzed by an enzyme.

Electrons are stripped from the glucose,each electron travels with a proton—
(proton + electron = a hydrogen atom).

The hydrogen atoms are not transferred directly to oxygen, but instead are usually 
passed first to an electron carrier, a coenzyme called nicotinamide adenine 

dinucleotide, a derivative of the vitamin niacin.

This coenzyme is well suited as an electron carrier because it can cycle easily 
between its oxidized form, NAD⁺, and its reduced form, NADH.

As an electron acceptor, NAD⁺ functions as an oxidizing agent during respiration.

How does NAD⁺ trap electrons from glucose and the other organic molecules in 
food?

1-Enzymes called dehydrogenases remove a pair of hydrogen atoms (2 electrons and 
2 protons) from the substrate, thereby oxidizing it.  

2-The enzyme delivers the 2 electrons along with 1 proton to its coenzyme, NAD⁺, 
forming NADH. The other proton is released as a hydrogen ion (H⁺) into the 

surrounding solution.



1. Electron Transfer to NAD+:
Electrons transferred from glucose to NAD+ lose very little of their energy, 
allowing NADH to store this energy for later use.

2. NADH as Energy Storage:
NADH molecules represent stored energy, which is used to produce ATP as 
electrons move down the energy gradient from NADH to oxygen.

3. Electron Transport Chain (ETC):
Instead of one explosive release of energy, respiration uses an electron 
transport chain to break down the transfer of electrons into smaller steps, 
releasing energy at each stage.

4. Structure of the ETC:
The electron transport chain consists of proteins embedded in the inner 
membrane of mitochondria (in eukaryotes) or the plasma membrane (in 
prokaryotes).

5. Electron Movement from Glucose to Oxygen:
Electrons are carried from glucose to the top of the chain by NADH. At the 
bottom, oxygen captures these electrons along with hydrogen ions, forming 
water.

6. Anaerobic Respiration in Prokaryotes:
In anaerobic conditions, prokaryotes use different electron acceptors (not 
oxygen) at the end of the chain.

7. Exergonic Reaction of NADH to Oxygen:
The transfer of electrons from NADH to oxygen is highly exergonic, 
releasing -53 kcal/mol of energy.

8. Pathway of Electrons:
The electron flow follows the path: glucose → NADH → electron transport 
chain → oxygen, with energy released gradually in redox reactions, 
preventing energy waste.



The stages of cellular Respiration:A Preview



A) Glycolysis:

• Occurs in the cytosol.
• Glycolysis breaks glucose into two molecules of a compound 

called pyruvate.
• Glycolysis generates ATP by substrate level phosphorylation + 

NADH.

B) Oxidation of pyruvate:

• In eukaryotes, pyruvate produced from glycolysis enters the 
mitochondria and is oxidized to a compound called acetyl CoA.

• No production of ATP or NADPH.

C) Citric Acid Cycle “Krebs cycle / Tricarboxylic acid cycle”:

• Acetyl CoA enters to this cycle and in it, the breakdown of glucose 
to CO₂ is completed.

• Occurs in mitochondria in eukaryotes and in the cytosol in 
prokaryotes.

• Produces ATP by substrate level phosphorylation and produces 
NADH-FADH₂.

D) Oxidative phosphorylation:

• Oxidative phosphorylation: Electron transport chain + 
Chemiosmosis.

• The electron transport chain accepts electrons from NADH or 
FADH₂ and passes these electrons down the chain. At the end of the 
chain, the electrons are combined with molecular oxygen and 
hydrogen ions (H⁺), forming water.

• The energy released at each step of the chain is stored in a form 
the mitochondrion can use to make ATP from ADP.

• Oxidative phosphorylation accounts for almost 90% of the ATP 
generated by respiration.

• This mode of ATP synthesis is called oxidative phosphorylation 
because it is powered by the redox reactions of the electron transport 
chain.



For each molecule of glucose degraded to CO2 and water by respiration, 
the cell makes up to 32 molecules of ATP .

Concept 10.2: Glycolysis harvests chemical energy by oxidizing 
glucose to pyruvate

Glycolysis is the process of splitting sugar. Glucose, a six-carbon 
sugar, is split into three-carbon sugars which oxidized and their 
remaining atoms rearranged to form two molecules of pyruvate.

 تانوبرك 6 نم نوكgا زوكولجلا ركس لصفني ثيح ،ركسلا لصف ةيلمع يركسلا للحتلا ةيلمع لثمت
 تارذلا بيترت داعيو تايركسلا هذه دسكأتت ثيح نوبرك تارذ ةثxث نم امهنم لك نوكتي نيركس ىلإ

.تيفوريبلا لكشتل اهنم ةيقبتgا

All of the carbon originally present in glucose is accounted for in the 
two molecules of pyruvate; no carbon is released as CO2 during 
glycolysis.

 قلطت > ةيلمعلا هذه نإف يلاتلابو ،تيفوريبلا zئيزج بيكرت يف تلخد زوكولجلا ركس تانوبرك عيمج
.نوبركلا ديسكأ يناث لكش ىلع نوبركلا

Pyruvate is the ionized form of pyruvic acid.

.كيفوريبلا ضمحل نيأتgا لكشلا تيفوريبلا لثمي



Glycolysis can be divided into two phases:

1. The energy investment phase:
 the cell spends 2 ATP molecules.

.z ATPئيزج ةيلخلا كلهتست :ةقاطلا كxهتسا ةلحرم

2. The energy payoff phase: 
The cell produces 
4 ATP - 2 NADH - 2 H2O - 2 pyruvate.

The net energy yield from glycolysis, per glucose molecule, is 2 ATP 
(4 ATP are produced and 2 ATP are spent).

 ATP 2 كلهتستو ATP 4 ةيلخلا جتنت ثيح ،ATP 2 وه زوكولج ءيزج لكل ةجتانلا ةقاطلا يفاص
--> 4-2=2 ATP.

Glycolysis occurs whether or not O2 is present. However, if O2 is 
present, the chemical energy stored in pyruvate and NADH can be 
extracted by pyruvate oxidation, the citric acid cycle, and oxidative 
phosphorylation.

 نكمي zجسك7ا دوجو لاح يف ،هنود وأ zجسك7ا دوجوب ءاوس يركسلا للحتلا ةيلمع ثدحت
 ةدسكأ :لحارم لxخ نم NADH تائيزجو تيفوريبلا يف ةنزخgا ةيئايميكلا ةقاطلا جارختسا

.ةيدسكأتلا ةرفسفلاو ،سبيرك ةقلح ،تيفوريبلا



Glycolysis occurs in 10 steps.
A) Energy investment phase: it occurs in 5 steps; each step has its own 
enzyme.

 : ةروصلا ىف هدوجوgا تاوطخلل حرش
 رثكأ هلعجيل زوكولجلا ىلا ATP ءيزج نم تافسوف ةعومجم لقنب hexokinase ميزنا موقي .1
.glucose-6-phosphateً اجتنمً ايئايميكً اطاشن

 ىلا glucose-6-phosphate ليوحتب phosphogluco-isomerase ميزنا موقي .2
fructose-6-phosphate.

 ىلا ATP ءيزج نم تافسوف ةعومجم لقنب phosphofructokinase ميزنا موقي .3
fructose-6-phosphate اجتنم ًfructose 1,6-bisphosphate.

 3 ىلع امهنم لك يوتحي zئيزج ىلا يثxثلا ركسلا ءزج لصفب aldolase ميزنا موقي .4
.DHAP + G3P تانوبرك

 لxخ نازتا ةلاح يف ةيلاتلا ةلحرgا يف G3P و DHAP يئيزج zب ليوحتلا ةيناكما كانه .5
.G3P نيوكتب موقي رخآ ميزنا لعافت



:zبقاعتم zلعافت ثودح ةوطخلا هذه نمضتت.6
.)NADH تائيزج جتنت( NAD+ بكرم ىلإ هتانورتكلإ لقن قيرط نع G3P ركس دسكأتي .أ
 ىلإ تافسوف ةعومجم ةفاضإ يف قباسلا ركسلا ءيزج ةدسكأ نم ةجتانلا ةقاطلا مدختسُت .ب
.ةيلاع ةقاط وذ بكرم هلعجي امم هسفن

 ربع zسونيد7ا تافسوف يئانث ءيزج ىلإ دسكؤgا ركسلا نم تافسوفلا ةعومجم لقتنت .أ.7
.)ATP جتني( ةقاطلل دراط لعافت
-3 ىلإ لوحتيف ليسكوبرك ةعومجم ىلإ G3P ركسب ةلصفنgا لينوبركلا ةعومجم دسكأتت .ب

Phosphoglycerate.
-2 ىلإ لوحتيف ركسلاب ةلصتgا تافسوفلا ةعومجم عقوم رييغتب ميزن�ا موقي.8

Phosphoglycerate.
.ةيلاع ةقاط وذ بكرم جاتنإ و ةيئانث ةطبار نيوكت ىلإ يدؤي امم ءام ءزج ةلازإب ميزن�ا موقي.9

 يئانث ءيزج ىلإ Phosphoenolpyruvate بكرم نم تافسوفلا ةعومجم لقتنت.10
.ATP نيوكت ىلإ يدؤي امم zسونيد7ا تافسوف

Kinase: transfers a phosphate group.
Isomerase: produces an isomer.
Aldolase: cleaves.
Dehydrogenase: produces NADH.
Mutase: changes position of phosphate 
group.



When O2 is present, the pyruvate in eukaryotic cells enters a mitochondrion, where 
the oxidation of glucose is completed.In aerobically respiring prokaryotic cells, this 
process occurs in the cytosol.
Concept 10.3: After pyruvate is oxidised, the citric acid cycle completes the 
energy yielding oxidation of organic molecules 

Oxidation of Pyruvate to Acetyl CoA

Upon entering the mitochondrion, pyruvate is converted to a compound called 
acetyl coenzyme A, or acetyl CoA.

Pyruvate is a charged molecule, so in eukaryotic cells it must enter the 
mitochondrion via active transport, with the help of a transport protein.

This step links glycolysis and the citric acid cycle.

It is carried out by a multi-enzyme complex (Pyruvate dehydrogenase complex) that 
catalyzes three reactions:

1. Pyruvate's carboxyl group (-COO) is released and given off as a molecule of 
CO2.

2. The remaining two-carbon fragments get oxidized and the electrons are 
transferred to NAD+, storing energy in the form of NADH.

3. Coenzyme A (COA), a sulfur-containing compound derived from a B vitamin, is 
attached via its sulfur atom to the two-carbon intermediate, forming acetyl CoA.



حرشلا
 للحت نم جتانلا تافوريبلا لخدي ،)ناسن�ا ايxخ لثم( ىونلا ةيقيقح ايxخلا يف ادًوجوم zجسك7ا نوكي امدنع
 يف امأ.ةقاطلا جاتن� لماك لكشب زوكولجلا ةدسكأ ةيلمع مامتإ نع لوؤسgا ءزجلا يهو ،ايردنكوتيgا ىلإ زوكولجلا
 ن7 ،مزxبوتيسلا يف ثدحت ةيلمعلا هذه نإف ،)ايريتكبلا عاونأ ضعب لثم( اًيئاوه سفنتت يتلا ىونلا ةيئادب ايxخلا
.ايردنكوتيم ىلع يوتحت > ايxخلا هذه
:CoA ليتسأ ىلإ تافوريبلا ليوحت

 ليتسأ" وأ "A ميزن�ا قفارم ليتسأ" ىمسي بكرم ىلإ هليوحت متي ،ايردنكوتيgا ىلإ تافوريبلا لوخد دنع
CoA".تورب ىلإ جاتحي اذل ،نوحشم ءيزج نع ةرابع تافوريبلاz ا لوخد يف هدعاسي لقنgلقنلا ربع ايردنكوتي 

.)سبيركلا( كيرتسلا ضمح ةرودو يركسلا للحتلا ةيلمع zب طبرت ةوطخلا هذه.طشنلا
:بكرم ميزنإ ةطساوب متي لعافتلا
:ةيسيئر تxعافت ةثxثب موقي يذلاو ،"تافوريبلا zجورديه ةعزان بكرم" ىمسي دقعم ميزنإ قيرط نع متي لوحتلا

.)CO2( نوبركلا ديسكأ يناث ءيزج لكش ىلع اهريرحتو تافوريبلا نم ليسكوبركلا ةعومجم ةلازإ متي .1
.ةقاطلا نزخي يذلا NADH اًنوكم ،+NAD ىلإ تانورتكل�ا لقن متيو ،دسكأتت تافوريبلا نم ةيقبتgا ءازج7ا .2
 وهو ،"CoA ليتسأ" لكشتيل ،z Bماتيف نم قتشم تيربكلا ىلع يوتحي بكرمب CoA ليتسأ بكرم طبتري .3
.ةقاطلا نم ديزم جاتن� كيرتسلا ضمح ةرود لخدي يذلا بكرgا
 يف ةقاطلا مظعم جتنت يتلا كيرتسلا ضمح ةرود يف لوخدلل تافوريبلا ريضحتل ةيرورض ةيلمعلا هذه ،ةياهنلا يف
.ةيلخلا

Each glucose molecule gives 2 pyruvate → 2 Acetyl 
CoA.
The Citric Acid Cycle (Krebs cycle – Tricarboxylic acid 
cycle)
Each Acetyl CoA that enters the cycle produces:

✔

1 ATP by substrate-level phosphorylation.

✔

3 NADH coenzyme.

✔

1 FADH2 coenzyme.

✔

2 CO2.
Each glucose molecule gives 2 pyruvates → 2 Acetyl 
CoA produces:

✔

2 ATP.

✔

6 NADH.

✔

2 FADH2.

✔

4 CO2.



 بكرم نيوكت ىلإ يدؤي امم Oxaloacetate بكرم ىلإ نوبرك يترذ ءاطعإب Acetyl CoA بكرم موقي .1
Citrate.

.رخآ ءيزج ةفاضإو ءام ءيزج ةلازإ قيرط نع )Isocitrate( هريظن ىلإ Citrate ـلا لوحتي .2

 NAD ـلا ءيزج لازتخا ىلإ هتدسكأ يدؤت ،نوبركلا ديسكأ يناث ءيزج دقفيو isocitrate ـلا ءيزج دسكأتي .3
.NADH ىلإ

 تائيزج لازتخا ىلإ بكرgا ةدسكأ يدؤت ،دسكأتي مث نوبركلا ديسكأ يناث نم رخآ ءيزج جتانلا بكرgا دقفي .4
NAD ىلإ NADH. ا لصتي كلذ دعبgـب جتانلا بكر Coenzyme A ةرقتسم ةطبار ريغ.

.GTP ىلإ لوحتيو GDP بكرم ىلإ تافسوفلا ةعومجم لقتنت مث ،تافسوف ةعومجمب CoA لدبتسي .5

.Succinate ـلا بكرم دسكأتيو ،FADH2 ىلإ لوحتيل FAD ىلإ جتانلا بكرgا نم zجورديه يترذ لقتني .6

.هيف طباورلا بيترت ةداعإ ىلع لمعي امم جتانلا بكرgا ىلإ ءاgا نم ءيزج فاضي .7

 بكرgا ةدسكأ ببست ،ديدج نم ةقلحلا ءدبل مزxلا Oxaloacetate ـلا بكرم ىلإ لوحتيل جتانلا بكرgا دكأتي .8
.NADH ىلإ NAD تائيزج لازتخا



Note so important:
In eukaryotic cells, all the citric acid cycle enzymes are located in the mitochondrial 

matrix except for the enzyme that catalyzes step 6, which resides in the inner 
mitochondrial membrane.

 ءانثتساب ايردنوكوتيgا ةوشح يف سبرك ةقلح تاوطخ زفحت يتلا تاميزن�ا دجوت ،ةاونلا ةيقيقحلا ايxخلا يف
.ايردنوكوتيملل يلخادلا ءاشغلا يف دجوت اهنإف ةقلحلا نم ةسداسلا ةوطخلا زفحت يتلا تاميزن�ا

FAD (Flavin adenine dinucleotide) is derived from riboflavin, a B vitamin.



 
Concept 10.4

 : قبس امل ةعیرس ةعجارم

 للحتلا ةلحرم ءانثأ اھنم ناتنثا( ATP نم تائیزج4 انیدل جتن ھنا لاإ ةقباسلا لحارملا عیمج نم انلصوت دقل
 Substrate level phosphorylation ةقیرطب تجتن اھعیمجو )سبرك ةقلح نم ناتنثاو( )يركسلا

 يف ةنزتخملا ةقاطلا مظعم جاتنإ يف مھاست NADH and FADH2 تائیزج نإف يلاتلابو*
. زوكولغلا
 يھو ةریخلأا ةلحرملا و ةقباسلا لحارملا نیب لصولا ةقلح يھ تائیزجلا هذھ ربتعت يلاتلاب
. Oxidative phosphorylation ةیدسكأتلا ةرفسفلا ةلحرم

Oxidative phosphorylation =Electron transport chain +Chemiosmosis

: امھو لاأ اھللاخ نیتیسیئر نیتلمع عوقوب ةیدسكأتلا ةرفسفلا لثمتت
 Electron transport chain نورتكللإا لقن ةسلس )١
 Chemiosmosis ةیئایمیكلا ةیزومسلأا )٢
 ةروص ىلإ NAD,FADH2 يف ةنزتخملا ةقاطلا لیوحت يف نیتلمعلا هذھ يف فدھلا نمكیو

ATP 

Our main objective in this chapter is to learn how cells harvest
the energy of glucose and other nutrients in food to make
ATP. But the metabolic components of respiration we have examined 
so far, glycolysis and the citric acid cycle, produce
only 4 ATP molecules per glucose molecule, all by substrate-

level phosphorylation: 2 net ATP from glycolysis and 2 ATP
from the citric acid cycle. At this point, molecules of NADH (and 
FADH2) account for most of the energy extracted from
each glucose molecule. These electron escorts link glycolysis
and the citric acid cycle to the machinery of oxidative phos-
phorylation, which uses energy released by the electron trans-

port chain to power ATP synthesis. In this section, you will
learn first how the electron transport chain works and then
how electron flow down the chain is coupled to ATP synthesis 

 ةمھم تامولعم و حرش : دوسلأا
 ةیزیلكنلإا ةغللا تاحلطصم حیضوت : رمحلأا
 باتكلا يف درو ام عیمج : قرزلأا



The Pathway of Electron Transport: 

 تانورتكللإا لقن ةسلس عقت 
 ایردنوكوتیملا يلخادلا ءاشغلا يف :) eukaryotic(ىونلا ةقیقح ایلاخلا يف
 يمزلابلا ءاشغلا يف :)prokaryotic(ىونلا ةیئادب ایلاخلا يف

:

The electron transport chain is a collection of molecules embed- ded 
in the inner membrane of the mitochondrion in eukaryotic cells. (In 
prokaryotes, these molecules reside in the plasma membrane.) The 
folding of the inner membrane to form cris- tae increases its surface 
area, providing space for thousands of copies of each component of 
the electron transport chain in a mitochondrion. Structure fits 
function: The infolded membrane with its concentration of electron 
carrier molecules is well-suited for the series of sequential redox 
reactions that take place along the electron transport chain. Most 
components of the chain are proteins, which exist in multiprotein 
complexes numbered I through IV. Tightly bound to these proteins 
are prosthetic groups, nonprotein components such as cofactors and 
coenzymes essential for the catalytic functions of certain enzymes.

 ایردنوكوتیملا فارعأ مساب فرعی ام ایردنوكوتیملا يلخادلا ءاشغلا يف) folding( تاءانثنلاا نوكت
 تانورتكللإا لقن ةلسلس نم خسنلا فلآا دوجول ناكم ریفوتل ةیحطسلا ةحاسملا ةدایز ىلع لمعت يتلاو
 فرحلأاب ةمقرم تابكرم لكش ىلع دجاوتت ثیح تانیتورب يھ تانورتكللإا لقن ةسلس تانوكم مظعم نا
.اذكھو)IV,I( اھیلا زمری يتلا و ةینیتلالا

 لثم ةینیتورب ریغ تانوكم يھو)prosthetic group( ىمست ةعومجمب ةلسلسلا ةذھ تانیتورب طبترت
.زیفحتلا يف ةمھم ةفیظو يدؤت يتلاو ةدعاسملا تامیزنلإا و ةدعاسملا لماوعلا

 يأ رخآ نوكم ىلإ نوكم نم رمت تانورتكللإا نأ ظحلان تانورتكللإا لقن ةلسلس ربع : مھفلل ةمھم ةمولعم
. لزتخملا لكشلا ىلإ دسكؤملا لكشلا نم ریغت تانوكملا هذھ نأ

During this electron transport, electron carriers alternate 
between reduced and oxidized states as they accept and then 
donate electrons

Each component of the chain becomes reduced when it accepts 
electrons from its “uphill” neighbor, which has a lower affinity 
for electrons  less electronegative 
It then returns to its oxidized form as it passes electrons to its 
“downhill” neighbor, which has a higher affinity for electrons 
more electronegative 



 نم ةعومجم اھنم لك مضت ةینیتورب  تانوكم ةعبرأ نم نوكتت تانورتكللإا لقن ةلسلس نأ ظحلا 
 ىلإ ةیاھنلا يف لصت ىتح لفسلاا ىلإ ةلسلسلا ىلعأ نم تانورتكللإا  هذھ لقتنت ثیح تانیتوربلا
. ءاملا عنصل نیجوردیھلا تانویأ ىلإ ةفاضلإاب اھمدختسی يذلاو نیجسكلأا
ىلإ ةیاھنلا يف لصت ىتح ةیبلسورھك رثكلأا نوكملا وحن  ةیبلسورھك لقلاا نوكملا نم تانورتكللإا لقتنت

.نیجسكلأا 
 FADH2 لقانلا نأ نیح يف ةلسلسلا نم لولأا بكرملا ىلإ ھتانورتكلإ حنمی NADHلقانلا نأ ظحلا
 لقا ةجتانلا ةقاطلا ةیمك نوكت يلاتلابو يناثلا بكرملا ىلإ ھتانورتكللأا حنمی

 لبقتسملا ىلإ تانورتكللإا ریرمت ىلع لمعی ثیح Cyt a3 وھو تانورتكللأا لقن ةلسلس يف بكرم رخآ ظحلا 
 نیجسكلأا وھو تانورتكللإا يئاھنلا



 اھتءارقب مق نوكم لك نع تاظحلاملا ضعبو تانورتكللإا لقن ةلسلس تانوكم ىلعلأا يف لودجلا حضوی
 ركذت میھلا ةعومجم ىلع يوتحت تانیتورب يھو تاموركوتیسلا يھو نوكم رخآ ىلع انھ زكرنس نكل ادیج

 تانورتكللأا لقنت اھنإف انھ امنیب نیجسكلأا لقنت اھنكل اضیأ نیبولغومیھلا يف دجاوتت میھلا ةعومجم نأ
 ةفلتخملا تاموركوتیسلا عاونأ زییمتل مقرو فرح ةفاضإ مث  Cyt ةباتك للاخ نم ؟تاموركوتیسلا ىمست فیك
 ضعبلا اھضعب نع
 ریرمت ىلع لمعی يذلا تانورتكللإا لقن ةلسلس يف موركوتیس رخآ وھوCyt a3  ىلعلأا يف مسرلا يف ظحلا
 ةیلاعلا ةیبلسورھكلا وذ نیجسكلأل تانورتكللإا

cytochromes Their prosthetic group, called a heme group, has an 
iron atom that accepts and donates electrons. (The heme group in 
a cytochrome is similar to the heme group in hemoglobin, the 
protein of red blood cells, except that the iron in hemoglobin 
carries oxygen, not electrons.) The electron transport chain has 
several types of cytochromes, each named “cyt” with a letter and 
number to distinguish it as a different protein with a slightly 
different electron-carrying heme group. The last cytochrome of the 
chain, cyt a3, passes its electrons to oxygen (in O2), which is very 
electronegative. Each O also picks up a pair of hydrogen ions 
(protons) from the aqueous solution, neutralizing the-2 charge of 
the added electrons and forming water Another source of electrons for the electron transport chain is 

FADH2, the other reduced product of the citric acid cycle. Notice 
in Figure 10.12 that FADH adds its electrons from within 
complex II, at a lower energy level than NADH
does. Consequently, although NADH and FADH2 each donate an 
equivalent number of electrons (2) for oxygen reduction, the 
electron transport chain provides about one-third less energy for 
ATP synthesis when the electron donor is FADH
rather than NADH. We’ll see why in the next section. The 
electron transport chain makes no ATP directly.
Instead, it eases the fall of electrons from food to oxygen, 
breaking a large free-energy drop into a series of smaller steps 
that release energy in manageable amounts, step by step. How 
does the mitochondrion (or the plasma membrane in prokary- 
otes) couple this electron transport and energy release to ATP 
synthesis? The answer is a mechanism called chemiosmosi

Another source of electrons for the electron transport chain is 
FADH2, the other reduced product of the citric acid cycle. Notice 
in Figure 10.12 that FADH adds its electrons



from within complex II, at a lower energy level than NADH
does. Consequently, although NADH and FADH2 each donate 
an equivalent number of electrons (2) for oxygen reduction, 
the electron transport chain provides about one-third less 
energy for ATP synthesis when the electron donor is FADH
rather than NADH. We’ll see why in the next section. The 
electron transport chain makes no ATP directly.
Instead, it eases the fall of electrons from food to oxygen, 
breaking a large free-energy drop into a series of smaller steps 
that release energy in manageable amounts, step by step. How 
does the mitochondrion (or the plasma membrane in prokary- 
otes) couple this electron transport and energy release to ATP 
synthesis? The answer is a mechanism called chemiosmosi

ىلإ يأ تانورتكللإا لقن ةلسلسلا نم يناثلا بكرملا ىلإ تانورتكللأا حنمی تانورتكللإا لقان نأ ظحلان    
NADH نم لقأ ةقاطلا ىوتسم  

 ىلإ تانورتكللأا لقن ةلسلسل نینورتكلإ ناحنمی FADH2,NADH نیلقانلا لاك نأ نم مغرلاب كلذل ةجیتن
 FADH2 لقانلا نم ةجتانلا ةقاطلا ةیمك نأ
 نع ةلوؤسم طقف تناك يھف ATPنم تائیزج يأ جتنت مل تانورتكللإا لقن ةلسلس نأ قبس امم ظحلان
 نیجسكلأا ىلإFADH2,NADH تانورتكللإا لقن
 ىلإ) Matrix( ایردنكوتیملا ةوشح نم تخضو تدجاوت دق تانوتورب كانھ نأ ظحلان نأ بجی ATPلا جاتنلأو
)intermembrane space( ءاشغلا نیب لصفت يتلا ةفاسملا

  میزنإربع اھراشتنا داعی نیئاشغ نیب ةفاسملا يف تانوتوربلا زیكرت عافترا دنع ثیحب ةركفلا نمكت انھو
 ةعومجم ةفاضإ زیفحتل  تانوتوربلا هذھ زیكرت يف قرفلا مدختسی يذلا)ATP Synthase( نیعم
 ةیزومسلاا ةیلمعلا هذھ ىمست ثیح ATPلا نیوكت يلاتلابو ADPتائیزجل تافسوفلا نم
 :يتلآا لكشلا اھحضو يتلاو )Chemiosmosis(ةیئایمیكلا

=>ze +10 + 2H= Ho [1,5 (G()



Populating the inner membrane of the mitochondrion or the 
prokaryotic plasma membrane are many copies of a protein 
complex called ATP synthase, the enzyme that makes ATP 
from ADP and inorganic phosphate (Figure 10.13). ATP syn- 
thase works like an ion pump running in reverse. Ion pumps 
usually use ATP as an energy source to transport ions against 
their gradients. Enzymes can catalyze a reaction in either 
direc- tion, depending on the ΔG for the reaction, which is 
affected by the local concentrations of reactants and products 
(see Concepts 6.2 and 6.3). Under the conditions of cellular 
respira- tion, rather than hydrolyzing ATP to pump protons 
against their concentration gradient, ATP synthase uses the 
energy
of an existing ion gradient to power ATP synthesis. The 
power source for ATP synthase is a difference in the 
concentration of H+ (a pH difference) on opposite sides of the 
inner mito- chondrial membrane. This process, in which 
energy stored
in the form of a hydrogen ion gradient across a membrane is 
used to drive cellular work such as the synthesis of ATP

  اھدلوم نم ATPتائیزج عینصت نع لوؤسملا  میزنلإا وھ)ATP synthase ( میزنلإا اذھ ىلإ فرعتنل
 ةیوضع ریغ تافسوف ةعومجم عضوبADPوھو لاأ يسیئرلا
 زیكرت قرف  میزنلإا اذھ مدختسی ثیحب يولخلا سفنتلا اھرفوی يتلا فورظلا يف میزنلأا اذھ لمع أدبم نمكیو
 انیوكتل ىعسن يتلا ATPتائیزج عینصت متی ىتح ایردنوكوتیملا يلخادلا ءاشغلا يبناج ىلع تانوتوربلا
. ةیئایمیكلا ةیزومسلاا ةیلمعلا هذھ ىمست ثیح

Chemosmosis :is the process in which energy stored in the 
form of hydrogen ion gradient across a membrane is used to 
drive cellular work such as this is the synthesis of ATP.

:ATP synthase میزنلإ قیقدلا بیكرت نع ثدحتن فوس نلآا

The structure of ATP synthesis multi subunit complex with four 
main parts each made up of multiple polypeptides 

Protons move one by one into binding site on one of the parts 
(the rotor), causing it to spin in a way that catalyze ATP 
protection production from ADP and inorganic phosphate.



 قرفلا وھ ATP میزنإ اھمدختسی يتلا ةقاطلا ردصم نأ ریكذتلا نم دبلا ATPلا جاتنإ ةركفل لاامكتسا
 لقن ةلسلس ءانثأ ھنأ ثیح ایردنكوتیملل يلخادلا ءاشغلا لوح تانوتوربلا زیكرت نیب دوجوملا
 يدؤی امم نیئاشغلا نیب ةلصافلا ةقطنملا ىلإ ایردنوكوتیملا ةوشح نم تانوتورب لقن متی تانورتكللإا
 ةوشح ىلإ جراخلا نم تانوتوربلا راشتنا داعی كلذ دعبو اھیف تانوتوربلا زیكرت ةدایز ىلإ
Proton motive force ب اذھ تانوتوربلا زیكرت قرف ىمسی ثیح میزنلإا اذھ ربع ایردنوكوتیملا

Chemiosmosis is an energy coupling mechanism that uses 
energy stored in the form of an H+ gradient across membrane to 
drive cellular work .

Energy flow during cellular respiration :
It’s starts from glucose then to form of NADH____the electron 
transport chain _______protein motive force  to finally ATP

1 NADH=2.5 ATP 1 FADH2=1.5ATP

&



How does the inner mitochondrial membrane (or the pro- karyotic 
plasma membrane) generate and maintain the H+ gradient that drives 
ATP synthesis by the ATP synthase protein complex? Establishing the 
H+ gradient is a major function of the electron transport chain
The chain is an energy converter that uses the exergonic flow of electrons from 
NADH and FADH2 to pump H+ across the membrane, from the mitochondrial 
matrix into the intermembrane space. The H+ has a tendency to move back across 
the membrane, diffusing down its gradient. And the ATP synthases are the only 
sites that provide a route through the membrane for H+. As we described 
previously, the passage of H+ through ATP synthase uses the exergonic flow of H+ 
to drive the phosphorylation of ADP. Thus, the energy stored in an H+ gradient 
across a membrane couples the redox reactions of the electron transport chain to 
ATP synthesis.
At this point, you may be wondering how the electron transport chain pumps 
hydrogen ions into the intermembrane space. Researchers have found that 
certain members of the electron transport chain accept and release protons (H+) 
along with electrons. (The aqueous solutions inside and surround- ing the cell are 
a ready source of H+.) At certain steps along the chain, electron transfers cause 
H+ to be taken up and released into the surrounding solution. In eukaryotic cells, 
the elec- tron carriers are spatially arranged in the inner mitochondrial 
membrane in such a way that H+ is accepted from the mito- chondrial matrix and 
deposited in the intermembrane space (see Figure 10.14). The H+ gradient that 
results is referred to as a proton-motive force, emphasizing the capacity of the 
gradi- ent to perform work. The force drives H+ back across the mem- brane 
through the H+ channels provided by ATP synthases.
In general terms, chemiosmosis is an energy-coupling mecha- nism that uses 
energy stored in the form of an H+ gradient across a membrane to drive cellular 
work. In mitochondria, the energy for gradient formation comes from exergonic 
redox reactions along the electron transport chain, and ATP synthesis is the work 
per- formed. But chemiosmosis also occurs elsewhere and in other variations. 
Chloroplasts use chemiosmosis to generate ATP during photosynthesis; in these 
organelles, light (rather than chemical energy) drives both electron flow down 
an electron transport chain and the resulting H+ gradient formation. 
Prokaryotes, as already mentioned, generate H+ gradients across their plasma 
membranes. They then tap the proton-motive force not only to make ATP inside 
the cell but also to rotate their fla- gella and to pump nutrients and waste products 
across the mem- brane. Because of its central importance to energy conversions in 
prokaryotes and eukaryotes, chemiosmosis has helped unify the study of 
bioenergetics. Peter Mitchell was awarded the Nobel Prize in 1978 for originally 
proposing the chemiosmotic model.



In the last few sections, we have looked rather closely at the key 
processes of cellular respiration. Now let’s take a step back and 
remind ourselves of its overall function: harvesting the energy of 
glucose for ATP synthesis.
During respiration, most energy flows in this sequence: glu- cose S 
NADH S electron transport chain S proton-motive force S ATP. We 
can do some bookkeeping to calculate the ATP profit when 
cellular respiration oxidizes a molecule of glucose to six 
molecules of carbon dioxide. The three main departments of this 
metabolic enterprise are glycolysis, pyruvate oxidation and the 
citric acid cycle, and the electron transport chain, which drives 
oxidative phosphorylation.

4 ATP produced directly by substrate-level phosphorylation dur- ing glycolysis 
and the citric acid cycle to the many more mol- ecules of ATP generated by 
oxidative phosphorylation
Each NADH that transfers a pair of electrons from glucose to the electron 
transport chain contributes enough to the proton- motive force to generate a 
maximum of about 3 ATP
Why are the numbers in Figure 10.15 inexact? There are three reasons we cannot 
state an exact number of ATP molecules gen- erated by the breakdown of one 
molecule of glucose. First, phos- phorylation and the redox reactions are not 
directly coupled to each other, so the ratio of the number of NADH molecules to 
the number of ATP molecules is not a whole number

 اھجاتنإ متی يتلا ATP ـلا تائیزجل قیقد ددع دیدحت ةیناكمإ مدع ببس ةرقفلا حضوت : ةركفلا ةذھل حرش كیلإ
:كلذل بابسأ ةثلاث كانھ .زوكولجلا نم دحاو ءيزج للحت نم
 تائیزج جتنُت يتلا( لازتخلااو ةدسكلأا تلاعافتلاو )ATP ـلا جاتنلإ تافسوفلا ةفاضإ( ةرفسفلا ةیلمع ً،لاوأ
 ددع ىلإ ةجتانلا NADH ـلا تائیزج ددع ةبسن نأ ينعی اذھ .رشابم لكشب ةطبارتم تسیل )NADH ـلا
.احًیحص ادًدع امًئاد تسیل ةجتنملا ATP ـلا تائیزج
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We know that 1 NADH results in 10 H+ being transported out across the inner 
mitochondrial membrane, but the exact number of H+ that must reenter the 
mitochondrial matrix via ATP synthase to generate

.1ATP has long been debated
Therefore, a single molecule of NADH generates enough proton-motive force for 
the synthesis of 2.5 ATP.
The citric acid cycle also supplies electrons to the electron transport chain via 
FADH2, but since its electrons enter later in the chain, each mol- ecule of this 
electron carrier is responsible for transport of only enough H+ for the synthesis of 
1.5 ATP
These numbers also take into account the slight energetic cost of moving the ATP 
formed in the mitochondrion out into the cytosol, where it will be used

Second, the ATP yield varies slightly depending on the type of shuttle used to 
transport electrons from the cytosol into
the mitochondrion. The mitochondrial inner membrane is not permeable to 
NADH, so NADH in the cytosol is segregated from the machinery of oxidative 
phosphorylation

 ىلع فیفط لكشب ATP ـلا جاتنإ دمتعی .ةجتانلا ATP ـلا تائیزجل قیقد ددع دیدحت ةیناكمإ مدعل يناثلا ببسلا اذھل حیضوت
 ریغ ایردنوكوتیملل يلخادلا ءاشغلا .ایردنوكوتیملا ىلإ لوسوتیسلا نم تانورتكللإا لقنل مدختسی يذلا "لتاشلا" وأ ماظنلا عون
 يتلا ةیللآا عم ةرشابم لعافتت نأ لوسوتیسلا يف ةدوجوملا NADH ـلا تائیزجل نكمی لا كلذل ،NADH ـلا تائیزجل ذافن
 يدؤی ام ،مدختسملا لتاشلا عون ىلع تانورتكللإا لقن دمتعی ،كلذل ةجیتن .ایردنوكوتیملا لخاد ةیدسكأتلا ةرفسفلا ىلع لمعت
.ةجتنملا ATP ـلا تائیزج ددع يف فیفط فلاتخا ىلإ

The 2 elec- trons of NADH captured in glycolysis must be conveyed into the 
mitochondrion by one of several electron shuttle systems. Depending on the kind 
of shuttle in a particular cell type, the electrons are passed either to NAD+ or to 
FAD in the mitochon- drial matrix If the electrons are passed to FAD, as in brain 
cells, only about 1.5 ATP can result from each NADH that was originally 
generated in the cytosol

 .ایردنوكوتیملا لخاد ىلإ يركسلا للحتلا ةیلمع للاخ NADH ـلا تائیزج نم ةجتانلا تانورتكللإا لقن ةیفیك ةرقفلا حضوت
 تانورتكللإا لقن ةمظنأ دحأ ةطساوب تانورتكللإا لقن بجی ،ةرشابم NADH ـلا رورمب حمست لا ایردنوكوتیملا نلأ
 لخاد FAD ىلإ وأ ⁺NAD ىلإ امإ تانورتكللإا لقنُت نأ نكمی ،ةیلخلا يف مدختسملا لتاشلا عون ىلعً ادامتعا .)لتاشلا(
.ایردنوكوتیملا ةفوفصم
 ءيزج لك نم طقف ATP ءيزج 1.5 يلاوح جاتنإ متی ،غامدلا ایلاخ يف ثدحی امك ،FAD ىلإ تانورتكللإا تلقُن اذإ

NADH ـلا نیب ةءافكلا يف فلاتخلاا ىلإ اذھ دوعی .لوسوتیسلا يف ھجاتنإ مت NAD⁺ ـلا و FAD لقن ةلسلس يف 
.تانورتكللإا

A third variable that reduces the yield of ATP is the use of the proton-motive force 
generated by the redox reactionsof respiration to drive other kinds of work

 : ةمولعم 
34% energy of glucosec converted to ATP 

66% of energy lost as a heat 2



However, if all the proton-motive force generated by the electron transport 
chain were used to drive ATP synthesis, one glucose molecule could generate a 
maximum of 28 ATP produced by oxida- tive phosphorylation plus 4 ATP (net) 
from substrate-level phosphorylation to give a total yield of about 32 ATP (or 
only about 30 ATP if the less efficient shuttle were functioning).

 نأ دحاو زوكولج ءيزجل نكمی ،ATP دیلوتل تانورتكللإا لقن ةلسلس نع ةجتانلا نوتوربلل ةكرحملا ةوقلا لك مادختسا مت اذإ
 ،ةزیكرلا ىوتسم ىلع ةرفسفلا نم ATP تائیزج 4 ىلإ ةفاضلإاب ،ةیدسكأتلا ةرفسفلا نم ATP ءيزج 28 ىصقأ دحب جتنی
 يلامجلإا نوكی دقف ،ةءافك لقأ تانورتكللإل لقانلا ماظنلا ناك اذإ نكلو .ATP ءيزج 32 يلاوح ىلإ جاتنلإا يلامجإ لصیل
.طقف ATP ءيزج 30 يلاوح

We can now roughly estimate the efficiency of respiration— that is, the 
percentage of chemical energy in glucose that has been transferred to ATP. 
Recall that the complete oxidation of a mole of glucose releases 686 kcal of 
energy under standard conditions (∆G = -686 kcal/mol). Phosphorylation of 
ADP to form ATP stores at least 7.3 kcal per mole of ATP. Therefore, the 
efficiency of respiration is 7.3 kcal per mole of ATP times 32 moles of ATP per 
mole of glucose divided by 686 kcal per mole of glucose, which equals 0.34. 
Thus, about 34% of the potential chemical energy in glucose has been 
transferred to ATP; the actual percentage is bound to vary as ∆G varies under 
different cellular conditions. Cellular respiration is remark- ably efficient in its 
energy conversion. By comparison, even the most efficient automobile converts 
only about 25% of the energy stored in gasoline to energy that moves the car.

 لومل ةلماكلا ةدسكلأا .ATP ىلإ لقتنت يتلا زوكولجلا يف ةیئایمیكلا ةقاطلا ةبسن يأ ،يولخلا سفنتلا ةءافك ریدقت اننكمی
 لكل يرولاك ولیك 7.3 نزخت ATP لیكشتل ةرفسفلا ،لباقملا يف .ةقاطلا نم يرولاك ولیك 686 قلطت زوكولجلا نم دحاو
 اھمیسقتو ،زوكولجلا نم دحاو لوم نم ةجتانلا ATP نم لوم 32 يف يرولاك ولیك 7.3 برض دنع .ATP نم لوم
 زوكولجلا يف ةیئایمیكلا ةقاطلا نم %34 يلاوح نأ ينعی اذھ .%34 ـب ردقت ةءافك ىلع لصحن ،يرولاك ولیك 686 ىلع
.ةكرح ةقاط ىلإ نیزنبلا ةقاط نم %25 طقف لوحت ةءافك رثكلأا ةرایسلا ،ةنراقملاب .ATP ىلإ لقتنت

The rest of the energy stored in glucose is lost as heat. We humans use some of this 
heat to maintain our relatively high body temperature (37°C), and we dissipate 
the rest through sweating and other cooling mechanisms
Surprisingly, perhaps, it may be beneficial under certain conditions to reduce the efficiency of 
cellular respiration.
A remarkable adaptation is shown by hibernating mam- mals, which overwinter in a state of 
inactivity and lowered metabolism. Although their internal body temperature is lower than 
normal, it still must be kept significantly higher than the external air temperature. One type of 
tissue, called brown fat, is made up of cells packed full of mitochondria. The inner mitochondrial 
membrane contains a channel protein called the uncoupling protein that allows protons
to flow back down their concentration gradient without generating ATP. Activation of these 
proteins in hibernating mammals results in ongoing oxidation of stored fuel (fats), generating 
heat without any ATP production. In the absence of such an adaptation, the buildup of ATP would 
eventu- ally cause cellular respiration to be shut down by regulatory mechanisms that will be 
discussed later. Brown fat is also used for heat generation in humans

 ثیح ،يوتشلا تابسلا يف لخدت يتلا تاناویحلا وھ كلذ ىلع لاثم .فورظلا ضعب يف ادًیفم نوكی دق يولخلا سفنتلا ةءافك لیلقت نأ ةرقفلا حرشت
 نأ ىلإ ةجاحب لازت لا اھنأ لاإ ،داتعملا نم لقأ نوكت اھماسجأ ةرارح ةجرد نأ نم مغرلا ىلع .اھیدل ضیلأا ىوتسمو اھماسجأ ةرارح ةجرد ضفخنت
.يجراخلا ءاوھلا ةرارح ةجرد نم ىلعأ نوكت
 ىمسُی نیتورب ىلع ایردنوكوتیملل يلخادلا ءاشغلا يوتحی .ایردنوكوتیملاب ةئیلم ایلاخ نم نوكتی ،ةینبلا نوھدلا ىمسُی ،ةجسنلأا نم صاخ عون كانھ
 ،تابسلا يف لخدت يتلا تاناویحلا يف نیتوربلا اذھ لیعفت دنع .ATP ـلا جاتنإ نود ءاشغلا ربع تانوتوربلا قفدتب حمسی يذلا ،"نارتقلاا كف نیتورب"
 يولخلا سفنتلا فقوت ىلإ ATP ـلا مكارت يدؤی دق ،ةیللآا هذھ نودب .ATP ـلا نمً لادب ةرارحلا جاتنلإ ةنزخملا نوھدلا ةدسكأ رارمتسا ىلإ كلذ يدؤی
.رشبلا يف ةرارحلا دیلوتل اضًیأ مدختسی ةینبلا نوھدلا نم عونلا اذھ .ةیمیظنت تایلآ ببسب

#

#



:concept هذھ ىلع ةلئسلاا ضعب
1)The oxygen consumed during cellular respiration is 
involved directly in which process or event?  
A. Glycolysis  
B. Accepting electrons at the end of the electron 
transport chain  
C. the citric acid cycle  
D. the oxidation of pyruvate to acetyl CoA  
E. the phosphorylation of ADP to form ATP" Ans:B
2)During aerobic respiration, which of the following directly 
donates electrons to the electron transport chain at the lowest 
energy level?  
A. NADH  
B. ATP  
C. ADP + Pi  
D. FADH₂  
E. None of the above

3)During aerobic respiration, electrons travel downhill in 
which sequence?  
A. food → citric acid cycle → ATP → NAD⁺  
B. food → NADH → electron transport chain → oxygen  
C. glucose → pyruvate → ATP → oxygen  
D. glucose → ATP → electron transport chain → NAD  
E. food → glycolysis → citric acid cycle → NADH → ATP

Ans:D

Ans:B
1. In cellular respiration, the energy for most ATP synthesis is supplied by:  
A. High energy phosphate bonds in organic molecules  
B. A proton gradient across a membrane  
C. Converting oxygen to ATP  
D. Transferring electrons from organic molecules to pyruvate  
E. Generating carbon dioxide and oxygen in the electron transport chain

2. In chemiosmotic phosphorylation, what is the most direct source of energy that
A. Energy released as electrons flow through the electron transport system  
B. Energy released from substrate-level phosphorylation  
C. Energy released from movement of protons through ATP synthase, against the 
electrochemical gradient  
D. Energy released from movement of protons through ATP synthase, down the 
electrochemical gradient  
E. No external source of energy is required because the reaction is exergonic.

4)In cellular respiration, the energy for most ATP synthesis is 
supplied by:  
A. High energy phosphate bonds in organic molecules  
B. A proton gradient across a membrane  
C. Converting oxygen to ATP  
D. Transferring electrons from organic molecules to pyruvate  
E. Generating carbon dioxide and oxygen in the electron 
transport chain

Ans:B



5)In chemiosmotic phosphorylation, what is the most direct source of energy 
that is used to convert ADP + Pi to ATP? 
 
A. Energy released as electrons flow through the electron transport system  
B. Energy released from substrate-level phosphorylation  
C. Energy released from movement of protons through ATP synthase, against 
the electrochemical gradient  
D. Energy released from movement of protons through ATP synthase, down 
the electrochemical gradient  
E. No external source of energy is required because the reaction is exergonic.

Ans:D
**Approximately how many molecules of ATP are produced from the complete 

oxidation of two molecules of glucose (C6H12O6) in aerobic cellular 
respiration?**

A. 2  
B. 4  
C. 15  
D. 30-32  
E. 60-64  

**The synthesis of ATP by oxidative phosphorylation, using the energy released 
by movement of protons across the membrane down their electrochemical 

gradient, is an example of**
A. Active transport.  
B. An endergonic reaction coupled to an exergonic reaction.  
C. A reaction with a positive ΔG.  
D. Osmosis.  
E. Allosteric regulation.  

**Chemiosmotic ATP synthesis (oxidative phosphorylation) occurs in**
A. All cells, but only in the presence of oxygen.  
B. Only eukaryotic cells, in the presence of oxygen.  
C. Only in mitochondria, using either oxygen or other electron acceptors.  

D. All respiring cells, both prokaryotic and eukaryotic, using either oxygen or 
other electron acceptors.  

E. All cells, in the absence of r...

Ans: E

Ans:B

Ans: D



Concept 10.5
 لا تائیزج جاتنإو ةیوضعلا تابكرملا ةدسكلأ ایلاخلا اھمدختست دق يتلا تایللآا ءزجلا اذھ يف سردنس

ATP يھو نیجسكلأا مادختسا نودب :
 )Anaerobic respiration( يئاوھلالا سفنتلا)١
)Fermentation( رمختلا)٢

Because most of the ATP generated by cellular respiration is due to the work 
of oxidative phosphorylation, our estimate of ATP yield from aerobic 
respiration depends on an adequate supply of O2 to the cell. Without the 
electronegative oxygen atoms in O2 to pull electrons down the transport 
chain, oxi- dative phosphorylation eventually ceases. However, there are two 
general mechanisms by which certain cells can oxidize organic fuel and 
generate ATP without the use of O2: anaerobic respiration and fermentation.

 ةرفسفلا ةیلمع نلأ طقف نیجسكلأا دوجو ةلاح يف ثدحی يولخلا سفنتلا نأ انھ ریكذتلا نم دبلا
 مدع دنعو  نیجسكلأا وھو لاأ تاینورتكللإل يئاھن لبقتسم دوجو ىلع رشابم لكشب دمتعت  ةیدسكأتلا
 وأ يئاوھلالا سفنتلا ثودح ىلإ يدؤی يفاك ریغ لكشب وأ لماك لكشب ایلاخلا لخاد نیجسكلأا دوجو
. رمختلا

 ةیلمع زیمتت لاوأ يئاوھلالا سفنتلاو يئاوھلا سفنتلا ةیلمع نیب دوجوملا قرفلا ىلإ ریشن نأ ةیادبلا يف دبلا
 سفنتلا يف دوجوملا يئاھنلا لبقتسملا نع فلتخی  تانورتكللإل يئاھن لبقتسم دوجو يف يئاوھلالا سفنتلا
 تیربكلا تانویأ لثم نیجسكلأا فلاخ ىلع ىرخأ لبقتسم ىلع يئاوھلالا سفنتلا يوتحی ثیحب يئاوھلا
) Sulfate ( ةیبلسورھكلا لقأ ةیئاھنلا تلابقتسملا هذھ دعت ثیحب ) less electronegative (نم 
 تانورتكللإل يئاھن لبقتسمك تیربكلا مادختسا دنع و )نیجسكلأا ( يئاوھلا سفنتلا يف  ةدوجوملا تلابقتسملا
 Sulfate ىمسی ایریتكبلا نم عون يف ةیلمعلا هذھ ثدحت و H2O نم لادب H2S ةدام جاتنإ ىلإ كلذ يدؤی

reducing bacteria .
 ىلع يوتحت لا يتلا تائیبلا يف شیعت يتلا ىونلا تایئادب عاونأ ضعب يف يئاوھلالا سفنتلا ةیلمع ثدحت
 تانورتكللإا يئاھنلا لبقتسملا يف نمكی فلاتخلاا نكل تانورتكلا لقن ةلسلس تانئاكلا هذھ كلتمتو نیجسكلأا
. نیجسكلأا نوكی لا ثیحب

The distinction between these
two is that an electron transport chain is used in anaerobic respiration but not in 
fermentation. (The electron transport chain is also called the respiratory chain 
because of its role in both types of cellular respiration.)

 ةلسلس ىلع يئاوھلالا سفنتلا يوتحی ثیحب يئاوھلالا سفنتو رمختلا نیب قرفلا نع ثدحتت ةرقفلا هذھ نأ ىلإ ةراشلإا نم انھ دبلا
 دعب امیف ةركفلا هذھ نع ثدحتلا متیسو ةلسلسلا هذھ ىلع رمخت يوتحی لاو تانورتكلا لقن

We have already mentioned anaerobic respiration, which takes place in certain 
prokaryotic organisms that live in environments without O2. These organisms have 
an electron transport chain but do not use O2 as a final electron acceptor at the end 
of the chain. O2 performs this function very well because it consists of two 
extremely electronegative atoms, but other substances can also serve as final 
electron acceptors. Some “sulfate-reducing” marine bacteria, for instance, use the 
sulfate ion (SO42-) at the end of their respiratory chain.
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Operation of the chain builds up a proton-motive force used to produce ATP, but 
H2S (hydrogen sulfide) is made as a by-product rather than water. The rotten-
egg odor you may have smelled while walking through a salt marsh or a 
mudflat signals the presence of sulfate-reducing bacteria.

Fermentation ) رمختلا( 
. تانورتكللإا لقن ةلسلس وأ نیجسكلأا دوجو مدع ةلاح يف ثدحت ةیلمع يھ
Cytosol يف ثدحت
: ةروص ىلع رمختلا نوكی امئاد

Fermentation = Glycolysis + Other steps ( dependent on the type of fermentation)
 substrate level phosphorylation ةلحرمب نوكت 2ATP رمختلا نع جتنی
 .+NAD جاتنإ ىلإ رمختلا يدؤی 

)alcohol fermentation ( لوحكلا رمختلا ىمسيو رمختلا نم نم لو&ا عونلا

 ) glucose( زوكولغلا لوحت دنع ةیلاتلا لحارمب كلذ نوكیو نوبركلا دیسكأ يناث زاغ جاتنإ ىلإ يدؤی )١
 ىلع يوتحی نیبكرم  ىلإ لوحتی مث )pyruvate (تیفوریبلا نم نیبكرم ىلإ يلوكلاغلا للحتلا ةلحرم ةطساوب
. نوبركلا دیسكأ يناث زاغ جاتنإ متی انھو )Acetaldehyde ( تابكرملا هذھ ىمستو نیتنوبرك امھنم دحاو لك

 ىلإ لوحتی يذلا NADH ةطساوب  )ethanol ( لوناثیإ ىلإ لوحتیل Acetaldehyde بكرم لزتخیو
NAD+ 
. )yeast ( ةریمخلا وأ ایریتكبلا يھ رمختلا نم عونلا اذھب موقت يتلا ةیحلا تانئاكلا نم

 : تيتك:ا رمخت وهو رمختلا نم يناثلا عونلا
 يئاھن جتانك) lactate( تیتكلاا نوكیل NADH ةطساوب pyruvate لزتخیو  pyruvate ىلا زوكولغلا لوحتی )١
. CO2 نوبركلا دیسكأ يناث زاغ جاتنا نود و +NAD جاتنا ةداعلإً ایدؤم

. تایرطفلاو ایریتكبلا عاونأ ضعب يف رمختلا نم عون اذھ ثدحی
 نوكی امدنع تیتكلالا ضمح ةطساوب 2ATPجاتنإ ىلإ ایدؤم ناسنلإا تلاضع يف اضیأ ثدحی امك
. ةدھجم نیرامت ةسرامم دنع ثدحی ام ابلاغو تلاضعلا هذھ يف لیلق نیجسكلأا



#)Fermentation is a way of harvesting chemical energy with- out using either O2 
or any electron transport chain—in other words, without cellular respiration.
How can food be oxidized without cellular respiration? Remember, oxidation 
simply refers to the loss of electrons to an electron acceptor, so it does not need 
to involve O2. Glycolysis oxidizes glucose to two mol- ecules of pyruvate. The 
oxidizing agent of glycolysis is NAD+, and neither O2 nor any electron transfer 
chain is involved.

#)Glycolysis oxidizes glucose to two mol- ecules of pyruvate.

#)The oxidizing agent of glycolysis is NAD+, and neither O2 nor any electron 
transfer chain is involved.

#)Overall, glycolysis is exergonic, and some of the energy made available is used 
to produce 2 ATP (net) by substrate-level phosphorylation. 

 ةقاطلل دراط لعافت

If O2 is present, then additional ATP is made by oxidative phosphorylation when 
NADH passes electrons removed from glucose to the electron transport chain.

Cellular respiration )(

#)But gly- colysis generates 2 ATP whether oxygen is present or not—that is, 
whether conditions are aerobic or anaerobic.

As a rule 

As an alternative to respiratory oxidation of organic nutri- ents, fermentation is an 
extension of glycolysis that allows con- tinuous generation of ATP by the substrate-
level phosphoryla- tion of glycolysis. For this to occur, there must be a sufficient 
supply of NAD+ to accept electrons during the oxidation step
of glycolysis. Without some mechanism to recycle NAD+ from NADH, glycolysis 
would soon deplete the cell’s pool of NAD+ by reducing it all to NADH and would 
shut itself down for
lack of an oxidizing agent. Under aerobic conditions, NAD+ is recycled from NADH 
by the transfer of electrons to the electron transport chain. An anaerobic 
alternative is to transfer electrons from NADH to pyruvate, the end product of 
glycolysis.

 ةرفسفلا قیرط نع ATP ـلا تائیزجل رمتسم دیلوتب حمسی يركسلا للحتلا ةیلمعل دادتما وھو ،ةیسفنتلا ةدسكلأل لیدب وھ ریمختلا
 يف ةدسكلأا ةوطخ ءانثأ تانورتكللإا لابقتسلا ⁺NAD نم ةیفاك ةیمك رفوتی نأ بجی ،اذھ ثدحی يكل . يساسلأا ىوتسم ىلع
 ىلإ يدؤی امم ،⁺NAD نم اھنوزخم لك ةیلخلا كلھتستس ،NADH ـلا نم ⁺NAD ـلا ریودت ةداعلإ ةیلآ نودب .يركسلا للحتلا
 ىلإ تانورتكللإا لقن قیرط نع ⁺NAD ریودت ةداعإ متی ،ةیئاوھلا فورظلا يف .دسكؤملا لماعلا صقن ببسب يركسلا للحتلا فقوت
 للحتلل يئاھنلا جتانلا ،تافوریبلا ىلإ NADH نم تانورتكللإا لقن متی ،ةیئاوھلالا فورظلا يف امأ .تانورتكللإا لقن ةلسلس
.يركسلا



: Types of Fermentation
#)Fermentation consists of glycolysis plus reactions that regenerate NAD+ by 
transferring electrons from NADH to pyruvate or deriv- atives of pyruvate.
#)The NAD+ can then be reused to oxidize sugar by glycolysis, which nets two 
molecules of ATP by substrate-level phosphorylation. 
#)There are many types of fermentation, differ- ing in the end products 
formed from pyruvate. 
Two types are alcohol fermentation and lactic acid fermentation, and both 
are harnessed by humans for food and industrial production.

#)In alcohol fermentation pyruvate is converted to ethanol (ethyl alcohol) 
in two steps
1)The first step releases CO2 from the pyruvate, which is converted to the two-
carbon compound acetaldehyde.
2)In the second step, acetaldehyde is reduced by NADH to ethanol. 

#)This regener- ates the supply of NAD+ needed for the continuation of gly- colysis. 

#)Many bacteria carry out alcohol fermentation under anaerobic conditions. 
Yeast (a fungus), in addition to aerobic respiration, also carries out alcohol 
fermentation. 
For thou- sands of years, humans have used yeast in brewing, winemak- ing, and 
baking. The CO2 bubbles generated by baker’s yeast during alcohol fermentation 
allow bread to rise.

#)lactic acid fermentation:
#)pyru- vate is reduced directly by NADH to form lactate as an end prod- uct, 
regenerating NAD+ with norelease of CO2. (Lactate is the ion-
ized form of lactic acid.)
#)Lactic acid
fermentation by certain fungi and
bacteria is used in the dairy indus-
try to make cheese and yogurt

#)complex series of fermentation
and aerobic respiration pathways
carried out by yeasts and bacteria
on cacao beans is responsible for
the production of chocolate.

2



What about lactate production in humans? Previously,
we thought that human muscle cells only produced lactate when O2 was in short 
supply, such as during intense exercise. Research done over the last few decades, 
though, indicates that the lactate story, in mammals at least, is more compli- 
cated. There are two types of skeletal muscle fibers. One (red muscle) 
preferentially oxidizes glucose completely to CO2; the other (white muscle) 
produces significant amounts of lactate from the pyruvate made during 
glycolysis, even under aero- bic conditions, offering fast but energetically 
inefficient ATP production. The lactate product is then mostly oxidized by red 
muscle cells in the vicinity, with the remainder exported to liver or kidney cells 
for glucose formation. Because this lac- tate production is not anaerobic, but the 
result of glycolysis
in these cells, exercise physiologists prefer not to use the term fermentation.
During strenuous exercise, when carbohydrate catabolism outpaces the supply of 
O2 from the blood to the muscle, lac- tate can’t be oxidized to pyruvate. The 
lactate that accumu- lates was once thought to cause muscle fatigue during 
intense exercise and pain a day or so later. However, research suggests that, 
contrary to popular opinion, lactate production actually improves performance 
during exercise! Furthermore, within an hour, excess lactate is shuttled to other 
tissues for oxida- tion or to the liver and kidneys for production of glucose or its 
storage molecule, glycogen. (Nextday muscle soreness is more likely caused by 
trauma to cells in small muscle fibers, which leads to inflammation and pain.)

:ةرقفلا يف ةیسیئرلا طاقنلا

 ءانثأ ثدحی امك ،نیجسكلأا رفوت لقی امدنع طقف تاتكلالا جتنت ةیرشبلا ةیلضعلا ایلاخلا نأ دقتعُی ناك ،قباسلا يف .1
.ةفثكملا نیرامتلا

 تلاضعلا :تلاضعلا فایلأ نم ناعون دجوت ثیح ،ادًیقعت رثكأ تاییدثلا يف تاتكلالا جاتنإ نأ ترھظأ ةثیدحلا ثاحبلأا .2
 دوجو يف ىتح تاتكلالا نم ةریبك تایمك جتنت يتلا ءاضیبلا تلاضعلاو ،لماكلاب زوكولجلا دسكؤت يتلا ءارمحلا
.نیجسكلأا

.زوكولج ىلإ ھلیوحتل ىلكلا وأ دبكلا ىلإ ردصُی يقابلاو ،تاتكلالا ةدسكأب موقت ةبیرقلا ءارمحلا تلاضعلا .3
.ءاضیبلا تلاضعلا يف يركسلا للحتلا ةیلمعل ةجیتن لب ،ارًیمخت ربتعُی لا تاتكلالا جاتنإ .4
 نسحُی دق تاتكلالا نكلو ،تاتكلالا مكارتی ،نیجسكلأا دادمإ تاردیھوبركلا مدھ زواجتی امدنع ،ةفثكملا نیرامتلا ءانثأ .5
.بعتلا يف ببستلا نمً لادب ءادلأا

.نیجوكیلجك ھنیزخت وأ زوكولجلا جاتنلإ ىلكلاو دبكلل وأ ةدسكلأل ىرخلأا ةجسنلأا ىلإ دئازلا تاتكلالا لقن متی .6
.تاتكلالا مكارت سیلو ةریغصلا ةیلضعلا فایللأا فلت ىلإ حجرلأا ىلع عجری يلاتلا مویلا يف تلاضعلا يف مللأا .7



: مھفلا ىلع دعاست ةمھم روص



Comparing Fermentation with Anaerobic and Aerobic Respiration

: رمختلا و يئاوھلالا سفنتلا و يئاوھلا سفنتلا نیب ھباشتلا ھجوأ نع لاوأ ثدحتنل   
 ةیوضعلا تابكرملاو زوكولغلا تدسكأ متی ىتح يركسلا للحتلا ةیلمع ةقباسلا تایلمعلا عیمج مدختست)١
 substrate level  ىمست ةقیرط ةطساوب ATP نیئزج جاتنإ ببسی امم تیفوریب ىلإ ىرخلأا

phosphorylation .

 نم تانورتكللإا لبقتسی يذلا دسكؤملا لماعلا وھ +NAD ئزج نوكی ةقباسلا ةثلاثلا تایلمعلا عیمج يف)٢
. يركسلا للحتلا ةیلمع للاخ ماعطلا

: تایلمعلا هذھ نیب فلاتخلاا ھجولأ ةبسنلاب امأ
. +NAD ىلإ NADH بكرملا ةدسكأ ةقیرط يف فلاتخلاا)١

. ATPجاتنإ ةیمك يف فلاتخلااو)٢

: ةیحلا تانئاكلا نم نیعون كانھ

 )Obilgate anaerobes (يرابجإ لكشب ایئاوھ لا سفنتت يتلا تانئاكلا)١
. يئاوھلالا سفنتلا ةیلمع وأ رمختلا ةیلمع اھیف ثدحت يتلا تانئاك يھ)#

. نیجسكلأا اھیف دجاوتی يتلا تائیبلا يف شیعلا عیطتسی لا ةیحلا تانئاكلا نم عونلا اذھ)#

:) Facultative anaerobic ( ایئاوھ سفنتت دق يرایتخا لكشب ایئاوھ لا سفنتت يتلا تانئاكلا )٢

 وأ سفنتلا امإ ةطساو شیعلا عیطتست ىتح ATP نم ةیفاك تایمك جاتنإ عیطتست يتلا تانئاكلا يھ)#
 .رمختلا
 .يرایتخا لكشب سفنتت ناسنلإا تلاضعو ایریتكبلا عاونأ ضعبو ةریمخلا ربتعت)#

Fermentation, anaerobic respiration, and aerobic respiration are three 
alternative cellular pathways for producing ATP by harvesting the chemical 
energy of food. 

#)All three use glycoly- sis to oxidize glucose and other organic fuels to 
pyruvate, with a net production of 2 ATP by substrate-level phosphory- lation. 
#)And in all three pathways, NAD+ is the oxidizing agent that accepts 
electrons from food during glycolysis.
#)A key difference is the contrasting mechanisms for oxi- dizing NADH back to 
NAD+, which is required to sustain glycolysis. In fermentation, the final electron 
acceptor is an organic molecule such as pyruvate (lactic acid fermentation) or 
acetaldehyde (alcohol fermentation). In cellular respira- tion, by contrast, 
electrons carried by NADH are transferred to an electron transport chain, which 
regenerates the NAD+ required for glycolysis.



#)Another major difference is the amount of ATP produced. Fermentation yields 
two molecules of ATP, produced by substrate-level phosphorylation. In the 
absence of an electron transport chain, the energy stored in pyruvate is 
unavailable. In cellular respiration, however, pyruvate is completely oxidized in 
the mitochondrion. Most of the chemical energy from this process is shuttled by 
NADH and FADH2 in the form of electrons to the electron transport chain. There, 
the electrons move step- wise down a series of redox reactions to a final electron 
acceptor. (In aerobic respiration, the final electron acceptor is O2; in anaer- obic 
respiration, the final acceptor is another molecule with a high affinity for 
electrons, although less so than O2.) Stepwise electron transport drives oxidative 
phosphorylation, yielding ATP. Thus, cellular respiration harvests much more 
energy from each sugar molecule than fermentation can. In fact, aerobic res- 
piration yields up to 32 molecules of ATP per glucose molecule— up to 16 times as 
much as does fermentation.

 سفنتلا امنیب ،طقف ATP ـلا نم نیئیزج دلوی ریمختلا .ریمختلاب ةنراقم ATP ـلا نم ریثكب ربكأ ةیمك جتنی يولخلا سفنتلا
 متی ،يولخلا سفنتلا يف .ریمختلا نم ةرم 16 ـب رثكأ وھو ،زوكولج ءيزج لكل ATP ءيزج 32 ىلإ لصی ام جتنی يئاوھلا
 ىلإ يدؤی امم ،تانورتكللإا لقن ةلسلس يف FADH2 و NADH ربع ةلوقنملا تانورتكللإا مدختستو لماكلاب تافوریبلا ةدسكأ
.ATP جاتنإو ةیدسكأت ةرفسف

Some organisms, called obligate anaerobes, carry out only 
fermentation or anaerobic respiration. In fact, these 
organisms cannot survive in the presence of oxygen, some 
forms of which can actually be toxic if protective systems
are not present in the cell. A few cell types, such as cells 
of
the vertebrate brain, can carry out only aerobic oxidation 
of pyruvate, and need O2 to survive. Other organisms, 
including yeasts and many bacteria, can make enough 
ATP to survive using either fermentation or respiration. 
Such species are called facultative anaerobes. In yeast 
cells, for example, pyruvate is a fork in the metabolic 
road that leads to two alter- native catabolic routes 
(Figure 10.17). Under aerobic condi- tions, pyruvate can 
be converted to acetyl CoA, and oxida- tion continues in 
the citric acid cycle via aerobic respiration. Under 
anaerobic conditions, lactic acid fermentation occurs. 
Pyruvate is diverted from the citric acid cycle, serving 
instead

Some organisms, called obligate anaerobes, carry out only fermentation or 
anaerobic respiration. In fact, these organisms cannot survive in the presence of 
oxygen, some forms of which can actually be toxic if protective systems
are not present in the cell. A few cell types, such as cells of
the vertebrate brain, can carry out only aerobic oxidation of pyruvate, and need 
O2 to survive. Other organisms, including yeasts and many bacteria, can make 
enough ATP to survive using either fermentation or respiration. Such species are 
called facultative anaerobes. In yeast cells, for example, pyruvate is a fork in the 
metabolic road that leads to two alter- native catabolic routes (Figure 10.17). 
Under aerobic condi- tions, pyruvate can be converted to acetyl CoA, and oxida- 
tion continues in the citric acid cycle via aerobic respiration. Under anaerobic 
conditions, lactic acid fermentation occurs. Pyruvate is diverted from the citric 
acid cycle, serving instead as an electron acceptor to recycle NAD+. To make the 
same amount of ATP, a facultative anaerobe has to consume sugar at a much 
faster rate when fermenting than when respiring.

 نیجسكلأا دوجو يف ءاقبلا عیطتست لاو يئاوھلالا سفنتلا وأ ریمختلا ىلع طقف دمتعت ،ةیرابجلإا تایئاوھلالا لثم ،تانئاكلا ضعب
 ىرخلأا تانئاكلا .ءاقبلل نیجسكلأا ىلإ جاتحت ةیراقفلا غامدلا ایلاخ لثم ایلاخلا ضعب ،لباقملاب .اھل امًاس نوكی نأ نكمی يذلا
 .فورظلا بسح سفنتلا وأ ریمختلا ربع ATP جاتنإ اھنكمی ،ةیرایتخلاا تایئاوھلالاب ةفورعملا ،ایریتكبلا ضعبو رئامخلا لثم
 ةرود يف لوخدلل CoA لیتیسأ ىلإ ھلیوحت متی ةیئاوھلا فورظلا يفف ؛فلتخم للحت راسم ىلإ تافوریبلا لوحتی ،ةریمخلا يف
.ریمختلا ثدحی ةیئاوھلالا فورظلا يف امنیب ،كیرتسلا ضمح



Concept 10.5 ةلئسا

1. **Which of the following occurs in the cytosol of a eukaryotic 
cell?**
   - A. Glycolysis and fermentation
   - B. Fermentation and chemiosmosis
   - C. Oxidation of pyruvate to acetyl CoA
   - D. Citric acid cycle
   - E. Oxidative phosphorylation

2. **Which metabolic pathway is common to both cellular 
respiration and fermentation**
   - A. The oxidation of pyruvate to acetyl CoA
   - B. The citric acid cycle
   - C. Oxidative phosphorylation
   - D. Glycolysis
   - E. Chemiosmosis

3. **The ATP made during fermentation is generated by which of the 
following?**
   - A. The electron transport chain
   - B. Substrate-level phosphorylation
   - C. Chemiosmosis
   - D. Oxidative phosphorylation
   - E. Aerobic respiration

4. **In the absence of oxygen, yeast cells can obtain energy by 
fermentation, resulting in the production of**
   - A. ATP, CO2, and ethanol (ethyl alcohol)
   - B. ATP, CO2, and lactate
   - C. ATP, NADH, and pyruvate
   - D. ATP, pyruvate, and oxygen
   - E. ATP, pyruvate, and acetyl CoA

5. **In alcohol fermentation, NAD+ is regenerated from NADH by**
   - A. Reduction of acetaldehyde to ethanol (ethyl alcohol)
   - B. Oxidation of pyruvate to acetyl CoA
   - C. Reduction of pyruvate to form lactate
   - D. Oxidation of ethanol to acetyl CoA
   - E. Reduction of ethanol to pyruvate

Ans:A

Ans:D

Ans: B

Ans:A

Ans: A



Concept 10.6
 ثیحب سكعلا ھنأ لاإ ةیئاذغلا انتمظنأ و انتیذغأ يف ریبك  لكشب لخادتی زوكولغلا نأ انناھذأ ىلإردابتی ھنأ دبلا
 نأ نم دبلا كلذل ىرخلأا تاناویحلا ةیذغلأا يف وأ انتةیذغأ يف اعئاش ربتعی لا زوكولغلا نأ ءاملعلا دجو
 لاو تایركسلاو تانیتوربلاو نوھدلا كلذ ىلع ةلثمأ نمو ىرخأ عاونأ يف دجاوتت يرولاكلاو ةقاطلا رداصم
 هذھ نم ةدافتسلاا انل نكمی فیكف اھریغو اشنلا زوركسلا لثم،ةددعتم وأ ةیئانثلا وأ ةیداحلاا تایركسلا امیس
  ؟ انسرد ام فلاخ ىلع يولخلا سفنتلا يف رداصملا

:)carbohydrates( تایركسلا نم ةفلتخم عاونأ مادختسا ةلاح يف لاوأ أدبنل
 لثم ةددعتملا تایركسلا وأ ةیئانثلا تایركسلا نم اھریغو زوركس لاثملا لیبس ىلع ذخأن ةلاحلا هذھ يف
 ةلثملأا هذھ نم لاك انأ ةقباسلا عیضاوملا دحأ يف هانذخأ امك كلذ ركذتسن انلعل، نیجوكیلاغلا وأ اشنلا
 هذھ عیمج لیوحت ةیلمعلا هذھ بلطتت ثیحب زوكولجلا يھو لاأ ةیداحا  ةیئانب تادحو نم نوكتت
 اقباس هانذخأ امك يولخلا سفنتلا لحارم ىلإ)زوكولغلا ( رمونوملا اذھ لخدی مث تارمونوم ىلإ تارملبملا
 ةقلح ىلإ ھلوخدو ھیلع Acetyl CoA عضوو pyruvate ىلإ لوحتلا مث يلوكیلاغلا للحتلا ةلحرمب
.  ةیدسكأتلا ةرفسفلا ىلإ اریخأو سبرك

 :)proteins(يولخلا سفنتلا لخاد ةقاطلل رداصمك تانیتوربلا مادختسا ةیناثلا ةلاحلا
 اھل ةنوكملا ينیملأا ضامحلأا يھو ةیساسلأا اھتدحو ىلإ تانیتوربلا هذھ لیوحت نم دبلا لاحلا هذھ يف
 ةعومجم دقفت ةینملأا ضامحلأا هذھ نأ للاخ نم كلذ متیو يولخلا سفنتلا لخاد اھلاخدإ نم نكمتن يكل
 تابكرم ىلإ اھلیوحت متی ىتحDeamination ىمست ةنیعم ةیلمع للاخ نم ةدئازلا)NH3( نیملأا
 ةینیجورتینلا تلاضفلا نم صلختلا متی كلذ دعبو سبرك ةقلحو يركسلا للحتلا ةیلمع ءانثأ ةیطسو
. تابكرملا نم اھریغو ایرویلا وا اینومأ لكش ىلع نیملأا ةعومجم عزن ةیلمع نم ةجتانلا

:) fats( ةقاطلل ردصمك نوھدلا مادختسا يھو ةثلاثلا ةلاحلا
 اھنم رغصأ تابكرم ىلإ ةریبكلا تابكرملا هذھ لوحتت نأ نم دبلا ةیناثلاو ىلولأا ةلاحلا يف اندھع امك
 اھریغل ثدح ام اھل ثدحیس نوھدلا صخی امیف امأ يولخلا سفنتلا ةیلمع يف لوخدلا نم نكمتت يكل
 ةینھد ضامحأ و لورسیلغلا يھو لاأ اھنم رغصأ تابكرم ىلإ نوھدلا تائیزج رسكتت نأ بجی ثیحب
 طیسو بكرمك لخدی يذلا G3P بكرم ىلإ  لورسیلغلا لوحتی ثیحب ةنیعم اراسم اھنم لاك كلسیو
 لخدت يتلاو نوبركلا نم نیتعطق ىلإ رسكتت اھنإف ةینھدلا ضامحلأل ةبسنلاب امأ يركسلا للحتلا ءانثأ
 نأب ةفرعملا بجی ثیحب Beta oxidation ةیلمعلا هذھ ىمست Acetyl CoA لكش ىلع سبرك ةقلح
 ةقلحلا ىلإ طیسو لكش ىلع لخدت امنإو يركسلا للحتلا يف رشابم لكشب لخدت لا ةینھدلا ضامحلأا
. ةیدسكأت ةرفسف نم يولخلا سفنتلا تایلمع يقاب رمتستو سبرك



So far, we have looked at the oxidative breakdown of glucose in isolation from the 
cell’s overall metabolic economy. In this section, you will learn that glycolysis 
and the citric acid cycle are major intersections of the cell’s catabolic 
(breakdown) and anabolic (biosynthetic) pathways

glucose has been used as an example of a fuel for cellular respiration. But free 
glucose molecules are not common in the diets of humans and other animals 

#)We obtain most of our calories in the form of fats, proteins, and carbohydrates 
such as sucrose and other disac- charides, and starch, a polysaccharide. All these 
organic molecules in food can be used by cellular respiration to make ATP 

#)Glycolysis can accept a wide range of carbohydrates for catabolism. In the 
digestive tract, starch is hydrolyzed to glu- cose, which is broken down in 
cells by glycolysis and the cit- ric acid cycle. Glycogen, the polysaccharide 
that humans and many other animals store in their liver and muscle cells, can 
be hydrolyzed to glucose between meals as fuel for respira- tion. Digestion of 
disaccharides, including sucrose, provides glucose and other 
monosaccharides as fuel for respiration.
#)Starch and glycogen are hydrolyzed to glucose 

#)Sucrose and other disaccharide provide glucose 
and other monosaccharides as fuel for respiration 
#)Proteins can also be used for fuel, but first they must be digested to their 
constituent amino acids. Many of the amino acids are used by the organism to 
build new proteins. Amino acids present in excess are converted by enzymes to 
inter- mediates of glycolysis and the citric acid cycle. Before amino acids can 
feed into glycolysis or the citric acid cycle, their amino groups must be 
removed, a process called deamination. The nitrogenous waste is excreted from 
the animal in the form of ammonia (NH3), urea, or other waste products.

#)Catabolism can also harvest energy stored in fats obtained either from food 
or from fat cells in the body. After fats are digested to glycerol and fatty acids, 
the glycerol is converted to glyceraldehyde 3-phosphate, an intermediate of 
glycoly- sis. Most of the energy of a fat is stored in the fatty acids. A metabolic 
sequence called beta oxidation breaks the fatty acids down to two-carbon 
fragments, which enter the citric acid cycle as acetyl CoA. NADH and FADH2 
are also generated during beta oxidation; they can enter the electron transport 
chain, leading to further ATP production. Fats make excel- lent fuels, in large 
part due to their chemical structure and the high energy level of their electrons 
(present in many
C ¬ H bonds, equally shared between C and H) compared to those of 
carbohydrates. A gram of fat oxidized by respiration produces more than twice 
as much ATP as a gram of carbohy- drate. Unfortunately, this also means that a 
person trying to lose weight must work hard to use up fat stored in the body 
because so many calories are stockpiled in each gram of fat.



 لیوحت متی .ماعطلا نم اھیلع لوصحلا متی يتلا وأ مسجلا يف ةنزخملا نوھدلا نم ةقاطلا جارختسا ضیلأا ةیلمع عیطتست
 نم تادحو ىلإ ةینھدلا ضامحلأا ریسكت متی امنیب ،زوكولجلا للحت يف طیسو بكرم ىلإ نوھدلا مضھ نم جتانلا لورسلجلا
 تانورتكللإا لقن ةلسلس يف نلاخدی ناذللا ،FADH2 و NADH ةیلمعلا هذھ للاخ جتنُت .كیرتسلا ضمح ةرود لخدت نوبركلا
 ثیح ،تاردیھوبركلاب ةنراقم يلاعلا اھتقاط ىوتسمو ةیئایمیكلا اھتینب ببسبً ازاتممً ادوقو نوھدلا ربتعت .ATP نم دیزملا دیلوتل
.مارغ لكل فعضلا نم رثكأب تاردیھوبركلا قوفت ةقاط نوھدلا جتنت

Very important 



Biosynthesis (Anabolic Pathways):(Reverse )
 لاثمف نوھد ىلإ تایركسلا لیوحت لاثم متی ثیحب اقباس هانسرد امل ةسكاعم ةیلمع ةیلمعلا هذھ نوكت ثیحب
 يكل يساسأ دعی رملأا هذھو تایلمعلا هذھ نیب لخادت كانھف اذكھو نوھد ىلإ لوحتت تایركسلا لكأن امدنع
 .يئاذغلا انماظن يف اھیلع لوصحلا نكمی لا عاونأ عینصت ناسنلإا مسجلا عیطتسی

Cells need substance as well as energy. Not all the organic mol- ecules of food are 
destined to be oxidized as fuel to make ATP. In addition to calories, food must 
also provide the carbon skeletons that cells require to make their own molecules

Some organic monomers obtained from digestion can be used directly. For 
example, as previously mentioned, amino acids from the hydro- lysis of proteins 
in food can be incorporated into the organism’s own proteins. Often, however, 
the body needs specific molecules that are not present as such in food

Compounds formed as inter- mediates of glycolysis and the citric acid cycle 
can be diverted into anabolic pathways as precursors from which the cell can 
synthesize the molecules it requires. For example, humans can make about 
half of the 20 amino acids in proteins by modifying compounds siphoned 
away from the citric acid cycle; the rest are “essential amino acids” that 
must be obtained in the diet. Also, glucose can be made from pyruvate, and 
fatty acids can be syn- thesized from acetyl CoA. Of course, these anabolic, or 
biosyn- thetic, pathways do not generate ATP, but instead consume it

In addition, glycolysis and the citric acid cycle function as metabolic 
interchanges that enable our cells to convert some kinds of molecules to others 
as we need them. For example, an intermediate compound generated during 
glycolysis, dihydroxyacetone phosphate (see Figure 10.8, step 5), can be 
converted to one of the major precursors of fats. If we eat more food than we 
need, we store fat even if our diet is fat- free. Metabolism is remarkably versatile 
and adaptable

:حرشلا
 بجی ءاذغلاف .ATP جاتنلإ دوقوك مدختسُت ءاذغلا يف ةیوضعلا تائیزجلا لك سیل .ةقاطلا ىلإ ةفاضلإاب داوم ىلإ ایلاخلا جاتحت
 مضھلا نم يتأت يتلا ةیوضعلا داوملا ضعب .ةصاخلا اھتائیزج نیوكتل ایلاخلا اھجاتحت يتلا ةینوبركلا لكایھلا اضًیأ رفوی نأ
 ىلإ مسجلا جاتحی نایحلأا ضعب يف نكلو .تانیتوربلا للحت نم جتنت يتلا ةینیملأا ضامحلأا لثم ةرشابم اھمادختسا نكمی
 ةرودو يركسلا للحتلا نم ةجتانلا ةطیسولا تابكرملا لیوحت نكمی .يئاھنلا اھلكشب ماعطلا يف ةدوجوم ریغ ةنیعم تائیزج
 .ةبولطملا تائیزجلا عینصتل ةیلخلا اھمدختست ةیبلاقتسا تاراسم ىلإ كیرتسلا ضمح

 نم ةصلختسملا تابكرملا لیدعت للاخ نم تانیتوربلل ةبولطملا ةینیملأا ضامحلأا فصن عینصت رشبلل نكمی ،لاثملا لیبس ىلع
 عینصتو ،تافوریبلا نم زوكولجلا عنص اضًیأ نكمی .ءاذغلا نم ھیلع لوصحلا بجی رخلآا فصنلا امنیب ،كیرتسلا ضمح ةرود
.ھكلھتست لب ATP جتنت لا ةیئانتبلاا تاراسملا هذھ .CoA لیتیسلأا نم ةینھدلا ضامحلأا

 عاونأ ضعب لیوحت ایلاخلل حیتت ةیبلاقتسا لدابت تاكبشك كیرتسلا ضمح ةرودو يركسلا للحتلا لمعی ،كلذ ىلإ ةفاضلإاب
 يسیئر بكرم ىلإ يركسلا للحتلا يف طیسو بكرم لیوحت نكمی ،لاثملا لیبس ىلع .ةجاحلا بسح ىرخأ عاونأ ىلإ تائیزجلا
 ،راصتخاب .نوھدلا نم ةیلاخ انتابجو تناك ول ىتح انتجاح نع ادًئاز امًاعط انلوانت اذإ نوھدلا نیزخت اننكمی .نوھدلا نیوكتل
.فیكتلا ىلع ةریبك ةردقو ةنورمب ضیلأا زیمتی



:via Feedback Mechanisms Regulation of Cellular Respiration 
 مھأ نأ ثیح اھیف ضیلأا تایلمع يف مكحتلل ةیلخلا اھمدختست يتلا تایللآا ىلع فرعتن فوس ءزجلا اذھ يف امأ
.ةطبثملا عجارلا ةیذغتلا يھ تایللآا هذھ

 زفحی يذلا میزنلإا طیبثت ىلع يضیلأا ءانبلا رداصملل يئاھنلا جتانلا لمعی ةطبثملا ةعجار ةیذغتلا ماظن يف
 ثیحPhosphofructokinase میزنإ تامیزنلإا هذھ ىلع لاثملا لیبس ىلعو راسملا اذھ نم ةركبم تاوطخ
. يولخلا سفنتلا ةیلمعل يساسلأا مظنملا ربتعی

#)Basic principles of supply and demand regulate the metabolic economy. The 
cell does not waste energy making more of a par- ticular substance than it 
needs. If there is a surplus of a certain
amino acid, for example, the anabolic pathway that synthesizes that amino acid 
from an intermediate of the citric acid cycle is switched off.

#)The most common mechanism for this control is feedback inhibition: The end 
product of the anabolic pathway inhibits the enzyme that catalyzes an early step 
of the pathway
This prevents the needless diversion of key metabolic intermediates from uses 
that are more urgent.
The cell also controls its catabolism. If the cell is work-
ing hard and its ATP concentration begins to drop, cellular respiration speeds up. 
When there is plenty of ATP to meet demand, respiration slows down, sparing 
valuable organic molecules for other functions. Again, control is based mainly on 
regulating the activity of enzymes at strategic points in the catabolic pathway.

 ىوتسم ضفخنی امدنع .ةیرورض ریغ تاراسم ىلإ ةمھملا ةطیسولا تابكرملا لیوحت بنجتل ضیلأا ةیلمع يف مكحتت ةیلخلا
ATP نم ةیفاك ةیمك دوجو دنعو .يولخلا سفنتلا عرّست ،لوذبملا دھجلا ببسب ةیلخلا يف ATP، ریفوتل سفنتلا أطابتی 

 راسم يف ةیجیتارتسا طاقن يف تامیزنلإا طاشن میظنت ىلع يساسأ لكشب مكحتلا اذھ دمتعی .ىرخأ فئاظول ةیوضعلا تائیزجلا
.للحتلا

one important switch is phosphofructokinase, the enzyme that catalyzes step 
3 of glycolysis .
commits the substrate irreversibly to the glycolytic pathway. By controlling the rate of 
this step, the cell can speed up or slow down the entire catabolic process. 
Phosphofructokinase can thus be considered the pacemaker of cellular respiration.
Phosphofructokinase is an allosteric enzyme with receptor sites for specific inhibitors 
and activators. It is inhibited by ATP and stimulated by AMP (adenosine 
monophosphate), which the cell derives from ADP. As ATP accumulates, inhibition
of the enzyme slows down glycolysis. The enzyme becomes active again as cellular work 
converts ATP to ADP (and AMP) faster than ATP is being regenerated. 
Phosphofructokinase is also sensitive to citrate, the first product of the citric acid cycle. 
If citrate accumulates in mitochondria, some of it passes into the cytosol and inhibits 
phosphofructokinase. This mecha- nism helps synchronize the rates of glycolysis and 
the citric acid cycle. As citrate accumulates, glycolysis slows down, and the supply of 
pyruvate and thus acetyl groups to the citric
acid cycle decreases. If citrate consumption increases, either because of a demand for 
more ATP or because anabolic path- ways are draining off intermediates of the citric 
acid cycle, gly- colysis accelerates and meets the demand. Metabolic balance is 
augmented by the control of enzymes that catalyze other



key steps of glycolysis and the citric acid cycle. Cells are thrifty, expedient, and 
responsive in their metabolism.
Review the first page of this chapter to put cellular respi- ration into the broader 
context of energy flow and chemi- cal cycling in ecosystems. The energy that 
keeps us alive is released, not produced, by cellular respiration. We are tapping 
energy that was stored in food by photosynthesis, which cap- tures light and 
converts it to chemical energy, a process you will learn about in Chapter 11.

 اذھ لمعی .ةیلمعلا هذھل "ةعرسلا مظنم" ربتعُیو يولخلا سفنتلا ةیلمع میظنت يفً امساحً ارود بعلی زانیكوتكرفوفسفلا میزنإ)#
 عقاوم ىلع يوتحی میزنإ وھو .ةیلخلا تاجایتحلاً اقفو ةیلمعلا ءاطبإ وأ عیرست ربع ركسلا للحت راسم يف مكحت حاتفمك میزنلإا
 ،ATP مكارتی امدنع .AMP ةطساوب زَّفحُیو ATP ةطساوب زانیكوتكرفوفسفلا طبثُی .ةددحم تاطشنمو تاطبثمل تلابقتسم
 ساسح زانیكوتكرفوفسفلا .میزنلإا طیشنت داعُی ،ةعرسب AMPو ADP ىلإ ATP لوحتی امدنع نكل ،يركسلا للحتلا أطابتی
 مزلابوتیسلا ىلإ لقتنت ،ایردنوكوتیملا يف تارتسلا تمكارت اذإ .)كیرتسلا ضمح ةرود يف جتنم لوأ( تارتسلا زیكرتلً اضیأ
.كیرتسلا ضمح ةرودو يركسلا للحتلا لدعم نیب قسنی امم ،میزنلإا طبثُتو
 ،تارتسلا كلاھتسا متی وأ ةقاطلل ةجاحلا دیزت امدنعو ،ةقاطلل ةیلخلا ةجاح بسح ةیضیلأا تلاعافتلا نزاوت نمضت ةیللآا هذھ
.بلطلا ةیبلتل يركسلا للحتلا عراستی

Concept 10.6 ىلع ةلئس%ا ضعب

*One function of both alcohol fermentation and lactic acid 
fermentation is

   - A. Reduce NADH to NAD
   - B. Oxidize NAD⁺ to NADH
   - C. Oxidized NADH to NAD

   - D. Reduce FADH₂ to FAD
   - E. None of the above

. **2What is the purpose of beta oxidation in respiration
   - A. oxidation of glucose

   - B. oxidation of pyruvate
   - C. feedback regulation

   - D. control of ATP accumulation
   - E. breakdown of fatty acids

. **Where do the catabolic products of fatty acid breakdown enter 
into the citric acid cycle

   - A. Pyruvate
   - B. malate or fumarate

   - C. acetyl CoA
   - D. α-ketoglutarate

   - E. succinyl CoA

Ans:C

Ans:E

Ans:C

-



Very important picture 

 انتريس@ اقيفر لؤافتلاو انبورد ريني 7عشم 4اب ةقثلا و لم.ا ىقبي  ماتخلا يفو^
 تناك امك مكيف ترثأو مكلوقع تسم. دق روطسلا هذه نوكت نأ ىنمتأ لضفFاوحن
 نازيم يف مكدوهج لعجيو مكملع يف كرابي نأ 4ا لأسأو اهتباتك دنع يتين
. ^مكئاعد حلاص نم انوسنت .و مكتانسح


