Unit  5
Energy Transformation
· Is change of energy found in glucose to ATP form by cellular respiration
What is cellular respiration
· Cellular respiration is the process that releases energy by breaking down glucose & other food molecule in the presence of  O2  
Glucose + oxygen + carbon dioxide  + water + energy 
C6H12O6 + 6 O2 	6 CO2 + 6H20 + Energy  (ATP)
                                          What is ATP molecule 
· Adenosine tri phosphate 
· Energy used by all cells             a molecule found in all living organism 
· Organic molecule  containing  high energy phosphate  bonds
· The main source of usable energy for the activities  of the cell
· Is used for all the processes w/c  keep the organism
alive :-   -  synthesis of macro molecule  eg:- Proteins &  DNA 
·                               -   Active transport across cell membrane 
                              -   Muscle contraction 
                              -    Conduction of nerve impulse
                              -     The initial rxn of respiration / glycolysis                                                
#  ATP –Act as a chemical battery storing energy [image: ]when it is not needed.
· ATP Molecule is composed of three components 
i. Nitrogenous base  (Adenine)
ii. Pentose Sugar /ribose
iii. Phosphate group

  
 




[image: ]


ATP is sometimes described as a phosphate 
Rylated  nuclcotide.
                               # All nucleotides have:-
                                             - Phosphate group
                                            -  Pentose sugar and
                                             -  One of the & nitrogenous bases A,T,G,C
· When a molecule is “phosphorylated” one or more phosphate groups are added to it 
· Adding extra phosphate (3rd phosphate ) needs energy 
· When the 3rd phosphate of ATP is split energy is released & APP is produced
· Even more energy can be extracted by removing a 2nd phosphate group  to produce AMP
                          Hydrolysis                                                                             
· ትደ
ATP + H2o    ADP + Pi +30.6 KJ per mole of ATP
Fig. 5.3 page 153
· When the organism is resting & energy is not immediately needed the reverse rxn takes place
  Condansation.

                              -phosphate group is reattached to the molecule 
   The Adaptation of ATP to the Role of Energy Transfer in Cell   - sunlight can’t be directly used by plants other organisms 
The energy from sunlight & food used to produce ATP in the cell   
                   ATP   -Is one of the end products of photo phosphor rylation & cellular respiration
                             -Is used to transfer energy to the relevant cellular processes like production of proteins from amino acids.


ATP is adapted to transfer of energy in cellular processes b/c 
i. It releases energy in relatively small amount 
· The energy released is closely matched to the amount of  energy required in many biological processes occurring inside cells
ii. It releases energy in a single step hydrolysis rxn thus the energy is quickly released
iii. It is able to move around the cell easily, but can’t escape from the cell.
iv. It is found in all living cells, hence ATP  is known aaaaas the universal energy carrier or energy currency of the cell
Ex. Class work 
1. Write some Example of cellular processes requiring energy from ATP(5%)
i. 
ii. 
iii. 
iv. 
v. 


How Is ATP Produced in a Cell?
· The formation of ATP involves joining of ADP & Pi w/c  also requires input of energy 
· It involves an enzyme ATP synthase 
· ATP synthase work with in the membrane  of mitochondria or chloroplast 
· There are two main pathways by w/c ATP  molecules can be produce in the process of respiration these are :- 
1.  Aerobic Path way / aerobic respiration
· Requires the presence of O2
2. Anaerobic path way / anaerobic respiration
· Takes place in the absence of O2
         How is ATP produced in aerobic respiration 
· There are 2 ways of ATP production in aerobic respiration
a. Substrate level phosphorylation 
b. Oxidative phosphorylation 
A. Substrate level phosphorylation
· Involves the transfer of phosphate group directly to ADP to produce ATP 
· An enzyme  ATP Synthase is not involved
· Small amount ATP is produced (only about 10%)
· It takes place during glycolysis & krebs cycle 






Fig. 5.6 Substrate level phosphorylation 
B. Oxidative phosphorylation 
· Is a process in w/c ATP is formed as a result of the transfer of electrons from NADH or FADH2 to oxygen by a series of electron   carriers
· Takes place in mitochondria 
· Involves ATP synthase enzyme 
· Can be used to synthesis about 90% of ATP (34 ATP) per glucose molecule 
· Hydrogen ions will spin the rotor of the ATP Synthase molecule 
· NAD & FAD are two important co enzyme molecules that transfer H+ ions from glucose to ATP synthase 
       Stage of Aerobic Respiration
· There are 4 stages in aerobic respiration of glucose 
1. Glycosis                                                       3. The krebs cycle
2. The link reaction                                         4.  Electron transport chain & oxidative phosphorylation 

1. Glycolysis 
· Is the 1st stage of aerobic respiration 
· It means splitting sugar 
· Is sequence of rxn that convert glucose (6 C Compound) into two molecules of pyrvate (3 C compound ) with the production of ATP.
· The rxn takes place in the cytoplasm
· Each rxn of glycolysis is regulated by specific enzyme 
· It doesn’t require O2  ,   it is anaerobic stage of cellular respiration 
· It doesn’t takes place inside the mitochondria b/c:-
i. Glucose molecule is too large & can’t diffuse through the mitochondrial membrane 
ii. There are no carrier  proteins used to transport glucose molecule across  the mitochondrial membrane 
· Pyruvate  (Products of glycolsis ) can enter the mitochondria and so all the other stages of cellular respiration takes place inside mitochondria 
· The major stapes  of rxns that takes place during glycolysis can be discussed as  
a. 2 molecule of ATP are used  to phosphorylate the glucose molecule. This initiates the oxidation of glucose 
b. The glucose molecule is converted to another 6 C sugar (fructose 1,6-bi phosphate )
c. Fructose 1,6-bi phosphate split into 2 molecule of 3-C sugar glyceraldehydes -3- phosphate (Gp)
Summarized as
Glucose + 2ATP      3Gp+ 2 ATP + 2Pi

d.  Each molecule of Gp is converted into pyruvate (3 C compound)
· 2 H atoms removed & enough chemical energy is released to produce & ATP molecules
2Gp + & ADP + & Pi           2 pyruvate + 4H+ 4 ATP 
· Since  2 ATP molecules are consumed earlier to split & initiate the  oxidation of glucose, the process of glycolysis yields a profit of 2 ATP  molecules 
· The 2 H atoms released from Gp combine with NAD w/c is a hydrogen carrier molecule 
NAD+ 2 H         NADH +  H⁺
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Fig. 9.9 the main stage of glycolysis 

· The necessary ingredients of cellular respiration Such as  -ADP
                                                                                                                      -NAD & 	         float freely in the cytoplasm of 
                                                                                                                      - Phosphate	acell & are used when needed

	Summary of Glycolysis
· Takes 1 glucose & turns it into 2 three carbon molecule of pyruvate (C3 H4 O3)
· Occurs in the cytosol
Steps  1.  2 ATP are added 
2. 2NADH are produced
3. 4 ATP are produced 
4. 2 pyruvate are formed
      Net gain 2 ATP
   Over all equation
   Glucose + 2 NAD⁺ + 2 ADP + 2Pi          2 pyruvate + 2 NADH + 2 ATP + 2H⁺ + 2H2O
· 2 molecules of pyruvate have 546 kilo calories , 8% of the Energy Stored in the original glucosemolecule (646 kilo calories). 
      	C6H12 O2+2ATP + 4 ADP + Pi +2NAD – 2C3H6 O3 + 2ADP+2NAD Reduced +2H+ 2Hzo 




















  
How are H+ ions transferred from  
Glucose to ATP syntheses  
· NAD accept  H+ & become reduced and form  molecules  NHDH & 
· FAD accept H+ and become FADH2.
Reduction Reactions – are reactons which involves addition of H + and removal of oxygen or 
decreasing the oxidation state of a substance.
Oxidation Reactions - arereactions which involves the addition of O2 & removal of H+ or increasing the oxidation state of asubstance.
# NAD exist in both reduced & oxidized form .
# In its oxidized state it functions as H+ acceptor & in reduced State  it acts as H+ donor.
   E.g Let  as say amolecule AH2 is	                                        NA (
NA
D+ is hydrogen acceptor 
)D+
      hydrogen 
      donor  

A is Oxidised                                                 NADH2 (Reduced NAD)
Substrate 




Activity 2 (Class work)
List The Stages of Aerobic Respiration
The four stages are :-
· 
· 
· 
· 

          2. The Link reaction 
Act as a transition or linkage between glycolysis and krebs cycle.
· Pyruvate enters in to the matrix of mieochondria.
· Pyruvate is changed in to acetyl group by the following events :-
· The CO2 is lost by decarboxylation reaction and diffuse out of the cell.
· The hydrogens are removed by the process called dehydrogenation& are accepted by NAD.
· Finally the oxidized fragment of acetyl group is attached to Co enzyme A that contains sulfur atom which helps to attach the acetyl group by unstable bond.
· Co A is manufactured in the cell from vitamin B groups called panthatonic acid.
· Fats and amino acids are degraded into acetyl COA & enter the respiration pathway  at this point 
· Over all of the  links
2 Pyruvate (3C) + 2 NAD ⁺+2 coenzyme (2CoA)            2acetyle CoA + 2 NADH + 2H +2Co2
· The format acetyle CoA in the link rxn


CH2 – C – C         Pyruvate 

                       


     	
   Link reaction  Over view 
· Pyruvate from glycolysis converted to aceyl CoA  w/c enters the krebs cycle  
· No ATP generated 
· H is released producing redused NAD (NADH) for oxidative phosphorylation 
· Co2 is released
· CoA acts as a carrier for the acetyl molecule (2c) , hence CoA is not used up in the krebs , cycle but recycle back to the link rxn to make another Aceryl CoA




                                                              
  Summary of the Link reaction
· It takes place in the matrix of mitochondria.
· The original glucose molecule has been oxidized to 2 acetyl groups & 2 CO2 molecules.
· The hydrogens removed reduces NAD in to NADH
· 4 NADH molecules have been formed.
· No ATP generated.

3. The Krebs Cycle (Citric Acid cycle)
· It is also called tricarboxylic acid cycle (TCA) cycle.
· Named  by the name of Sir.Hans kreb who described the reactions involved.
· It takes place in the matrix of mitochondria.
· It works in the presence of oxygen.
· H⁺ ions removed are transferred to NAD   from NADH
· Another e- acceptor  FAD is reduced to FADH2
· Reduced NAD (NADH+ H⁺) &  FAD (FADH2) release their H atoms as protons (H⁺ ions)
· The input & output of krebs cycle per glucose molecule are  
	Input
	output

	· 2 Acetyl groups
· 2 ADD + 2Pi
· 6 NAD
· 2 FAD
	· 4 Co2
· 2 ATP
· 6 NADH
· 2 FADH2


 

Krebs cycle , word explanation :-
· Once  a cetyl CoA is formed the krebs cycle begins 
· The cycle is split into 8 steps 
1. Citrate is formed when the acetyl group from acetyl CoA combines with oxalocetate from the previos krebs cycle
2. Citrate is converted into its isomer isocitrate
3. Iso citrate is oxidised to form the 5.C 
Keto glutarated 
· This step releases one molecule of Co2 reduse NADH2
4. α Keto glutarate is oxided to succinly CoA  vielding Co2  NAGH2
5. Succinly CoA  releases coenzyme A, becoming Succinate & Phosphrylates ADP into ATP 
6. Succinate is oxidized to fumarate converting  FAD to FADH2 
7. Fumarate is hydrolyzed to form malate.
8. Malate  is oxidized to oxaloacetate reducing NAD ⁺ to NADH2
· Oxalo acetate can then combines with Acetyle CoA & begin the Cycle all over again
Note : the link rxn krebs cycle & electron transport chain are called the aerobic stages of cellular respiration while glycolysis is called the anaerobic stage.
Krebs cycle from one glucose molecule 
·    6 NAD are reduced to 6 NADH
·    2 FAD is reduced to 2 FADH2
·    4 Co2 molecule are released
·    2 ATP are produced ,  1 ATP per each cycle
4.  Electron transport chain & chemiosmosis 
· is the final stage of  aerobic respiration 
· Takes place on the inner mitochondria membrane 
· ETC & chemiosmosis together make up the process of oxidative phosphorylation b/c the phosphorylation of ADP to form ATP is coupled with redox rxns.
· Redox rxn coupled with the transfer of protons across a membrane  create aproton gradient 
The protons drive ATP synthase 
· Electrons are carried to the ETC from glycolsis link rxn & krebs  cycle as NADH & FADH2 
· ETC & chemiosmosis takes place in the cristae (inner mitochondrial membrane)
· On cristae the following  events takes place 
i. The H atoms from NADH & FADH2 are released & split into protons & electrons
ii. The electrons pass along  a series os electron carriers including – NADH dehydrogenase  , ubiquinone, cytochromes
· Eventually  electrons are accepted by oxygen atom to form H2O molecule
iii. 3 of the electron carriers:-
· NADH dehydrogenase complex
· Ubiquinone &                                                                   Pump protons from the matrix through                             
· Cytodrom b-c complex                                                  inner membrane to the inter 
	           membrane space
                                                             

iv. As the electrons are transfared  through these 3 proton pumps the lose energy w/c pumps the protons into the inner membrane space
v. The electrons from NAD powers all the 3 pump to move the protons into the inter membrane space 
vi. At the end of ETC the electrons combine with protons  & oxygen to form water molecule , hence oxygen is the terminal (final) electron acceptor 
Chemiosmosis : diffusion of protons down the concentration gradient 
· Is the following of protons through the ATP Synthase
· Protons make the synthese rotor spin & produse ATP from ADP & Pi
Summary of Electron transport system
32 ADP +32 Pi  - 2 ATP ( used in protons pump )+ 10 NADH +2FADH2+6O2 (free)   32 ATP + 10 NAD⁺ + 2 FAD⁺ +12 H2O
· The oxidation of one molecule of 
·      NADH result in 6 protons passing through ATP ase & 3 ATP are produced 
·      FADH2 results in & protons passing through  ATPase and 2 ATP are produced
     
The expected over all ATP Production in aerobic respiration  38 ATPs
  Since  2 ATP are used to drive the proton pump the actual yield per  molecule of glucose is about 36 ATP The process of aero[image: ]bic  respiration can be summarized as  C6H12O6----- 6H2O+ 6 Co2+ Energy released
     
[image: ]




            





Krebs cycle 



Respirometer -Is a device used to measure the rate of respiration of living organism 
· Measures the amount of O2 consumed in aerobic respiration 
· Amount of O2 taken up by an organism generates a proportionate quantity of CO2
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