



Energy metabolism summary  
"biochemistryII , Dentistry –JU "

Stage of energy production (1-4)
1. Digestion

Nutrients(Carbohydrates,proteins,lipids)
ingestion ( digestion ( absorption(  blood. (cells 
2. Acetyl CoA: (2 carbon molecules)  which enters the TCA cycle.

(Ch3 – CO – CoA):

- Pyruvate: (3c), the final product of glycolysis. 

- Pyuruvate dehydrogenase:  converts puyrate to acetyl CoA. 

- All nutrients will be converted into acetyl COA eventually.
3.Citric Acid cycle: “Krebs cycle” “Tricarboxylic acid cycle”.

* its called Citric Acid cycle ( the first product “ intermediate “ is citric acid.

* its called Krebs cycle ( Due to the scientist who discovered it . 

* Tricarboxylic acid cycle (Because citric acid contains 3 Carboxylic groups. 

*The advantage of this cycle is : 
* Formation of electrons carriers (NADH + FADH2). 

- Catabolic of  molecules ( electrons ( added to the “ electrons carriers (NAD+, FAD) ( NADH, FADH2.


4. Electron transport chain of oxidative phosphorylation.
*The advantage of this chain is to pump protons against their concentration gradient from the matrix ( intermembranous space of the mitochondria.

*This chain is a part of oxidation  phosphorylation , its the oxidative part #.


* ATP: energy currency of the cell: Why? 
1- Because the energy that comes out ; it is intermediate (not high , not low).

2- Easily formed & Easily broken , because it is an intermediate energy molecule.

* Is the ATP the only energy molecule in our body?

No, we have others such as : 
1. GTP, CTP, UTP : they can interconvert between each other without energy requirements. 

2. Table, (slide #14,p8)

* What ATP is made of?

(1) Adenosine   (2) Ribose 
(3) 3 phosphates group.


*What determines the amount of the bond energy when its broken?

1. The type of atoms that bind to it.

2. How those atoms are distributed around the bond.

That’s why (
The first and the second bond in ATP molecule give the same amount of energy 7.3 kcal/mole upon their breakage, because they are surrounded by the same  atoms (3 oxygens  at one side & phosphate group at the other side), while the 3rd phosphate group(3rd bond ) gives lesser energy "2.4kcal/mole " when upon breakage  because it’s surrounded by different atoms (Ribose & Adenosine).


*Is the ATP a good long term stage energy molecule?
No, Its impossible to store the ATP in the body, Why?

Because, we need 90.6 mole/day of ATP.

90.6 mole/day * Mw ofATP (507.1) = 94.kg/day, otherwise the weight will keep on increasing & decreasing “not logic”. , so… 
* How can energy be stored in our bodies?

In the form of bonds, as glycogen in case of carbohydrates.

* The body requirements of ATP is very high. So there is a constant formation & constant hydrolysis of ATP, & this is done by enzyme called: * Adenylate kinase.

* Adenylate kinase, How it works?
-It combines 2 ADP & Converts them to ATP & AMP.

-It has a role in Recycling of ATP (ADP produces by hydrolysis of ATP)
.

* How do our cells get energy for unfavorable reaction? 

(How do our cells deal with unfavorable reaction?)
1. By the concept of coupling. 

2. By dealing with a pathway as a single unit.

1-The concept of coupling:
* It means, making the unfavorable reaction in association with a favorable one in order to provide the energy at the beginning of the Rxn , to make it occur. 

 Eg. : (ATP addition to unfavorable reaction.)

* The sum of 2 reactions “hydrolyzing of ATP & unfavorable” higher than the product.
Ex: Reaction needs 3 kcal/mole, one ATP 7.3 kcal/mole. 3-7.3 = -4.3 kcal/mole,, it occurs because its favorable now.


Ex: glucose ( glucose- 6-phosphate [, it follows the coupling concept
+ 3.3 – 7.3 = -4 " step 2 in the glycogen synthesis"

2-Pathway as a single unit

It means: Any excess energy from one reaction can be used for another one. (that’s called, high energy interments). 

Ex:Glucose -6-phosphate ( glucose 1-p+ADP, It follows the pathway as single unit concept. " step4  in the glycogen synthesis"

 -4 + 1.65 = 2.35. 
Glycogen synthesis:

(UDP – glucose), breaking down of  UDP from glucose gives energy.

UDP ( high energy molecule. 

Pyrophosphate (pp), also a high energy molecule # how pp is formed?
UTP ( UMP + PP, then PP is hydrolyzed to 2 phosphates. “when they are broken they will give energy”. 

Glucose -6 phosphate ( glucose -1- phosphate.

* Unfavorable step, it needs  +1,65 kcal/mole, but by the manipulating the (R( & (P( we can make (unfavorable ( favorable).

(+ 1.65 kcal/mole, If (R( = 44, (P( = 6.)
If we constantly make (P( = 3 (( +1.65 kcal/mole ( -0.4 kcal/mole) so
Unfavorable reaction ( favorable reaction. 

* according to ((∆G = ∆Gº' + RT ln 
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* Other high energy molecules: 
Acetyl CoA: 

Separating acetate from Acetyl-coA ( energy (7.5 kcal/mole).

"CH3 – CO – S~ COA, bond between sulfuric & carbon." 


*High energy molecules are generated through pathways to give energy
Acetyl CoA as an ex:

When it breaks down it gives out  7.5kcal/mole energy

Lead to formation of Neurotransmitter (Acetyl choline).

Its Formation is Unfavorable:

slide

Oxidation reduction reaction (redox)
- Redox potential : 
*Its measured as reduction potential or oxidation potential.

R. potential: more common, means how favorable the material is for reduction 
*It can be +ve  or –ve.

*through it, we can determine the direction of electrons between 2 molecules in the rxn, so we  can determine the direction of rxn by it also.
*(E = EA – ED





EA: reduction potential. of acceptor.
,,,ED: reduction  potential of  Doner.
(E more (-) ( ( losing electrons (



(E more (+) ( ( gaining of electrons (
( E determines: 

1. The direction of the reaction. So its similar to (G.

2. The ability of losing electrons from 2 molecules. 

3. The direction of the electrons.

(G = -nƒ∆E , (n& ƒ are numbers) so we can determine the feasibility of rxn by (E. 

* Reduction potential is affected by:
 the surrounding atoms & molecules 
*What is the importance of vitamins in energy production?
1. B2 ( FAD.

2. B3 ( NAD

3. B5 ( CoA.

*Electrons carriers: (NAD+ , FAD).

Bind the electrons in the form of hydrogen,but protons have no electrons?
1. The hydrogen itself has only one electron (H).

2. Hydride ion which has 2 electrons (H-)
NAD+ (  can accept 2 electrons together from one hydride ion
(from the same source) at one place , reduction of  NAD+ or oxidation of (NADH) respectively is one step. 

(
so its impossible to get into the free radial state
(
So NAD moves freely in the solution and we can determine the reduction potential of it. 

(
Reaching mitochondria moving from one enzyme to another ( Krebs cycle

(
Electron transport chain.

FAD ( it accepts 2 electrons , which added separately (each electron carried alone in a single H) & at different places, 2 electrons from 2 different sources ( it can get in the free radial state .
(
FAD can NOT move freely in the solution of the cell & bound to protein
( 
so we can NOT determine the reduction potential of it, So we can’t predict it’s reduction potential.

* (Free radial “related to ROS” it is dangerous, because it may attack any structure.) 

* The mechanism of adding electrons to the NAD & FAD is different.

* The oxygen is the best electron acceptor,so we can predict that the reduction potential of it is very positive (+ve (gaining electrons(). 

* Oxygen & NAD have a constant reduction potential values. 
FAD does not have a constant reduction potential value “protein bound”.

Eventually FAD * NAD carry 2 electrons 

*TCA cycle:
We need to extract electrons & carry them on electron carrying molecules:

*NAD+/FAD (Main carriers )
*All steps of krebs cycle happen in the matrix except for succinate dehydrogenation by it’s related “dehydrogenase”
*All steps of energy production happen in the matrix except for glycolysis which happens in the cytosol .

*transport of electrons at the Electron transport chain occur in the inner mitochondrial membrane.

“Krebs cycle” (8products & 8 enzymes) 
(1) *The first intermediate (product)is : citrate. 

* 6 carbon unit formed by acetyl COA + oxaloacetate 

* the Responsible enzyme: citrate synthase.

* Citrate “citric acid”: tertiary  alcohol,, "6 carbons,3 of them are carboxylic groups "
Note: 
oxidation of material ( we break it down ( when we need energy.

Reduction of material ( we build it up ( New material formed.

(2)*The second product: IsoCitrate
* 6 carbons unit.

* 2 Alcohol, so it can be oxidized, formed by transporting (OH)

group from C3 to C2.

* The responsible enzyme is : aconitase: (Citrate ( Isocitrate.)
"It’s the only enzyme in the TCA cycle which does Not refer to its function.and its called aconitase due to the intermediate phase aconitate between Citrate ( Iso citrate."
(3)*The third product: Alpha-Ketoglutarate:
* 5 carbon unit, product by an oxidation process of  isocitrate (removal of 2 H+and 2 electrons  produced

* the responsible enzyme is : ISOcitrate dehydrogenase. 
*ISocitrate,  goes under (decarboxylation) process “removal of Co2” group, so it’s converted from 6C to 5C  

*The first CO2 & the first 2 electrons "NADH" are produced. 

(4)*The fourth product is: Succinyl COA:
* 4 carbons unit (as the first substrate enters the cycle) oxaloacetate.

*The responsible enzyme is : (-ketoglutarate dehydrogenases (catalyzes oxidative decarboxylation).

*This active carbon unit (succinate 4C) will be attached to CoA. So it will be called Succinyl CoA.

*The second CO2 & the second 2 electrons "NADH" are produced. 

(5)*The fifth product Succinate :
*4 carbon unit.

* The responsible enzyme:  Succinate thiokinase 

"it’s used to build up a GTP molecule by adding phosphate to GDP."

* Succinate is the only direct link between the TCA cycle and  the oxidative phosphorylation

*This de-attachment of COA produces energy.

"Substrate level phosphorylation is the second source of high energy molecules"
(6)*The sixth product: Fumarate 
*4 Carbon unit. 

* The responsible enzyme: Succinate dehydrogenase 

*Step number 6 is the only step of TCA cycle that dose NOT happen in the matrix, it happens in the inner mitochondrial membrane.


(7)*The seventh product is : Malate:
*4 C unit " secondary alcohol " 
* The responsible enzyme: fumarase 
Then again The first product which is the oxaloacetat."4 C unit, ketone."
The responsible enzyme: malate dehydrogenase oxidize the malate (2( alcohol) & convert it into ketone (Oxaloacetate )

.

In one citric acid cycle:
 3 NADH, 1 FADH, 2 CO2 ,1 GTP" it can be easily converted  into ATP",. 

Glycolysis

* glucose ( pyruvate :  the end of product of glycolysis.
*Pyruvate ( acetyle CoA.

* I glucose ( 2 puruvate (2 acetyle CoA).

*Limiting step “commitment step” of glycolysis is formation of fructose-1,6-bisphosphate  from fructose 6 phosphate  by the enzyme called PFK1 
* ATP & Citrate inhibit glycolytic pathway. 

 Substrate level phosphrylation:

*It’s represented  by 3 Rxns, 2 in carbohydrates metabolism & 1 in krebs cycle.:
1. Phosphoglycerate kinase.

2. Pyruvate kinase: for the last step of glycolysis.

3. Succinate thiokinase //succinate formation.

Enzymes have almost similar structure: (they behave in the same mechanism):
1. Pyruvate dehydrogenase : pyruvate ( Acetyl CoA.

2. ( - ketogluterate dehydrogenase: (- ketogluterate ( succinyl CoA.

3. Branch chain ( keto acid dehydrogenase: in protein metabolism.

Each one consists 3 smaller enzymes: E1/E2/E3.

RECALL.  Regulation of enzymes , we can regulate those enzymes by TWO ways :
A. Enzyme complexing 

B. Phosphorylation. 

A-Enzyme complexing 
1. E1 ( decarboxylase:

*Removes the last carbon unit which is represented by a carboxylate “CO2”
*It carries the carbon unit on its coenzyme which is the thiamine (B1) (that’s why it must be present in a sufficient amount in our body). 
E2 ( transacylase 

*Its own co-enzyme is lipoic acid which contains a disulfide bridge (S-S), *acyl group attached to one S, the another S is attached to H, by this, E1 gets back to its original state. 
*E2 goes back through:

1. CoA takes acyl group from the sulfur attached to H.

2. E3.

E3 ( dehydrogenase 
*removes 2 H from E2 in order to get it back to its original state & carries them on (FAD ( FADH2).
*FADH2 ( NAD+ ( NADH + which exist in the solution, thus the whole enzyme is fully returned to its original state. 

*we needed 5 Co-enzymes:

Thiamine / lipoic acid / FADH2/NADH/Co-enzyme

* E1 may not function due to El gentic deficiency,“thiamine deficiency”,so Pyruvate & ( keto glutarate will be high in our body
.

B. Phosphorylation:

Pyruvate dehydrogenase (
* phosphrylated ( in active/ we don’t need energy.

*Dephosphorylated ( active /we need energy.

RECALL , 

*"Kinase ( phosphorylation ( Pyruvate dehydrogenase (
  inactive ( we don’t need energy."
*"Phophatase ( dephosphorylation ( Pyruvate dehydrogenase

( active ( we need energy."
 "Excess acetyl CoA, pyruvate, NADH ( activate kinase."
The regulation of citric acid cycle: 
1. The ADP/ATP ratio

ADP ( ( activation (
ADP ( inhibition.

2. The NAD+ /NADH ratio:

NAD+ ( activation.

NADH ( inhibition.

* NADH regulates the enzymes that produce it  , which are : 
1- Isocitrate dehydrogenase.

2- ( - keto glutarate dehydrogenase.

3- Malate dehydrogenase.

Note:
* IsoCitrate dehydrogenase:

-The only one thats regulated allosterically by ADP & inhibited by NADH
 -rate limiting step of TCA cycle.
Oxidative phosphorylation:

The 4th stage of energy production has 2 parts:

1. Oxidative part: electron transport chain in Inner mitochondrial membrane (Imm) .

2. Phosphorylation part: phosphorylation of ADP ( ATP , due to the difference of energy which results when H+ comes back across ATP syntheses in IMM. 

* 1 and 2 are coupled processes, what couple means?
-It means as long as there are electrons movement , there may be generation of ATP.
* Coupling is lost if the IMM is Not intact , means there is an oxidative process but with phosphorylation (No ATP).

* 5 complexes in IMM (oxido- reductase enzymes) integral proteins “transmembrane”, except complex 2 ( succinate DH). 
* 2 entry point of electrons for ETC: 1. Complex I , 2. complex II.

* NADH donates its electrons to complex 1.

* FADH2 donates its electrons to complex 2.

* No relation (direct connection) between complex I & complex 2.

* Complex 1 & 2 donate their electrons to complex 3 through a co-enzyme called Co( (ubiquinone).

* complex 3 donates its electrons to complex IV via cytochrome C 
- cytochrome C( “ protein contains heme type E”.

Difference in energy used in transferring electrons from: 
1. NADH ( complex 1 “the entry of NADH”.

Complex 1 ( Co. ( ( 4 protons per 2 electrons.

Complex 3 ( C ( to C ( 4 protons per 2 electrons. 

Complex 4 ( O2 ( 2 protons  per 2 electrons.

Total
=10 protons /2 electrons.

10 protons /NADH.

4 protons ( 1 ATP.

10 protons ( ?

? = 2.5 ATP (NADH – 2ATP, 10 protons – 2 ATPs).

2. FADH2 ( complex 2 , the entry of FADH

Complex 2 ( Co ( (, but without protons pumped out?

Why???

The difference  in energy is almost zero so the complex 2 does not span the membrane.

Complex 3 ( Cyto C ( 4 protons 
per 2 electrons.

Complex 4 ( oxygen ( 2 protons 
per 2 electrons
Total =6 proton /2 electrons.

FADH2 ( 1.5 ATP 
NADH > FADH

2.5 ATP > 1.5 ATP.



* Co ( ubiquione”:
Structure: 
Ring ( with 2 oxygen atoms “IN SEQUENTIAL MANNER” ( the  ring’s function is to make an access for electrons ( because they must be donated with hydrocarbon tail ) .. the function of this tail is to pass freely through the membrane ( hydrophobic structure ) ..
1. Can accept 1 or 2 electrons, it may lead to the free radical state “ROS”.

2. Transport the electrons from I & 2 + 3.

3. Co-( : can be used as medicine for patients who suffered from MI, heart muscle is weaker, more efforts to transport electrons ( Co-(  speeds up the electrons movement.
* Cytochrome:
- Uses heme to transfer e’s. 

- Complex 3 ( complex 4

- Heme is always attached to protein (like FADH) because it can’t be free in the solution, because of:

Heme can go into very oxidized state (Fe+4) 

- Cyto C can bind only one electron.

* Complex One: 
- Another name: NADH dehydrogenase (NADH ( NAD+).

FMN in complex 1,  the first one that accepts the electrons from NADH, its tightly bounded to complex because it may go into free radical state. 

- Pumps 4H+/2e, difference energy = 16, but 13 is enzymatic to pure.

Complex 2:
Succinate dehydrogenase ( fumarate ( step # 6 in TCA cycle.

2 electrons result from this convergence.

8 loaded on FADH2 then Co( ( complex 3. 

Complex 3:

 - Another name: cytochrome (B-c1):

- dimer, contains heme C & b, very big. 
- The (-cycle: occurs in complex III.

- It accepts 2 e’s from ubiquinol “reduced form”  1st electron goes to e’s carrying molecule sulfur cluster then heme C then cytochrome C,       2nd electron goes to heme b1 ( heme b2 ( ubiquinone there’s a ubiquinone binding site on complex 3, ubiquinone binds to it.

In 2 repetitive cycle: 
A- 2 ubiquinol enter, one exits, the Net is I Q H2.

B- 1st cycle 2 electrons moved, 2nd cycle 2 electrons moved, and 2 electrons formed …so the Net = 2 electrons..

Complex 4: (cytrohcrome thiamine):
Cytochrome carries 2electrons ( cytochrome oxidize ( catechumen C “oxidized state” “Reduced state”

* 2 copper sites (A & B).

* 2 hemes (A & A3).

When electrons reach the heme, it will become reduced, the reduced heme can bind to the O2 (heme A3), so, O2 becomes reduced & production of H2O molecule occurs. 

To convert O2 to H2O, How many protons you need? How many electrons you need?
* ( O2/each o need 2 hydrogen"2 electrons for oxygen atom" so 4 electrons for oxygen molecule).
* 2 NADH or 2 FADH2 or one NAD & one FADH2 (NADH, FADH2, each of them is 2 electrons equivalent. 

To reduce O2 how many protons will exit from complex 4?
4 e’s (O2 ( 2 H2O), (4 e’s ( 4 H+ will exist) / (2e’s – 2H+). 

The affinity of heme A3 in complex is very high, explain….
Because cytochrome  oxidase must take O2 from myoglobin so the affinity must be higher & Km is less. 

Heme 3 > myoglobin > hemoglobin 

Affinity ( Km (.

* Reduction of O2 must be full all the time, why?

Because the partial reduction is hazardous, it may produce reactive oxygen species ( free radicals. 

* How can we know the right arrangement of C’s movement?
1. By energy difference, (G which represented by (E measures the standard potential reduction out side of mitochondria but its not proved here, why? Because the process in the body doesn’t occur at S. C
2-Anaerobic condition: 

Putting excess NADH & ADH2 without O2, So,

Each complex will produce certain bands when we measure it in the solution under spectrophotometer (The shape of reduced is different from the shape of oxidized), so by noticing which one was first reduced & oxidized we can know the arrangement.
3-By inhibitors
ATP synthase 

 2 pieces ( 
(1) Fo: 

* Circle inside the membrane.

* Consist of 12 pieces  called (C subunit).

* Each C subunit contains glutamate (-ve). 

* The circle binds to (A sub unit). 

* (A) subunit: fixed in the membrane & make C subunit R to be taken in the cycle.

* F0 & F1 are connected by (Y)subunit, which is bended not straight, why? 

In order to give an Asymmetrical conformational change in the protein , if its straight it will give symmetrical one. 

(2) F1: 

* Consist of 6 subunits (3 (, 3 B).

* B subunits Rotate ( ATP production takes place

* ( subunit ( or structural reasons conserve the structures or the enzyme. 

* Protons enter from outside to inside through A subunit

(
A subunit  is fixed in the membrane & attached to C subunit 

(
Proton binds to glutamate

(
 Glutamate not charged any more causes a reflect & moves

(
So, C subunit rotate in this circle.

(
Y subunit hit B subunit

(
 Asymmetrical conformational change from lose (ADP + P) ( tight (ATP production)

(
the B subunit again, tight ( open, (ATP released)

Note :

*Next proton will enter & bind 2nd glutamate to the next C subunit, After one full rotation of C subunit 

*the exit of protons differs from the entry. 

*After one full rotation at the beginning, (entrance 4 protons can generate one ATP)

Regulation of OXP: (1) ADP: slide.

(2) Inhibition at complexes.

(3) Uncoupling. 

(2). Inhibition: Table slides:

* If you inhibit the ET chain, will you inhibit ATP synthesis?

It depends where this inhibition occurs.

Complex 1 ( no, “decreases the synthesis , but it does not stop it ,  because there is another electron entrance  (C2).

Complex 2 ( No, “decreases , but it doesn’t stop it , because there is another electron entrance (C1).

Complex 3 ( Yes.

*Mitochondrial shuttling

- NADH produced in glycolysis also which occurs in the cytosol. 

- NADH must go to the mitochondria to be used by oxidative phosphorylation .

- NADH can not pass  IMM.

- So we have 2  shuttles of NADH.

1. Glycerol -2-phophate shuttle.

*cytosolic NADH ( NAD+ +glycerol-3-phospate
" enzyme (glycerol -3-phosphate dehydrogenase )"

*on the outer surface of Imm there is m-glycerol -3- phosphate dehydrogenase “contains FAD) which converts  

Glycerol-3-phospate ( dihydroxyacetone + FADH2 

FADH goes to  ubiquinone. Then to complex 3

*so cytosolic NADH pump gives 6 protons Not 10. 

*This shuttle is presented in the skeletal muscles & brain. ( high ATP demand. 

2. Malate –asparate shuttle is presented in the liver & heart
- malate & aspartate can enter the IMM

Cytosolic NADH pumps 10 protons (2.5 ATP)
(ATP/ADP translocase). 

- Carrying of ATP to the outside & ADP is  carried  to the inside (ratio1:1) complete process.

- Without it, there is no oxidative phosphorylation , why? Because ADP in the matrix is fully consumed, ADP is the most important receptor. 

- Outside ATP increased…ADP decreased , we give one more -ve change outside (must be positive to keep H+ Flow), so we decrease the proton motive force
Good Luck  all :D 

PAGE  
20

_1457553796.unknown

