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This lecture is a continuation of fatty acid oxidation.
Synthesis of fatty acids. 
 ** Beta oxidation   : (quick review )  

· Named beta oxidation because the oxidation occurs at beta-carbon (carbon number 3 )  .
       -  the first step in oxidation is the linking the fatty acid with “ CoA “ . This is the  activation step that  requires an equivalence of 2 ATP and is followed by transport of the fatty acid into the mitochondria .

      -  in the mitochondria,  three steps of oxidation occur; the first step   produces    FADH2 ,   the second step is hydration ( adding water )  , and  the third one produces NADH .  
-  The beta carbon is oxidized  from ( CH2   ) to a ketone group  , and is followed by its cleavage into two carbon units in the form of  acetyl-CoA. The rest of the fatty acid is directly converted into acyl-CoA because cleavage happens via ( CoA) . This reaction is a  thiolysis reaction (a reaction that cleaves one compound into two compounds by the addition of CoA) .  
 
* The above will be repeated again and again until the fatty acid is completely converted into acetylCoA. 
** Now we are able to calculate the energy  yield from fatty acid oxidation:  (how much energy do we get from fatty acid oxidation)
 Slide #1 
 

- The fatty acid with 16-carbon units is the Palmatic acid.  ( memorize it )   
· this acid after 6 steps ( 6 rounds of  Beta oxidation )  gives us  :   

            6 FADH2 ,  6 NADH , 6 acetyl-CoA   , and the remaining fatty acid  is :   

            Butyric-CoA  (  CH3-CH2-CH2-CO-CoA ) , and in the last step we will get 

            (CH3-CO-CoA + CH3-CO-CoA + FADH2 + NADH ) .  

     -  How many cycles of beta oxidation do we need ? 7 cycles
· How many NADH and FADH2  are produced?  7 each
· How many acetyl CoA are produced ?  8 (six from the first 6 steps and 2 from the last step) .  
      We can now calculate how much energy is produced,  this calculation is based on : 
      oxidation of  1) FADH2 producing 2 ATP

                             2) NADH producing 3 ATP 

                             3) acetyl-CoA producing  12 ATP 

 ( NOTE : in some books they say FADH2 produces 1.5 and NADH produces 2.5 but it doesn’t really matter) . 

Calculations:  ( 7 * 2 + 7 * 3 + 8 * 8 ) = (14 + 21 + 96 ) = 131 ATP  

  But the activation of this acid consumes 2 ATP 
(131 – 2 ) = 129 ATP mole /  mole of 16-carbon fatty acid    
· The answer is a great one compared to the value of the oxidation of glucose for example (which is equal to 36 or 38 ATP/mol). I.e: a greater amount of energy is produced by the oxidation of fatty acids when compared to glucose. 
· if we want to take by grams we divide the

 (129 ATP ) / number  of gram per one mole of ATP = ATP/gram
- Burning of glucose gives 4 Kcal   , while fatty acids  give 9 Kcal 
we however calculated  the energy in ATP’s .  (if you are able to calculate the energy in terms of ATP  it means that you completely understand the pathway  of  this reaction) . 

** Transport of fatty acid across the inner mitochondria membrane 
· Carnitine is required for the transport. It acts as a carrier molecule to carry acetyl CoA 
( Don’t memorize the structure )   

- Pay attention that there’s positive charge and since carnitine ends with (-ine )   it means that it contains an amine group . 
- it is synthesized by amino acid due to the prescence of Nitrogen . 

· sources of carnitine : 1) dietary 

                                                      2) synthesized in liver and kidney
** functions :
-Export of branched chain acyl groups from mitochondria

-Excretion of acyl groups that cannot be metabolized in the body
 

· carnitine deficiencies :  
            

1 )  Secondry deficiencies :  “ acquired “  

                  a) liver disease : if not produced in the liver 

                  b) malnutrition :  if not included in the diet 
                  c)  increased demand for it in pregnancy for example . 

2) Congenital/primary deficiencies:  “ the baby was born with it “ 
- defects are present in the enzyme which synthesize carnitine. 
-problem with the uptake of carnitine
- problem with the tubular  reabsorption   

· In case of carnitine deficiency ,  the ability of FA to be used as a  fuel decreases . Hence,  FA and branched acyl groups accumulate in cells.  

      -  As a result, the human body starts to use glucose as a fuel instead. The glucose in blood decreases ( hypoglycemia like during fasting ) because the utilization of glucose increases . 

Carnitine is sold in the pharmacies.  

Note: some people take it to build  their muscles. 

** Oxidation of un-saturated fatty acid  
· unsaturated fatty acid can be mono- or poly-   

· Oleic acid :  is mono-unsaturated  ,  18-carbon compound containing one double bond at carbon number 9 . 

· You have to know how to convert  18:cis with one double bond at carbon number 9 to 12:cis with one double bond at carbon number 3 ( from first lecture ) after 3 rounds of oxidation. 
      -  We can’t introduce the beta acid in ( 12:cis with one double bond at carbon number 

         3) so we shift the double bond from carbon number 3 to carbon number 2  by     

          Isomerase enzyme .   

·         -  Linoleic acid  :  18-carbon compound containing two double bonds at the carbons number 9 & 12 , after 3 rounds of beta oxidation  it is converted to 12- carbon  fatty acid with two double bond at carbon number  3 & 6 . By isomerase we shift the double bond to 2 & 6(same as above).  By  dehydrogenase we will have 2 double bond between ( 2 & 3 ) and (4 & 5 ) .  A  reductase enzyme will then reduce the two double bonds  to one double bond by the addition  of  two hydrogens . Then again isomerase is used.
** if the fatty acid is made of an ODD number of carbon atoms, we need 2 more enzymes –these usually represent about 10% of FA in our diet (mainly from animal fat-cows and sheeps).
 - Note :  Most of FA are made of an EVEN number of carbons . 

** slide # 7  
· 15- carbon fatty acid : after 6 cycles of beta oxidation  the product is 

            Propionyl-CoA  ( 3-carbon fatty acid ) 

 - the first step in utilization  of   Propionyl-CoA   is the addition of a carboxyl group ( CO2 or  bicarbonate )  to D-methylmalonyl CoA   by     Propionyl-CoA     carboxylase  ( we called this reaction carboxylation )   . * Biotin is a co-factor here .  

        ( pyruvate carboxylase is a similar step) . 

- then D-methylmalonyl CoA   is converted to L- methylmalonyl CoA by isomerase ,  the  carboxyl group is shifted  so we will have a straight chain with 4-carbon  which is called succinyl CoA . 
- The last 3-cabons of a FA with an odd number of carbons can be converted to succinyl CoA  which is in turn an intermediate in the citric acid cycle . 

( you have to memorize this reaction because it requires Vitamin B12 which enters in two reactions only ) 

 

- So we can measure Vit. B easily by taking a sample of urine ( if there’s a high amount of methylmalonyl there’s a deficiency in Vitamin B . ( methylmalonyl urea ) 

 -Note  : the  methylmalonyl is secreted without the CoA  . 

** Oxidation of very long FA in peroxisomes 

· the enzyme ( E ) : FAD containing oxidase 

· Here FADH2 doesn’t go to the electron transport chain and is instead oxidized to FAD producing H2O2.

·  So the first step of oxidation occurs by d FAD – dependent enzyme.  It continues until it becomes a 12 to 14 – carbon chain for it to continue its pathway in the mitochondria. 
- The enzyme is oxidase because O2 is involved as a substrate and the product is H2O or H2O2. If the electron is transported to FAD to produce FADH2 the enzyme is dehydrogenase . 

· oxidation of long FA ( more than 22 carbons ) occurs first in peroxisomes then continues in the mitochondria .  

    ** Alpha – oxidation 

· the compound in slide # 10 
     

it is unusual because it has 4 branches ( it is not abundant, it can be found in the food that is delivered from leaves ( plants ) for its association with chlorophyll ) 
· we cant do beta oxidation , because there’s methyl group on the beta carbons already  .

· the alpha carbon is oxidized to –OH , then carboxylated to –COO   and then we can oxidase the beta carbon.
· if there’s a deficiency in the enzyme it will cause a rare genetic disease , and metabolic disorder including brain damage  and mental retardation  ( it can’t be treated but the parents should eliminate a certain type of food from their diet to avoid bringing babies with the same disease ) 
** ketone bodies 
· substances produced in our bodies  
· slide #11 

The name of first compound is  ( aceto-acetate ) which can undergo spontaneously carboxylation  ( without enzyme ) and give us Acetone  

and by  reduction of aceto-acetate  we get 3-hydroxybutyrate  or 
      beta- hydroxybutyrate .     
   - aceto- acetate ,  acetone  and  3-hydroxybutyrate  are together known as ketone bodies . 

* synthsis : in liver 

 * precursor  :  acetyl CoA

  * at high rate during : a) fasting             b) uncontrolled diabetes mellitus 

** Pathway : 

· acetyl CoA  comes from the FA oxidation  which gives us at the end 2 acetyl CoA 
· aceto acetyl CoA will receive  another acetyl CoA and give HMG-CoA 
( hydroxyl methyl glutarate ) which has 2 groups of  carboxyl at each end . 

( memorize HMG-CoA )
· then it will be cleaved again to give acetyl CoA (not the same acetyl CoA that entered the previous step) . 

· Net reaction : we ignore the substance that are produced in one step and used by the subsequent step, we also ignore the intermediates ( aceto-acetyl and CoA)
So the net reaction is : 2 acetyl CoA  → Acetoacetate + 2 CoA  
· By looking at the products of the reaction  ( acetoacetate or CoA ), we conclude that the main purpose of ketone bodies is to regenerate CoA ).
Slide # 15 under normal conditions, palmitic acid after several cycles of beta oxidation will give acetyl coA. The following step (normally) for FA oxidation, is the for acetyl coA to enter the citric acid cycle by oxaloacetate. 
Oxaloacetate is hence required as a catalyst. 
does the citric acid cycle convert acetyl coA to oxaloacetate? No
Does the cycle consume oxaloacetate? No. 
It is used in the beginning and produced at the end. 

If oxaloacetate is used in glucose production in the liver; the oxaloacetate level will decrease (used for gluconeogenesis) and the cycle will not continue. 
How can we resume the conversion of palmitic acid to Acetyl coA ? we need coenzyme A. 

Ketone bodies produce/regenerate coA for the continuation of FA oxidation. 

(compare this to anaerobic glycolysis; muscles convert pyruvate to lactate for the regeneration of NAD ). 
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