






· Our lecture today talking about biosynthesis of 
· phoshoglycerol… but first of all we want to complete last lecture that was talking about Biosynthesis of Triacylglycerol and Phosphoacylglycerol

I numbered slides according to  the doctor PDF Biosynthesis of phosphoglycerol #5  ” mshet fehm btslsl “

<<Biosynthesis of Triacylglycerol Requires
• Acyl~CoA (Active form of FA)  
They must be in active form because we cant use fatty acid as this form DAG + FA TAG + H2O it will give us  ΔG +ve
But if we break fatty acid from Acyl~CoA it will act as “donar of the FA “ high energy will release because thioester bond
 DAG + Acyl~CoA TAG ΔG –ve
Slide#1
· Glycerol Phosphate this will obtain from 2 pathways 
· First one by phosphorylation glycerol as this reaction
Glycerol + ATP ---→ Glycerol 3Phosphate +ADP
The Enzyme that catalyst this reaction is : Glycerol Kinase and the important thing about this enzyme that is not found in the adipose tissue so This process doesn’t occurs in adipose tissue . in adipose tissue the glucose will convert to dihydroxyacetonephosphate by glycolysis. Then we get glycerolphosphate  by reduction( by glycerol-Pdehydrogenase to convert ketone group to hydroxyl group ).
· Slide4&5
[image: http://classconnection.s3.amazonaws.com/33/flashcards/602033/jpg/synthesis_of_glycerol_phosphate1314244076279.jpg]
· In the liver glycerolphosphate can obtained by glycerolkinase ,or by reduction of dihydroxyacetone (same in the adipose tissue)

*What the significance of not having (absence) glycerolkinase in the       adipose issue ?? why adipose tissue cant phosphorylate glycerol ??
Because it  has to do with regulation of triacylglecerol synthesis and degradation .
**90% of The cells of adipose tissue(adepocyte) is tryacylglecerol .
*triacylglecerl is hydrolyze into glycerol and three fatty acid, this occurs during fasting (blood glucose level is low<<,blood glucagon level is high, epinephrine or norepinephrine level high).
**Synthesis of triacylglecerol occur from fatty acyl co-A and glycerolphosphate .
*adipose tissue is always active by hydrolysis (sometime synthesis and sometime  degradation consequently   depending on insulin level and glucagon level ).
Now suppose that glycerolkinase is available infinitely (without regulation) so glycerol witch obtained from hydrolysis of triacylglecerol would be phosphorelated again (that will lead to activate triacylglecerol synthesis).
 **During degradation there is triacylglecerol synthesis (due to availability of enzymes that require),so synthesis and degradation occur in the same time. bs 7kena suppose :D,
· If this cycle is happening , there is gonna be net hydrolysis of ATP How many ATP is going to be used or consumed , whenever one molecule of triacylglycrol is completely hydrolyzed   then synthesized ? 
1 ATP is used to make glycrol phosphate from glycrol 
2 ATP from each conversion of fatty acid to fatty acyl coA , but we have 3 fatty acids , so 6.
>>SO   7 ATP will be lost if the synthesis and the degredation are taking place at the same time .
SO , the regulation here is designed that simply there is no glycerokinase , so the foetal  cycle doesn’t occure , (the glycrol that is obtained during degredation will be transferred as long as it degredated toward the liver , there will be no rephosphorelation again ) , this is the significance of not having glycerolkinase in our bodies (in the adipose tissue).
· Alternative source of glycrolphosphate : 
-glucose enters the cell to  glycolysis , then by hydrolysis we will have dihydroxyacetone phosphate which is reduced to glycrolphosphate . 
>> synthesis of triacylglycrol only takes place if glucose is available , and the entrance of glucose to the adipose tissue requires Insulin (without insulin , glucose will not enter)  , thus we conclude that  also Insulin has to be available in order to synthesis triacylglycrol .
>> some diabetes patients complain of loss of weight , because NO Insulin > no synthesis of triacylglycrol in the adipose tissue (explain symptoms by biochemical terms  
 so for this reason”not happen in adipose tissue “ we have second type to obtain Glycerol Phosphate as which shown in this reaction:

[image: ]
Slide#2
Glycerol-3-phosphate  reacting with acyle co-A ,resulting transfer of fatty acid into carbon number one to give lysophodaidic acid. What is the type of enzyme that use in this reaction ??
We can know the  type of enzyme from it’s function in the reaction , here the function is transfer (function group) so the enzyme is acyltransferase .
[image: ]
· The next step is transfer second acyl group to the second position by another acyltransferase  to form phosphatidic  acid   
<<<Phosphatidic acid             glycerol stratified into two fatty acid and with phosphate.
[image: ]

Slide#3
Now the next step (third step):
Remove the phosphate group (now we don’t need this phosphate group), phosphate group remove by     phosphadatidate phosphatase ; this will convert phosphatidic acid to diacylglycerol.
[image: ]
· The last step is transfer of  last fatty acid by acyltransferase t o form triacylgycerol.
[image: ]

<<<So this process need acyl co-A ,glycerol phosphate
and the acyl groups are transfer one at a time (first acyl group then second acyl gruopethen then  remove phosphate  then the third acyl goupe)
doctor advice you a3za2e to Hold a pen and paper and draw this reaction step by step In order to focus on the information and help you to memorize it easily .
 finally we finished ch#16  that take 4 lectures oshwe >>  now we will begin talking about biosynthesis of phoshoglycerol that releted to the previous chapter you can find it in chapter #17in Lippincott.


Slide#6-8
Biosynthesis of glycerophospholipids/ phosphoglyceride |
phosphoacylglycerol
[image: http://www.pearsonhighered.com/mathews/OP/PHOSPHAT.GIF]
Phosphoglycerol structer contains a glycerol, 2 fatty acids, a phosphate, alcohol
Phosphotidic acid is a common intermediate. It is simply a glycerol with two fatty acids and a phosphate. It can form ester with alcohol.
Alcohols that can form esters with phosphotidic acid are
· Serine
· Ethanol amine
· Choline
· Inositol
· Glycerol
<<And all are phospholipids<<
· Phosphatidic (since it an H3PO4) acid can form esters because it has a phosphate which can form two esters, one with alcohol and another with glycerol.
When phosphatidic acid forms an ester its name changes to phosphatidyl. 
So,  its phosphotidylserine ,  phosphotidylethanlamine … etc.
Slide#9
(You need to know the structures to know the synthesis and recognize the relationships)
*Ethanol (CH3CH2OH) + Amine  Ethanol amine
· It is not how the ethanol amine is produced in the body, its purpose only to show the structure.
We do not take ethanol and amine then it becomes” ethanol amine” If ingested ethanol needs 4 days of metabolism.
· Ethanol amine is implied by its name  It’s an Ethanol + an amine
· Where does it come from? From Serine.
· What’s the difference between serine and ethanol amine? A carboxyl group.
· Removal of a carboxyl group from serine via decarboxylation gives us ethanol amine. This is how it’s  produced. 
· Choline :
Comes from ethanolamine by replacing 3 hydrogen atom with 3 methyl group , choline called cotirnary amine because nitrogen NOT bound with any hydrogen IN CONTRAST  with primary amine “ETHANOL AMINE “
 [image: ]     

This is inositol be attension it seem like carbohydrate “glucose” so don’t mixed .. to distinguishe between them Inosito l  and glucose are sixth ring but glucose in carbon #1 we find oxygen atom not OH as in inositol.
inositol




[image: http://upload.wikimedia.org/wikipedia/commons/6/64/Glucose_Haworth.png]

Slide#10&11
Phosphatidyl choline
 is a phosphatidic acid with choline (commonly known as lecithin) . lecithin is one of the ingredients of chocolate and powdered milk.
[image: ] 
· a space filling model of a phosphatidyl choline molecule .
*What is a space filling model ?
When you take small balls that represent carbon , hydrogen, oxygen, nitrogen atoms … etc, and then build a model, building a model so you can imagine how is the structure of the molecule , just like architects , they build a model for a villa to imagine how its shape will be like . so that Biochemists , they build a model to imagine  the structure of the molecule .

· So when you make a model for phosphatidyl  choline you will   notice that it has a hydrophopic region and hydrophilic region , so if you try to put it in water , dose it dissolve in water? No , it dose not dissolve in water because it contains hydrophopic regions , and when you put it in water it will make what is known as  micelles : very small spheres ( large number of phosphatidyl choline that aggregate together so as to have hydrophopic interactions in their tails and hydrophilic interactions in their heads with water to form micelles ).
· [image: ]
So, phosphatidyl choline can form:
1-micelles, like structure (a) 
2- lipid bilayer ,like structure (b).
3- lyposomes , structure (c).
Simple, because they are amphipathic molecules.

So, if you try to dissolve lecithin in water , it won't dissolve because of these structures (micelles ).
-Within the micelles (inside them) there will be the hydrophobic structures.
-So, if you have some some oil and water and you put them together and added a phosphatidyl choline to them and shake them together very vigorously , the oil will become inside because it is non polar (hydrophopic).
-So, phosphatidyl choline can act as emulsifiers (emulsifying agents) that facilitate mixing of hydrophopic substances with hydrophilic ones , all that because they are amphipathic molecules.
· you should be able to recognie these structures :
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Slide#16

· Phosphotidyleglycerol  with 2 phosphatidic acid gives cardiolipin connected through glycerol 
· Cardiolipin is found in  the mitochondria 

[image: ]

Slide#17
· the hydrophobic tail in the membrane  is formed from 2 fatty acids 


slide#18
**degradation of phospholipids :
To degrade  phospholipids  we need hydrolysis ,,, it’s a hydrolysis reaction and 
All hydrolysis reaction  are always favorable<< all what you need is a catalyst or an enzyme .. By adding enzyme we can hydrolyze these ester bonds 
· We have 4 ester bonds :
1.between glycerol and fatty acid 1
2. between  glycerol and fatty acid 2
3.between glycerol and phosphate 
4. between phosphate and alcohol
Slide#20
· Phospho lipase is the enzyme that degrade phospholipids 
Phosphlipase A1 works on the intact   molecule to remove the first ester bond 
Phosphlipase  A2 acts to degrade phospholipids fatty acids and the remaining of the phospholipids is called lysophospholipids because it causes lysis 
[image: ]

· Phosphlipase C it acts on the 3rd ester bond between glycerol and phosphate .
· Phosphlipase D acts on the 4th ester bond to give us phosphatidic acid and alcohol.
· On the lysophospholipidscholine if we want to degraded first fatty acid we need Phosphlipase B NOT  Phosphlipase  A2  or A1

Note that each enzyme act in intact molecule not sequentially and not after each other.
SO  lysophospholipidscholine produce by areaction of Phosphlipase  A2 and its degraded by Phosphlipase B.
Phosphlipase A2 present In:
· mammalian tissue( like A1)
·  pancreatic juice 
·  snake and bee venom ….snake venom it causes great damage in tissue (lysis of the cells ).

· Phospholipase C found in liver lysosomes and activated by PIP2 its plays role in produce second messenger (IP3 AND DAG)
Slide#22-24
· Biosynthesis of triacylglycerol and phosphoacylglycerol (it is an easy process) :
We said that phosphatidic acid is a common intermediate.
And we said b4 that in the synthesis such as glycogen synthesis,disaccharide synthesis,glycoprotein synthesis and triacylglycerol ;one of the molecules that will be joined should be in the activated form like (UDP-glucose),(UDP-galactose),(acyl CoA),so one of them should be in the activated form.
The molecule of glycerophospholipid is composed of :
· Alcohol (that is diacylglycerol)
· Phosphate
· Alcohol 2
And we want to join these three components together,and we have seen that diacylglycerl is produced in the synthesis of triacylglycerol
To join these components we have 2 ways (each process for different alcohol):

First;it can be transfer of active phosphatealcohol1 (which is diacylglycerol) to phosphatealcohol2
When we have the alcohol1 phosphorlated;and actived to transfer to alcohol2,or the opposite(transfer of phosphate alcohol2 to alcohol1).
· NOTE:to know the process of synthesis; u should know the structure of the molecule.
· Slide #25-29
the process for the synthesis of phosphatidyl inositol for example : transfer of phosphatidic acid to inositol
so diacylglycerol with phosphate (that is phosphatidic acid) with another phosphate and ribose cytidine (CDP).
(CDP) : cytosine ribose 2 phosphate
So CDP join to diacylglycerol and then transfer to inositol to form phosphatidyl inositol +CMP.-as in the slide-
OR : transfer of phosphate choline,or phosphate ethanolamine to diacylglycerol to diacylglycerol:
Second way:
Activated choline+CDP(activated phosphocholine) to diacylglycerol will form phosphatidyl choline+CMP.
· Slide#30
· formation of the activated carrier:
Cytosine ribose triphosphate(CTP) and alcohol(alcohol with phosphate)
Either the alcohol is phosphocholine or phosphatidic acid.
Transfer phosphoalcohol to the first phosphate of CTP means two phosphate are replaced by phosphoalcohol (as in the slide)
Phosphoalcohol + CTP will form CDP-alcohol
(SO that’s the way to have CDP-alcohol)
In this reaction we are breaking high energy bond, SO; high energy bond is broke when high energy bond is formed , SO we expect the delta G  is close to zero.
*The question is : how the reaction is pushed forward?
Answer: by pyruvate phosphatase,if it is continuously removed,the rxn will be favorable pushed in the forward direction forming:
CDP-diacylglycerol+inositol forms CMP+phosphatidyl inositol.
In the same way transfer of phosphocholine to ethanolamine.
so one react with choline and ethanolamine and the other with inositol.
(this is the way for the synthesis of phospholipids).
Slide #31
· Alteration of the polar head group:
From the previous reaction we had phosphatidyl ethanolamine,we will add serine . phosphatidyl serine is not produced by previous 2 manners.
The question is : how phosphatidylserine is produced?
The answer: there is no transfer of the phosphatidic acid to the serine,SO;phosphadidylserine is produced by the exchange with phosphatidyl ethanolamine.
Ethanolamine is replaced by serine(serine is an amino acid widely available in the cell exchange of polar head group)
And the product is phosphatidyl serine+ethanolamine.
NOW,to reform the phosphatidyl ethanolamine there is 2 ways:
1. Phosphorlate the ethanolamine by phosphorylation.
2. By decarboxylation of phosphatidyl serine.
· Methylation of phosphotidyl ethanolamine:

Slide#32&33
Adding methyl group needs active donor of methyl group which is: SAM(S-Adenosyl Methionine) ,which will form phosphotidyl choline. –as in the slide_
· The question is : why SAM is considered as active donor for methyl group?
The answer is : when we look at the structure of the SAM ; it contains adenosine(adenine+ribose) linked to the sulfur of methionine(contain sulfur).





BUT,there is sth unique,the sulfur forms 3 bonds and this is against nature and unstable .it can easily donate the methyl group to form another derivative called (S-Adenosyl Homocysteine) but there is CH2 ZYADEH.
[bookmark: _GoBack]Big thanks for my lovely friends 
[image: ]

Rana salih


Corrected by:


Bayan Al-yaseen 


Done by:








Date: 1/4/2014


Lecture No. : 20


Subject: biochemistry












image2.jpeg
LIVER

Glycerol
phosphate

ADIPOSE TISSUE

GLYCOLYSIS

Dihydroxyacelone

Glycerol
phosphate

Figure 16.13
Pathways for production of glycerol phosphate in liver and adipose tissue.
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