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In the last lecture we talked about linoleic acid and it is considered as an 
essential fatty acid, but what about Arachidonic acid? 
 
Essential  if linoleic acid intake is low. 
Nonessential    if linoleic acid intake is high so it can be synthesized. We 
don’t have to get it from food. But it's derived from essential acid. 

 

Now, we are going to talk about another topic ^^. 

➢ Biosynthesis of Triacylglycerol & Phosphoacylglycerol: 

First, the structure of triacylglycerol is glycerol Joined to three fatty acids by 
three ester bonds, Glycerol is 3 carbon compounds with 3 hydroxyls  
Groups, so it can form ester bond with fatty Acid, that’s why we called it 
triacylglycerol. 
Today we will talk in the first part of the lecture about synthesis of triacylglycerol 
and later we will talk about phosphoacylglycerol synthesis. 
We joined these two topics together because the structure of 
phosphoacylglycerol is very much related to triacylglycerol, in both types of 
compound ,glycerol is a backbone and they contain 2 fatty acids at carbon 
number one and carbon number two, but they differ in carbon number three , 
{in triacylglycerol it is a fatty acid thus triacylglycerol is nonpolar(hydrophobic), 
in  phosphoacylglycerol it is phosphorylated alcohol  
, therefore, phosphoacylglycerol has polar group (phosphate + alcohol)} 
Also, they share some common steps and strategies in their synthesis. 
 
See the pictures for better understanding 

 
phosphatidic acid is a common intermediate in their synthesis. It is formed from glycerol, 2 fatty 
acid + phosphate by phosphoester bond, The ionized form is called phosphatidate.  
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▪ Let’s start with the biosynthesis of Triacylglycerol:   
 
  The requirement of this biosynthesis: 
1) Glycerol Phosphate. 
 2) Acyl~CoA (Active form of FA) - produced by acyl CoA synthetase (require 2 
ATP). 

Why Active form?    TAG + H
2
O                  DAG + FA          ΔG –ve 

                                                 DAG + FA                    TAG + H
2
O        ΔG +ve 

                                                       DAG + Acyl~CoA            TAG + CoA    ΔG –ve 

Look at this reaction: 

The first reaction is an exergonic (hydrolysis), but if we want the reaction to go through the     

other way, it would be endergonic. What really happens that FA comes from acyl CoA, so 
DAG can accept acyl group to produce TAG and the energy will be provided by the cleavage 
of the high energy thioester bond. 
Q) why do we call it coenzyme A? the letter A come from acylation (it is the donor of the 
acyl group in acylation reaction) 
Acylation /Acetylation transfer of the (acyl/acetyl) group from the acyl coA  to the 
acceptor molecule 
 

  Steps of synthesis phosphatidic acid: 
  

  

    
 

  
 
 

 

1) Glycerol 3-phosphate accept acyl group from acyl CoA 
to produce(1_acyl_3_phosphoglycerol) which is known 
as lysophosphatidic acid. “FA is added to C1”. 

                  Acyltransferase: transfer of acyl group 
2)  Lysophosphatidic acid can accept one more fatty acid 

from acyl CoA to give phosphatidic acid. 
  Then we can make TAG BY: 

 1- Hydrolysis of phosphatidic acid, which is catalyzed 
by phosphatidate phosphatase to remove phosphate 
group and produce DAG.  
2- DAG can accept one more acyl group.  

Note that: • All acyl groups are transferred by acyl 

transferase. 



  TAG synthesis is active mostly in: 
 1) Liver: extra carbohydrates are Converted to TAG.  
2) Adipose tissue: storage of TAG 
 
▪ production of glycerol phosphate: 
                            Glycerol kinase 
glycerol + ATP                             glycerol 3-phosphate +ADP  
• This reaction does not occur in adipose tissues because the lack of the 
enzyme glycerol kinase. But, adipose tissue can obtain it through this reaction:

  

 
 
Dihydroxyacetone (glycolysis intermediate) get reduced (the ketone group) 
into glycerol phosphate by glycerol phosphate dehydrogenase.  
• The liver can produce TAG by both ways.          
   Production of Glycerol Phosphate  

  
 
 

In adipose tissue: 

 

✓ TAG is form about 85-90% of the volume of adipocyte. 

✓ When energy is needed → TAG will break down to 3 fatty acids and glycerol. 
Fatty acids will be transported to the plasma and used as source of energy to 
other tissue. 



 ✓ If we have glycerol kinase in adipose tissue, we will only consume Energy.  
How?? 
Glycerol that is produced by hydrolysis will be  
 rephosphorylated and give glycerol phosphate.  
In this case, synthesis and degradation occurs 
 at the same time and this represent just loss of energy 
 (7 ATP will be lost → 2 for each FA (3*2) and 1 for glycerol)  
 

✓ If there is DHAP (from glycolysis of glucose),  
there will be synthesis of glycerol phosphate.  
 
How glucose enter the adipose tissue in well fed state?  
 * In this case insulin level is high →glucose will enter to the 
 adipose tissue by GLUT4/insulin dependent →glycolysis 
 →DHAP →glycerol phosphate→with acyl CoA in the tissue  
→synthesis of TAG will take place. 
*When insulin level is low (during hypoglycemia) → hydrolysis of TAG. Glucose 
won't enter and synthesis won't occur. 
 
  One of the early diabetes diagnostic symptoms is sudden loss of weight 
because no glucose is entering the adipose tissue, because insulin is not 
there→ no TAG synthesis 
  Insulinoma: tumor that produce insulin. Patients suffering from insulinoma 
gain weight  
 
 
the biosynthesis of glycerophospholipids (phoshoglycerides, 
phosphoacylglycerol )  
 

❖ First, let’s view the constituents of phospholipids (phosphoacylglycerols): 
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The components of phosphoacylglycerol are: 

  glycerol  2 fatty acids  Phosphate  An alcohol 

Removal of the alcohol gives us a compound known as 
phosphatidic acid 



❖ Phosphatidic acid is the parent compound of the different 
glycerophospholipids and also TAGs.  
        o Its ionized form is called phosphatidate  
        o It can form ester bonds with alcohols to give different compounds. 
These alcohols can be either: 

                       Amino alcohols: serine, ethanolamine, choline (-ine from amine)  

                       Polyhydroxy alcohols: glycerol, inositol.  
       o the phosphate bonded to the alcohol is then called phosphatidyl- alcohol 
name (e.g. phosphatidyl choline)  

❖ The structures of these glycerophospholipids are related to each other. This 
DOESN’T necessarily mean that they’re converted to each other by 
modification in our bodies. 

 
 
 
 
 
 
 
                                                                                                     The doctor said that this structure is not  
                                                                                                     Required      

  
 
 
 
 
 

❖ Notice that all of these amino alcohols are positively charged (serine has both negative and positive 
charges). When they bond the phosphatidic acid (has a negative phosphate), they form amphipathic 

compounds that have both hydrophilic and hydrophobic sides. 

 بس مش غلط تشوفوه 

https://abeerk.wordpress.com/tag/%D8%AD%D9%8A%D9%88%D8%A7%D9%86%D8%A7%D8%AA/
https://creativecommons.org/licenses/by-nc-nd/3.0/
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37:20 – 50:00                                             
For example here, the phosphatidyl choline >> 
Phosphatidic acid join to choline, commonly known as 
Lecithin. 
Phosphatidyl choline has a positively charged amine 
group attached to the negatively charged phosphate 
and 2 long nonpolar chains( R1 & R2), so it acts as 
emulsifying agent ( عامل استحالب(. 
 
Space-filling model :Biochemists in order to be able to see the shape of 
 molecules they try to make models(كرات صغيرة) their size is relative to the size 
of the diameter of  the atoms, they can build up the molecules like this  
 
To the right it is hydrophobic and to the 
left there is negative charge on 
phosphate group yellow and positive 
charge on the amine shows as blue, 
(polar head and nonpolar two tails). 
 
So it can aggregate to make lipid bilayer 
and micells 
 
 ❖ Micelles are balls that have a 
hydrophilic surface and a 
hydrophobic center. 
If you try to mix oil & water they 
cant be mix(immiscible).However, 
if you add some phospholipid like 
phosphatidyl choline shake it well 
the oil will get inside the micells, 
so they can be mixed produced 
liqid milky apperance and this 
process it is called(emulsification)  استحالب . 
We can find Lecithin in some kinds of food like chocolate, powdered milk for 
emulsification(to facilitate the mixing of the fat of the milk with water). 
 

❖ Phosphatidyl ethanolamine and phosphatidyl serine are the same as 
choline with polar heads and nonpolar sides. 



                  
     Phosphatidyl ethanolamine                              Phosphatidyl serine 
 

❖ Phosphatidylinositol has a polar head due to 6 hydroxyl group OH ( very 
polar), but has no positive charge because of the lack of the amine. Also, 
phosphatidyl glycerol as well. 

      
 
phosphatidyl inositol: has a polar head, but has no positive charge because of 
the lack of the amine. Also, phosphatidyl glycerol as well. 

 

❖ We know that phospholipids are the main 
components of cellular membranes, but 
phosphatidyl choline is the main one of these. 

 
1:00:00 – 1:16:10 
Degradation of phospholipids: 
 ❖ The molecule of phospholipids has 4 ester bonds 
and is made of five components. 
❖To degrade an ester bond we need enzymes 
called phospholipases. 
 

▪ Phospholipase A1 →catalyze the hydrolysis of 
the first ester bond between Glycerol and 1st FA.  
 ▪ Phospholipase A2 →hydrolysis the ester bond 
between 2nd FA and glycerol.  
▪ Phospholipase C →catalyze hydrolysis ester 
bond between glycerol and phosphate. 
 ▪ Phospholipase D → catalyze to break the last 
ester bond between phosphate and polar 
alcohol. 
They do not act sequentially. 



❖ phospholipase A2 produces lysophosphatidylcholine, if the starting 
compound was phosphatidyl choline. (-lyso because it resulted from lysis of 
the plasma membrane). 
 

❖ Phospholipase A2 is present in 
snakes’ and bees’ venom  
 
 
 
 
(Focus on A2 & C) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



Biosynthesis of phospholipids: 
❖ We already discussed the structure of glycerophospholipids and how 
phosphatidic acid is the first intermediate in their synthesis 
 
The main principle of glycerophospholipids’ 
synthesis is the transfer of a phosphorylated 
activated alcohol to the other alcohol. This can be 
done in two possible strategies.  
1st Transfer ~(Phosphate-Alcohol1) to Alcohol2 or 
                         " Phosphorylated alcohol’’ 
 2nd Transfer ~(Phosphate-Alcohol2) to Alcohol1 . 
                                                         
                                 
                                                            Alcohol 1 (DAG)                                              Alcohol 2  
How does it work? 

 ❖ First, formation of the activated carrier by the transfer of phosphorylated 
alcohol to CTP. The goal of activation is to create a high energy bond that’ll 
produce a lot of energy when it breaks.  

 ❖ The phosphorylated alcohol is added to the first phosphate of a CTP 
molecule (it binds to the first phosphate), displacing a pyrophosphate in the 
process. Producing CDP-alcohol (the active carrier of alcohol)  
• Since in this reaction a high energy phosphodiester bond is broken and 

another high energy phosphodiester bond is formed. we expect G to be 
nearly zero.  
• To guarantee that the reaction goes in 
the forward direction, one of the 
products is continuously removed from 
the environment of the reaction. 
 • The product removed is 
pyrophosphate (phosphate #2&#3), by 
an enzyme called pyrophosphatase. 
This reaction is free irreversible. 
 
 
 
 
 
 
 
 
 



      Synthesis of Phosphatidyl Inositol 
Transfer or Phosphatidic acid to Inositol.                                                                     

→ CDP-diacylglycerol +   Inositol --→ CMP + Phosphatidyl Inositol                                                                         

Synthesis of Phosphatidyl Choline              
Transfer or Phosphocholine (Ethanolamine) to Diacylglycerol → CDP-

Choline + Diacylglycerol-→ CMP+ Phosphatidyl Choline 

 
 
 
 
 
 
 
 
 
 

 

 

NOW, How to make phosphotidylserine!! 
There is another way to it and this way known as 

Exchange of the Polar Head Group or 

alteration of poler head. The exchange 

happened btw Ethanolamine and serine.   

This happened by transfer the groups only 

and no need to energy.                             

#note : this reaction can happened on ather 

way by decarboxylation of phosphatidyl 

serine                                                                             
→                                                                  

phosphatidyl ethanolamine + serine→ Phosphatidyl 

serine + ethanolamine  

                                                    

 
 

 

 

 

This reaction is an irreversible due to 
decarboxylation = exorgonic reaction 
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❖  
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Methylation of Phosphatidyl Ethanolamine 

-WE can convert  Phosphatidyl Ethanolamine to phosphatidyl Choline by 
methylation. SO , we need a donor of methyl group. 
-SAM ( S-Adenosyl methionine)= Methyl donor 
-Addition of methyl group to ethanolamine produce Choline.       
-AS WE KNOW → methionine = a sulfar containing aminoacid. 
Also cysteine contain sulfur (SH group). 
 

 

The unusual thing in the structure of 
SAM that sulfur group  has 3 covalent 
bonds ,but normally it has 2 bonds. 
SAM→ active donor of methyl group 
because once methyl group  
transferred this donor become 
stable. 
The question is: how many SAM are 
required to produce phosphatidyl 
choline from phosphatidyl 
ethanolamine?? 
3  
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Remodeling Phospholipids: Changing the Fatty 

Remodeling Phospholipids →We can change the FA , as usual the FA at carbon 
no.2 unsaturated and when the cell need to change the fluidity of the mem. That 
modify FA at C2. 
In this reaction we have Lysophosphatydilcholine and FA added to C2 → 
Archadonic acid. 

 
 
 
 

 

This pic show unusual thing→ ether bond , and 
this bond can not hydrolysis so it’s resiste 
hydrolysis by phospholipase A1[NOT substrate 
to this enzyme]. 
 

Ether bond 

 
 

Also this compound is ether 
glyderophospholipids. 
This compound show to me that phospholipid 
not just mem.componant also it’s an signal 
molecule that activate platelet for aggregation 

Acytel group 
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Surfactant Action of Phospholipids 

 

Phospholipid can able to form lipid bilayer, so can able to reduce surface tension. 
Surface tension reduction→that mean reduce hydrogen bond [ that make water molecule 
adhesion to each other when it as form of droplet (spherical shape).] 
In presence of phospholipids that will bind to thin layer of water→lead to decrease surface 
tension. 

• In lung [alveolus]→inspiration + expiration ,it has water and this water molecule 
spread all over the surface due to Surfactant Action(easily to be deflated and 
inflated) :1-during expiration→ decrease size of alveolus[air leave it]   2-during 
inspiration→ alveolus inflated again   ………….. 

• without Surfactant alveolus become collapse by expiration (in right most of the 
figure)→ difficult  to re-inflate. 

• When this Surfactant start produce?? In the last few week of pregnancy.[if the baby 
born before complete the maturation  lung , they will suffer respiratory stress. 
 

 

This structure for phosphatydilinositol4,5-bisphosphate → 2 
phosphate groups added to inositol by ester bond. 
If phospholipase C are present here will cleavage the bond 
btw phosphate group and glycerol. 



jj

 
 
 
 
 
 
 
 
 
 
 

The End 

This Photo by Unknown Author is licensed under CC BY-NC  

This reaction happened in response to hormonal signals → these hormones 
activate phospholipase C that hydrolysis the ester bond btw phosphate group 
and glycerol producing  Diacyglycerol and Inositol1,4,5-trisphosphate. 
NOW , the function of these products  

1- Diacyglycerol → activation of protein kinase C. for Ca++ 
2- Inositol1,4,5-trisphosphate→ also bind to Ca channel in the cell cause 

release of Ca from intracellular stores into CYTOPLASM 
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