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Lipid transport & Storage
• When a human eat a meal, excess calories are ingested in the anabolic phase

of the feeding cycle, followed by a period of negative caloric balance when the
organism draws upon its carbohydrate and fat stores.

• Lipoproteins mediate this cycle by transporting lipids from the intestines as
chylomicrons—and from the liver as very low density lipoproteins (VLDL)—to
most tissues for oxidation and to adipose tissue for storage.

• Abnormalities of lipoprotein metabolism cause various hypo- or
hyperlipoproteinemias.

 Fatty Acids can be Transported in the Blood as Free Fatty Acids (FFA)

▪ Long chain unesterified FA are combined with other proteins like Albumin.

▪ Short chain FA can be transported freely as anion.
 Most of fatty acids transported as esterified form in lipoproteins.

▪ TAG

▪ CE



Overview of Fatty Acid Synthesis 

Note:

fatty acids synthesize from 
acetyl CoA by lipogenesis 
process

And we talk in previous 
lecture about fates of FA  as 
they are explained in figure.



Fatty Acid Activation and Transportation to the 
Mitochondria

• For oxidation, fatty acids with carbon chains more than 14 carbons need activation

before passing through the mitochondrial membrane.

• Free fatty acids obtained from diet or which are stored in the adipocytes are

mainly 14 carbons or more in length.

• Fatty acids having ≤12 carbons can surpass activation and can easily pass through

the mitochondrial membrane.

• The carnitine shuttle is responsible for transferring long-chain fatty acids across

the barrier of the inner mitochondrial membrane to gain access to the enzymes of

-oxidation.

• Impaired Oxidation of Fatty Acids Gives Rise to Diseases Often Associated with

Hypoglycemia



• (record)

- Fatty acids have to undergo to beta oxidation process to 
produce energy , but FA with more than (12-14) carbon 
can’t pass by mitochondrial membrane ,so they need 
activation process.

- Fatty acids having ≤12 carbons can surpass activation 
and can easily pass through the mitochondrial 
membrane. 

- We will talk in next  figure about movement of FA “ to 
produce Acetyl CoA” from outer membrane to matrix of 
mitochondria for beta oxidation which occurs in 
mitochondria to produce energy.  



Carnitine
is widely distributed and is
particularly abundant in muscle.

Deficiencies in Carnitine: Deficiencies in
carnitine lead to an inability to transport
fatty acids into the mitochondria for
oxidation. This can occur in newborns and
particularly in pre-term infants. Carnitine
deficiencies also are found in patients
undergoing hemodialysis or exhibiting
organic aciduria. Carnitine deficiencies
may general symptoms or may be limited
to only muscles. Symptoms can range from
mild occasional muscle cramping to severe
weakness or even death.

Treatment is by oral carnitine
administration.

(CPT1)

(Mitochondrial Matrix)

(CPT2)

بالتفصيلوحنشرحهاالصورة مهمه 



• (record) : Fatty acid metabolism :

-in beginning , thiokinase enzyme converts FA to Acyl CoA which is 

intermediate of FA and this process need ATP.

Then, Acyl CoA will enter to intermembrane space through shuttling 
system called CPT1 , after that Acyl CoA will bind with carnitine 
“which is transported to the intermembrane space by translocase 
enzyme” and they will form Acylcarnitine, then acylcarnitine
translocase enzyme will transfer acylcarnitine from intermembrane 
space to the mitochondrial matrix .

-in the matrix we have another enzyme which called (CPT2) which 
converts Acylcarnitine to carnitine + Acyl CoA.

- Acyl CoA will enter different steps of beta oxidation to produce 
energy and carnitine will go again to intermembrane space to 
combine with another acyl CoA …. Cont (cycle) 

- So ,acyl CoA can’t enter alone from intermembrane space to the 
mitochondrial matrix. 



❑ Inherited CPT-I deficiency affects only the liver:

➢ Reduced fatty acid oxidation and 
ketogenesis

❑CPT-II deficiency affects primarily skeletal muscle 
and, when severe, the liver. 

❑The sulfonylurea drugs (glyburide [glibenclamide]
and tolbutamide), used in the treatment of type 2
diabetes mellitus, reduce fatty acid oxidation and,
therefore, hyperglycemia by inhibiting CPT-I.



Oxidation 

Hydration

Thiolysis

Oxidation 

16 carbon

ATP per Carbon
FFA: 129/16= 8 ATP
Glucose: 38/ 6= 6.3 ATP

Energy Yield in -oxidation
(C2) acetyl CoA    8 * 12 = 96
# of oxidation rounds = 7, last acetyl coA
will be degraded. 
NaDH 7 * 3 = 21
FaDH2  7*2  =14

Total: 131 

In first step by the action of thiokinase 
require 2 ATP, so 
131 – 2 = 129 total ATP result from FFA 
oxidation. 

Note :
we will 
explain 
figure 
then 

number



• (RECORD )

• B-oxidation : multi steps process it has 

different reaction ( oxidation , hydration , 
oxidation and thiolysis) for produce many 
hydrogen carriers that will use to provide ATP 
sources.

- In beginning, there is fatty acid CoA contains 
alpha carbon (carbon 2) and beta carbon ( 
carbon 3), the first reaction will occur is 
oxidation ,there will be add of Hydrogen to 
FAD and form FADH2 and convert fatty acyl 
CoA to trans-2-Enoyl CoA

- then will occur hydration ( addition of H2o) to 
carbon 3 this will form 3-hydroxycl CoA , then 
will occur oxidation , addition of H to NAD and 
form NADH and synthesize 3-ketoacyl CoA.

Oxidation 

Hydration

Oxidation 

Thiolysis



- (RECORD “cont.. “)

- Finally , Thiolysis “ adding CoA”  then cleavage 
from middle carbon atom and synthesize of 
Acetyl CoA + fatty acyl CoA .

- Note : 

This process involve produce FADH ,NADH which 
will get ATP.

NADH= 3ATP

FADH = 2ATP



(record) “ about energy yield” 
- If we want compare between energy yield from glycolysis and energy 

from B-oxidation of FA:

• If we have fatty acid with 16 carbon , acyl CoA contain 2C  so we will 
have 8Acyl CoA , so energy= 8*12= 96 

- How we can determine number of cycles?

Cycles = Acyl CoA – 1 

= 8-1 =7 “ because the last one will be degradated so we minus it 
”

Each cycle involve produce NADH, FADH

Energy from NADH= 7*3=21

From FADH = 7*2= 14

Total = 96+ 14+ 21 = 131 ATP

In first step “ action of ATP “ consume 2ATP so , total be 129



(record)

• ATP per Carbon

• FFA: 129/16= 8 ATP

• Glucose: 38/ 6= 6.3 ATP

* If we compare between ATP per carbon  FFA and glucose 
, FFA give more ATP per carbon than glucose. 



KETOGENESIS OCCURS
WHEN THERE IS A HIGH
RATE OF FATTY ACID
OXIDATION IN THE LIVER

❑ Ketosis is mild in
starvation but severe in
diabetes mellitus



(record)

* Now we will talk about ketogenesis process.

*KETOGENESIS OCCURS WHEN THERE IS A HIGH RATE OF FATTY ACID OXIDATION 

IN THE LIVER, like in starvation , diabetic mellitus patients produce energy from 

ketogenesis.

• Explain of figure:

-fatty acyl CoA will undergo thiolase and form acetoacetyl 
CoA, then HMG synthase enzyme will convert acetoacetyl 
CoA to HMG CoA, then HMG CoA lyase will convert HMG 
CoA to Acetoacetate which can give acetone or 3-
hydroxybutyrate by dehydrogenase .

• Note :

- Keto compound cause acidosis .

- Acetone has fruity odor



• (record) :

- There is similarity between 
structure of HMG CoA and 
statin (pravastatin) , so statin 
used as   cholesterol 
lowering drug by act as 
competitive inhibitor .

- Statin inhibit HMG CoA 
reductase enzyme by 
prevent binding it with HMG 
CoA  and this will prevent 
synthesize of cholesterol.





(RECORD)

• In diabetic ketosis there is low 
insulin , high glucagon level , 
high lipolysis machinery , high 
FFA in plasma , high hepatic 
output of ketobodies all of 
these will lead to ketoacidosis.



Lipid Transport & Storage
The major function of lipoprotein is to transport dietary lipids from intestine to adipose, 
skeletal muscles and cardiac muscle tissue.

Recognition sites for cell surface receptor and serving as activator or coenzymes for 
enzymes involve in lipoprotein activation. 

- Since fat is less dense than water, the density of a lipoprotein decreases as the
proportion of lipid to protein increases. (important)



( record) :

-Lipid transport / storage
- The major function of lipoprotein is to transport dietary lipids from 

intestine to adipose, skeletal muscles and cardiac muscle tissue.

- There are different lipoproteins :

• Chylomicrons ( bigger in size, lower in density ) , 99% lipid and 1% 
proteins.

• VLDL ( very low density lipoprotein) : 92% lipid , 8% protein.

• LDL : 80% lipid , 20% protein 

• HDL : 50% lipid , 50% protein . 

-Since fat is less dense than water, the density of a lipoprotein 
decreases as the proportion of lipid to protein increases. 
(important)



Major component of these 
lipoproteins , all of them 
contain protein and lipid 

“lipid can be TG or 
cholesterol or 
phospholipid.”

Four Major Lipid Classes Are Present in Lipoproteins
1. Triacylglycerols (16%).
2. Phospholipids (30%).
3. Cholesterol (14%).
4. Cholesterylesters (36%) .
5. Smaller fraction of unesterified long-chain fatty acids (4%).

the free fatty acids (FFA), are metabolically the most active of the plasma lipids.



Since fat is less dense than water, the density of a lipoprotein decreases as the
proportion of lipid to protein increases.

B

A



• (record “ about table”) :
- These lipoproteins are different in percentage of lipid 

and protein , the density of lipoprotein decreases as the 
proportion of lipid to protein increases.

- Each lipoprotein has specialized surface receptor 

( chylomicron : c-III E , chylomicron remnants : B-48,E …… )



Lipoproteins Consist of a Nonpolar Core & a Single Surface 
Layer of Amphipathic Lipids





• The protein moiety of a lipoprotein is known as an apolipoprotein or apoprotein, constituting 
nearly 70% of some HDL and as little as 1% of chylomicrons.

• Some apolipoproteins are integral and cannot be removed, whereas others are free to 
transfer to other lipoproteins.

• The lipid components of lipoproteins are insoluble in water. However, because of their
detergentlike (amphipathic) properties, apolipoproteins and other amphipathic molecules
(such as phospholipids) can surround the lipids, creating the lipoprotein particle that is

itself water-soluble, and can thus be carried through water-
based circulation (i.e. blood, lymph).

• Apolipoproteins also serve as enzyme cofactors, receptor ligands, and lipid transfer carriers
that regulate the metabolism of lipoproteins and their uptake in tissues





TRIACYLGLYCEROL (TAG) is transported from the intestine in 

chylomicrons (C), and transported from the liver in VLDL





30%

70%







HDL2 is inversely related to the incidence of atherosclerosis.

A-I

Disk shape to spherical shape in the circulation
Apoprotein A-I is the major apoprotein associated with HDL and is necessary LCAT


