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Lecture 15 

Ch. 26: Lipid Metabolism 
Sections 4-6: Ketosis, Fatty Acid 

Synthesis and Diet  

Ketone Bodies 
•! Is the process by which the liver 

converts excess acetyl-CoA into a 
group of compounds known as ketone 
bodies 
–! Acetoacetate 
! !!-hydroxybutyrate 

–! Acetone 
•! These compounds are released in the 

blood for use as metabolic fuel for 
other tissues performing aerobic 
respiration 
–! Acetoacetate and !-hydroxybutyrate 

get converted into acetyl-CoA 

Synthesis of 
Ketone Bodies 

Ketone Body Production 
•! During prolonged starvation ketone bodies provide ~70% of the brain’s energy 

requirements 
•! The kidney’s excrete ~20 mg of ketone bodies/day 
•! Normal blood levels are maintained at 1mg/100ml 

•! During starvation or 
diabetes the rate of 
fatty acid oxidation 
increases, which leads 
to an increase in 
acetyl-CoA 
concentration 

•! However, problems 
arise when the excess 
cannot be oxidized by 
the Krebs cycle 

Ketosis 

•! Arises when the rate of ketone body production is too 
high for other tissues to utilize, the excess accumulates 
in: 
–! The blood (ketonemia - concentrations greater then 3mg/dL) 
–! The urine (ketonuria) 

•! The accumulation of acetoacetate and !-
hydroxybutyrate, which are weak acids causes a drop in 
the pH of the blood, leading to a condition known as 
acidosis 
–! Interferes with the transport of O2 by hemoglobin  

Acidosis 

•! People with this condition become dehydrated, because 
the kidneys are trying to excrete the acid 

•! Untreated patients may go into a comma 

•! Acetone is volatile, 
therefore the acetone 
that reaches the lungs 
is expelled in the 
breath  
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Acetyl-CoA in Mammals 

•! In mammals, Acetyl-CoA derived from FA oxidation 
cannot be used to make glucose, but glucose can be 
used to make fatty acids and it is all because the 
below reaction is irreversible 

Lipoic Acid 
TPP, FAD 

Pyruvate Dehyrogenase Complex  

Factors That Lead to Fatty Acid 
Synthesis 

•! When the body ingests more carbohydrate than it 
needs for energy or glycogen synthesis, the excess is 
converted to fatty acids via Acetyl-CoA 

•! Fatty Acid Synthesis is similar to !-oxidation, but 
differs in the initial key regulatory step 

•! In humans, the liver is the major site of fatty acid 
synthesis   

Acetyl-CoA Activation 
•! Acetyl-CoA obtained from fatty acid or glucose catabolism 

is converted to the 3 carbon unit: Malonyl-CoA 
•! This reaction is irreversible and the enzyme is regulated 

by insulin or glucagon & epinephrine 

Biotin 

ACP Instead Of CoA 
•! In mammals, all of the enzymes needed to synthesize fatty acids 

from acetyl-CoA and malonyl-CoA are components of a single 
multifunctional protein known as fatty acid synthase 

•! To initiate fatty acid synthesis one acetyl-CoA and one malonyl-
CoA are each attached to separate acyl-carrier proteins (ACP), 
loosing CoA in the process 

ACP!

CoA!

CoA!

ACP! CoA!

ACP!

CoA!

CoA!

Fatty Acid Synthesis 

•! Two carbon units are brought in through malonyl-CoA  

These reactions 
are repeated, 
building the fatty 
acid 2Cs at a time 

ACP!

The Overall Reaction 

•! The overall reaction for the synthesis of palmitic acid (16 C) 
is: 

    8 Acetyl-CoA  +  7 ATP  +  14 NADPH  +  7 H+ 
   C16H32O2  +  14 NADP+  +  8CoA  +  7 ADP  +  7Pi 

•! In subsequent reactions palmitic acid can be shortened, 
elongated or oxidized to lead to the diversity in FA found in 
the body 

•! Synthesis of FA can be used to provide immediate energy or 
can be stored as triglycerides 
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Comparing Synthesis & Degradation 

Oxidation Synthesis 
Occurs in Mitochondria Occurs in Cytosol 

Carbons removed two at a time Carbons added two at a time 

Enzymes are separate proteins Enzymes are part of a single 
multienzyme complex 

Intermediates are bound to CoA Intermediates are bound to ACP 
Coenzymes involved are FAD & NAD+ 

(Coenzymes are being reduced) 
Coenzyme involved is NADPH 
(Coenzymes are being oxidized) 

Preferred Fuels of Various Tissues 
In a normal individual certain organs use both glucose and 
fatty acids in varying degrees 

Active skeletal muscle - use 
primarily glucose (or glycogen) 
for immediate needs, but during 
fasting and prolonged exercise 
fatty acids are used 

Cardiac muscle use primarily 
fatty acid, but will also use ketone 
bodies, lactate and glucose 

The brain uses primarily glucose, 
but will also use ketone bodies 

The liver uses primarily fatty 
acids 
The kidneys & adipose 
tissue use both fatty acids 
and glucose 

Red blood cells and the eyes 
can only use glucose because 
they lack mitochondria and 
therefore cannot obtain energy 
via oxidative phosphorylation 

Obesity 

•! In the US ~97 million adults, which is ~55% of the 
population, are overweight or obese 

•! People who are overweight have increased risks of 
developing: 
–! High blood pressure 
–! Type 2 diabetes 
–! Coronary heart disease 
–! Stroke 
–! Gallbladder disease 
–! Breast, prostate, and colon cancers 

•! Obesity is now the 2nd leading cause of preventable death 
in the US 

Weight Gain 

•! Is caused by eating more food than your body can 
use as fuel  
–! The excesses food (calories) is simply stored as fat 

•! Obesity is a chronic disease that develops because 
of the interaction of social, behavioral, cultural, 
physiological, metabolic, and genetic factors 

Two Current Theories 

•! There are two current theories as to why people have difficulty loosing 
or maintaining weight loss 

•! Set Point Theory - Weight is centrally controlled by the brain, signals 
are sent subconsciously to adjust an individuals metabolic rate and 
behavior to maintain a particular set weight  

•! Settling Point Theory suggests that we maintain a particular weight 
when the various metabolic feedback loops are in equilibrium with our 
environment, but when this equilibrium is upset those individuals who 
have more genetic risk factors become obese 

Loosing Weight 

•! What is the best method for loosing weight? 
–! A combined program of  

•! Behavioral therapy 
•! A low calorie diet  
•! Exercise 

•! Weight loss or gain is based on the law of conservation of 
energy 

•! One pound of fat is deposited in adipose tissue for every 
3500 kcal in excess of the body’s requirement 

•! People who go on unbalanced diets develop nutritional 
deficiencies: Iron, calcium, potassium 
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Fad Diets 

•! Atkins Diet: Excludes carbohydrates 
–! Initially loose weight because glycogen stores are depleted 
–! Problem:  The brain runs on glucose, so when carbohydrates are 

missing muscle is broken down to amino acids that can be fed into 
the gluconeogenesis pathway  

•! Some gimmick diets operate by use of diuretics, the 
person just ends up dehydrated 

•! Other diets prevent dietary fats from being absorbed, Alli 
or Xenical (generic name orlistat) 

Overview 


