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Metabolism  
The Transformation of Energy 

Cells Can’t Eat 
Hamburgers 



 
How Does the Body Fuel Metabolism 

Metabolism (from Greek: metabolē, "change") is the 
set of life-sustaining chemical transformations within 

the cells of living organisms.  

 

Disassembles 
macronutrients 

Builds new 
compounds 

Transforms 
compounds 
to adenosine 
triphosphate 
(ATP) 

http://en.wikipedia.org/wiki/Greek_language
http://en.wikipedia.org/wiki/Life
http://en.wikipedia.org/wiki/Chemical_reactions
http://en.wikipedia.org/wiki/Organisms


The word metabolism can also refer to  

 

• All chemical reactions that occur in 
living organisms, including digestion 
and the transport of substances into 
and between different cells. 

 
 



• The chemical reactions of metabolism are organized 
into metabolic pathways, in which one chemical is transformed 
through a series of steps into another chemical, by a sequence 
of enzymes.  

 

• Enzymes are crucial to metabolism because they allow organisms 
to drive desirable reactions that require energy that will not occur 
by themselves, by coupling them to spontaneous reactions that 
release energy.  

 

• Enzymes act as catalysts that allow the reactions to proceed more 
rapidly. 

•  Enzymes also allow the regulation of metabolic pathways in 
response to changes in the cell's environment or to signals from 
other cells. 

 

http://en.wikipedia.org/wiki/Metabolic_pathway
http://en.wikipedia.org/wiki/Enzyme
http://en.wikipedia.org/wiki/Energy
http://en.wikipedia.org/wiki/Coupling_(physics)
http://en.wikipedia.org/wiki/Spontaneous_process
http://en.wikipedia.org/wiki/Catalysis
http://en.wikipedia.org/wiki/Control_theory
http://en.wikipedia.org/wiki/Cell_(biology)
http://en.wikipedia.org/wiki/Cell_signaling


Metabolism is usually divided into two 
categories 

• Catabolism, that breaks down organic 
matter and harvests energy by way 
of cellular respiration.  

• Anabolism that uses energy to construct 
components of cells such as 
proteins and nucleic acids. 

 

http://en.wikipedia.org/wiki/Catabolism
http://en.wikipedia.org/wiki/Cellular_respiration
http://en.wikipedia.org/wiki/Anabolism
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Nucleic_acid


Types of Metabolic Reactions 



Generation of energy from carbohydrates, proteins, and fats 
 

• Anaerobic metabolism 
– Produces more ATP per minute 

– Limited in use, provides only 1–1.5 minutes of maximal 
activity 

– Involved in high-intensity, short-duration activities, e.g., 
sprinting, heavy weight lifting 

• Aerobic metabolism 
– Produces less ATP per minute 

– Is able to produce ATP indefinitely 

– Involved in low-intensity, long-duration activities 

– When demand for ATP is greater than the rate of 
metabolism the activity slows down 

 

 

 



The Metabolic Fate of Food 



How Does Protein Provide Energy? 

• Amino acids  

–Primary use/most important function is 
building protein 

– If the amino acid is not used to build protein 
the amine group must be removed through 
deamination 

– Excess can be used for energy production, 
converted to glucose, or stored as fat 

–Used, in a limited extent, for energy in diets 
low in kilocalories and/or carbohydrate 



Ketogenic verses Glucogenic Amino Acids 

• Ketogenic amino acids  
– Leucine 
– Lysine 

• Both ketogenic and glucogenic amino acids  
– Isoleucine 
– Tryptophan 
– Phenylalanine 
– Tyrosine 

• Glucogenic amino acids  
– The fourteen other amino acids 
– Major source of blood glucose when the diet is lacking in 

carbohydrate 
 



Fats to Energy 

• Dietary fat (triglycerides) yields six times more 
energy 

• Triglycerides  

–Glycerol backbone 

– Three fatty acids 

– Stored in adipose tissue 

• Glycerol and fatty acids can be used for fuel 

• Glycerol produces little energy 



Fatty Acids and Glycerol 

• Glycerol 

• In the liver  

– Converted to glucose through gluconeogenesis 

– Enters glycolysis to produce ATP and pyruvate 

– Glucogenic – can be transformed to glucose 

• Fatty acids 

– Ketogenic – can be transformed to ketone bodies 

– Ketones are the backup fuel for brain and nerve 
function when glucose is limited. 



Carbohydrates to Energy 

• Carbohydrate metabolism is the backbone of 
energy production 

• Glucose  
– Important energy source for the brain and red blood 

cells 
– Generates energy anaerobically and aerobically 
– Transforms to energy via four metabolic pathways  

• Glycolysis 

• Intermediate reaction pyruvate to acetyl CoA 

• Tricarboxylic acid (TCA) cycle  

• Electron transport chain 



Glycolysis 

• Breakdown of glucose 

• First step in forming ATP from glucose 

• Takes place in the cytosol of the cell 

• Ten-step catabolic process 

• One six-molecule glucose process to two 
three-carbon molecules of pyruvate and 
two molecules of ATP 



The Fate of Pyruvate 



Where Do the Macronutrients Come Together? 

• Acetyl CoA  

–“Gateway” molecule for aerobic 
metabolism 

–Carbohydrates, proteins, and fat all 
eventually converted to Acetyl CoA 

–Alcohol also converted to acetyl CoA 

–Macronutrients enter the TCA cycle as 
acetyl CoA 



The Tricarboxylic Acid (TCA) Cycle 
 

• Gathers electrons from the carbons in 
the energy nutrients 

• Transfers stored energy to two 
coenzyme hydrogen ion carriers to be 
released in the electron transport chain 

• One molecule of acetyl CoA enters the 
TCA cycle at a time 



The Tricarboxylic Acid Cycle 

• Each cycle produces  

–Two carbons that are lost to CO2 

–Eight hydrogen atoms and their electrons 

–Small amount of energy as GTP 

• Provides the starting material for 
creating nonessential amino acids 
through transamination 



The transfer of an amino group from 

one amino acid to an alpha-keto acid 

to form a new nonessential amino acid  

Transamination 



Transamination 



The TCA Cycle 



The Electron Transport Chain 

• Final stage of metabolism  

• when electrons are transferred from one 
complex to another, resulting in the 
formation of ATP and water 

• Generates 90% of the ATP used by the body 
for energy, growth, and maintenance 

• Takes place in the inner mitochondrial 
membrane of the cell 



The Electron Transport Chain 



Adenosine Triphosphate (ATP) 
• A high-energy molecule composed of adenine, ribose, 

three phosphate molecules 

 

 

 

 

• Energy is stored in the bonds that connect the 
phosphate groups 

• Only source of energy used directly by the cell 

• The body must continually produce ATP to provide a 
constant supply of energy 

 



ATP to ADP (Adenosine Diphosphate) 



Glucose Anabolism 

• Glycogenesis - conversion of glucose to 
glycogen; stimulated by insulin 

• Glycogenolysis - hydrolysis of glycogen to 
form glucose; stimulated by glucagon 

• Gluconeogenesis - synthesis of glucose 
from non-carbohydrates such as fats and 
amino acids 



How Does the Body Metabolize Alcohol? 

• Alcohol  

–Contains 7 kilocalories per gram 

–Absorbed directly through the stomach 
mucosa and intestinal lining 

–Metabolized by the liver, about half an 
ounce per 1.5 hours 

–Excess stored as fat in the adipose tissue 
and liver 



The Metabolism of Alcohol 



Copyright 2009, John Wiley & Sons, Inc. 

Minerals 
 –Inorganic elements that occur 

naturally in Earth’s crust 

–Eat foods that contain enough 
calcium, phosphorus, iron and iodine 

–Excess amounts of most minerals are 
excreted in urine and feces 

–Major role of minerals to help 
regulate enzymatic reactions 



Copyright 2009, John Wiley & Sons, Inc. 

Vitamins 
 – Organic nutrients required in small amounts to maintain 

growth and normal metabolism 

– Do not provide energy or serve as body’s building materials 

– Most are coenzymes 

– Most cannot be synthesized by the body 

– Vitamin K produced by bacteria in GI tract 

– Some can be assembled from provitamins 

– No single food contains all the required vitamins 

–2 groups 

• Fat-soluble – A, D, E, K 

• Water-soluble – several B vitamins and vitamin C 



Metabolic Specialization of 
Organs 



Brain 
• Glucose is the primary fuel for the brain 

• Brain lacks fuel stores, requires constant supply of 
glucose 

• Consumes 60% of whole body glucose in resting 
state. Required to maintain Na and K membrane 
potential  of nerve cells 

• Fats can’t serve as fuel because blood brain barrier 
prevents albumin access.  

• Under starvation  ketone bodies can be used. 

 



Muscle 
• Glucose, fatty acids and ketone bodies are fuels for muscles 

• Muscles have large stores of glycogen (3/4 of body glycogen in 
muscle) 

• Muscles do not export glucose (no glucose-6-phosphatase) 

• In active muscle glycolysis exceeds citric acid cycle, therefore 
lactic acid formation occurs 

• Cori Cycle required Muscles can’t do urea cycle. So excrete 
large amounts of alanine to get rid of ammonia (Glucose 
Alanine Cycle) 

• Resting muscle uses fatty acids to meet 85% of energy needs 

 

 

 



The Cori Cycle 





Heart Muscle 

• Heart exclusively use aerobic metabilosm and 
has no glycogen stores. 

• Fatty acids are the hearts primary fuel source. 
Can also use ketone bodies. 



• Is the most metabolically active organ in the body 

• First organ to metabolize, store, and distribute 
nutrients after absorption 

• Proteins, carbohydrates, and fats are absorbed 
as: 

– Amino acids 

– Monosaccharides 

– Glycerol and fatty acids 

Liver 



Liver 

• Major function is to provide fuel for the 
brain, muscle and other tissues 

• Metabolic hub of the body 

• Most compounds absorb from diet must first 
pass through the liver, which regulates blood 
levels of metabolites 

 

 



Liver: carbohydrate metabolism 

• Liver removes 2/3 of glucose from the blood 

• Glucose is converted to glucose-6-phosphate 
(glucokinase) 

• Liver does not use glucose as a fuel. Only as a 
source of carbon skeletons for biosynthetic 
processes.  

• Glucose-6-phosphate goes to glycogen (liver 
stores ¼ body glycogen) 

 

 



Liver: lipid metabolism 
• Excess glucose-6-phosphate goes to glycolysis to form 

acetyl-CoA 

• Acetyl-CoA goes to form lipids (fatty acids cholesterol) 

• Glucose-6-phosphate also goes to PPP to gnerate 
NADH for lipid biosynthesis 

• When fuels are abundant triacylglycerol and 
cholesterol are secreted to the blood stream in LDLs. 
LDLs transfer fats and cholesterol to adipose tissue.  

• Liver can not use ketone bodies for fuel. 

 



Liver: protein/amino acid metabolism 

 • Liver absorbs the majority of dietary amino 
acids. 

• These amino acids are primarily used for 
protein synthesis 

• When extra amino acids are present the liver or 
obtained from the glucose alanine cycle amino 
acids are catabolized  

• Carbon skeletons from amino acids directed 
towards gluconeogenesis for liver as fuel source 

 

 



Adipose Tissue 

• Enormous stores of Triacyglycerol 

• Fatty acids imported into adipocytes from 

chylomicrons and VLDLs as free fatty acids  

• Once in the cell they are esterified to 

glycerol backbone. 

• Glucagon/epinephrine stimulate reverse 

process 

 





Well-Fed State 

• Glucose and amino acids enter blood stream, 
triacylglycerol packed into chylomicrons 

• Insulin is secreted, stimulates storage of fuels 

• Stimulates glycogen synthesis in liver and 
muscles 

• Stimulates glycolysis in liver which generates 
acetyl-CoA for fatty acid synthesis 

 

 



Early Fasting State 
• Blood glucose levels begin to drop, glucagon is secreted 

• Stimulates mobilization of fuels 

• Stimulates glycogen breakdown in liver and glucose is released 
to the blood stream 

• Glucose is not taken up by muscle tissues but used primarily to 
fuel the brain 

• Glucagon stimulates release of fatty acids from adipose tissues 
and the shift of muscle fuel from glucose to fatty acids.  

• GLuconeogensis is stimulated in liver, glucose made from carbon skeletons 
coming from TAG and amino acid catabolism. New glucose exported to 
bloodstream 

 

 



Refed State 

• Liver initially does not absorb glucose, lets 
glucose go to peripheral tissues, and stays in 
gluconeogenesis mode 

• Newly synthesized glucose goes to replenish 
glycogen stores 

• As blood glucose levels rise, liver completes 
replenishment of glycogen stores.  

• Excess glucose goes to fat production.  

 

 



Metabolism Adapts during Feasting or Fasting 



Free Radicals 
• Charged molecules that become oxidized 

by combining with oxygen or the removal 

of hydrogen, causing electron deficiency.   

• seek to regain the electron by removing it 

from other molecules, thus oxidizing them.   

• set up a chain reaction that may damage 

cell structures such as DNA, cell 

membranes, or needed enzymes.   



• Free radicals may be produced by 

normal metabolic processes, 

•  the immune system in response to 

disease, exposure to chemicals, toxins, 

or radiation.  

•  Free radical generation may be 

increased by exercise and stress.  



Antioxidants 

• have a protective effect by neutralizing 

free radicals.   

• best known antioxidants are Vitamin C, 

Vitamin E, and beta carotene.   

• proper number, types, and balance of is 

an important part of nutrition. 



What Are Inborn Errors of Metabolism? 

• Genetic conditions in which an individual 
lacks an enzyme that controls a specific 
metabolic pathway 

• Results in the buildup of toxins 

• Cannot be cured 

• Can be controlled through diet 



What Happens if You Eat  
Too Much or Too Little 

 

• Metabolism adjusts  

–Anabolic reactions store excess 
kilocalories as glycogen and adipose 
tissue 

–Catabolic reactions  use glycogen, adipose 
tissue, and proteins for energy  



If You Don’t Eat Enough 

• With continued fasting  
– Ketone bodies from fatty acids used as an alternative 

fuel source 

– Ketogenesis peaks three days into fasting or limited 
carbohydrate intake 

• Ketoacidosis, often seen in type 1 diabetics, can 
result from a build-up of excess ketone bodies in 
the blood and cause  
– Impaired heart activity 

– Coma 

– Death 



Energy Drinks: Can They Alter Metabolism? 
 

• Main ingredient is caffeine 
–Promotes lipolysis 
–Overall excess can cause 

negative 
    health effects : 

• Elevated heart rate and blood 
pressure 

• Anxiety ,Diminished ability to 
concentrate 

• Insomnia 

Limit 

caffeine 

intake to no 

more than 

300 

milligrams 

per day 



Energy Drinks: Can They Alter Metabolism? 

• Mixing energy drinks with alcohol doubles  

–Risk of injury 

–Need for medical attention 

–Driving with intoxicated drivers 



Confused about what to eat? 
 Eat more fresh food! 

 

• Eat local food when you can! 

 

• Complex carbs, balanced  

 wit protein and healthy fats. 

 

• Reduce animal fats and refined sugar. 



Copyright 2009, John Wiley & Sons, Inc. 

MyPyramid 



SUMMARY 

• Metabolism – process by which living 
systems acquire and use free energy to carry 
out vital processes 

• Catabolism (degradation) 
– Nutrients and cell constituents are broken down 

for salvage and/or generation of energy 

– Exergonic oxidation 

• Anabolism (biosynthesis) 
– Endergonic synthesis of biological molecules 

from simpler precursors 

– Coupled to exergonic processes through “high-
energy” compounds 

 



• Role of Metabolism in Nutrition 

 

• Definition:  the sum of all biochemical changes that take 

•   place in a living organism. 

 

• Group these reactions into two types:   

 

•   anabolic                   catabolic 

 
• Reactions:    require energy          release energy 

 

• Produce:      more complex          more simple compounds 

•   compounds 

• Modus 

• Operandi:    Occurs in small steps, each of which is controlled 

                            by specific enzymes. 

 



Relationship Between Catabolic 

and Anabolic Pathways 
• Catabolic pathways  

– Complex metabolites are transformed into simpler 
products  

– Energy released is conserved by the synthesis of 
ATP or NADPH 

• Anabolic pathways  

– Complex metabolites are made from simple 
precursors  

– Energy-rich molecules are used to promote these 
reactions  

 



• How do we employ energy? 

  

    MECHANICAL- muscle contraction 

 

    ELECTRICAL- maintaining ionic gradients 

     (e.g., Na-K ATPase; 70% of 

                 ATP used by kidney & brain 

      used to maintain gradient) 

 

 CHEMICAL-   biotransformation of  

           molecules (e.g., synthesis 

           degradation, metabolism) 

 



THANK U 


