
LECTURE 7: METABOLISM 

 OVERVIEW                   

 In order for our body to maintain homeostasis and do work, it needs to 

breakdown organic molecules to extract energy from them and it needs to 

synthesize new molecules to support maintenance, growth and repair.  

Metabolism is the sum of all chemical reactions in the body's cells to 

support life and maintain homeostasis.  Series of chemical reactions 

known as metabolic pathway occur within cell.   Via metabolic pathways 

cells continuously breakdown organic molecules to extract energy from 

them, and then use this energy to do work and synthesize new organic 

molecules, maintain homeostasis, muscle contraction and other function.  

In general metabolism may be divided into two categories: catabolism; 

and anabolism.  

 Catabolic reactions break down organic substrates to release energy i.e. 

catabolic reactions breakdown large complex molecules into smaller and 

simpler molecules, for example breakdown of glucose to two pyruvic 

acids. 

 Anabolic reactions use energy to form new chemical bonds, and 

formation of new chemical bonds means synthesis of new organic 

molecules i.e. anabolic reactions assemble large complex molecules  

from small simple molecules (for example to synthesize DNA, RNA, 

protein).   

 New organic molecules are synthesized to support growth, to perform 

structural maintenance and repair, to produce a secretion such as 

hormone.   

 Nutrient pool are all the organic substrates that can be used for energy 

generation or synthesis of new molecules.   

 

CARBOHYDRATE METABOLISM 

 Cells can breakdown any available organic substrate from the nutrient 

pool to obtain energy.  However nearly all organisms rely on the 

breakdown of glucose as a preferred sustrate to provide energy to their 

cells, because proteins and lipids are more important as structural 

component of cells and also they are not easy to metabolize (breakdown).  

Overview of Charbohydrate Digestion and Absorption  

 Food is any substance consumed to provide nutritional 

support for the body to maintain homeostasis and support 

growth.  The food we eat may contain all or any of the 

following organic and  

incorganic moleucles: Proteins; Carbohydrates, Lipida; Water; Minerals; Vitamins.  The organic compounds of 

food (lipids, charbohydrates and proteins) are large (macromolecules or also called macronutrients) and often 

insoluble.  Therefore organic compounds are broken down to their constiteunt subunits (fatty acids & glycerole, 

monosaccharides, amino acids) before they can be absorbed and transported into the cell.   Lets follow journey 

of Carbohydrates from mouth to the cell 

 

Metabolism 

Sum of all biochemical reactions inside 

cell 

Metabolic Pathway 

Series of chemical reactions 

Organic Molecules 

1. Amino Acids 

2. Monosaccharide 

3. Lipids e.g. Triglyceride 

Catabolism 

To break large molecules into smaller 

molecules 

Releases energy 

Anabolism 

To make large molecules from smaller 

molecules 

Uses energy 

Energy Released from Catabolism 

Used in anabolism 

Used by cells for contraction, locomotion, 

active transport 

Synthesis of New Molecules  

Examples are DNA, RNA, and protein. 

They are synthesized to support growth, 

structural maintenance, and secretion 

Macronutrients (Nutrients Before 

Digestions)  

Carbohydrates 

Proteins 

Lipids 

Micronutrients (Nutrients after 

complete Digestions)  

Monosaccharaides 

Amino Acids 

Fatty Acid and Glycerol 

Carbohydrates  

Monosaccharaides = Glucose, Fructose, Galactose 

Disaccharide = Sucrose, Lactose, Maltose 

Polysaccharide = Starch. Glycogen, Cellulose.. 



Site What happens? 
 

 

   Parotid Gland 

 

 

         Sublingual Gland 

      

       Submandibula Gland

  

 
In the oral cavity food is mixed with saliva, and saliva contains amylase that begins 

breakdown of carbohydrates 

In the oral cavity salivary glands 

produce saliva.   

Saliva contains enzyme  Amylase.   

Amylase breakdown Carbohydrate to 

oligosaccharide and disaccharide 

 

 

 
        

       Mucous Cells      Gastric Pit 

         

       

      Parietal Cells 

 

      Chief Cells           Gastric Gland 

 

      G Cells 

 

Salivary enzyme continues to digest 

carbohydrates from the meal, until 

the pH falls below 4.5 

  Gastric juices which contain HCl 

(produced by the parietal cells of 

gastric pit), drops the pH below 4.5 

and inactivates salivary amylase 

  
From the stomach chyme arrives in the first portion of small intestine called Duodenum.  

Prior to absorption, disaccharides and trisaccharides are fragmented into monosaccharides 

(simple sugars) by brush border enzymes of the intestinal microvilli. 

The brushborder of small intestine produces the following enzymes: maltase, Sucrase and 

Lactase.  

maltase splits bonds between the two 

glucose molecules of the 

disaccharide called maltose .  

Sucrase breaks the disaccharide 

sucrose into glucose and fructose.  

Lactase hydrolyzes the disaccharide 

lactose into a molecule of glucose 

and one of galactose . 

 
The pancreas is primarily an exocrine organ, producing digestive enzymes and buffers. 

Pancreatic juice (about 1000 ml per day) of pancreas is an alkaline mixture of digestive 

enzymes, water, and ions.  Pancreatic juice is released into duodenum when chyme arrives 

The pancreas releases Biocaronates 

into duodenum to neutralize the 

acidic pH of chyme that arrived from 

the stomach. 

The pancreas also releases pancreatic 

juis that contan several enzymes 

including Amylase  

Amylase breakdown carbohydrates.  

 

At the brushborder of intestine disaccharides are hydrolyzed into monosaccharide (glucoses, fructose, galactos) and then they are 

absorbed and transported to the liver (mostly) and skeletal muscle cells.  Liver distributes glucose to other cells throughout the body 

as needed, and also store excess glucose by converting it to glycogen. NOTE: Cells of the nervous system most require continuous 

supply of glucose 

 

Digestion of carbohydrate begin at oral cavity and ends at the brush 

border of jejunum (the second portion of small intestine).  As 

carbohydrates are broken down into monosaccharide, they are 

transported across the plasma membrane (at the brush border of the 

intestinal cell) into the cell, and then from cell monosaccharides are 

transported into the interstitial fluid, and then from the interstitail 

fluid they diffues into the capillaries.  Hepatic portal vein dilivers 

monosaccharides into the liver.   The liver releases glucose into the 

circulation as needed and converts extra glucose that is not needed for 

immediate energy into glycogen. 

 

Glycogenesis 

Syntheis of glycogen from excess 

glucose 

Conversion of excess glucose to 

glycogen for storage 

 

Glycogenolysis 

breakdown of glycogen to glucose 

Conversion of glycogen to glucose 

when blood glucose level is low 

 



 

The liver releases glucose into the blood (to maintain normal glucose level of 90mg/dL).  When glucose level 

(e.g. after meals) in the blood increases, the pancrease produces insuline which stimulate carrier proteins 

(located on the cell membrane) to transport glucose into cells.  Once glucose is inside the cell, it can be broken 

down and used as a source of energy or it can be converted to glycogen and stored for later use or it can be 

converted into other organic molecules such as ribose or glycerole.    

If the cell requires immediate energy, then glucose (a 6-carbon molecule) is broken down into two 3-carbon 

molecules of pyruvate via glycolysis. 

 

Glycolysis 

 

 
 

GLYCOLYSIS 
Glycolysis is the breakdown of glucose to two pyruvic acid molecules.  The process of glycolysis consists of 

series of chemical reactions that breaks down glucose into two pyruvates and generates 2ATP and 2NADH. 

 
In the presence of oxygen each pyruvate molecule can subsequently enter mitochondria to generate more energy 

via Krebs cycle and electron transport system.  

 
Figure above: The process of glycolysis occurs in the cytoplasm, produces a net of 2 ATP, uses or consumes 2 

ATP, … 



The process of glycolysis is an anaerobic process that consist of series of chemical steps as follow: 

1. As soon as glucose enters the cell, a phosphate is added to carbon number 6 of glucose, and the new 

molecule is called glucose 6 phosphate. In this step ATP is converted to ADP (one phosphate of ATP is 

removed and added to carbon number 6 of glucose). 

 
2. Glucose 6 phosphate goes through the second phosphorylation reaction and a phosphate is added to 

Carbone number 1.  The new molecule produced as a result is called Fructose 1,6 Bisphosphate 

 
 

3. The Fructose 1,6 bisphosphate  will split into two 3 carbon molecule: 

a. Glyceraldehyde 3 phosphate 

b. Dihydroxyacetone 

 
4. Glyceraldehyde goes through series of chemical reactions and becomes pyruvate.  During the first step 

NADH is generated form NAD, during the second step one ATP is generated from one ADP, during the 

third step water molecule is produced, and during the fourth step one ATP is generated from one ADP 

molecule.  

 
5. Dihydroxyacetone phosphate is converted to glyceraldehyde and will follow the same series of chemical 

reactions and will be converted to pyruvic acid.  

 

 

 



SUMMERY GLYCOLYSIS 

Input Molecules Output Molecules 

1 molecule of Glucose 

2 ATP (Steps 1 and 2) 

4 ADP (Steps 5 and 7) 

2 NAD (Step 4) 

2 molecules  of Pyruvic 

Acid 

2 ADP (Steps 1 and 2) 

4 ATP (Steps 5 and 7) 

2 NADH (step 4) 

 

PYRUVIC ACID CROSS ROADS 

Products of Glycolysis (pyruvic acid) can follow anaerobic or aerobic pathways. In the present of oxygen 

pyruvate is oxidized to acetyl-CoA, which then enters the citric acid cycle.  In the absence of oxygen pyruvate 

is reduced to lactate. 

 
 In anaerobic respiration pyruvate is reduced and NAD is generated.  

During extensive exercise, besides being fatigued, your muscles feel 

heavy. This happens due to buildup of lactic acid as a result of anaerobic 

respiration.  Why? ATP is needed to continue the exercise; therefore 

body breaks down glucose to pyruvic acid.  So pyruvate builds up in the 

muscle cells, and the oxidizing agent used in glycolysis (NAD
+
) is being 

converted to NADH. Because of the limited "pool" of NAD
+
 in the cells, 

NADH has to be reoxidized back to NAD.   In the absence of oxygen the 

only way to convert NADH to NAD
+
 is to reduce pyruvate to lactate. 

 In aerobic respiration pyruvate enters mitochondria and is converted to 

Acetyl CoA.  In the presence of oxygen, pyruvate is oxidized to acetyl-

CoA.  In the process CO2 is released.  Oxygen is the final electron 

acceptor in aerobic respiration. 

 

 MITOCHONDRIA 

In the presence of oxygen Pyruvate enters mitochondria and is 

converted to Acetyl CoA.   In the mitochondria pyruvate (a 3 carbon 

molecule) is oxidized to acetyl-CoA (a 2 carbon molecule), by NAD
+
.   

In this step pyruvate combine with coenzyme A to form acetyl 

coenzyme A.  Acetyl CoA enters the Krebs cycle to generate NADH, 

FADH2 and ATP 

 

 

 

 

 

 

Goal of anaerobic respiration 

To reduce pyruvate and generate NAD.  

Why? In the absence of oxygen this is the 

only way to generate NAD.  Why NAD? 

So cell could generate ATP via glycolysis 

in the absence of oxygen.  NAD is one of 

the input molecules in glycolysis i.e. 

NAD  is the oxidizing agent used in 

glycolysis 

Oxidation 

Loss of electron or hydrogen 

Reduction 

Gain of electron or hydrogen 

Input Molecules Output Molecules 

Pyruvic Acid 

NAD 

Oxygen 

CoA 

Acetyl CoA 

NADH 

CO2 

  



KREBS CYCLE 

The Krebs cycle also known as the tricarboxylic acid cycle (TCA cycle), and the citric acid cycle is a series of 
enzyme-catalyzed chemical reactions as part of cellular respiration.   

1. Acetyl CoA will transfer the acetyl group to oxaloacetic acid (a 4 carbon molecule) and CoA will 
become free.  The union of oxaloacetic acid (4 carbon molecule) and acetyl group (two carbon 
molecule) will generate a 6 carbon molecule called citric acid.  The free coenzyme A will be reused by 
another pyruvic acid to make acetyl CoA. 

 
2. Citric acid will go through number of steps (e.g. citric acid will be converted to isocetric acid, and then 

isocetric acid will be converted to α-ketoglutaric acid and so on) and eventually will become  

oxaloacetic acid 

 
3. One molecule of glucose generates two pyruvate, and two pyruvate generates two acetyl CoA, therefore 

TCA runs twice to breakdown one molecule of glucose.  In one round of TCA 3 molecules of NADH, 1 

molecule of FADH2, 1 molecule of ATP and 2 molecules of CO2 are produced.   

 

 
 

ELECTRON TRANSPORT SYSTEM 

 The electron transport system occurs in the cristae of the mitochondria, where a 

series of cytochromes (cell pigments) and coenzymes exist. These cytochromes and 

coenzymes act as carrier molecules and transfer molecules. They accept high-energy 

electrons and pass the electrons to the next molecule in the system.   

 Within mitochondria, the hydrogen atoms are used to generate ATP through the 

process of oxidative phosphorylation.   Electron transport system involves a series of steps: 

Phosphorylation 

Attachment of high energy 

phosphate group to ADP, 

to produce ATP 

Oxidative  

Transfer of electrons 



1. Coenzyme (NAD and FAD) strips a pair of hydrogen atoms from a substrate molecule during the citric 

acid cycle 

 
2. NADH and FADH2 deliver hydrogen atoms to coenzymes embedded in the inner membrane of a 

mitochondrion. Each hydrogen atom consists of an electron (e
-
) and a hydrogen ion (H

+
).  At the inner 

mitochondrial membrane, the coenzymes release the proton into the mitochondrial matrix and transfer 

the electron to first cytochrome of the series of cytochromes embedded in the inner mitochondrial 

membrane.   

3. Electrons are passed along the electron transport system, losing energy in a series of small steps (first 

cytochrome passes electron to the second and second to the third) down the electron transport chain. The 

final acceptor of electron is oxygen i.e. when the electron is passed down the chain and gets to the final 

cytochrome, then from the final cytochrome, the electron is passed to the oxygen.  When oxygen accepts 

electron, its charge becomes negative. 

 
4. As electrons are passed from one cytochrome to the next cytochrome, 2 hydrogen are pumped into the 

mitochondrial inter-membrane space. 

 
5. As electrons are passed from cytochrome to cytochrome, one NADH provides enough energy to pump 6 

hydrogen in to the mitochondrial inter-membrane space, and one FADH2 provides enough energy to 

pump 6 hydrogen. 

6. Diffusion of hydrogen ions from the mitochondrial inter-membrane space back to the matrix through the 

ATP Synthase produces ATP.  For every 2 hydrogen that passes through the ATP synthase, one ADP is 

converted to one ATP 

 
7. As hydrogen ions enter mitochondrial matrix, they react with oxygen ions to form water molecule 



 
8. The diagram bellow shows all the steps. The difference between NADH and FADH2 is that FADH2 

skips the first cytochrome and passes the electron to the second cytochrome, therefore instead of 

pumping out 6 hydrogen, only 4 hydrogen are pumped. 

 

 
 

SUMMARY OF ETS 

Coenzymes (NAD and FAD) deliver hydrogen atoms from the citric acid cycle to the ETS.  Each hydrogen 

atom consists of an electron (e
-
) and hydrogen ion (H

+
).  There are proteins (called cytochromes) embedded at 

the inner mitochondrial membrane.  This sequence of embedded proteins on the inner mitochondrial membrane 

is ETS.  Coenzyme take the electrons from the molecules of citric acid cycle and give it first protein of ETS.  

The first cytochrome passes electron to the second, which passes them to the third, and so on down the ETS.  As 

electron is passed from one cytochrome to the next down the ETS, enough energy is released to pump hydrogen 

ions from the mitochondrial matrix into the mitochondrial intermembrane space.  Electron passed down the ETS 

from one NADH pumps 6 hydrogen, and electron from one FADH2 pumps 4 hydrogen.  Concentration of 

hydrogen increases in the intermembrane space and hydrogen diffuses back into the mitochondrial matrix 

through a channel called ATP synthase.  For every pair (two) hydrogen that diffuses into the mitochondrial 

matrix via ATP synthase, one ATP will be generated.  NOTE: 1NADH pumps 6 hydrogen, every 2 hydrogen = 

1 ATP, so 1NADH = 3 ATP; 1FADH2 pumps 4 hydrogen, every 2 hydrogen = 1ATP, 1FADH2 = 2 ATP 

 

 

1 NADH = 3ATP 

1 FADH2 = 2 ATP 



SUMMARY OF ENERGYT PRODUCTION  

  

  

 
 

  

 

SUMMARY OF THE PROCESSES 

Gluconeogenesis: Glucose is synthesized from smaller 3 carbon molecules.  This process is stimulated by the 

hormone Glucagon produced by pancreas 

Glycolysis: Glucose is broken down into two pyruvate 

Glycogenolysis: Glycogen is broken down to glucose.  This process is stimulated by Glucagon  



Glycogenesis: glycogen is synthesized from glucose.  This step is stimulated by hormone Insulin produced by 

pancreas 

Oxidative Decarboxylation: oxidation of pyruvate to acetyl CoA 

 

OVERVIEW OF LIPID DIGESTION, ABSORPTION AND TRANSPORT 

Site  What happens? 
 

 

   Parotid Gland 

 

 

         Sublingual Gland 

      

       Submandibula Gland

  

 

Mechanical processing in the mouth breaks material into smaller chunks.   

Salivary Lipase attacks triglycerides, breaking them down into monoglycerides and 

free fatty acids. 

        

       Mucous Cells      Gastric Pit 

         

       

      Parietal Cells 

 

      Chief Cells           Gastric Gland 

 

      G Cells 

 

Lipids are not water soluble, thus mixing of chyme in the stomach creates large 

droplets of lipids.  Salivary lipase continues to break down triglycerides.  However 

because lipase is water soluble, it can only attack triglycerides that are on the surface 

of those droplets. 

  

 

The arrival of lipids in the duodenum stimulates the secretion of the hormones CCK.  

 CCK (cholecystokinin) Stimulates gall bladder to release bile.  

Stimulation of gallbladder leads to the ejection of bile from gall bladder  into the 

duodenum.   

Gallbladder 

Most dietary lipids are not water 

soluble. Mechanical processing in the 

stomach creates large fat drops.  

Pancreatic lipase is water soluble,  so 

the enzymes can interact with lipids 

only at the surface of a lipid droplet. 

Store and modify bile 

bile is produced by the liver and delivered for storage to the 

gallbladder. Bile salts break the fat droplets apart in a 

process called emulsification. 

Emulsification breaks large fat droplets into smaller ones 

and increases the surface area of fat droplet accessible to 

enzymatic attack. 

  Secretion of pancreatic enzymes are controlled by hormones of small intestine such as 

CCK and Secretin.  Lipase is released by the pancreas into the duodenum and do most 

of the digestive work in the small intestine.   Pancreatic lipase breaks down 

triglycerides into a mixture of free fatty acids, glycerole and monoglycerides.  

Interaction of free fatty acids and glycerol with bile salt forms micelles (bile salt and 

lipid complex). 

    

Micelle contact the intestinal epithelium.  Because fatty 

acids, monoglycerides are lipid soluble they easily diffuse 

across the plasma membrane in the intestinal mucosa. 

 

Once fatty acids and monoglycerides are inside the cells, they enter the endoplasmic 

reticulum, where they are resynthesized into triglycerides.  Triglycerides, combined 

with cholesterol and phospholipids and then they are coated with proteins, creating a 

complex called chylomicrons (complex of lipids and proteins or lipoproteins).  The 

protein coat makes them water soluble and facilitates exocytosis. 

 

The intestinal cell transports chylomicron into the interstitial fluid via 

exocytosis.  Because of their large size chylomicrons cannot diffuse 

into the capillaries, but they can diffuse into the lacteals of lymphatic 

system which has large gaps and lack basal lamina.  Chylomicrons are 

delivered by the thoracic duct  of lymphatic vessels to the blood 

stream.  Content of thoracic duct empties into the left subclavian vein 

and enters bloodstream.  

 



 

Chylomicron is destined for the liver, however on its way to the liver they will 

encounter lipoprotein lipase and some of the triglycerides (TG) present in 

chylomicrons will be hydrolyzed by lipoprotein lipase of the capillary walls.   This will 

result in an overall reduction in the size of the chylomicron as TG is removed, and the 

reduced size chylomicron is called chylomicron remnant.  Fatty acids and 

monoglyceride that are released by lipoprotein lipase will diffuse out of capillary into 

the interstitial fluid. 

 

Fatty acids and monoglycerides are: absorbed by skeletal muscle cells and metabolized 

to generate ATP; absorbed by adipose cells (fat cells) to synthesize triglyceride for 

storage. 

 

Chylomicron remnant arrives at the liver.  Liver cells modify content of chylomicron 

remnant by adding more TG to it, and the new lipoprotein complex is called very low 

density lipoprotein (VLDL).  Liver releases VLDL into the circulation to deliver 

triglycerides (TG)  to the cells i.e. ) VLDL are Lipoproteins, containing triglycerides 

manufactured in the liver, and are transported to peripheral tissues.  At the capillaries 

TG of VLDL is hydrolyzed, and the lipoprotein complex becomes intermediate density 

lipoprotein (IDL).  IDL is delivered back to the liver. 

 

At the liver cholesterol is added to the IDL and the surface proteins are altered.  The 

new lipoprotein complex called low density lipoprotein (LDL) is released back into the 

circulation to deliver cholesterol to peripheral tissue.  At the peripheral tissue LDL is 

absorbed by the cells, and then LDL is broken down by lysosome and cholesterol is 

released in the cell.  The cell uses cholesterol for membrane synthesis, hormone 

synthesis and various other ways.  The excess cholesterol that is not used by  the cell 

diffuses out of the cell and enters bloodstream.   

 

High density lipoproteins (HDLs) that are released by the liver absorb the excess 

cholesterol that was not used by the cell.  HDL delivers the cholesterol back to the 

liver i.e. HDL are lipoproteins, carrying mostly cholesterol and phospholipids from 

peripheral tissues to the liver.  In the liver cholesterols are extracted from HDL, and 

then cholesterols are: packaged to make new LDL so it could be transported back to 

peripheral tissue;  used to synthesize bile salt or excreted with bile.  The healthiest 

ratio of cholesterol is to have high number of HDL (good cholesterol) and low number 

of LDL (bad cholesterol). 

 



 
 

LIPID CATABOLISM OR LIPOLYSIS 

During lipid hydrolysis or catabolism, triglycerides are broken down into 3 

fatty acids and glycerol.  Glycerol is converted into pyruvate and fatty acids 

are broken down into fragments of 2 carbons by a process called beta-

oxidation.  The process of beta-oxidation occurs through the sequential 

removal of 2-carbon units by oxidation at the beta-carbon position of the fatty 

acyl-CoA molecule.  

 

Triglyceride is broken down 

to glycerol and 3 fatty acids  Glycerol 

In Cytosol glycerol is converted to pyruvate 

 
Triglyceride 

               

  

 
3 Fatty 

Acids 

Fatty acids enter mitochondria, and inside 

mitochondria fatty acids are broken down via beta 

oxidation 

 

Each round of beta-oxidation produces one mole of NADH, one mole of FADH2 and one mole of acetyl-CoA. 

The acetyl-CoA, the end product of each round of beta-oxidation, then enters the TCA cycle, where it is further 

oxidized to CO2 with the concomitant generation of three moles of NADH, 

one mole of FADH2 and one mole of ATP. The NADH and FADH2 generated 

during the fat oxidation and acetyl-CoA oxidation in the TCA cycle then can 

enter the respiratory pathway for the production of ATP.  

The first step of beta-oxidation requires binding of Coenzyme A bind to fatty acid. This step requires one ATP.   

 
This reaction will prepare fatty acid for beta oxidation and generate a fatty acid attached to CoA 

Lipolysis 

Break down of Lipids into pieces 

that can be converted into pyruvate.  

For example triglycerides are split 

into glycerol and fatty acids 

 

Beta-Oxidation 

Breakdown of fatty acids into 

fragments of 2 carbons 



 
The first round of beta oxidation will generate one NADH, one FADH2 and one Acetyl CoA.  Fatty acid will be 

shortened by 2 carbons. 

 
Acetyl CoA will enter TCA cycle and generate 3NADH, 1FADH and 1GTP.   3NADH = 9ATP, 1FADH2 = 

2ATP, and GTP = 1ATP.   

  
 

NADH  and FADH2 will enter the ETS and generate ATP: 1NADH = 3ATP; 1FADH2 = 2ATP 

  
  

SUMMARY OF BETA OXIDATION 

 Beta oxidation is the process that breaks down fatty acids into two-carbon fragments that can be metabolized 

by the TCA cycle, which yields large amount of ATP.  The input molecules of beta oxidation is Coenzyme A, 

NAD, and FAD i.e. beta oxidation requires coenzyme A, NAD, and FAD.  The output molecules of beta 

oxidation are Acetyl CoA, NADH, and FADH2.  The process of beta oxidation occurs in the mitochondria, 

NADH and FADH2 enters the ETS (electron transport system) and Acetyl CoA enters the Krebs cycle.  Lipids 

provide energy for cells with modest energy demands and for skeletal muscle when energy demands are low. 

 

LIPID ANABOLISM OR LIPOGENESIS 

Fatty acid synthesis involves different and distinct set of reaction sequences from that of beta oxidation.  

Therefore we cannot make every amino acid that we break.  For examples due to lack of enzymes we cannot 

synthesize linolenic acid (omega 3 fatty acid) or linoleic acid (omega 6 fatty acid).  Yet these fatty acids are 

needed for synthesis of hormones such as prostaglandin.   Therefore these fatty acids that cannot be synthesized 

by the body cell are called essential fatty acids.   

Non-essential fatty acids 

Fatty acids that can be 

synthesized 

Essential fatty acids 

Fatty acids that cannot be 

synthesized and must be 

included in diet 

Linoleic acid,  arachidonic 

acid, and linolenic acid are 

examples of essential fatty 

acids 



Synthesis of non-essential fatty acids (fatty acids that can be made by the body cells) and steroids begin with 

acetyl-CoA i.e. Lipogenesis generally begins with acetyl-CoA.   Because acetyl CoA can be the product of 

carbohydrate catabolism and amino acid catabolism, thus fatty acids can be made from any organic molecule.  

Pyruvate can be converted to glycerol. Because pyruvate can be made from glucose, thus glucose can be 

converted to glycerol via pyruvate. 

 

 
PROTEIN METABOLISM 

Proteins have very complex structure, so protein digestion is complex and time consuming.  See the digestive 

system lecture for details of protein digestion.   

After complete digestion of protein, amino acids diffuse into the epithelial cells of the intestine, and then 

epithelial cells release amino acids into the interstitial fluid.  From interstitial fluid amino acids enter intestinal 

capillaries and then they are transported to the liver by hepatic portal veins.  Liver uses the amino acids to 

synthesize plasma proteins.  Amino acids that can be catabolized (broken down) and used for gluconeogenesis 

when other sources of glucose are not available i.e. amino acids from may be used for synthesis of new proteins, 

or may be burned for energy.   

 

 



An amino acid molecule contains amino group (red circle in figure bellow), a carboxyl group (blue circle) and 

functional group (rectangle R) 

 

Before amino acids can be oxidized for energy (used for energy), they must have the amine group removed, a 

process called deamination.  The deaminated amino acid molecule is converted to pyruvic acid, or a Krebs cycle 

ketoacid intermediate.   Deaminated amino acids may also be reconverted to glucose and contribute to 

gluconeogenesis.  The ammonium ion (by product of deamination) is very toxic, thus it is quickly combined 

with carbon dioxide and urea is synthesized (liver has all the enzymes for the urea synthesis) i.e. the most 

abundant nitrogenous waste in blood is urea, which is produced by the combination of ammonia (by product of 

protein metabolism) with carbon dioxide. 

 
Liver cells and other cells can synthesize the non-essential amino acids by transamination or amination.  In an 

amination reaction, an ammonium ion (NH4
+
) is used to form an amino group that is attached to a molecule, 

yielding an amino acid.  In transamination, an amino group from an amino acid is transferred to an organic acid 

(non-amino acid molecule), and the attachment of amino group to the non-amino acid molecule will produce a 

new amino acid. For example the amino group of an amino acid is transferred to a keto acid, and keto acid 

becomes an amino acid.  The process of deamination produces ammonia (toxic substance) that will be 

converted to urea by the liver and then excreted by the kidneys. 

 



VITAMINS AND MINERALS 

Vitamins are organic elements and minerals are inorganic compounds.  Both are required in very small 

quantities, but they play an essential role in metabolic pathways.  Most vitamins must be obtained from the diet, 

but the body can synthesize some of them from precursors called provitamins.  Vitamins are classified as water-

soluble or fat-soluble.  Water-soluble vitamins are absorbed with water from the small intestine, dissolve freely 

in body fluids, and are quickly excreted i.e. we cannot  store water soluble vitamins thus we have to 

continuously take water-soluble vitamins with our diet.   Water-soluble vitamins are ascorbic acid (vitamin C) 

and the B vitamins.  Fat-soluble vitamins are incorporated into lipid micelles in the small intestine and are 

absorbed with dietary lipids.  Fat soluble vitamins include vitamin K,D,A, and E.  

Function of Vitamins 

Vitamin A is a component of the visual pigments and promotes proteoglycan synthesis and epithelial 

maintenance. 

Vitamin D promotes calcium absorption and bone mineralization. 

Vitamin K is essential to prothrombin synthesis and blood clotting. 

Vitamins A and E are antioxidants, like vitamin C. 

Ascorbic acid promotes hemoglobin synthesis, collagen synthesis, and sound connective tissue structure and is 

also an antioxidant. 

B vitamins function as coenzymes or parts of coenzymes, assisting in electron transfer. 

 

 


