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EDO UNIVERSITY IYAMHO 
  Department of Biochemistry 

 
                              BCH 412: Advanced Intermediary Metabolisms and Regulation 
 

Instructor: Dr. Olulope Ajayi, email: olulope.olufemi@edouniversity.edu.ng 

Lectures: Thursday (2-3 pm), Friday (8-10 am). LT6. Phone (+234)8063737930 

Office hours: Monday-Friday (8.00 am-4.00 pm). Office: New College of Medical Sciences and 
Faculty of Engineering Office Block, Floor 2 Rm. AD 82 

Co-instructor: Dr. Kenneth Atoe 

General overview of the Course 

This aspect of the course covers the advanced studies in degradation and synthesis of biological 
compounds such as carbohydrate, lipids, proteins, nucleic acids. The endocrine system and 
metabolism of hormone control of metabolism  

Intended Learning Outcomes 

At the end of this aspect of the course, students should be able to 

1. Explain the metabolism of carbohydrate, protein, lipids, purines and pyrimidines 
2. Explain the role of endocrine system in intermediary metabolisms. 

Assignments: We expect to have 5 individual homework assignments throughout the course in 

addition to a Mid-Term Test and a Final Exam. Home works are due at the beginning of the class 

on the due date. Home works are organized and structured as preparation for the midterm and 

final exam, and are meant to be a studying material for both exams. There will also be 2 term 

papers are expected to be written by individuals taking this course. This is aimed at broadening 

student’s knowledge of the course.  

Grading: We will assign 10% of this class grade to homeworks, 10% for the term papers, 10% 

for the mid-term test and 70% for the final exam. The Final exam is comprehensive. 

Textbooks: The recommended textbooks for this class are as stated: 

Title: Lehninger Principles of Biochemistry   
Authors: David L. Nelson, Michael M. Cox 

Publisher: Addison-Wesley 2nd edition 

mailto:olulope.olufemi@edouniversity.edu.ng
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ISBN-13: 9781464126116 
 

Title: Lippincott’s Illustrated Reviews Biochemistry 

Author: Denise R. Ferrier 

Publisher: Lipincott Williams & Wilkins 

ISBN: 978-1-4511-7562-2 

Title: Harper’s Illustrated Biochemistry. 28th edition 

Authors: Robert K. Murray, Daryl K. Granner, Victor W. Rodwell 

Publisher: McGraw Hill Lange 

 

MAIN LECTURE 

GLYCOLYSIS 

Glycolysis is a central pathway of glucose catabolism. It is the pathway with the largest flux of 
carbon in most cells. The glycolytic breakdown of glucose is the sole source of metabolic energy 
in some mammalian tissues and cell types (erythrocytes, renal medulla, brain, and sperm). The 
breakdown of the six-carbon glucose into two molecules of the three-carbon pyruvate occurs in 
ten steps. The first five constitutes the preparatory phase and the last five constitute the payoff 
phase. 

The Preparatory Phase: in this phase of glycolysis, the energy of ATP is invested, raising the 
free-energy content of the intermediates and the carbon chains of all the metabolized hexoses are 
converted into a common product, glyceraldehyde 3-phosphate. 

The Payoff Phase: The energy gain comes in the payoff phase of glycolysis. Each molecule of 
glyceraldehydes 3-phosphate is oxidized and phosphorylated by inorganic phosphate (not by 
ATP) to form 1,3-bisphosphoglycerate. Energy is then released as the two molecules of 1,3-
bisphosphoglycerate are converted to two molecules of pyruvate.  Much of this energy is 
conserved by the coupled phosphorylation of four molecules of ADP to ATP. The net yield is 
two molecules of ATP per molecule of glucose used, because two molecules of ATP were 
invested in the preparatory phase. Energy is also conserved in the payoff phase in the formation 
of two molecules of NADH per molecule of glucose.  

In the glycolytic pathway, three kinds of chemical transformations are peculiar: (1) degradation 
of glucose to pyruvate (2) phosphorylation of ADP to ATP by high-energy phosphate 
compounds formed during glycolysis, and (3) transfer of a hydride ion to NAD_, forming NADH 
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Fates of Pyruvate  

In aerobic conditions, glycolysis is only the first stage in the complete degradation of glucose. 
Pyruvate formed by glycolysis is metabolized via one of three catabolic routes. 

1. Under aerobic condition, pyruvate is oxidized to yield the acetyl group of acetyl-
coenzyme A 

2. Reduction of pyruvate to lactate.  
3. Conversion of pyruvate to ethanol under hypoxic conditions 

Regulation of Glycolysis 

1. Hexokinase, PFK-1, and pyruvate kinase are all subject to allosteric regulation that 
controls the flow of carbon through the pathway and maintains constant levels of 
metabolic intermediates. 

2. On a fairly longer time scale, glycolysis is regulated by the hormones glucagon, 
epinephrine, and insulin and by changes in the expression of the genes for several 
glycolytic enzymes. 

 

GLUCONEOGENESIS 

This is the synthesis of glucose from non-carbohydrate precursors.  It is a process by which three 
and four-carbon compounds are converted to glucose. These precursors include lactate, pyruvate, 
glycerol and certain amino acids. In mammals, gluconeogenesis takes place mainly in the liver, 
and to a lesser extent in renal cortex. In plant seedlings, stored fats and proteins are converted, 
via paths that include gluconeogenesis, to the disaccharide sucrose for transport throughout the 
developing plant. Glucose and its derivatives are precursors for the synthesis of plant cell walls, 
nucleotides and coenzymes, and a variety of other essential metabolites.  

In many microorganisms, gluconeogenesis starts from simple organic compounds of two or three 
carbons, such as acetate, lactate, and propionate, in their growth medium 

 

The Three Bypass Reactions of Gluconeogenesis 

The bypass reactions refer to the irreversible glycolytic reactions. They are; 

1. The conversion of pyruvate to phosphoenolpyruvate. This occurs via two routes. In the 
first route, pyruvate or alanine is the glucogenic precursor. In the second route lactate is 
the glucogenic precursor. Pyruvate is first transported from the cytosol into mitochondria 
or is generated from alanine within mitochondria by transamination in which the α-amino 
group is removed from alanine (leaving pyruvate) and added to an α-keto carboxylic acid. 
Then pyruvate carboxylase converts pyruvate to oxaloacetate 
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2. Conversion of fructose 1,6-bisphosphate to fructose 6-phosphate: this reaction is highly 
exergonic and therefore irreversible in intact cells. This reaction is catalysed by fructose 
1,6-bisphosphatase. 

3. Dephosphorylation of glucose 6-phosphate to glucose:  this reaction is catalysed by 
glucose 6-phosphatase does not require ATP synthesis. Glucose 6-phosphatase is present 
in the hepatocytes and renal cells. Muscle and brain tissue do not contain this enzyme and 
so cannot carry out gluconeogenesis. Glucose produced by gluconeogenesis are 
transported to the brain and muscle through the bloodstream 

 

Intermediates of the Citric Acid Cycle and Many Amino Acids are Glucogenic 

The following citric acid cycle intermediates; citrate, isocitrate, α-ketoglutarate, succinyl-CoA, 
fumarate and malate can be oxidized to oxaloacetate. Moreover, some or all of the carbon atoms 
of most amino acids are catabolized to pyruvate or to citric acid cycle intermediates. They can 
undergo net conversion to glucose and are said to be glucogenic 

Regulation of Gluconeogenesis 

Gluconeogenesis is regulated at the level of pyruvate carboxylase (which is activated by acetyl-
CoA). The first control point determines the fate of pyruvate in the mitochondrion.pyruvate can 
be converted to acetyl-CoA to fuel the citric acid cycle or to oxaloacetate to start the process of 
gluconeogenesis. When the cell’s energetic needs are met, oxidative phosphorylation slows, 
NADH rises relative to NAD and inhibits the citric acid cycle, acetyl-CoA accumulates. The 
increased concentration of acetyl-CoA inhibits the pyruvate dehydrogenase complex, slowing the 
formation of acetyl-CoA from pyruvate and stimulates gluconeogenesis by activating pyruvate 
carboxylase allowing excess pyruvate to be converted to glucose 

HEXOSE MONOPHOSPHATE PATHWAY   

This is also called pentose phosphate hexose pathway or phosphogluconate pathway. This is the 
pathway of glucose 6-phosphate oxidation to pentose phosphates. The pentoses produced from 
this pathway are used by rapidly dividing cells of the skin, intestinal mucosa and the bone 
marrow to make RNA and DNA. 

Coenzymes such as NADH, FADH2 and Coenzyme A as well as ATP are produced in the 
pentose phosphate pathway. In other tissues, the essential product of the pathway is NADPH. 
This is required for reductive biosynthesis (fatty acid, cholesterol and steroid hormone syntheses) 
in the following tissues (the liver, adipose tissue, gonads, adrenal and lactating mammary glands) 
or to counter the damaging effects of oxygen radicals in the erythrocytes, the cells of the lens and 
cornea. 
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Phases of Pentose Phosphate Pathway  

1. The oxidative phase that produces pentoses and NADPH  

2. The nonoxidative phase that recycles pentose phosphates to glucose-6-phosphate 

 

METABOLISM OF GLYCOGEN 

Glycogenesis: Biosynthesis of glycogen. Glycogenolysis: Breakdown of glycogen 

Excess glucose is stored in the liver and skeletal muscle in vertebrates. Glycogen may account 
for 10% of the liver and up to 2% of the weight of muscle.  

Glycogenolysis: In skeletal muscle and liver, the glucose units of the outer bbranches of 
glycogen enter the glycolytic pathway through the action of three enzymes; glycogen 
phosphorylase, glycogen debranching enzyme and phosphoglucomutase. Glycogen 
phosphorylase catalyzes the reaction in which the glycosidic linkage between two glucose 
residues at a nonreducing end of glycogen undergoes attack by inorganic phosphate removing 
the terminal glucose residue as α-D-glucose 1-phosphate. Glycogen phosphorylase acts 
repetitively on the nonreducing ends of glycogen branches until it reaches a point four glucose 
residues away from an (α 1―6) branch point where its actions stops. Further degradation by 
glycogen phosphorylase can occur only after the debranching enzyme (oligo glucantransferase) 
catalyses two successive reactions that transfer branches. 

Glucose 1-phosphate, the end product of glycogen phosphorylase is converted to glucose 6-
phosphate by phosphoglucomutase which catalyses the reversible reaction 

 

THE CITRIC ACID CYCLE 

The flow of metabolites through the citric acid cycle is governed by three factors; substrate 
availability, inhibition by accumulating products, and allosteric feedback inhibition of the 
enzymes that catalyze early steps in the cycle. Each of the three exergonic steps in the cycle; 
steps catalysed by citrate synthase, isocitrate dehydrogenase and α-ketoglutarate dehydrogenase 
can become the rate limiting step.  

Product accumulation inhibits all three limiting steps of the cycle: succinyl-CoA inhibits _- 
ketoglutarate dehydrogenase (and also citrate synthase); citrate blocks citrate synthase; and the 
end product, ATP, inhibits both citrate synthase and isocitrate dehydrogenase. The inhibition of 
citrate synthase by ATP is relieved by ADP, an allosteric activator of this enzyme. In vertebrate 
muscle, Ca2+, the signal for contraction and for a concomitant increase in demand for ATP, 
activates isocitrate dehydrogenase and α-ketoglutarate dehydrogenase, as well as the PDH 
complex. 
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The overall rate of the citric acid cycle is controlled by the rate of conversion of pyruvate to 
acetyl-CoA. The production of acetyl-CoA for the citric acid cycle by the PDH complex is 
inhibited allosterically by metabolites that signal a sufficiency of metabolic energy and 
stimulated by metabolites that indicate a reduced energy supply. 

BIOSYNTHESIS OF FATTY ACIDS 

A large proportion of the fatty acids used by the body is supplied by the diet. Carbohydrates and 
protein obtained from the diet in excess of the body’s needs for these compounds can be 
converted to fatty acids, which are stored as TAGs. In adult humans, fatty acid synthesis occurs 
primarily in the liver and lactating mammary glands and to a lesser extent, in adipose tissue. This 
cytosolic process incorporates carbons from acetyl coenzyme A (CoA) into the growing fatty 
acid chain, using adenosine triphosphate (ATP) and reduced nicotinamide adenine dinucleotide 
phosphate (NADPH). 

Steps in De novo Synthesis of Fatty acids 

Step 1: Production of cytosolic acetyl coenzyme A 

The first step in de novo fatty acid synthesis is the transfer of acetate units from mitochondrial 
acetyl CoA to the cytosol. Mitochondrial acetyl CoA is produced by the oxidation of pyruvate 
and by the catabolism of certain amino acids. The CoA portion of acetyl CoA, however, cannot 
cross the inner mitochondrial membrane, and only the acetyl portion enters the cytosol. It does so 
as part of citrate produced by the condensation of acetyl CoA with oxaloacetate (OAA) by citrate 
synthase.  

Step 2: Carboxylation of acetyl coenzyme A to malonyl coenzyme A 

The energy for the carbon-to-carbon condensations in fatty acid synthesis is supplied by the 
process of carboxylation followed by decarboxylation of acyl groups in the cytosol. The 
carboxylation of acetyl CoA to form malonyl CoA is catalyzed by acetyl CoA carboxylase 
(ACC) and requires CO2 and ATP. The coenzyme is the vitamin biotin, which is covalently 
bound to a lysyl residue of the carboxylase. ACC carboxylates the bound biotin, which transfers 
the activated carboxyl group to acetyl CoA. 

Step 3: Fatty acid synthase: a multifunctional enzyme in eukaryotes 

The other reactions of fatty acid synthesis in eukaryotes are catalyzed by the multifunctional, 
dimeric enzyme, fatty acid synthase (FAS). Each FAS monomer is a multicatalytic polypeptide 
with seven different enzymic domains plus a domain that covalently binds a molecule of 4 -
phosphopantetheine. In prokaryotes, FAS is a multienzyme complex, and the 4 -
phosphopantetheine domain is a separate protein, referred to as the acyl carrier protein (ACP).  

Acyl Carrier Protein (ACP) is used to refer to the phosphopantetheine-containing domain of 
eukaryotic FAS.  
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Degradation of Fatty Acids 

The foremost pathway for fatty acid degradation is called beta (β)-oxidation, in which two-
carbon fragments are successively removed from the carboxyl end of the fatty acyl CoA, 
producing acetyl CoA, NADH, and flavin adenine dinucleotide (FADH2). Less energy is 
produced by the oxidation of unsaturated fatty acids compared with saturated fatty acids because 
unsaturated fatty acids are less highly reduced, and, therefore, fewer reducing equivalents can be 
produced from these structures. Oxidation of monounsaturated fatty acids, such as oleic acid, 
requires one additional enzyme, 3,2-enoyl CoA isomerase, which converts the 3-cis derivative 
obtained after three rounds of β-oxidation to the 2-trans derivative required as a substrate by the 
enoyl CoA hydratase. Oxidation of polyunsaturated fatty acids, such as linoleic acid, requires an 
NADPH-dependent 2,4-dienoyl CoA reductase in addition to the isomerase. 

The mitochondria present in hepatocytes have the capacity to convert acetyl CoA derived from 
fatty acid oxidation into ketone bodies. The compounds categorized as ketone bodies are 
acetoacetate, 3-hydroxybutyrate (also called β-hydroxybutyrate), and acetone 

PHOSPHOLIPIDS 

Phospholipids are polar, ionic compounds composed of an alcohol that is attached by a 
phosphodiester bond to either diacylglycerol (DAG) or sphingosine. They are amphipathic in 
nature. That is, each has a hydrophilic head, which is the phosphate group plus whatever alcohol 
is attached to it (for example, serine, ethanolamine, and choline, highlighted in blue in, and a 
long, hydrophobic tail containing fatty acids or fatty acid–derived hydrocarbons. They are the 
predominant lipids of cell membranes. In membranes, the hydrophobic portion of a phospholipid 
molecule is associated with the nonpolar portions of other membrane constituents, such as 
glycolipids, proteins, and cholesterol. The hydrophilic (polar) head of the phospholipid extends 
outward, interacting with the intracellular or extracellular aqueous environment.  

There are two classes of phospholipids: those that have glycerol (from glucose) as a backbone 
(glycerophospholipids) and those that have sphingosine (sphingophospholipids). Both classes are 
found as structural components of membranes, and both play a role in the generation of lipid-
signaling molecules. 

Degradation of Phospholipids 

Phospholipases ensure the degradation of glycerophospholipids. They are present in all tissues. 
Moreover, some venoms and toxins have phospholipase activity. Sphingomyelin is broken down 
by lysosomal phospholipase and sphingomyelinase 

 

 

 

 



8 
 

METABOLISM OF AMINO ACIDS 

Biosynthesis of Amino Acids 

Nonessential amino acids can be synthesized in sufficient amounts from the intermediates of 
metabolism or, as in the case of cysteine and tyrosine, from essential amino acids. In contrast, the 
essential amino acids cannot be synthesized (or produced in sufficient amounts) by the body and, 

therefore, must be obtained from the diet in order for normal protein synthesis to occur. 

Catabolism of Amino Acids 

This involves the removal of α-amino groups from amino acids and the breakdown of the 
resulting carbon skeletons. About seven intermediates are obtained from the pathways that relate 
to the catabolism of amino acids. These intermediates are; fumarate, succinyl coenzyme A 
(CoA), oxaloacetate, pyruvate, α-ketoglutarate, acetyl CoA, and acetoacetate. They go into other 
pathways for the synthesis of glucose or lipid in intermediary metabolism. 

Glucogenic amino acids are amino acids whose catabolism results in the production of pyruvate 
or any of the Kreb cycle intermediates. These intermediates are precursors of gluconeogenesis 
which could result in glucose production in the liver. Ketogenic amino acids are amino acids 
whose breakdown results in acetoacetate, acetyl CoA or acetoacetyl CoA. Their carbon skeleton 
cannot be used in the synthesis of glucose Examples of ketogenic amino acids are lysine and 
leucine. 

 

METABOLISM OF PURINES AND PYRIMIDINES  

Organic bases (Purines and pyrimidines) are heterocyclic structures that contain carbon and 
nitrogen.  Purines: Adenine and Guanine. Pyrimidines: cytosine, uracil and thymine. Purines and 
pyrimidines are synthesized from amphibolic intermediates in human tissues. Ingested nucleic 
acids and nucleotides are broken down in the gastrointestinal tract to mononucleotides, which 
may be absorbed or converted to purine and pyrimidine.  

Nucleosides 

Nucleosides are derivatives of purine and pyrimidine that have a sugar linked to the nitrogen 
atom of a purine or pyrimidine. The sugar in ribonucleosides is D-ribose and in 
deoxyribonucleosides is 2-deoxy-D-ribose. These sugars are linked to the heterocycle by a –N-
glycosidic bond, almost always to the N-1 of a pyrimidine or to N-9 of a purine 

Nucleotides 

Nucleotides are phosphorylated nucleosides. The phosphoryl group is esterified to a hydroxyl 
group of the sugar. Examples of nucleotides are thymidine monophosphate, guanine 
monophosphate, cytidine monophosphate etc. Adenosine and guanosine are catabolized into uric 
acid. Adenosine is first converted to inosine by adenosine deaminase. The end products of 
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pyrimidine catabolism are water soluble: CO2, NH3, alanine and aminoisobutyrate. Excretion of 
aminoisobutyrate increases leukaemia.  

Summary and Conclusion 

This aspect of the course has informed students on the interplay of key metabolisms in higher 
animals.  

Interactions and Questions 

1. Explain glycolysis and citric acid cycle 
2. Discuss gluconeogenesis 
3. Write briefly on the metabolism of fatty acids, phospholipids, purines and pyrimidines? 

Bibliography/ further reading 

1. Harper’s Illustrated Biochemistry. 28th edition 
2. Leninger Principles of Biochemistry 
3. Lippincot Illustrated Reviews Biochemistry. 6th edition 


