
 

 تكريتجامعة  –جميع الحقوق محفوظة للموقع االلكتروني لكلية الطب البيطري 

 مادة الكيمياء الحياتية

Bioenergetics 

  Bioenergetics is the subject of a field of biochemistry that concerns energy flow 

through living systems. Includes the study of thousands of 

different cellular processes such as cellular respiration and many other metabolic 

processes that can lead to production and utilization of energy in forms such 

as ATP molecules, involved in making and breaking of chemical bonds in 

the molecules found in biological organisms. 

Living organisms obtain energy from organic and inorganic materials, the amount 

of energy obtained by the organism from food is less than the amount present in 

the food due to its loss by Digestion, Metabolism and thermogensis (Processes of 

heat production). 

 Biological Oxidation 

      Biological Oxidation involves transfer of electrons. 

      Oxidation is the loss of electrons by a molecule, atom, or ion. 

      Reduction is the gain of electrons by a molecule, atom, or ion. 

Redox reactions, or oxidation-reduction reactions, have a number of similarities 

to acid–base reactions. Like acid–base reactions, redox reactions are a matched 

set, that is, there cannot be an oxidation reaction without a reduction reaction 

happening simultaneously. 

Types of reactions: Aerobic (bind with O2) & Anaerobic. 

    Exergonic reaction is a spontaneous reaction that releases energy. The 

reactants are usually complex molecules that are broken into simpler products. 

The entire reaction is usually catabolic. The release of energy, also called free 

energy is negative and equal to - ΔG because energy is lost from the bonds 

formed by the products. 
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Endergonic reaction is an anabolic reaction that consumes energy. It has a 

positive ΔG because energy is required to break bonds. 

 Oxidation-Reduction reactions 

 Biological Oxidation 

 Biological Oxidation 

     Major nutrients are: 

-  Carbohydrates (4 Kcal/ g) partially reduced break to     

  Glucose. 

-  Protiens (4 Kcal/ g) partially reduced break to A.A. 

-  Fat (9 Kcal/ g) highly reduced break to Glycerol & F.A. 

Human needs 30-40 Kcal/ Kg per one day. 

When  nutrient oxidized in the body, ATP synthesized and Heat is generated. 

Living organisms produce ATP from energy sources via oxidative phosphorylation. 

The terminal P bonds of ATP are weak compared with the stronger bonds formed 

when ATP is broken down to AMP and P. This hydrolysis of ATP is used as a 

battery to store energy in cells. 

 Glycolysis 

  Is the metabolic pathway that converts glucose C6H12O6, into      pyruvate, 

CH3COCOO− + H+.The free energy released in this process is used to form a high-

energy compounds ATP (Adenosine Triphosphate) & NADH (reduced nicotinamide 

adenine dinucleotide). 

Glycolysis is of ten reactions involving ten intermediate compounds (one of the 

steps involves two intermediates). 

most monosaccharides, such as fructose, glucose, and galactose, can be 

converted to one of these intermediates 
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It occurs, with variations, in nearly all organisms, both Aerobic and 

 anaerobic. It occurs in the cytosol of the cell. 

Since glucose leads to 2 triose sugars in the preparatory phase, This yields 2 NADH 

and 4 ATP molecules, leading to a net gain of 2 NADH and 2 ATP molecules from 

the glycolytic pathway per glucose 

 Glycolysis 

 Glycolysis 

 Glycolysis Regulation 

    The flux through the glycolytic pathway is adjusted in response to conditions 

both inside and outside the cell.  

     The rate in liver is regulated to meet major cellular needs: (1) the production of 

ATP, (2) the provision of building blocks for biosynthetic reactions, and (3) to lower 

blood glucose, one of the major functions of the liver. When blood sugar falls, 

glycolysis is stopped in the liver to allow the reverse process, gluconeogenesis. In 

glycolysis, the reactions catalyzed by hexokinase, phosphofructokinase, and 

pyruvate kinase are effectively irreversible in most organisms. In metabolic 

pathways, such enzymes are potential sites of control, and all three enzymes 

serve this purpose in glycolysis. 

 Aerobic & Anaerobic respiration 

  In Anaerobic process, the pyruvate is converted to lactate in a process 

called lactic acid fermentation:  

pyruvate + NADH + H+ → lactate + NAD+ 

This process occurs in the bacteria & also occurs in  

animals under hypoxic conditions, e.g., in overworked  

muscles that are starved of oxygen, or in infarcted heart  

http://en.wikipedia.org/wiki/Flux_(biochemistry)
http://en.wikipedia.org/wiki/Gluconeogenesis
http://en.wikipedia.org/wiki/Irreversible
http://en.wikipedia.org/wiki/Enzymes
http://en.wikipedia.org/wiki/Lactic_acid
http://en.wikipedia.org/wiki/Lactic_acid_fermentation
http://en.wikipedia.org/wiki/Bacterium
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muscle cells. 

In aerobic organisms, a complex mechanism has been  

developed to use the oxygen in air as the final electron  

acceptor. 

pyruvate is converted to acetyl-CoA and CO2 within  

mitochondria in a process called pyruvate decarboxylation 

 Citric acid cycle 

  also known as the tricarboxylic acid cycle (TCA cycle), the Krebs cycle. 

The name of this metabolic pathway is derived from citric acid (a type of 

tricarboxylic acid) that is first consumed and then regenerated by this sequence of 

reactions to complete the cycle. 

TCA cycle is a series of chemical reactions occurs in the mitochondria used by all 

aerobic organisms to: 

1- generate energy through the oxidization of acetate derived from catabolism of 

carbohydrates, fats and proteins into carbon dioxide. 

2- provides precursors like certain amino acids as well as the reducing agent 

NADH that is used in numerous biochemical reactions (i.e. gluconeogenesis). 

 Citric acid cycle 

  

 Citric acid cycle Overview 

  1- Acetyl-CoA produced from catabolism of CHO, fats & proteins, along with two 

equivalents of water (H2O) are consumed by the citric acid cycle producing two 

equivale. of carbon dioxide (CO2) and one equivalent of HS-CoA 

http://en.wikipedia.org/wiki/Aerobic_organism
http://en.wikipedia.org/wiki/Acetyl-CoA
http://en.wikipedia.org/wiki/Acetyl-CoA
http://en.wikipedia.org/wiki/Mitochondria
http://en.wikipedia.org/wiki/Pyruvate_decarboxylation
http://en.wikipedia.org/wiki/Pyruvate_decarboxylation
http://en.wikipedia.org/wiki/Pyruvate_decarboxylation
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  2- one complete turn of the cycle converts three equivalents of nicotinamide 

adenine dinucleotide (NAD+) into three equivalents of reduced NAD+ (NADH), 

one equivalent of ubiquinone (Q) into one equivalent of reduced ubiquinone 

(QH2), and one equivalent each of guanosine diphosphate (GDP) and inorganic 

phosphate (Pi) into one equivalent of guanosine triphosphate (GTP). The NADH 

and QH2 generated by the citric acid cycle are in turn used by the oxidative 

phosphorylation pathway to generate energy-rich adenosine triphosphate (ATP). 

Products of the first turn of the cycle are: one GTP (or ATP), three NADH, one 

QH2, two CO2   

 Oxidative phosphorylation 

       Is a metabolic pathway that uses energy released by the   oxidation of 

nutrients to produce adenosine triphosphate (ATP). It is a highly efficient way of 

releasing energy, compared to alternative fermentation processes such as 

anaerobic glycolysis. During oxidative phosphorylation, electrons are transferred 

from electron donors to electron acceptors such as oxygen, in redox reactions. 

   Although oxidative phosphorylation is a vital part of metabolism, it produces 

reactive oxygen species such as superoxide (O2
-) and hydrogen peroxide (H2O2), 

which lead to propagation of free radicals, damaging cells and contributing to 

disease. 

  

 Oxidative phosphorylation 

 Metabolism of Glycogen 

 BIOMEDICAL IMPORTANCE: 

Glycogen is the major storage carbohydrate in animals, corresponding to starch in 

plants; it is a branched polymer of ∂-D-glucose. It occurs mainly in liver (up to 10% 

wt) and skeletal muscles (1-2% wt). However, because of its greater mass, muscle 

contains about 3-4 times as much glycogen as does liver and in both liver and 

muscle, glycogen stored in large cytosolic granules. 
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Muscle glycogen is a readily available source of glucose for glycolysis within the 

muscle itself. Liver glycogen functions to store and export glucose to maintain BG 

concentration. After 12–18 hours of 

fasting, the liver glycogen is almost totally depleted. 

 GLYCOGENOLYSIS 

   Glycogenolysis is not the reverse of glycogenesis but is a separate pathway, As 

in glycolysis, (1)Glycogen phosphorylase catalyzes the rate-limiting step in 

glycogenolysis by promoting (phosphorylysis of the 1→4 linkages of glycogen to 

yield glucose 1-p. The terminal glucosyl residues from the outermost chains of the 

glycogen molecule are removed sequentially until approximately four glucose 

residues remain on either side of a 1→6 branch. (2)Another enzyme (∂-*1→4+ ∂-

*1→4+ glucantransferase) transfers a trisaccharide unit from one branch to the 

other, exposing the 1→6 branch point. (3)Hydrolysis of the 1→6 linkages requires 

the debranching enzyme. Further phosphorylase action can then proceed. The 

combined action of phosphorylase and these other enzymes leads to the 

complete breakdown of glycogen. (4)Then glucose 6-p can be formed from glucose 

1-p catalyzed by phosphoglucomutase. 

In liver and kidney (but not in muscle), there is a specific enzyme, glucose-6 

phosphatase, that hydrolyzes glucose 6-p, yielding glucose that is exported, 

leading to an increase in the BG concent. 

 overview of glycogenolysis 

1- Occurs in the liver & muscles and is stimulated by glucagon from the pancreas 

(spp. For liver) and adrenaline from the adrenal medulla(liver & muscles). 

2- These hormones activate an enzyme that phosphorylates glucose molecules in 

the glycogen chain to form glucose 1-phosphate. 

3- which is converted to glucose 6-p. This is then converted to glucose by a 

phosphatase enzyme. In skeletal muscle glycogen is degraded to glucose 6-

phosphate, which is then converted into pyruvate and used in ATP production 

during glycolysis and the Krebs cycle. However (Cori cycle) can  convert muscle 
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pyruvate, in the liver, to glucose; thus muscle glycogen is indirectly a source of 

blood glucose. 

 GLYCOGENESIS 

   Glycogenesis is the process of glycogen synthesis, in which glucose molecules 

are added to chains of glycogen for storage. This process is activated during rest 

periods following the Cori cycle, in the liver, and also activated by insulin in 

response to high glucose levels. Glycogenesis occurs mainly in muscles & liver, As 

in glycolysis: (1)glucose is phosphorylated to glucose 6-p, catalyzed by hexokinase 

in muscle and glucokinase in liver. (2)Glucose 6-p is isomerized to glucose 1-p by 

phosphoglucomutase. This enzyme itself is phosphorylated, the phosphogroup 

takes part in a reversible reaction in which glucose 1,6-bisphosphate is an 

intermediate. (3)Next, glucose 1-p reacts with uridine triphosphate(UTP) to form 

the active nucleotide uridine diphosphate glucose (UDPGlc) and pyrophosphate, 

catalyzed by UDPGlc pyrophosphorylase. 

 GLYCOGENESIS 

    and pyrophosphate is formed,(4)which is hydrolysed by  

   pyrophosphatase into 2 molecules of Pi. 

(5)Glucose molecules are assembled in a chain by glycogen synthase, which must 

act on a pre-existing glycogen primer. The mechanism for joining glucose units is 

that glycogen synthase binds to UDPG, causing it to break down then can readily 

add to the 4-hydroxyl group of a glucosyl residue on the 4 end of the glycogen 

chain. 

(6)Branches are made by branching enzyme (also known as amylo-

α(1:4)→α(1:6)transglycosylase), which transfers the end of the chain onto an 

earlier part via α-1:6 glycosidic bond, forming branches, which further grow by 

addition of more α-1:4 glycosidic units. 

 Glycogenesis 

 Glycogenesis Control and regulations 
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    Glycogenesis responds to hormonal control  regulate enzymes of glycogen 

synthase and glycogen phosphorylase. The main hormones that control 

Glycogenesis are Insulin (stimulation), while glucagon, epinephrine (Adrenaline) 

and  Calcium ions or cyclic AMP (cAMP) act as secondary messengers (negative 

control). They activate phosphorylase kinase. This activates glycogen 

phosphorylase and inhibits glycogen synthase. 

   Gluconeogenesis(abbreviated GNG)  

  Gluconeogenesis is a metabolic pathway that results in the generation of glucose 

from non-carbohydrate carbon substrates such as pyruvate, lactate, glycerol, 

glucogenic amino acids, and odd-chain fatty acid. 

It is one of the two main mechanisms (with glycogenolysis), humans and many 

other animals use to keep blood glucose levels from dropping too low 

(hypoglycemia). gluconeogenesis takes place mainly in the liver and, to a lesser 

extent, in the kidneys.  

The process occurs during periods of fasting, starvation, low-carbohydrate diets, 

or intense exercise. 

 Gluconeogenesis 

  The main gluconeogenic precursors are lactate, glycerol (from triacylglycerides), 

alanine and glutamine (over 90%). as well as all citric acid cycle intermediates 

(Transamination or deamination of amino acids facilitates entering of their carbon 

skeleton into the cycle directly (as pyruvate or oxaloacetate), or indirectly via the 

TCA cycle). 

Lactate is transported back to the liver where it is converted into pyruvate by the 

Cori cycle using the enzyme lactate dehydrogenase. Pyruvate, the first substrate 

of the gluconeogenic pathway, whether even-chain fatty acids can be oxidized to 

yield propionyl CoA, a precursor for succinyl CoA, which can be converted to 

pyruvate and enter into gluconeogenesis. 

 Gluconeogenesis Regulation & overview 
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-The process is highly endergonic until ATP or GTP are utilized, effectively making 

the process exergonic. 

-The pathway leading from pyruvate to glucose-6-p requires 4 molecules of ATP 

and 2 molecules of GTP. 

- Gluconeogenesis is also a target of therapy for type II diabetes, such as 

metformin, which inhibits glucose formation and stimulates glucose uptake by 

cells. 

- The rate of gluconeogenesis is ultimately controlled by the action of a key 

enzyme, fructose-1,6-bisphosphatase, which is also regulated by cAMP. 

- Global hormonal control of gluconeogenesis is mediated by glucagon, whose 

actions oppose 

those of insulin. Also the glucocorticoids secreted from the adrenal cortex 

increase gluconeogenesis. 

 Pentose phosphate pathway  PPP (Phosphogluconate pathway or 

the hexose monophosphate shunt) 

  Is a process that generates(1)pentoses (5-carbon sugars) used in the synthesis of 

nucleotides and nucleic acids and (2)NADPH used in other biosynthesis reactions 

within cells. (e.g. fatty acid synthesis) also (3)Production of erythrose-4-phosphate 

(E4P), used in the synthesis of aromatic A.A. It takes place in the cytosol and is 

found to be most active in the liver, mammary gland, adrenal cortex and 

Erythrocytes (generate a large amount of NADPH via PPP to prevent oxidative 

stress of glutathione). 

There are two Stages in this pathway. The first is the 

oxidative phase, in which NADPH is generated, and the second is the non-

oxidative synthesis of 5-carbon sugars. 

Regulation by Glucose-6-phosphate dehydrogenase is the rate-controlling enzyme 

of this pathway. It is stimulated by NADP+ to produce more NADPH. 

http://en.wikipedia.org/wiki/Cytosol
http://en.wikipedia.org/wiki/Glucose-6-phosphate_dehydrogenase
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 PPP 

 Biosynthesis of Fatty Acids 

  Is the creation of fatty acids from acetyl-CoA and malonyl-CoA precursors 

through action of enzymes called fatty acid synthases. 

It is an important part of the lipogenesis process, which (together with glycolysis) 

stands behind creating fats from blood sugar in living organisms. 

* Acetyl CoA is the source of carbon atom. 

* NADPH provides the reducing equivalents. 

* ATP supplies energy for fatty acid formation. 

- Regulation of FA metabolism: 

   The FA synthesis are coordinately regulated by Three hormons: 

-  Glucagon and epinephrine inhibit FA synthesis, whereas insulin is anti-

lipolytic and stimulates FA biosynthesis. 

 Biosynthesis of Fatty Acids 

 Biosynthesis of Fatty Acids 

      Fatty acid synthesis involves 3 stages: 

  1. production of acetyl CoA & NADPH. 

  2. formation of malonyl CoA. 

  3.Reactions of Fatty Acid Synthase (FAS) 

- Acetyl CoA is produced in mitochondria by oxidation of pyruvate , F.A., 

degradation of A.A. & ketone bodies. 

- mitochondria is not permissible to acetyl CoA. 
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- Alternative or bypass is arranged to transfer acetyl CoA to cytosol (called 

the Citrate Shuttle). 

 Biosynthesis of Fatty Acids 

- Acetyl CoA condenses with oxaloacetate in mitochondria to convert to 

malate & with malic enzyme converted to pyruvate. 

- Then the pyrovate convert to form citrate which is transported to cytosol to 

liberate acetyl CoA & Oxaloacetate again. 

- In the cytosol Malonyl CoA is synthesized from acetyl CoA by the action of 

acetyl CoA carboxylase (irreversible reaction). 

- Acyl Carrier Protein(ACP):  CoA is used as an activator for β-oxidation. 

- The acetyl group gets transferred from CoA to ACP by acetyl CoA-ACP 

transacylase. 

 Biosynthesis of Fatty Acids 

 Biosynthesis of Fatty Acids 

- Next, the malonyl group gets transferred from CoA to ACP by malonyl CoA 

ACP transacylase. 

-  This results in both arms of Fatty Acid Synthase (FAS) occupied forming 

acylmalonyl- ACP. 

-  The COO group of malonyl ACP is removed as CO2 , this results in 3-keto 

acyl ACP which is converted to a CH2 by a series of reactions reverse to FA 

β-oxidation. 

- The result of the first cycle of fatty acid biosynthesis is a four carbon chain 

associated to the ACP arm. 

- A new malonyl CoA is introduced on the ACP arm. 
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- For each cycle the acyl group transferred to the α-carbon of malonyl CoA is 

2-carbons longer than the previous cycle. 

-  At the end of 7 cycles a 16 carbon chain is attached to the ACP arm 

(palmitoyl ACP). 

 Biosynthesis of Fatty Acids 

Modification of Palimitic acid 

  Palmitic acid is converted to palmityl CoA for modification. 

  FA longer than palmitic acid are synthesized by an elongation enzyme 

system. 

  Additional carbons are added in 2-carbon units using malonyl CoA as the 

donor. 

  Unsaturated fatty acids are synthesized by the action of specific enzymes 

called as fatty acid CoA desaturases which are specific for specific 

positions of the double bond. 

Essential Fatty Acids: 

 Mammals lack the enzymes to introduce double bonds at carbon atoms 

beyond C9. 

  Hence, all fatty acids containing a double bond at positions beyond C9 

have to be supplied in the diet. These are called Essential fatty acids (EFA) 

include: Linoleate (18:2 Δ 9,12) , Linolenate (18:3 Δ 9,12,15) and 

arachidonic acid (20:4 Δ 5,8,11,14) are derived from these two EFA.  

 cholesterol synthesis transport and excretion 

 BIOMEDICAL IMPORTANCE 

      Cholesterol is present in tissues and in plasma either as free ch. or as a storage 

form, combined with a long-chain F.A as cholesteryl-ester 
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In plasma, both forms are transported in lipoproteins. 

Cholesterol is an (1)essential structural component of membranes and of the outer 

layer of plasma lipoproteins. (2)It is the precursor of all other steroids in the body 

such as corticosteroids, sex h., bile acids, and vitamin D. A little more than half the 

cholesterol of the body arises by synthesis, and the remainder is provided by the 

diet. 

Plasma LDL is the vehicle of uptake of ch. and cholesteryl ester into many tissues. 

Free ch. is removed from tissues by HDL, transported to the liver, where it is 

eliminated from the body either unchanged or after conversion to bile acids in the 

process known as reverse cholesterol transport. 

 cholesterol synthesis transport and excretion 

   All tissues containing nucleated cells are capable of cholesterol synthesis, 

which occurs in the endoplasmic reticulum and the cytosol. 

 The biosynthesis of cholesterol may be divided into five steps: 

 (1) Synthesis of mevalonate occurs from Acetyl-CoA (the precursor & the 

Source of All 27 Carbon Atoms in Cholesterol). 

 (2) Isoprenoid units are formed from mevalonate by loss of CO2. 

 (3) Six isoprenoid units condense to form squalene. 

 (4) Squalene cyclizes to give rise to the parent steroid, lanosterol. 

 (5) Cholesterol is formed from lanosterol. 

 cholesterol synthesis 

 CHOLESTEROL SYNTHESIS 

CONTROL & EXCRETION 

  Regulation of cholesterol synthesis is exerted at the beginning of the 

pathway, at the HMG-CoA reductase (or 3-hydroxy-3-methyl-glutaryl-CoA 

reductase or HMGCR) step. The reduced synthesis of cholesterol in starving 
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is accompanied by a decrease in the activity of the enzyme. However, it is 

only hepatic synthesis that is inhibited by dietary cholesterol. HMG-CoA 

reductase in liver is inhibited by mevalonate, the immediate product of the 

pathway, and by cholesterol, the main product which inhibit the HMG-CoA 

reductase. In addition Insulin or thyroid hormone increases HMG-CoA 

reductase activity, whereas glucagon or glucocorticoids decrease it.  

 CHOLESTEROL EXCRETION 

About 1 g of cholesterol is eliminated from the body per day. Approximately half 

is excreted in the feces after conversion to bile acids. The remainder is excreted 

as cholesterol. Coprostanol is the principal sterol in the feces; it is formed from 

cholesterol by the bacteria in the lower intestine. 

 Biosynthesis of the Nutritionally 

Nonessential Amino Acids 

   Although all 20 of the amino acids present in proteins are essential for 

health, humans can synthesize 12 (nonessential) of the 20 common amino 

acids from the intermediates of glycolysis and of the citric acid cycle except 

three A.A. (cysteine, tyrosine and hydroxylysine) from nutritionally essential 

amino acids. 

 The enzymes (1)glutamate dehydrogenase, (2)glutamine synthetase, and 
(3)aminotransferases occupy central positions in A.A. biosynthesis. 

 e. g. Glutamate and Glutamine. Reductive amination of α-ketoglutarate is 

catalyzed by glutamate dehydrogenase, then Amination of glutamate to 

glutamine is catalyzed by glutamine synthetase. 

 To form Alanine. Transamination of pyruvate forms alanine. 

 Aspartate and Asparagine. Transamination of 

 oxaloacetate forms aspartate. The conversion of aspartate to asparagine is 

catalyzed by asparagine synthetase (resembles glutamine synthetase). 
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 Catabolism of Proteins 

& of Amino Acid Nitrogen 

     The continuous degradation and synthesis of cellular proteins occur in all forms 

of life. Each day humans turn over 1–2% of their total body protein, principally 

muscle protein. High rates of protein degradation occur in tissues undergoing 

structural rearrangement. 

e.g., skeletal muscle in starvation, uterine tissue during pregnancy, etc. 

the liberated amino acids, approximately 75% are reutilized. 

Unlike glucose and fatty acids, which can be stored, excess amino acids are not 

stored, those not immediately incorporated into new protein are rapidly 

degraded. 

While ammonia, derived mainly from the α-amino nitrogen of amino acids, is 

highly toxic, in most mammals, tissues convert ammonia to the amide nitrogen of 

nontoxic glutamine. Subsequent deamination of glutamine in the liver releases 

ammonia (NH3), which is then converted to nontoxic urea ((NH2)2CO) (through 

urea cycle in the liver) and excreted. 

 Catabolism of Proteins 

& of Amino Acid Nitrogen 

   While Carbon skeleton is converted to: 

 Acetyl–CoA, Acetoacetyl–CoA, Pyruvate &Citric ac cycle intermediate. 

 The Deamination produces α-keto acids, which are degraded to other 

metabolic intermediates. 

  Generally Aspartate transaminase and Alanine transaminase enzymes 

funnel amino groups to α–ketoglutarate. 

 The Conversion to Ammonium Ions 



 

 تكريتجامعة  –جميع الحقوق محفوظة للموقع االلكتروني لكلية الطب البيطري 

 α–Amino groups are converted to ammonium ions by the oxidative 

deamination of glutamate. 

 The Urea Cycle 

 The Urea Cycle 

 Catabolism of the Carbon Skeletons 

of Amino Acids 

 Catabolism of the Carbon Skeletons 

of Amino Acids 

 Catabolism of the Carbon Skeletons 

of Amino Acids 

 Conversion of Amino Acids 

to Specialized Products 

 Conversion of Amino Acids 

to Specialized Products 

 Purine metabolism (Overview) 

 Purine metabolism (Overview) 

 Purine metabolism (Overview) 

 Porphyrins & Bile Pigments (Overview) 

 Heme Structure 

 The core protoporphyrin ring structure is constant. 

 The sidechains vary in other porphyrins. 

 The protein structure determines the properties of the prosthetic group. 

 Protoporphyrin IX Structure 

 Fe(II) displaces the two protons in the center. 
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 Succinyl CoA Biosynthesis 

 One heme precursor, succinyl CoA. can be made from propionyl CoA, or 

from a-ketoglutarate in the Krebs cycle. 

 Propionyl CoA can be made from amino acids, or from the oxidation of odd-

numbered fatty acids.  

 After propionyl CoA is carboxylated, the conversion of methylmalonyl CoA 

to succinyl CoA requires vitamin B12. 

 Heme Biosynthesis: Part 1 

  d-ALA synthetase catalyzes the committed step. 

 Reactions occur in the mitochondrial matrix. 

 8 succinyl CoA & 8 glycine. 

 Heme Biosynthesis: Part 2 

 Notice that one of the pyrrole rings was “rotated” by the uroporphyrinogen 

cosynthetase making the cyclic uroporphyrinogen III asymmetric 

 The multiple arrows are several decarboxylations. 

 Heme Degradation 

 Heme is degraded in the liver. 

 The final product, bilirubin diglucuronide, is transported in bile from the 

liver to the gall bladder and excreted. 

 It, and several related structures, are bile pigments. 

 Notice energy is used to reduce biliverdin to a waste product. 

 Hb Heme Life Cycle  

 Synthesized in red blood cell precursors. 
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 Spends about 120 days in the bloodstream. 

 Identified as “old” by the spleen, which disrupts the rbc membrane, freeing 

the Hb. 

 Transported to the liver as a haptoglobin-hemoglobin complex. 

 Degraded in the liver to amino acids, Fe(III) and bilirubin diglucuronide. 

 The iron is transported to other cells, bound to transferrin, for reuse. 

 Bilirubin diglucuronide excreted by gall bladder. 

 Bile 

 About 500 ml per day of bile is made by the liver, which excretes it and 

transfers it to the gall bladder.   

 The gall bladder concentrates bile and excretes it into the intestinal lumen. 

 The three main dissolved constituents are glycocholate (~80%), 

phospholipids (~15%) and cholesterol (~5%). 

 Glycocholate, a fat-solubilizing detergent, is reabsorbed by the intestinal 

epithelium. 

 The other constituents, such bile pigments, are minor. 

 ABNORMAL METABOLISM OF BILE PIGMENTS  

 The porphyrias are a group of diseases caused by abnormalities in the 

pathway of biosynthesis of the various porphyrins.  

 The most more prevalent clinical condition is jaundice, due to elevation of 

bilirubin in the plasma. This elevation is due to overproduction of bilirubin 

or to failure of its excretion and is seen in numerous diseases ranging from 

hemolytic anemias to viral hepatitis and to cancer of the pancreas. 
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