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Amino Acids are the building blocks of all proteins. All amino acids have a central 
alpha carbon atom with: a carboxyl group, an amino group, a hydrogen, and a R-group. 
It is the R-group that gives each amino acid it’s properties. Amino acids are classified 
according to the chemical nature of their R-groups or side chains (polarity and charge). 
There are twenty different amino acids which are found in our proteins, and each in 
encoded by a triplet DNA sequence. The chemical nature of an amino acid chain 
determines the types of interactions it can participate in: hydrophobic interactions, ionic 
bonds, hydrogen bonds, disulfide bridges. Hydrophobic interactions cause the chains to 
aggregate to exclude water because they are water fearing.  Ionic bonds are formed 
between groups with opposite charges. Hydrogen bonds are a weaker bond that shares 
a hydrogen atom between two electronegative atoms. Disulfide bonds are strong bonds 
formed upon an oxidation reaction between two cysteines. There are strong or covalent 
bonds as well as weak or non-covalent bonds; disulfide bonds and peptide bonds are 
considered strong while hydrophic interactions, hydrophic bonds, and ionic bonds are 
considered weak. Atoms are also categorizing by their polarity. Hydrophobic 
interactions are non-polar, hydrogen bonds, disulfide bonds, and peptide bonds are 
popular with an uncharged R-group and hydrogen bonds, ionic bonds, and peptide 
bonds are polar with a charged R-group. 

Proteins are the most abundant biological macromolecules. The structure of 
proteins determines the linear sequence of its amino acid building blocks. The 
backbone of a polypeptide follows the peptide linkage of amino acid from N to the C 
terminus. Four levels of a protein structure include; the primary structure, the linear 
sequence of amino acids. Secondary structure, regular arrangement of amino acids into 
repeating patterns (alpha helix and beta sheets). Tertiary structure, three dimensional 
arrangements of the polypeptide chain, Quaternary structure, arrangement of multiple 
polypeptide chains within a globular protein. Protein folding is governed primarily by the 
hydrophobic effect. Proteins are dynamic molecules and conformation changed mediate 
and regulate protein functions. The amino acid sequence of the protein determines the 
structure. The structure of the protein determines the function. The protein sequence is 
essential for proper physiological function. Protein families are defined by functional 
similarities. The primary sequence of such proteins may vary considerable, but the 
overall tertiary structure adopted by these proteins is extremely similar.  

Proteins are the chemical nutrients that are required for building various tissues 
of the body as well as needed for repair of worn out cells. Proteins are classified into 3 
main groups, namely globular proteins, fibrous proteins and membrane proteins. 
Globular proteins are proteins that contain heme as a tightly-bound prosthetic group. 
Myoglobin is present in heart and skeletal muscle, where it binds and stores oxygen and 
releases when needed. While, hemoglobin is present in erythrocytes, where it is 
responsible for oxygen transport. Hemoglobin delivers oxygen from the lungs to the 
tissues and carbon dioxide from the tissues to the lungs. Hemoglobinopathies is a 
genetic disorder caused by a structurally abnormal hemoglobin molecule, synthesis of 
insufficient quantities of hemoglobin, or both. Sickle cell, which is derived from 
Hemoglobin S disease, is a point mutation on beta globin chain gene, RBS lifetime only 
20 days compared to 120 days for normal RBC, homozygous recessive disorder. 
Hemoglobin C disease is a single amino acid substitution with a mutation at position 6, 
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where glutamate is replaced with lysine. Finally, methmoglobinemias is heme iron is 
ferric rather than ferrous, neither binds nor transports oxygen. 

Fibrous Proteins are proteins that serve structural functions in the body. There 
are three groups of collagen in fibrous proteins, fibril-forming, network-forming, fibril-
associated. Fibril-forming collagens are rope-like structures, network-forming collagens 
is a basement membrane, and fibril-associated collagens is the surface of collagen 
fibrils. Coagulopathies is genetic defect in synthesis of collagen fibers and there are 
over 1000 mutations identified. Ehler-danlos syndrome (EDS) is an inherited deficiency 
of lysyl hydroxylase, or N-procollagen peptides or mutations in AA sequences of 
collagen types 1, 2, or 3. Osteogenesis imperfecta causes brittle bone syndrome. There 
are multiple types although type I OI is the most severe and leads to death in utero – 
decreased production of alpha 1 and alpha 2 chains. Replaces glycine residues with aa 
containing bulky side chains. Finally, elastin is the conversion of amine groups of lysine 
to reactive aldehydes by lysyl oxidase. Elastin is a major fibrous protein in tissues that 
require elasticity. 

Enzymes are a biological molecule that catalyze chemical reactions and act to 
enhance the rate of cellular chemical reactions. Mutations of genes encoding enzymes 
can lead to a deficiency or a malfunctioning of enzymes. Enzyme-catalyzed reaction is 
caused when an enzymatic reaction is the conversation of the substrate S into the 
product P, by making or breaking bonds between atoms or breaking bonds between 
atoms or molecules at the active site. The reaction process is described as (S + E <-> 
ES EP <-> E + P). There are many different factors that can affect enzymes rates such 
as the substrate concentration, temperature, denaturation, and pH. Substrate 
concentration is when the rate of a reaction or velocity will increase with increasing 
substrate concentration until it reaches a maximal level where it is saturated with 
substrate. Second, when there is a small increase in temperature will increase the 
kinetic energy of a system, increasing the probability of productive molecular collisions 
to reach the transition state. Next, denaturation of enzymes is susceptible to 
denaturation by various factors, including extremes of temperature and pH. 
Denaturation results in the unfolding of proteins. Enzymes denaturation is essentially 
irreversible and usually results in total loss of function. Lastly, pH affects reactive groups 
on enzymes may have to be either protonated or unprotonated for catalysis to occur. 

Enzyme kinetics is the measurement of the rates or velocities of enzyme-
catalyzed reactions, and the way reaction rates are influenced by a variety of factors, 
including substrate and enzyme concentration, cofactors and inhibitors. The Michaelis-
menten kinetics is the hyperbolic behavior in the Vo vs [S] (steady state) plot of an 
enzyme led to the development of a theory of enzyme action. The michaelis-menten 
equation mathematically describes the hyperbolic relationship between initial velocity 

and substrate concentration of many enzyme-catalyzed reactions 𝑉𝑜
𝑉𝑚𝑎𝑥[𝑆]

𝐾𝑚+[𝑆]]
. The 

lineweaver-burk plot graphs linearly 1/Vo versus 1/[S]. The intercept on the x-axis is 
equal to -1/Km and the intercept on the y-axis is equal to 1/Vmax. Enzyme inhibitors are 
any substance that diminishes the velocity of an enzyme-catalyzed reaction. A 
competitive inhibitor is any compound that has a structural resemblance to a specific 
substrate and then competes it with that substrate for binding at the active site of an 
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enzyme. The inhibitor is not acted on by the enzyme but does prevent the substrate 
from approaching the active site. A competitive inhibitor interferes with an enzyme’s 
activity depends on the relative concentrations of the substrate and the inhibitor. If the 
inhibitor is present in large amounts, it will initially block most of the active sites. But 
because the binding is reversible, some substrate molecules will eventually bind to the 
active site and be converted to product. Increasing the substrate concentration 
promotes displacement of the inhibitor from the active site. Competitive inhibition can be 
completely reversed by adding substrate so that it reaches a much higher concentration 
than that of the inhibitor. A noncompetitive inhibitor can combine with either the free 
enzyme or the enzyme-substrate complex because its binding site on the enzyme is 
distinct from the active site. Binding of this kind of inhibitor alters the three-dimensional 
conformation of the enzyme, changing the configuration of the active site with one of 
two results. Either the enzyme-substrate complex does not form at its normal rate, or, 
once formed, it does not yield products at the normal rate. Because the inhibitor does 
not structurally resemble the substrate, the addition of excess substrate does not 
reverse the inhibitory effect. 

Our cells use controls to turn-on or turn-off different biological systems often work 
due to regulation of enzyme activity. All our metabolic pathways are regulated in attempt 
to maintain homeostasis. There are multiple different types of mechanisms to regulate 
enzymes. Metabolic pathways can be regulated by substrate availability, product and 
feedback inhibition. Allosteric enzymes can be positively or negatively regulated by the 
binding of allosteric effector molecules. Enzymes can also be regulated through 
covalent modifications and proteolysis. The mechanism by which many of these 
regulatory strategies work lies at the level of changing the conformational state of the 
enzyme.  

There are thousands of different reactions that go on in our cells every day; these 
continuous link reactions are termed “metabolism”. Metabolism can be subdivided into 
two major categories: anabolism and catabolism. The anabolic pathway uses the 
energy harnessed by catabolism to drive the synthesis of many macromolecules that 
form the cells. The catabolic pathway breaks down macromolecules into smaller 
molecules, thereby generating both a useful form of energy for the cell and some of the 
small molecules that the cell need as building blocks.  

The glycolytic pathway is employed by all tissues in cytosol for the breakdown of 
glucose to provide energy and to supply precursors for the catabolic or anabolic 
pathways. In aerobic glycolysis, pyruvate is the product together with the production of 
ATP and NADH. While, anaerobic glycolysis occurs in tissues that has none or few 
mitochondria or in cells deprived of sufficient oxygen (ex: muscle cells during early 
stages of exercise)  

There are seven steps to the TCA cycle. The first step is forming acetyl CoA. 
CoA is bound to a sulfhydryl group and diffuses away to eventually combine with 
another acetyl group. This step is irreversible because it is highly exergonic. The rate of 
this reaction is controlled by negative feedback and the amount of ATP available. Step 2 
is citrate loses one water molecule and gains another as citrate is converted into its 
isomer, isocitrate. In step three, isocitrate is oxidized which reduce NAD+ to NADH. This 
step is also regulated by negative feedback from ATP and NADH and by a positive 
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effect of ADP. Steps three and four are both oxidation and decarboxylation steps, which 
release electrons that reduce NAD+ to NADH and release carboxyl groups that form 
CO2 molecules. α-Ketoglutarate is the product of step three, and a succinyl group is the 
product of step four. CoA binds the succinyl group to form succinyl CoA. The enzyme 
that catalyzes step four is regulated by feedback inhibition of ATP, succinyl CoA, and 
NADH. Step five is a phosphate group is substituted for coenzyme A, and a high- 
energy bond is formed. There are two forms of the enzyme, called isoenzymes. One 
form is found in tissues that use large amounts of ATP, like heart and skeletal muscle. 
The second form of the enzyme is found in tissues that have a high number of anabolic 
pathways, such as liver. This form produces GTP. Step six is a process that converts 
succinate into fumarate. Two hydrogen atoms are transferred to FAD, producing 
FADH2. This process is made possible by the localization of the enzyme catalyzing this 
step inside the inner membrane of the mitochondria. In step seven water is added to 
fumarate and malate is produced. The last step in the citric acid cycle regenerates 
oxaloacetate by oxidizing malate.  

Glycogen, an amylopectin, is the storage form of glucose energy in animals. 
Glycogen synthesis and degradation occur primarily in liver and skeletal muscle. Liver 
glycogen stores increase during the fed-state. Liver glycogen decreases during fasted-
state. Muscle glycogen is synthesized to replenish muscle stores after they have been 
depleted. Muscle glycogen stores are not affected by short periods of fasting. 
Glycogenesis is the UDP-glucose pyro phosphorylase, glycogen synthase and 
branching enzyme. First, they synthesize the UDP glucose by UDP-glucose pro 
phosphorylase. Second, there is elongation of glycogen chains by glycogen synthase. 
Third, there is a formation of branches in glycogen by the branching enzyme. The 
branching enzyme transfers a chain of 6 to 8 glyceryl residues to another residue on the 
chain. Glycogenolysis is when glycogen phosphorylase, a rate-limiting enzyme, 
debranching enzyme and G6Pase. First, glycogen phosphorylase shortens the chain by 
cleaving the alpha (1,4) glycosidic bonds at the non-reduction ends of the glycogen 
chains by simple phosphorolysis until 4 glucosyl units remain of each chain before a 
branch point. Next, debranching enzymes is a bifunctional enzyme with transferase and 
glucosidase activities. Finally, phophoglucomutase converts to G1-P to G6-P. 
 In the muscle and the liver insulin promotes glycogenesis and inhibits 
glycogenosis. Epinephrine inhibit glycogenesis and activates glycogenosis. Epinephrine 
overrides the insulin effect by inhibiting insulin release. In the liver, only, glucagon 
inhibits glycogenesis and activates glycogenolysis. Glucagon synthase and glycogen 
phosphorylase are reciprocally regulated. These two enzymes are regulated by the 
insulin and glucagon ration and epinephrine levels. Blood glucose can be obtained from 
three main sources; dietary carbohydrates, degradation of liver glycogen, and 
gluconeogenesis. Dietary carbohydrate occurs in fed state, blood glucose is derived 
from dietary carbohydrates. Degradation of liver glycogen or also known as liver 
glycogenolysis is the storage form of glucose and can be rapidly mobilized from the liver 
during short-term fasting, and plays a small role in slightly long-term fasting. Lastly, 
gluconeogenesis can provide sustainable synthesis of glucose de novo. It tends to be 
somewhat slow in responding to a falling blood glucose level during the short-term 
fasting. 



  Human Nutrient Metabolism NTRI 7530 
  Term Paper Fall 2016 
  Alexis Roberts 
   

 5 

Gluconeogenesis is concerned with the de novo or dietary fat synthesis of 
glucose from non-carbohydrate precursors. This anabolic pathway is important during 
the long-term fasting phase because it is the only pathway for maintaining the blood 
glucose level. Certain tissues or organs such as brain and RBCs are highly dependent 
on glucose as their major fuel.  

The hexose monophosphate (HMP) shunt uses glucose-6-phosphate to 
synthesize ribose-5-phosphate and NADPH. Ribose-5-phosphate is used in nucleotide 
biosynthesis. NADPH is used for reductive biosynthetic processes. The HMP shunt has 
two branches: an oxidative branch and a non-oxidative branch. The oxidative branch 
includes the oxidative decarboxylation of G6P, forming ribose-5-phosphate and two 
molecules of NADPH. The non-oxidative branch of the pathway includes the reversible 
inter-conversion of pentose and hexoses to form ribose-5-phosphate. In humans, the 
HMP shunt is active in the liver, adrenals, lactating mammary glands and adipose 
tissue.  

Lipogenesis is a two-part anabolic process. First fatty acid is synthesized from 
glucose. Secondly, fatty acyl CoAs are esterified to glycerol to form triacylglycerol 
(TAG)- ATP, NADPH needed. Fatty acid and Tag biosynthesis is active in the fed-state. 
Fatty acid synthesis occurs mostly in liver and lactating mammary gland, small amounts 
in adipose and during development in brain. Cytosol; fatty acid elongation on surface of 
smooth endoplasmic reticulum This occurs to aid in storage of energy as well as 
membrane formation. Fat is made de novo from dietary carbohydrate primarily when 
eating a high carbohydrate diet, such as vegetarians. In the liver after a high 
carbohydrate meal glucose is used to first, replenish glycogen and then to synthesize 
fatty acids. Although fatty acid synthesis occurs in the cytosol, the acetyl CoA needed 
for fatty acid synthesis is generated in the mitochondrial from pyruvate. Acetyl CoA 
cannot cross the mitochondrial membrane and this presents a logistical problem. 
Lipolysis is the hydrolysis of triacylglycerol to supply fatty acids for fuel. This occurs 
when you are in fasted-state, when glucose levels are low and it occurs in your adipose 
tissue. The mobilized fatty acids are then transported to most tissues throughout the 
body 

Cholesterol, the characteristic steroid alcohol of animal origin, performs several 
essential functions in the body. For example, cholesterol is a structural component of all 
cell membranes, which controls the membranes fluidity. Also, in specialized tissues, 
cholesterol is a precursor of bile acids, steroid hormones, and vitamin D. It is therefore 
of critical importance that the cells of the body be assured an appropriate supply of 
cholesterol. An appropriate supply of cholesterol is critical. To meet the need, a complex 
series of transport, biosynthetic and regulatory mechanisms has evolved. The liver 
plays a key role in the regulation of the body’s cholesterol homeostasis. Cholesterol 
consist of four fused hydrocarbon rings, with an eight-carbon branches hydrocarbon 
chain attached to C-17 or the D ring.  Cholesterol esters or CE’s have a fatty acid 
esterifies at C3. Almost 70% of the plasma cholesterol is in an esterified form, which 
makes the structure even more hydrophobic than free cholesterol. 
 
 


