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COURSE CODE: BCH 211 

COURSE TITLE: INTRODUCTORY BIOCHEMISTRY I (3 CREDITS)  

NUMBER OF UNITS: 3 UNITS 

COURSE DURATION: THREE HOURS PER WEEK 

 

COURSE LECTURER: MR. EHIOSUN KEVIN 

 

TOPIC: INTRODUCTION TO PROTEIN 

 
INTENDED LEARNING OUTCOMES 

At the completion of this lecture, students are expected to: 

1. Know the building block of proteins  

2. State the twenty (20) common amino acids  

3. Classify the twenty (20) common amino acids by properties of their side chains 

4. Understand the formation of peptides 

 

RESOURCES 

• Lecturer’s Office Hours: 

• Dr. Usunobun U. Mondays, Wednesdays and Thursdays: 11:00-3:00pm. 

 Mr. Ehiosun Kevin, Tuesdays and Wednesday: 10:00-3:00pm 

 

• Books: 

(i) Garrett, R. H., & Grisham, C. M. (2010). Biochemistry. Belmont, CA: Brooks/Cole, Cengage 

Learning. 

(ii) Lehninger, A. L., Nelson, D. L., & Cox, M. M. (2000). Lehninger principles of biochemistry. 

New York: Worth Publishers. 

(iii)Rodwell, V. W., Botham, K. M., Kennelly, P. J., Weil, P. A., & Bender, D. A. (2015). 

Harper's illustrated biochemistry (30th ed.). New York, N.Y.: McGraw-Hill Education LLC 
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Introduction to Protein 

Proteins are the most versatile macromolecules in living systems and serve crucial functions in 

essentially all biological processes. They function as catalysts, they transport and store other 

molecules such as oxygen, they provide mechanical support and immune protection, they 

generate movement, they transmit nerve impulses, and they control growth and differentiation. 

Amino acids are the building blocks of proteins. An α-amino acid consists of a central carbon 

atom, called the α carbon, linked to an amino group, a carboxylic acid group, a hydrogen atom, 

and a distinctive R group. The R group is often referred to as the side chain. With four different 

groups connected to the tetrahedral α-carbon atom, α-amino acids are chiral. 

 

 

When chiral compounds are formed by ordinary chemical reactions, the result is 

a racemic mixture of D (Dextrorotatory) and L (Levorotatory) isomers, which are difficult for a 

chemist to distinguish and separate. But to a living system, D and L isomers are as different as 

the right hand and the left. The two mirror-image forms are called the L isomer (Levorotatory) 

and the D isomer (Dextrorotatory). Only L isomer amino acids are found in Proteins. 
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Amino acids in solution at neutral pH exist predominantly as dipolar ions (also called 

zwitterions). In the dipolar form, the amino group is protonated (-NH3 
+) and the carboxyl group 

is deprotonated (-COO-). Molecules that contain an equal number of ionizable groups of opposite 

charge and that therefore bear no net charge are termed zwitterions. Substances having this dual 

nature are amphoteric and are often called ampholytes. 

Twenty kinds of side chains varying in size, shape, charge, hydrogen-bonding capacity, 

hydrophobic character, and chemical reactivity are commonly found in proteins. Indeed, all 

proteins in all species bacterial, archaeal, and eukaryotic are constructed from the same set of 20 

amino acids. 

Amino Acids Can Be Classified by R Group 

Knowledge of the chemical properties of the common amino acids is central to an understanding 

of biochemistry. Amino acids are classified into five main classes based on the properties of their 

R groups, in particular, their polarity, or tendency to interact with water at biological pH (pH 

7.4). The polarity of the R groups varies widely, from nonpolar and hydrophobic (water-

insoluble) to highly polar and hydrophilic (water-soluble). 

A. Nonpolar, Aliphatic R Groups  

The R groups in this class of amino acids are nonpolar and hydrophobic. The side 

chains of alanine, valine, leucine, and isoleucine tend to cluster together within proteins, 

stabilizing protein structure by means of hydrophobic interactions. 
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B. Aromatic R Groups  

Phenylalanine, tyrosine, and tryptophan, with their aromatic side chains, are relatively 

nonpolar (hydrophobic). All can participate in hydrophobic interactions. The hydroxyl 

group of tyrosine can form hydrogen bonds, and it is an important functional group in 

some enzymes. Tyrosine and tryptophan are significantly more polar than phenylalanine, 

because of the tyrosine hydroxyl group and the nitrogen of the tryptophan indole ring. 

Tryptophan and tyrosine, and to a much lesser extent phenylalanine, absorb ultraviolet 

light. This accounts for the characteristic strong absorbance of light by most proteins at a 

wavelength of 280 nm, a property exploited by researchers in the characterization of 

proteins. 
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C. Polar, Uncharged R Groups  

The R groups of these amino acids are more soluble in water, or more hydrophilic, 

than those of the nonpolar amino acids, because they contain functional groups that form 

hydrogen bonds with water. This class of amino acids includes serine, threonine, 

cysteine, asparagine, and glutamine. The polarity of serine and threonine is contributed 

by their hydroxyl groups; that of cysteine by its sulfhydryl group; and that of asparagine 

and glutamine by their amide groups. 
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D. Positively Charged (Basic) R Groups  

The most hydrophilic R groups are those that are either positively or negatively charged. 

The amino acids in which the R groups have significant positive charge at pH 7.0 are 

lysine, which has a second primary amino group at the position on its aliphatic chain; 

arginine, which has a positively charged guanidino group; and histidine, which has an 

imidazole group. Histidine is the only common amino acid having an ionizable side chain 

with a pKa near neutrality. In many enzyme-catalyzed reactions, a histidine residue 

facilitates the reaction by serving as a proton donor/acceptor. 

 

 

 

E. Negatively Charged (Acidic) R Groups  

The two amino acids having R groups with a net negative charge at pH 7.0 

are aspartate and glutamate, each of which has a second carboxyl group. 
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Uncommon Amino Acids 

Several amino acids occur only rarely in proteins. These include hydroxylysine and 

hydroxyproline, which are found mainly in the collagen and gelatin proteins, and thyroxine and 

3,3,5-triiodothyronine, iodinated amino acids that are found only in thyroglobulin, a protein 

produced by the thyroid gland. (Thyroxine and 3,3,5-triiodothyronine are produced by iodination 

of tyrosine residues in thyroglobulin in the thyroid gland. Degradation of thyroglobulin releases 

these two iodinated amino acids, which act as hormones to regulate growth and development.) 

Certain muscle proteins contain methylated amino acids, including methylhistidine, -N 

methyllysine, and -N,N, N-trimethyllysine. Carboxyglutamic acid is found in several proteins 

involved in blood clotting, and pyroglutamic acid is found in a unique light-driven proton-

pumping protein called bacteriorhodopsin, which is discussed elsewhere in this book. Certain 

proteins involved in cell growth and regulation are reversibly phosphorylated on the OOH 

groups of serine, threonine, and tyrosine residues. Aminoadipic acid is found in proteins 

isolated from corn. Finally, N-methylarginine and N-acetyllysine are found in histone proteins 

associated with chromosomes. They have a variety of functions but are not 

constituents of proteins.  
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Amino Acids Not Found in Proteins 

Certain amino acids and their derivatives, although not found in proteins, nonetheless are 

biochemically important. Aminobutyric acid, or GABA, is produced by the 

decarboxylation of glutamic acid and is a potent neurotransmitter. Histamine, which is 

synthesized by decarboxylation of histidine, and serotonin, which is derived from tryptophan, 

similarly functions as neurotransmitters and regulators. β-Alanine is found in nature in the 

peptides carnosine and anserine and is a component of pantothenic acid (a vitamin), which is a 

part of coenzyme A. Epinephrine (also known as adrenaline), derived from tyrosine, is an 

important hormone. Penicillamine is a constituent of the penicillin antibiotics. Ornithine, 

betaine, homocysteine, and homoserine are important metabolic intermediates. Citrulline is 

the immediate precursor of arginine. 

Titration curves of Amino Acids 

The shared properties of many amino acids permit some simplifying generalizations about their 

acid-base behaviors. First, all amino acids with a single -amino group, a single -carboxyl group, 

and an R group that does not ionize have titration curves resembling that of glycine. These amino 

acids have very similar, although not identical, pKa values: pKa of the -COOH group in the range 

of 1.8 to 2.4, and pKa of the -NH3
+ group in the range of 8.8 to 11.0. 
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Secondly, amino acids with an ionizable R group have more complex titration curves, with three 

stages corresponding to the three possible ionization steps; thus they have three pKa values (e.g 

glutamate and histidine). The additional stage for the titration of the ionizable R group merges to 

some extent with the other two. 

 

Isoelectric pH (pI) of Amino Acids 

The isoelectric species is the form of a molecule that has an equal number of positive and 

negative charges and thus is electrically neutral. The isoelectric point or isoelectric pH, also 

called the pI, is the pH midway between pKa values on either side of the isoelectric species. If an 

amino acid (or protein) has more basic groups (Arg, Lys, His) than acidic groups (Glu, Asp), the 

pI is greater than 7. If an amino acid or protein has more acidic groups, the pI is less than 7. For 

an amino acid such as alanine that has only two dissociating groups, there is no ambiguity. The 

first pKa (R-COOH) is 2.35 and the second pKa (R-NH3
+) is 9.69. The isoelectric pH (pI) of 

alanine thus is; 
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In the clinical laboratory, knowledge of the pI guides selection of conditions for electrophoretic 

separations. For example, electrophoresis at pH 7.0 will separate two molecules with pI values of 

6.0 and 8.0 because at pH 8.0 the molecule with a pI of 6.0 will have a net positive charge, and 

that with pI of 8.0 a net negative charge. 

Reactions of Amino Acids 

 Carboxyl and Amino Group Reactions 

The α-carboxyl and α-amino groups of all amino acids exhibit similar chemical reactivity. The 

side chains, however, exhibit specific chemical reactions, depending on the nature of the 

functional groups. Whereas all of these reactions are important in the study and analysis of 

isolated amino acids, it is the characteristic behavior of the side chain that governs the reactivity 

of amino acids incorporated into proteins. There are three reasons to consider these reactions. 

Proteins can be chemically modified in very specific ways by taking advantage of the chemical 

reactivity of certain amino acid side chains. The detection and quantification of amino acids and 

proteins often depend on reactions that are specific to one or more amino acids and that result in 

color, radioactivity, or some other quantity that can be easily measured. Finally and most 

importantly, the biological functions of proteins depend on the behavior and reactivity of specific 

R groups. 

The carboxyl groups of amino acids undergo all the simple reactions common to this functional 

group. Reaction with ammonia and primary amines yields unsubstituted and substituted amides, 

respectively. Esters and acid chlorides are also readily formed. Esterification proceeds in the 

presence of the appropriate alcohol and a strong acid. Polymerization can occur by repetition of 

the reaction. Free amino groups may react with aldehydes to form Schiff bases and can be 

acylated with acid anhydrides and acid halides. 
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The Ninhydrin Reaction 

Amino acids can be readily detected and quantified by reaction with ninhydrin. As shown in 

below, ninhydrin, or triketohydrindene hydrate, is a strong oxidizing agent and causes the 

oxidative deamination of the –amino function. The products of the reaction are the resulting 

aldehyde, ammonia, carbon dioxide, and hydrindantin, a reduced derivative of ninhydrin. The 

ammonia produced in this way can react with the hydrindantin and another molecule of 

ninhydrin to yield a purple product (Ruhemann’s Purple) that can be quantified 
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spectrophotometrically at 570 nm. The appearance of CO2 can also be monitored. Indeed, CO2 

evolution is diagnostic of the presence of an α-amino acid. α-Imino acids, such as proline and 

hydroxyproline, give bright yellow ninhydrin products with absorption maxima at 440 nm, 

allowing these to be distinguished from the -amino acids. Because amino acids are one of the 

components of human skin secretions, the ninhydrin reaction was once used extensively by law 

enforcement and forensic personnel for fingerprint detection. (Fingerprints as old as 15 years can 

be successfully identified using the ninhydrin reaction.) More sensitive fluorescent reagents are 

now used routinely for this purpose. 

 

 

 Specific Reactions of Amino Acid Side Chains 

A number of reactions of amino acids have become important in recent years because they are 

essential to the degradation, sequencing, and chemical synthesis of peptides and proteins. In 

recent years, biochemists have developed an arsenal of reactions that are relatively specific to the 
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side chains of particular amino acids. These reactions can be used to identify functional amino 

acids at the active sites of enzymes or to label proteins with appropriate reagents for further 

study. Cysteine residues in proteins, for example, react with one another to form disulfide 

species and also react with a number of reagents  

 

 

Peptides 

Proteins are linear polymers formed by linking the α-carboxyl group of one amino acid to the α-

amino group of another amino acid with a peptide bond (also called an amide bond). The 

formation of a dipeptide from two amino acids is accompanied by the loss of a water molecule. 

In a peptide, the amino acid residue at the end with a free -amino group is the 

amino-terminal (or N-terminal) residue; the residue at the other end, which has a free carboxyl 

group, is the carboxyl-terminal (C-terminal) residue. Although hydrolysis of a peptide bond is 

an exergonic reaction, it occurs slowly because of its high activation energy. As a result, the 

peptide bonds in proteins are quite stable, with an average half-life (t1/2) of about 

7 years under most intracellular conditions. 

 



14 
 

 

A series of amino acids joined by peptide bonds form a polypeptide chain, and each amino acid 

unit in a polypeptide is called a residue. A polypeptide chain has polarity because its ends are 

different, with an α-amino group at one end and an α-carboxyl group at the other. By convention, 

the amino end is taken to be the beginning of a polypeptide chain, and so the sequence of amino 

acids in a polypeptide chain is written starting with the aminoterminal residue. Amino acids 

present in peptides are called aminoacyl residues and are named by replacing the -ate or -ine 

suffixes of free amino acids with -yl (eg, alanyl, aspartyl, tyrosyl). Peptides are then named as 

derivatives of the carboxyl terminal aminoacyl residue. For example, the tetrapeptide below is 

called Alanylglutamylglycyllysine. The -ine ending on lysine indicates that its α-carboxyl group 

is not involved in peptide bond formation. 

 

 

Alanylglutamylglycyllysine. This tetrapeptide has one free -amino group, one free -carboxyl 

group, and two ionizable R groups. Three-letter abbreviations linked by straight lines can also be 
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used to represent the above tetrapeptide structure (e.g Ala-Glu-Gly-Lys). Lines are omitted for 

single-letter abbreviations (e.g A E G K).  

Cysteine is readily oxidized to form a covalently linked dimeric amino acid called cystine, in 

which two cysteine molecules or residues are joined by a disulfide bond. The disulfide-linked 

residues are strongly hydrophobic (nonpolar). Disulfide bonds play a special role in the 

structures of many proteins by forming covalent links called disulfide bridge between parts of a 

protein molecule or between two different polypeptide chains. 

 

 

 

Most natural polypeptide chains contain between 50 and 2000 amino acid residues. Peptides 

made of small numbers of amino acids are called oligopeptides or simply peptides. The mean 

molecular weight of an amino acid residue is about 110, and so the molecular weights of most 

proteins are between 5500 and 220,000. We can also refer to the mass of a protein, which is 

expressed in units of daltons; one dalton is equal to one atomic mass unit. A protein with a 

molecular weight of 50,000 has a mass of 50,000 daltons, or 50 kd (kilodaltons). 

Levels of Protein Structure 

For large macromolecules such as proteins, the tasks of describing and understanding structure 

are approached at several levels of complexity, arranged in a kind of conceptual hierarchy. Four 

levels of protein structure are commonly defined. A description of all covalent bonds (mainly 
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peptide bonds and disulfide bonds) linking amino acid residues in a polypeptide chain is its 

primary structure. The most important element of primary structure is the sequence of amino 

acid residues. Secondary structure refers to particularly stable arrangements of amino acid 

residues giving rise to recurring structural patterns. Tertiary structure describes all aspects of 

the three-dimensional folding of a polypeptide. When a protein has two or more polypeptide 

subunits, their arrangement in space is referred to as quaternary structure. 

 


