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Amino Acids 

Proteins are polymers of amino acids, with each amino acid residue joined to its neighbor by a 

specific type of covalent bond. Proteins can be broken down (hydrolyzed) to their constituent 

amino acids. Twenty different amino acids are commonly found in proteins. All 20 of the 

common amino acids are α-amino acids.  

They have a carboxyl group and an amino group bonded to the same carbon atom (the  α-carbon). 

They differ from each other in their side chains, or R groups, which vary in structure, size, and 

electric charge, and which influence the solubility of the amino acids in water. For all the 

common amino acids except glycine, the α-carbon is bonded to four different groups: a carboxyl 

group, an amino group, an R group, and a hydrogen atom. The α-carbon atom is thus a chiral 

center. Because of the tetrahedral arrangement of the bonding orbitals around the α-carbon atom, 

the four different groups can occupy two unique spatial arrangements, and thus amino acids have 

two possible stereoisomers. Since they are non-superimposable mirror images of each other the 

two forms represent a class of stereoisomers called enantiomers. All molecules with a chiral 

center are also optically active—that is, they rotate plane-polarized light. Special nomenclature 

has been developed to specify the absolute configuration of the four substituents of asymmetric 

carbon atoms. The absolute configurations of simple sugars and amino acids are specified by the 

D, L system based on the absolute configuration of the three-carbon sugar glyceraldehyde, a  

convention proposed by Emil Fischer in 1891. Amino acids with their amino group on the left 

side of the α-carbon are designated L-amino acids while those with their amino group on the 

right side of the α-carbon are designated D-amino acids. Historically, the similar l and d 

designations were used for levorotatory (rotating light to the left) and dextrorotatory (rotating 

light to the right). However, not all L-amino acids are levorotatory and not all D-amino acids are 

dextrorotatory. D and L stands for only the configuration of the amino group surrounding the α-

carbon. 
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Amino Acids Can Act as Acids and Bases 

 

When an amino acid is dissolved in water, it exists in solution as the dipolar ion, or zwitterion 

(German for ―hybrid ion‖). A zwitterion can actas either an acid (proton donor) or a base (proton 

acceptor): 

 

 

 

 

Substances having this dual nature are amphoteric and are often called ampholytes (from 

―amphoteric electrolytes‖). A simple monoamino monocarboxylic α-amino acid, such as alanine, 

is a diprotic acid when fully protonated, it has two groups, the -COOH group and the -NH3
+ 

group that can yield protons: 
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Amino Acids Have Characteristic Titration Curves 

Acid-base titration involves the gradual addition or removal of protons. The figure below shows 

the titration curve of the diprotic form of glycine. The plot has two distinct stages, corresponding 

to deprotonation of two different groups on glycine. At very low pH the predominant ionic 

species of glycine is the fully protonated form, 
+
H3N-CH2-COOH. At the midpoint in the first 

stage of the titration, in which the –COOH group of glycine loses its proton, equimolar 

concentrations of the proton donor (
+
H3N-CH2-COOH) and proton-acceptor (

+
H3N-CH2-COO

-
) 

species are present. At the midpoint of any titration, a point of inflection is reached where the pH 

is equal to the pKa of the protonated group being titrated. For glycine, the pH at the midpoint is 

2.34, thus its -COOH group has a pKa of 

2.34. As the titration proceeds, another 

important point is reached at pH 5.97. Here 

there is another point of inflection, at which 

removal of the first proton is essentially 

complete and removal of the second has just 

begun. At this pH glycine is present largely 

as the dipolar ion 
+
H3N-CH2-COO

-
. 

The second stage of the titration corresponds 

to the removal of a proton from the -NH3
+
 

group of glycine. The pH at the midpoint of 

this stage is 9.60, equal to the pKa for the -

NH3
+
 group. The titration is essentially 

complete at a pH of about 12, at which point 

the predominant form of glycine is H2N-

CH2-COO.  

From the titration curve of glycine we can derive several important pieces of information. First, 

it gives a quantitative measure of the pKa of each of the two ionizing groups: 2.34 for the -
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COOH group and 9.60 for the -NH3
+
 group. Note that the carboxyl group of glycine is over 100 

times more acidic (more easily ionized). 

The second piece of information provided by the titration curve of glycine is that this amino acid 

has two regions of buffering power. One of these is the relatively flat portion of the curve, 

extending for approximately 1 pH unit on either side of the first pKa of 2.34, indicating that 

glycine is a good buffer near this pH. The other buffering zone is centered around pH 9.60.  

 

Peptides Are Chains of Amino Acids 

Two amino acid molecules can be covalently joined through a substituted amide linkage, termed 

a peptide bond, to yield a dipeptide. Such a linkage is formed by removal of the elements of 

water (dehydration) from the α-carboxyl group of one amino acid and the α-amino group of 

another. Peptide bond formation is an example of a condensation reaction, a common class of 

reactions in living cells. Three amino acids can be joined by two peptide bonds to form a 

tripeptide; similarly, amino acids can be linked to form tetrapeptides, pentapeptides, and so forth. 

When a few amino acids are joined in this fashion, the structure is called an oligopeptide. When 

many amino acids are joined, the product is called a polypeptide. 

Proteins may have thousands of amino acid residues. Although the terms ―protein‖ and 

―polypeptide‖ are sometimes used interchangeably, molecules referred to as polypeptides 

generally have molecular weights below 10,000, and those called proteins have higher molecular 

weights. 
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In a peptide, the amino acid residue at the end with a free α-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. 

 

The Peptide Bond Is Rigid and Planar 

Examination of the geometry of the protein backbone reveals several important features. First, 

the peptide bond is essentially planar Thus, for a pair of amino acids linked by a peptide bond, 

six atoms lie in the same plane: the a-carbon atom and CO group from the first amino acid and 

the NH group and a-carbon atom from the second amino acid. The nature of the chemical 

bonding within a peptide explains this geometric preference. The peptide bond has considerable 

double-bond character, which prevents rotation about this bond. The inability of the bond to 

rotate constrains the conformation of the peptide backbone and accounts for the bond's planarity. 

This double-bond character is also expressed in the length of the bond between the CO and NH 

groups. The C-N distance in a peptide bond is typically 1.32 Å, which is between the values 

expected for a C-N single bond (1.49 Å) and a C-N double bond (1.27 Å). Finally, the peptide 

bond is uncharged, allowing polymers of amino acids linked by peptide bonds to form tightly 

packed globular structures. Two configurations are possible for a planar peptide bond. In the 

trans configuration, the two α-carbon atoms are on opposite sides of the peptide bond. In the cis 

configuration, these groups are on the same side of the peptide bond. Almost all peptide bonds in 

proteins are trans. This preference for trans over cis can be explained by the fact that steric  

clashes between groups attached to the α-carbon atoms hinder formation of the cis form but do 

not occur in the trans configuration. In contrast with the peptide bond, the bonds between the 

amino group and the α-carbon atom and between the α-carbon atom and the carbonyl group are 

pure single bonds. The two adjacent rigid peptide units may rotate about these bonds, taking on 

various orientations. This freedom of rotation about two bonds of each amino acid allows 

proteins to fold in many different ways. The rotations about these bonds can be specified by 

dihedral angles. A measure of the rotation about a bond, usually taken to lie between -180° and 

+180°. Dihedral angles are sometimes called torsion angles. The angle of rotation about the bond 
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between the nitrogen and the α-carbon atoms is called phi (ϕ). The angle of rotation about the  

bond between the α-carbon and the carbonyl carbon atoms is called psi (Ψ). A clockwise rotation 

about either bond as viewed from the front of the back group corresponds to a positive value. 

The ϕ and Ψ angles determine the path of the polypeptide chain. G. N. Ramachandran 

recognized that many combinations are forbidden because of steric collisions between atoms. 

The allowed values can be visualized on a two-dimensional plot called a Ramachandran diagram. 

The rigidity of the peptide unit and the restricted set of allowed ϕ and Ψ angles limits the number 

of structures accessible to the unfolded form sufficiently to allow protein folding to occur. 

  

 

 

 

 

 

 

 

 

SANGER AND EDMAN REACTION OF PROTEINS 

Various procedures are used to analyze protein primary structure. Several protocols are 

available to label and identify the amino-terminal amino acid residue (Fig.3–25a). Sanger 

developed the reagent 1-fluoro-2,4-dinitrobenzene (FDNB) for this purpose; other reagents 

used to label the amino-terminal residue, dansyl chloride and dabsyl chloride, yield 

derivatives that are moreeasily detectable than the dinitrophenyl derivatives. After the 

amino-terminal residue is labeled with one of these reagents, the polypeptide is hydrolyzed 

to its constituent amino acids and the labeled amino acid is identified. Because the 

hydrolysis stage destroys the polypeptide, this procedure cannot be used to sequence a 

Peptide Bonds Are Planar. In a pair of linked amino 

acids, six atoms (C, C, O, N, H, and C) lie in a plane. 
Typical Bond Lengths within a Peptide Unit 
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polypeptide beyond its amino-terminal residue. However, it can help determine the 

number of chemically distinct polypeptides in a protein, provided each has a different 

amino-terminal residue. For example, two residues—Phe and Gly—would be labeled if  

insulin (Fig. 3–24) were subjected to this procedure, as insulin has two polypeptide chains 

with two distinct amino terminal residues.  

To sequence an entire polypeptide, a chemical method devised by Pehr Edman is usually 

employed. The Edman degradation procedure labels and removes only the amino-

terminal residue from a peptide, leaving all other peptide bonds intact (Fig. 3–25b). The 

peptide is reacted with phenylisothiocyanate under mildly alkaline conditions, which 

converts the aminoterminal amino acid to a phenylthiocarbamoyl (PTC) adduct. The 

peptide bond next to the PTC adduct is then cleaved in a step carried out in anhydrous 

trifluoroacetic acid, with removal of the amino-terminal amino acid as an 

anilinothiazolinone derivative. The derivatized amino acid is extracted with organic 

solvents, converted to the more stable phenylthiohydantoin derivative by treatment with 

aqueous acid, and then identified.  The use of sequential reactions carried out under first  

basic and then acidic conditions provides control over the entire process. Each reaction 

with the aminoterminal amino acid can go essentially to completion without affecting any 

of the other peptide bonds in the peptide. After removal and identification of the amino  

terminal residue, the new amino-terminal residue so exposed can be labeled, removed, and 

identified through the same series of reactions. This procedure is repeated until the entire 

sequence is determined. The Edman degradation is carried out on a machine, called a 

sequenator, that mixes reagents in the proper proportions,  separates the products, 

identifies them, and records the results. These methods are extremely sensitive. Often, the 

complete amino acid sequence can be determined starting with only a few micrograms of 

protein. 
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TORSION ANGLES AND THE RAMACHANDRAN PLOT 

A Ramachandran plot (also known as a Ramachandrandiagram or a [φ,ψ] plot), 

originally developed in 1963 by G. N.  Ramachandran, C. Ramakrishnan, and V. 

Sasisekharan, is a way to visualize energetically allowed regions for backbone dihedral 

angles ψ against φ of amino acid residues in protein structure.  

Two torsion angles in the polypeptide chain, also called Ramachandran angles describe the 

rotations of the polypeptide backbone around the bonds between N-Cα (called Phi, φ) and 

Cα-C (called Psi, ψ). A special way for plotting protein torsion angles was also  introduced 

by Ramachandran and co-authors, and was subsequently named the Ramachandran plot. 

The Ramachandran plot provides an easy way to view the distribution of torsion angles in a 

protein structure. It also provides an overview of excluded regions that show which 

rotations of the polypeptide are not allowed due to steric hindrance (collisions between 

atoms). The Ramachandran plot of a particular protein may also serve as an important 

indicator of the quality of its three-dimensional structures. 

Torsion angles are among the most important local structural parameters that control 

protein folding - essentially, if we would have a way to predict the Ramachandran angles 

for a particular protein, we would be able to predict its fold. The torsion 

angles phi and psi provide the flexibility required for the polypeptide backbone to adopt a 

certain fold, since the third possible torsion angle within the protein backbone (called 

omega, ω) is essentially flat and fixed to 180 degrees. This is due to the partial double-bond 

character of the peptide bond, which restricts rotation around the C-N bond, placing two 

successive α-carbons and C, O, N and H between them in one plane.  

The horizontal axis shows φ values, while the vertical shows ψ values. Each dot on the plot 

shows the angles for an 

amino acid. Notice that 

the counting starts in 

the left hand corner 

from -180 and extend to 

+180 for both the 

vertical and horizontal 

axes. This is a 

convenient presentation 

and allows clear 



BIOMOLECULES: AMINO ACIDS &PROTEINS SEMESTER II, PAPER CC4 

 

DR. S. BASU, DEPT. OF PHYSIOLOGY Page 10 

 

distinction of the characteristic regions of α-helices and β-sheets. The regions on the plot 

with the highest density of dots are the so-called “allowed” regions, also called low-energy 

regions. Some values of φ and ψ are forbidden since the involved atoms will come too close 

to each other, resulting in a steric clash. For a high-quality and high resolution 

experimental structure these regions are usually empty or almost empty - very few amino 

acid residues in proteins have their torsion angles within these regions.  

Another exception from the principle of clustering around the α- and β-regions can be seen 

on the right plot of the above figure. In this case the Ramachandran plot shows torsion 

angle distribution for one single residue, glycine. Glycine does not have a side chain, which 

allows high flexibility in the polypeptide chain, making otherwise forbidden rotation angles 

accessible. That is why glycine is often found in loop regions, where the polypeptide chain 

needs to make a sharp turn. This is also the reason for the high conservation of glycine 

residues in protein families, since the presence of turns at certain positions is a 

characteristic of a particular fold of a structure. Another residue with special properties is 

proline, which in contrast to glycine fixes the torsion angles at a certain value, very close to 

that of an extended β-strand. Proline is often found at the end of helices and functions as a 

“helix disruptor”. Theoretically, the average phi and psi values for α-helices and β-sheets 

should be clustered around -57, -47 and -80, +150, respectively.  

In the diagram above the white areas 
correspond to conformations where 
atoms in the polypeptide come closer 
than the sum of their van der Waals 
radi. These regions are sterically  
disallowed for all amino acids except 
glycine which is unique in that it lacks a 
side chain. The red regions correspond 
to conformations where there are no 
steric clashes, ie these are the allowed 
regions namely the alpha-helical and 
beta-sheet conformations. The yellow 
areas show the allowed regions if  
slightly shorter van der Waals radi are 
used in the calculation, ie the atoms are 
allowed to come a little closer together. 
This brings out an additional region 
which corresponds to the left-handed 
alpha-helix. 
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L-amino acids cannot form extended regions of left-handed helix but occassionally 
individual residues adopt this conformation. These residues are usually glycine but can also 
be asparagine or aspartate where the side chain forms a hydrogen bond with the main 
chain and therefore stabilises this otherwise unfavourable conformation. 

Disallowed regions generally involve steric hindrance between the side chain C-beta 

methylene group and main chain atoms. Glycine has no side chain and therefore can adopt 

phi and psi angles in all four quadrants of the Ramachandran plot. Hence it frequently 

occurs in turn regions of proteins where any other residue would be sterically hindered.  

3D STRUCTURE OF PROTEINS 

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. 

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 amino-terminal residue. A polypeptide 

chain consists of a regularly repeating part, called the main chain or backbone, and a variable 

part, comprising the distinctive side chains The polypeptide backbone is rich in hydrogen-

bonding potential. Each residue contains a carbonyl group, which is a good hydrogen-bond 

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

are commonly referred to as proteins. Peptides made of small numbers of amino acids are called 

oligopeptides or simply peptides. 

Proteins Have Unique Amino Acid Sequences That Are Specified by Genes  

In 1953, Frederick Sanger determined the amino acid sequence of insulin, a protein hormone. 

This work is a landmark in biochemistry because it showed for the first time that a protein has a 

precisely defined amino acid sequence. The striking fact is that each protein has a unique, 

precisely defined amino acid sequence. The amino acid sequence of a protein is often referred to 

as its primary structure. A series of incisive studies in the late 1950s and early 1960s revealed 
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that the amino acid sequences of proteins are genetically determined. The sequence of 

nucleotides in DNA, the molecule of heredity, specifies a complementary sequence of 

nucleotides in RNA, which in turn specifies the amino acid sequence of a protein. In particular, 

each of the 20 amino acids of the repertoire is encoded by one or more specific sequences of 

three nucleotides. amino acid sequences determine the three-dimensional structures of proteins. 

Amino acid sequence is the link between the genetic message in DNA and the three-dimensional 

structure that performs a protein's biological function. Analyses of relations between amino acid  

sequences and three-dimensional structures of proteins are uncovering the rules that govern the 

folding of polypeptide chains.  

 

Secondary Structure: Polypeptide Chains Can Fold Into Regular Structures Such as the 

Alpha Helix, the Beta Sheet, and Turns and Loops 

 

In 1951, Linus Pauling and Robert Corey proposed two periodic structures called the α-helix 

(alpha helix) and the β-pleated sheet (beta pleated sheet). Subsequently, other structures such as 

the β-turn and omega (Ω) loop were identified. Although not periodic, these common turn or 

loop structures are well defined and contribute with α-helices and β-sheets to form the final 

protein structure. 

The Alpha Helix Is a Coiled Structure Stabilized by Intrachain Hydrogen Bonds 

Pauling and Corey considered which conformations of peptides were sterically allowed and 

which most fully exploited the hydrogen-bonding capacity of the backbone NH and CO groups. 

The first of their proposed structures, the α-helix, is a rodlike structure. A tightly coiled backbone 

forms the inner part of the rod and the side chains extend outward in a helical array. The α helix 

is stabilized by hydrogen bonds between the NH and CO groups of the main chain. In particular, 

the CO group of each amino acid forms a hydrogen bond with the NH group of the amino acid 

that is situated four residues ahead in the sequence. Thus, except for amino acids near the ends of 

an α helix, all the main-chain CO and NH groups are hydrogen bonded . Each residue is related 

to the next one by a rise of 1.5 Å along the helix axis and a rotation of 100 degrees, which gives 
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3.6 amino acid residues per turn of helix. Thus, amino acids spaced three and four apart in the 

sequence are spatially quite close to one another in an α helix. In contrast, amino acids two apart 

in the sequence are situated on opposite sides of the helix and so are unlikely to make contact. 

The pitch of the α helix, which is equal to the product of the translation (1.5 Å) and the number 

of residues per turn (3.6), is 5.4 Å. The screw sense of a helix can be right-handed (clockwise) or 

left-handed (counterclockwise). The Ramachandran diagram reveals that both the right-handed 

and the left-handed helices are among allowed conformations. However, right-handed helices are 

energetically more favorable because there is less steric clash between the side chains and the 

backbone. Essentially all α helices found in proteins are right handed. The α helix is stabilized 

by hydrogen bonds between the NH and CO groups of the main chain. In particular, the CO 

group of each amino acid forms a hydrogen bond with the NH group of the amino acid that is 

situated four residues ahead in the sequence 

 

 

 

 

 

 

 

 

Beta Sheets Are Stabilized by Hydrogen Bonding Between Polypeptide Strands 

Pauling and Corey discovered another periodic structural motif, which they named the β pleated 

sheet (β because it was the second structure that they elucidated, the α helix having been the 

first). The β pleated sheet (or, more simply, the β sheet) differs markedly from the rodlike α 

helix. A polypeptide chain, called a β strand, in a β sheet is almost fully extended rather than 

being tightly coiled as in the α helix. A range of extended structures are sterically allowed. The 

distance between adjacent amino acids along a β strand is approximately 3.5 Å, in contrast with a 

distance of 1.5 Å along an α helix. The side chains of adjacent amino acids point in opposite 

Hydrogen-Bonding Scheme for an helix 
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directions. A β sheet is formed by linking two or more β strands by hydrogen bonds. Adjacent 

chains in a β sheet can run in opposite directions (antiparallel β sheet) or in the same direction 

(parallel β sheet). In the antiparallel arrangement, the NH group and the CO group of each amino 

acid are respectively hydrogen bonded to the CO group and the NH group of a partner on the  

adjacent chain In the parallel arrangement, the hydrogen-bonding scheme is slightly more 

complicated.  For each amino acid, the NH group is hydrogen bonded to the CO group of one 

amino acid on the adjacent strand, whereas the CO group is hydrogen bonded to the NH group 

on the amino acid two residues farther along the chain Many strands, typically 4 or 5 but as 

many as 10 or more, can come together in β sheets. Such β sheets can be purely antiparallel, 

purely parallel, or mixed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

An Antiparallel Sheet. Adjacent strands run in opposite directions. Hydrogen bonds between 

NH and 

CO groups connect each amino acid to a single amino acid on an adjacent strand, stabilizing the 

structure. 
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BLUE BALL: NITROGEN, BLACK BALL: CARBON, PINK BALL: OXYGEN, WHITE 

BALL: HYDROGEN, GREEN BALL: SIDE CHAIN R GROUP 

 

Polypeptide Chains Can Change Direction by Making Reverse Turns and Loops 

Most proteins have compact, globular shapes, requiring reversals in the direction of their 

polypeptide chains. Many of these reversals are accomplished by a common structural element 

called the reverse turn (also known as the β turn or hairpin bend). In many reverse turns, the CO 

group of residue i of a polypeptide is hydrogen bonded to the NH group of residue i + 3. These 

structures are called loops or sometimes Ω loops (omega loops) to suggest their overall shape. 

Unlike α helices and β strands, loops do not have regular, periodic structures. The distribution of 

α helices, β strands, and turns along a protein chain is often referred to as its secondary structure. 

Tertiary Structure 

A Parallel Sheet. Adjacent strands run in the same direction. Hydrogen bonds connect each amino acid 

on one strand with two different amino acids on the adjacent strand. 
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The overall course of the polypeptide chain of a protein is referred to as its tertiary structure. A 

unifying principle emerges from the distribution of side chains. The striking fact is that the 

interior consists almost entirely of nonpolar residues. The outside on the other hand, consists of 

both polar and nonpolar residues. This contrasting distribution of polar and nonpolar residues 

reveals a key facet of protein architecture. The polypeptide chain therefore folds so that its 

hydrophobic side chains are buried and its polar, charged chains are on the surface. 

 

Quaternary Structure 

Four levels of structure are frequently cited in discussions of protein architecture. So far, we 

have considered three of them. Primary structure is the amino acid sequence. Secondary 

structure refers to the spatial arrangement of amino acid residues that are nearby in the sequence. 

Some of these arrangements are of a regular kind, giving rise to a periodic structure. The a helix 

and b strand are elements of secondary structure. Tertiary structure refers to the spatial 

arrangement of amino acid residues that are far apart in the sequence and to the pattern of 

disulfide bonds. We now turn to proteins containing more than one polypeptide chain. Such 

proteins exhibit a fourth level of structural organization. Each polypeptide chain in such a protein 

is called a subunit. Quaternary structure refers to the spatial arrangement of subunits and the 

nature of their interactions. The simplest sort of quaternary structure is a dimer,  onsisting of two 

identical subunits. 

FORCES STABILIZING PROTEIN STRUCTURE 

The unique three-dimensional structure of each polypeptide isdetermined by its amino acid 

sequence. Interactions between theamino acid side chains guide the folding of the polypeptide to 

form acompact structure. Four types of interactions cooperate in stabilizingthe tertiary structures 

of globular proteins. 

1. Disulfide bonds: A disulfide bond is a covalent linkage formedfrom the sulfhydryl group (-

SH) of each of two cysteine residues,to produce a cystine residue. The two cysteines maybe 

separated from each other by many amino acids in the primarysequence of a polypeptide, or 

may even be located on two different polypeptide chains; the folding of the polypeptide 

chain(s)brings the cysteine residues into proximity, and permits covalentbonding of their side 
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chains. A disulfide bond contributes to thestability of the three-dimensional shape of the 

protein molecule.For example, many disulfide bonds are found in proteins such 

asimmunoglobulins that are secreted by cells.  

2. Hydrophobic interactions: Amino acids with nonpolar side chainstend to be located in the 

interior of the polypeptide molecule,where they associate with other hydrophobic amino 

acids. In contrast, amino acids with polar or charged side chainstend to be located on the 

surface of the molecule in contact with the polar solvent. [Note: Proteins located in nonpolar 

(lipid) environments, such as a membrane, exhibit the reverse arrangement- that is, 

hydrophilic amino acid side chains are located in the interior of the polypeptide, whereas 

hydrophobic amino acidsare located on the surface of the molecule in contact with the 

nonpolar environment.] In each case, the segregation of R-groups occurs that is energetically 

most favorable. 

3. Hydrogen bonds: Amino acid side chains containing oxygen- or nitrogen-bound hydrogen, 

such as in the alcohol groups of serine and threonine, can form hydrogen bonds with electron-

rich atoms, such as the oxygen of a carboxyl group or carbonyl group of a peptide bond. 

Formation of hydrogen bonds between polar groups on the surface of proteins and the 

aqueous solvent enhances the solubility of the protein.  

4. Ionic interactions: Negatively charged groups, such as the carboxyl group in the side chain 

of aspartate or glutamate, can interact with positively charged groups, such as the amino 

group in the side chain of lysine. 

5. Van der Waals interactions: Like hydrogen bonds, van der Waals interactions are weak 

attractions or interactions between molecules. Van der Waals attractions can occur between 

any two or more molecules and are dependent on slight fluctuations of the electron densities, 

which are not always symmetrical around an atom. For these attractions to happen, the 

molecules need to be very close to one another. These bonds—along with ionic, covalent, and 

hydrogen bonds—contribute to the three-dimensional structure of proteins that is necessary 

for their proper function. 
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