
AMINO ACIDS, PEPTIDES, 
AND PROTEINS



Proteins occurring in all cells and all parts of cells.

Proteins also occur in great variety.

Thousands of different kinds, ranging in size from 
relatively small peptides to huge polymers with 
molecular weights in the millions, may be found in a 
single cell.

All proteins are constructed from the same ubiquitous set 
of 20 amino acids, covalently linked in characteristic 
linear sequences.

This group of 20 precursor molecules may be regarded as 
the alphabet in which the language of protein structure 
is written.



Cells can produce proteins with strikingly different 
properties and activities by joining the same 20 amino 
acids in many different combinations and sequences.

Different organisms can make widely diverse products as 
enzymes, hormones, antibodies, transporters, muscle 
fibers, the lens protein of the eye, feathers, spider webs, 
rhinoceros horn, milk proteins, antibiotics, mushroom 
poisons.

The enzymes are the most varied and specialized. 

All cellular reactions are catalyzed by enzymes.



1. Amino Acids



Proteins are polymers of amino acids, each amino acid 
residue joined to its neighbour by a specific type of 
covalent bond.

Proteins can be broken down (hydrolyzed) to their 
constituent amino acids by a variety of methods.

Twenty different amino acids are commonly found in 
proteins. 

The first to be discovered was asparagine, in 1806. 

The last of the 20 to be found, threonine, was not identified 
until 1938.



Amino acids share common structural features
All 20 of the common amino acids are -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.

This structure is common to all, but one of 
the α-amino acids - proline, a cyclic amino 
acid - is the exception. The R group or side 
chain  (red) attached to the α carbon (blue) 
is different in each amino acid.



The common amino acids of proteins have been assigned 
three-letter abbreviations and one-letter symbols.

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.
– The four different groups can occupy two unique spatial 

arrangements, amino acids have two possible stereoisomers.
– They are nonsuperimposable 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 –

they rotate plane-polarized light.



Stereoisomerism in α-amino acids

L-Alanine D-Alanine

The two stereoisomers of alanine, L- and D-alanine, are 
nonsuperimposable mirror images of each other (enantiomers).



Two different conventions for showing the configurations in 
space of stereoisomers. 

In perspective formulas the solid wedge-shaped bonds project 
out of the plane of the paper, the dashed bonds behind it.

In projection formulas the horizontal bonds are assumed to 
project out of the plane of the paper, the vertical bonds 
behind.

However, projection formulas are often used casually and are 
not always intended to portray a specific stereochemical
configuration.

Perspective formula Projection formula



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.

For all chiral compounds, stereoisomers having a 
configuration related to that of L-glyceraldehyde are 
designated L, and stereoisomers related to D-glycer-
aldehyde are designated D.

By Fischer’s convention, L and D refer only to the absolute 
configuration of the four substituents around the chiral
carbon, not to optical properties of the molecule.



In these perspective formulas, the 
carbons are lined up vertically, with 
the chiral atom in the center. 

The carbons in these molecules are 
numbered beginning with the 
terminal aldehyde or carboxyl 
carbon (red), 1 to 3 from top to 
bottom as shown. 

When presented in this way, the R 
group of the amino acid (in this 
case the methyl group of alanine) is 
always below the α carbon. 

L-Amino acids are those with the α-
amino group on the left, and D-
amino acids have the D-amino 
group on the right.

Steric relationship of the 
stereoisomers of alanine to 
the absolute configuration 

of L- and D-
glyceraldehyde.



The amino acid residues in proteins are 
L stereoisomers

The amino acid residues in protein molecules are 
exclusively L stereoisomers.

D-Amino acid residues have been found only in a few, 
generally small peptides, including some peptides of 
bacterial cell walls and certain peptide antibiotics.

Virtually all amino acid residues in proteins are L 
stereoisomers. 

When chiral compounds are formed by ordinary chemical 
reactions, the result is a racemic mixture of D and L 
isomers.



To a living system, D and L isomers are as different as 
the right hand and the left.

Cells are able to specifically synthesize the L isomers of 
amino acids because the active sites of enzymes are 
asymmetric, causing the reactions they catalyze to be 
stereospecific.



Amino acids can be classified by R group
The polarity of the R groups varies widely, from non-polar and 

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

Properties and conventions associated with the  common 
amino acids found in proteins 

Nonpolar, aliphatic R groups 
pKa values Amino 

acid 
Abbre-
viation Mr pK1 

(−COOH) 

pK2 
(−NH3) 

pKR 
(R group) 

pI 
Occurrence 
in proteins 

(%) 
Glycine   Gly 75 2.34 9.60  5.97 7.2 
Alanine   ALa 89 2.34 9.69  6.01 7.8 
Proline   Pro 115 1.99 10.96  6.48 5.2 
Valine   Val 117 2.32 9.62  5.97 6.6 
Leucine   Leu 131 2.36 9.60  5.98 9.1 
Isoleucine   Ile 131 2.36 9.68  6.02 5.3 
Methionine   Met 149 2.28 9.21  5.74 2.3 
 

+



Aromatic R groups 
pKa values 

Amino acid Abbre-
viation Mr pK1 

(−COOH) 

pK2 
(−NH3) 

pKR 
(R group) 

pI 
Occurrence 
in proteins 

(%) 
Phenylalanine Phe 165 1.83 9.13  5.48 3.9 
Tyrosine Tyr 181 2.20 9.11 10.07 5.66 3.2 
Tryptophan Trp 204 2.38 9.39  5.89 1.4 
 

Polar, uncharged R groups 
pKa values Amino 

acid 
Abbre-
viation Mr pK1 

(−COOH) 

pK2 
(−NH3) 

pKR 
(R group) 

pI 
Occurrence 
in proteins 

(%) 
Serine Ser 105 2.21 9.15  5.68 6.8 
Threonine Thr 119 2.11 9.62  5.87 5.9 
Cysteine Cys 121 1.96 10.28 8.18 5.07 1.9 
Asparagine Asn 132 2.02 8.80  5.41 4.3 
Glutamine Gln 146 2.17 9.13  5.65 4.2 
 

+

+



Positively charged R groups 
pKa values Amino 

acid 
Abbre-
viation Mr pK1 

(−COOH) 

pK2 
(−NH3) 

pKR 
(R group) 

pI 
Occurrence 
in proteins 

(%) 
Lysine Lys 146 2.18 8.95 10.53 9.74 5.9 
Histidine His 155 1.82 9.17 6.00 7.59 2.3 
Arginine Arg 174 2.17 9.04 12.48 10.76 5.1 
 

Negatively charged R groups 
pKa values Amino 

acid 
Abbre-
viation Mr pK1 

(−COOH) 

pK2 
(−NH3) 

pKR 
(R group) 

pI 
Occurrence 
in proteins 

(%) 
Aspartate Asp 133 1.88 9.60 3.65 2.77 5.3 
Glutamate Glu 147 2.19 9.67 4.25 3.22 6.3 
 

+

+



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.



Glycine has the simplest structure. 

It is formally nonpolar, its very small side chain makes no real 
contribution to hydrophobic interactions. 

Methionine, one of the two sulfur-containing amino acids, has 
a nonpolar thioether group in its side chain. 

Proline has an aliphatic side chain with a distinctive cyclic 
structure.



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 at a wavelength of 
280 nm.





Comparison of the light absorption 
spectra of the aromatic amino 
acids Trp and Tyr at pH 6.0. 

The amino acids are present in 
equimolar amounts (10−3 M) under 
identical conditions. 

The measured absorbance of Trp is 
as much as four times that of Tyr.

Note that the maximum light 
absorption for both Trp and Tyr 
occurs near a wavelength of 
280 nm.

Light absorption by the third 
aromatic amino acid, phenyl-
alanine (not shown), generally 
contributes little to the spectros-
copic properties of proteins.

Absorption of 
ultraviolet light by 

aromatic amino acids



Polar, uncharged R groups:

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

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.





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 between parts of a 
protein molecule or between two different polypeptide 
chains.



Reversible formation of a disulfide bond by the oxidation of two
molecules of cysteine.  

Disulfide bonds between Cys residues stabilize the structures of 
many proteins.

Cystine

Cysteine

Cysteine



Positively charged (basic) R groups:

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

Lysine has a second primary amino group at the ε position on 
its aliphatic chain.

Arginine has a positively charged guanidino group.

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





Negatively charged (acidic) R groups:
Aspartate and glutamate has a second carboxyl group.



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.

The nonionic form does not occur in significant amounts in 
aqueous solutions.

The zwitterion predominates at neutral pH.

Nonionic form Zwitterionic form



A zwitterion can act as either an acid (proton donor):

or a base (proton acceptor):

Substances having this dual nature are amphoteric.



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:

+

Net 
charge:



Amino acids have characteristic titration curves

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 the 
−COOH group of glycine loses its proton, equimolar
concentrations of the proton-donor (+H3N−CH2−COOH) 
and proton-acceptor (+H3N−CH−COO−) species are 
present.



The titration curve of 
0.1 M glycine at 25 °C. 

The ionic species pre-
dominating at key points 
in the titration are shown 
above the graph. 

The shaded boxes, 
centered at about pK1
2.34 and pK2 9.60, 
indicate the regions of 
greatest buffering power.



For Gly, 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 Gly 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−.

The titration curve gives a quantitative measure of the pKa
of each of the two ionizing groups: 

– 2.34 for the −COOH group,

– 9.60 for −NH3 group.

+

+



The carboxyl group of Gly is over 100 times more acidic 
(more easily ionized) than the carboxyl group of 
acetic acid.

The perturbed pKa of glycine is caused by repulsion 
between the departing proton and the nearby positively 
charged amino group on the α-carbon atom.

The α-amino group has a pKa that is lower than that of an 
aliphatic amine such as methylamine.



Effect of the chemical environment on pKa

The pKa values for the ionizable groups in glycine are 
lower than those for simple, methyl-substituted amino 
and carboxyl groups.

These downward perturbations of pKa are due to 
intramolecular interactions. 

Similar effects can be caused by chemical groups that 
happen to be positioned nearby − for example, in the 
active site of an enzyme.



Repulsion between the amino group 
and the departing proton lowers the 

pKa for the carboxyl group, and 
oppositely charged groups lower the 

pKa by stabilizing the zwitterion.

Electronegative oxygen atoms in the 
carboxyl group pull electrons away 

from the amino group, lowering its pKa.



Titration curves predict the electric charge of amino acids

At pH 5.97, the point of inflection between the two stages 
in its titration curve, Gly is present predominantly as its 
dipolar form, fully ionized but with no net electric 
charge.

The characteristic pH at which the net electric charge is 
zero is called the isoelectric point or isoelectric pH, 
designated pI.

For glycine, the isoelectric point is simply the arithmetic 
mean of the two pKa values:

pI = ½ (pK1 + pK2) = ½ (2.34 + 9.60) = 5.97



Gly has a net negative charge at any pH above its pI and 
will thus move toward the positive electrode (the anode) 
when placed in an electric field.

At any pH below its pI, Gly has a net positive charge and 
will move toward the negative electrode (the cathode).

At pH 1.0, for example, Gly exists almost entirely as the 
form +H3N−CH2−COOH, with a net positive charge of 
1.0. 

At pH 2.34, where there is an equal mixture of 
+H3N−CH2−COOH and +H3N−CH2−COO−, the average 
or net positive charge is 0.5. 

The sign and the magnitude of the net charge of any amino 
acid at any pH can be predicted in the same way.



All amino acids with a single α-amino group, a single α-
carboxyl group, and an R group that does not ionize have 
titration curves resembling that of Gly.

Amino acids with an ionizable R group have more complex 
titration curves, with three stages corresponding to the 
three possible ionization steps.

The isoelectric points reflect the nature of the ionizing R 
groups present.

Glu has a pI of 3.22, considerably lower than that of Gly.

The pI of His, with two groups that are positively charged 
when protonated, is 7.59, much higher than that of Gly.



The titration curve 
for glutamate



The titration curve 
for histidine



Summary of „Amino Acids” I.

• The 20 amino acids commonly found as residues in 
proteins contain an α-carboxyl group, an α-amino 
group, and a distinctive R group substituted on the α-
carbon atom. The α-carbon atom of all amino acids 
except glycine is asymmetric, and thus amino acids can 
exist in at least two stereoisomeric forms. Only the L 
stereoisomers, with a configuration related to the 
absolute configuration of the reference molecule L-
glyceraldehyde, are found in proteins.

• Amino acids are classified into five types on the basis of 
the polarity and charge (at pH 7) of their R groups.



• Amino acids vary in their acid-base properties and have 
characteristic titration curves. Monoamino
monocarboxylic amino acids (with nonionizable R 
groups) are diprotic acids (+H3NCH(R)COOH) at low 
pH and exist in several different ionic forms as the pH 
is increased. Amino acids with ionizable R groups 
have additional ionic species, depending on the pH of 
the medium and the pKa of the R group.

Summary of „Amino Acids” II.



2. Peptides and Proteins



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. 

Linkage is formed by removal of the elements of water 
from the α-carboxyl group of one amino acid and the α-
amino group of another.

Under standard biochemical conditions, the quilibrium for 
the reaction favors the amino acids over the dipeptide.

The carboxyl group must be chemically modified or 
activated so that the hydroxyl group can be more readily 
eliminated.



Formation of a peptide bond by condensation
The α-amino group of one amino acid (with R2 group) acts as a 

nucleophile to displace the hydroxyl group of another amino acid 
(with R1 group), forming a peptide bond (shaded in yellow). 

Amino groups are good nucleophiles, but the hydroxyl group is a poor 
leaving group and is not readily displaced. 

At physiological pH, the reaction shown does not occur to any 
appreciable extent.



Three amino acids can be joined by two peptide bonds to 
form a tripeptide.

Amino acids can be linked to form tetrapeptides, 
pentapeptides, and so forth. 

A few amino acids are joined the structure is called an oligo-
peptide. 

Many amino acids are joined, the product is called a poly-
peptide.

– polypeptides generally have molecular weights below 
10,000.

– proteins have higher molecular weights.



An amino acid unit in a peptide is often called a residue.

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.

Hydrolysis of a peptide bond occurs slowly because of its 
high activation energy.



The pentapeptide Ser–Gly–Tyr–Ala–Leu
Peptides are named beginning with the amino-terminal 

residue, which by convention is placed at the left.
The peptide bonds are shaded in yellow, the R groups are in 

red.

Amino-terminal end Carboxyl-terminal end



Peptides can be distinguished by their ionization 
behavior

Peptides contain only one free α-amino group and one free 
α-carboxyl group, at opposite ends of the chain.

These groups ionize as they do in free amino acids, 
although the ionization constants are different because an 
oppositely charged group is no longer linked to the α
carbon. 

The α-amino and α-carboxyl groups of all nonterminal
amino acids are covalently joined in the peptide bonds, do 
not ionize, do not contribute to the total acid-base 
behavior of peptides.



The R groups of some 
amino acids can ionize 
in a peptide these 
contribute to the overall 
acid-base properties of 
the molecule. 

The acid-base behavior of 
a peptide can be pre-
dicted from its free α-
amino and α-carboxyl 
groups the nature and 
number of its ionizable
R groups.

Ala−Glu−Gly−Lys
This tetrapeptide has one free α-amino group, 

one free α-carboxyl group, and two ionizable
R groups.

The groups ionized at pH 7.0 are in red.



Peptides have a characteristic isoelectric pH (pI) at which 
they do not move in an electric field.

The pKa value for an ionizable R group can change 
somewhat when an amino acid becomes a residue in a 
peptide.

The pKa values for R groups can be a useful guide to 
the pH range in which a given group will ionize.



Biologically active peptides and polypeptides occur in a 
vast range of sizes

Naturally occurring peptides range in length from two to 
many thousands of amino acid residues. Even the 
smallest peptides can have biologically important effects.

– L-aspartyl-L-phenylalanine methyl ester (aspartame)

– oxytocin (nine amino acid residues)
– bradykinin (nine residues)
– thyrotropin-releasing factor (three residues)

Extremely toxic mushroom poisons, such as amanitin, are 
also small peptides.



The pancreatic hormone insulin contains two polypeptide 
chains, one having 30 amino acid residues and the other 
21.

Glucagon has 29 residues.

Corticotropin is a 39-residue hormone.

Some proteins consist of a single polypeptide chain, but 
others, called multisubunit proteins, have two or more 
polypeptides associated noncovalently.

The individual polypeptide chains in a multisubunit protein 
may be identical or different.

If two are identical the protein is said to be oligomeric, the 
identical units are referred to as protomers.



A few proteins contain two or more polypeptide chains linked 
covalently. 

The two polypeptide chains of insulin are linked by disulfide 
bonds.

The individual polypeptides are not considered subunits.

We can calculate the approximate number of amino acid residues 
in a simple protein containing no other chemical constituents 
by dividing its molecular weight by 110.

The average molecular weight of the 20 common amino acids is about 
138, the smaller amino acids predominate in most proteins.

The average molecular weight of protein amino acids is nearer to 128.

A molecule of water (Mr = 18) is removed to create each peptide bond, 
the average molecular weight of an amino acid residue in a protein 
is about 128 − 18 = 110.



Polypeptides have characteristic amino acid 
compositions

The 20 common amino acids almost never occur in equal 
amounts in a protein. 

Some amino acids may occur only once or not at all in a given 
type of protein; others may occur in large numbers.

Complete hydrolysis alone is not sufficient for an exact 
analysis some side reactions occur during the procedure.

The amide bonds in the side chains of Asn and Gln are 
cleaved by acid treatment, yielding Asp and Glu. 

The side chain of tryptophan is almost completely degraded 
by acid hydrolysis, small amounts of Ser, Thr, and Tyr are 
also lost.



Amino acid composition of two proteins
*In some common analyses, such as acid hydrolysis, Asp and Asn are 

not readily distinguished from each other and are together 
designated Asx (or B). Similarly, when Glu and Gln cannot be 
distinguished, they are together designed Glx (or Z). 

In addition, Trp is destroyed. 
Additional procedures must be employed to obtain an accurate 

assessment of complete amino acid content.
Number of residues per molecule 

of protein* 
Number of residues per 

molecule of protein* Amino 
acid Bovin 

cytochrome 
C 

Bovin 
chymotrypsinogen

Amino 
acid Bovin 

cytochrome 
C 

Bovin 
chymotrypsinogen

Ala 6 22 Lys 18 14 
Arg 2 4 Met 2 2 
Asn 5 15 Phe 4 6 
Asp 3 8 Pro 4 9 
Cys 2 10 Ser 1 28 
Gln 3 10 Thr 8 23 
Glu 9 5 Trp 1 8 
Gly 14 23 Tyr 4 4 
His 3 2 Val 3 23 
Ile 6 10    

Leu 6 19 Total 104 245 
 



Some proteins contain chemical groups other than 
amino acids

The ribonuclease A and chymotrypsinogen, contain only 
amino acid residues and no other chemical constituents.

These are considered simple proteins. 
Some proteins contain permanently associated chemical 

components in addition to amino acids; these are called 
conjugated proteins. 

The non-amino acid part of a conjugated protein is usually 
called its prosthetic group.

Lipoproteins contain lipids, glycoproteins contain sugar 
groups, and metalloproteins contain a specific metal.

The prosthetic group plays an important role in the protein’s 
biological function.



Conjugated proteins 
Class Prosthetic group Example 

Lipoproteins Lipids β1-Lipoprotein of blood 

Glycoproteins Carbohydrates Immunoglobulin G 

Phosphoproteins Phosphate groups Casein of milk 

Hemoproteins Heme (iron porphyrin) Hemoglobin 

Flavoprotein Flavin nucleotides Succinate dehydrogenase 

Metalloproteins Iron Ferritin 

 Zinc Alcohol dehydrogenase 

 Calcium Calmodulin 

 Molybdenum Dinitrogenase 

 Copper Plastocyanin 
 



There are several levels of protein structure

A description of all covalent bonds (mainly 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.



Levels of structure in proteins.



Summary for „Peptides and Proteins” I.

• Amino acids can be joined covalently through peptide 
bonds to form peptides and proteins. Cells generally 
contain thousands of different proteins, each with a 
different biological activity.

• Proteins can be very long polypeptide chains of 100 to 
several thousand amino acid residues. However, some 
naturally occurring peptides have only a few amino acid 
residues. Some proteins are composed of several 
noncovalently associated polypeptide chains, called 
subunits. Simple proteins yield only amino acids on 
hydrolysis; conjugated proteins contain in addition some 
other component, such as a metal or organic prosthetic 
group.



• The sequence of amino acids in a protein is 
characteristic of that protein and is called its 
primary structure. This is one of four generally 
recognized levels of protein structure.

Summary for „Peptides and Proteins” II.



3. Working with protein



Working with proteins

To study a protein the researcher must be able to separate it 
from other proteins and must have the techniques to 
determine its properties.

Proteins can be separated and purified

Cells contain thousands of different kinds of proteins, how 
can one protein be purified?

The first step in any protein purification procedure is to 
break open these cells, releasing their proteins into a 
solution called a crude extract.



The extract is subjected to treatments that separate the 
proteins into different fractions based on a property such 
as size or charge, a process referred to as fractionation.

Protein solubility is a complex function of pH, 
temperature, salt concentration, and other factors.

The solubility of proteins is generally lowered at high salt 
concentrations, an effect called “salting out.”

A salt in the right amount can selectively precipitate some 
proteins, while others remain in solution.



Dialysis is a procedure that separates proteins from solvents 
by taking advantage of the proteins’ larger size.

Dialysis retains large proteins within the membranous bag 
or tube while allowing the concentration of other solutes 
in the protein preparation to change.

The most powerful methods for fractionating proteins make 
use of column chromatography, takes advantage of 
differences in protein charge, size, binding affinity, and 
other properties.



The standard elements of a 
chromatographic column include a 
solid, porous material supported 
inside a column, generally made of 
plastic or glass.

The solid material (matrix) makes up 
the stationary phase through which 
flows a solution, the mobile phase.

The solution that passes out of the 
column at the bottom (the effluent) is 
constantly replaced by solution 
supplied from a reservoir at the top. 

The protein solution to be separated is 
layered on top of the column and 
allowed to percolate into the solid 
matrix. 

Additional solution is added on top. 

Column chromatography



The protein solution forms a band 
within the mobile phase that is 
initially the depth of the protein 
solution applied to the column. 

As proteins migrate through the 
column, they are retarded to different 
degrees by their different interactions 
with the matrix material.

The overall protein band thus widens as 
it moves through the column. 

Individual types of proteins (such as A, 
B, and C, shown in blue, red, and 
green) gradually separate from each 
other, forming bands within the 
broader protein band. 

Separation improves (resolution 
increases) as the length of the column 
increases.

Column chromatography



Ion exchange chromatography

Cation-exchange chromatography, the solid matrix has 
negatively charged groups.

In the mobile phase, proteins with a net positive charge 
migrate through the matrix more slowly than those with a 
net negative charge, because the migration of the former is 
retarded more by interaction with the stationary phase.

The two types of protein can separate into two distinct bands.



Ion-exchange chromatography

It exploits differences in the sign 
and magnitude of the net electric 
charges of proteins at a given 
pH. 

The column matrix is a synthetic 
polymer containing bound 
charged groups; those with 
bound anionic groups are called 
cation exchangers, and those 
with bound cationic groups are 
called anion exchangers.

Ion-exchange chromatography on 
a cation exchanger is shown 
here.

Polymer beads with 
negatively charged 
functional groups

Protein mixture is added to 
column containing cation

exchangers

Proteins move through the column at rates 
determined by their net charge at the pH being used. 

With cation exchangers, proteins with a more 
negative net charge move faster and elute earlier.



Ion-exchange chromatography

The affinity of each protein for 
the charged groups on the 
column is affected by the pH 
(which determines the ioniza-
tion state of the molecule) and 
the concentration of com-
peting free salt ions in the 
surrounding solution.

Separation can be optimized by 
gradually changing the pH 
and/or salt concentration of the 
mobile phase so as to create a 
pH or salt gradient.

Polymer beads with 
negatively charged 
functional groups

Protein mixture is added to 
column containing cation

exchangers

Proteins move through the column at rates 
determined by their net charge at the pH being used. 

With cation exchangers, proteins with a more 
negative net charge move faster and elute earlier.



Size-exclusion chromatography

Size-exclusion chromatography separates proteins 
according to size.

In this method, large proteins emerge from the column 
sooner than small ones.

The solid phase consists of beads with engineered pores or 
cavities of a particular size.

Large proteins cannot enter the cavities, and so take a short 
(and rapid) path through the column, around the beads.

Small proteins enter the cavities, and migrate through the 
column more slowly.



Size-exclusion chromatography

It also called gel filtration, 
separates proteins according to 
size.

The column matrix is a cross-
linked polymer with pores of 
selected size.

Larger proteins migrate faster 
than smaller ones, because they 
are too large to enter the pores 
in the beads and hence take a 
more direct route through the 
column. 

The smaller proteins enter the 
pores and are slowed by their 
more labyrinthine path through 
the column.

Protein molecules separate 
by size; larger molecules 

pass more freely, appearing in 
the earlier fractions.

Protein mixture is added
to column containing 
cross-linked polymer. 

Porous polymer beads



Affinity chromatography

It is based on the binding affinity of a protein.

The beads in the column have a covalently attached 
chemical group. 

A protein with affinity for this particular chemical group 
will bind to the beads in the column, and its migration will 
be retarded as a result.



Affinity chromatography

It separates proteins by their binding 
specificities.

The proteins retained on the column 
are those that bind specifically to a 
ligand cross-linked to the beads.

In biochemistry, the term “ligand”
is used to refer to a group or 
molecule that binds to a 
macromolecule such as a protein.

After proteins that do not bind to the 
ligand are washed through the 
column, the bound protein of 
particular interest is eluted 
(washed out of the column) by a 
solution containing free ligand.

Protein mixture is 
added to column 

containing a 
polymer-bound 

ligand specific for 
protein of interest.

Unwanted proteins
are washed through

column.

Protein of interest is 
eluted by ligand

solution



High-performance liquid chromatography
(HPLC)

HPLC makes use of high-pressure pumps that speed the 
movement of the protein molecules down the column, as 
well as higher-quality chromatographic materials that can 
withstand the crushing force of the pressurized flow.



Inexpensive procedures such as salting out be used first, when the 
total volume and the number of contaminants are greatest.

Chromatographic methods are often impractical at early stages, the 
amount of chromatographic medium needed increases with 
sample size.

A Purification Table for a Hypothetical Enzyme



Proteins can be separated and characterized by 
electrophoresis

Based on the migration of charged proteins in an electric field,
a process called electrophoresis.

Electrophoresis is useful as an analytical method. 
Its advantage is that proteins can be visualized as well as 

separated.
Permitting a researcher to estimate quickly the number of 

different proteins in a mixture or the degree of purity of a 
particular protein preparation.

Electrophoresis allows determination of isoelectric point and 
approximate molecular weight.

Electrophoresis of proteins is generally carried out in gels 
made up of the cross-linked polymer polyacrylamide.



Different samples are loaded 
in wells or depressions at 
the top of the poly-
acrylamide gel.

The proteins move into the 
gel when an electric field is 
applied. 

Electrophoresis

Sample

Well

Direction 
of 

migration



The migration of a protein in a gel during electrophoresis is 
therefore a function of its size and its shape.

An electrophoretic method commonly employed for 
estimation of purity and molecular weight makes use of 
the detergent sodium dodecyl sulfate (SDS).

SDS binds to most proteins in amounts roughly proportional 
to the molecular weight of the protein. 



Electrophoresis in the presence of SDS therefore separates 
proteins almost exclusively on the basis of mass 
(molecular weight), with smaller polypeptides migrating 
more rapidly. 

After electrophoresis, the proteins are visualized by adding 
a dye such as Coomassie blue, which binds to proteins but 
not to the gel itself.



Proteins can be visualized after electrophoresis by 
treating the gel with a stain such as Coomassie
blue, which binds to the proteins but not to the 
gel itself. 

Each band on the gel represents a different protein 
(or protein subunit); smaller proteins move 
through the gel more rapidly than larger proteins 
and therefore are found nearer the bottom of the 
gel. 

This gel illustrates the purification of the enzyme 
RNA polymerase from E. coli. 

The first lane shows the proteins present in the 
crude cellular extract. 

Successive lanes (left to right) show the proteins 
present after each purification step. 

The purified protein contains four subunits, as 
seen in the last lane on the right.



When compared with the positions to which proteins of
known molecular weight migrate in the gel, the position 
of an unidentified protein can provide an excellent 
measure of its molecular weight.

The electrophoretic mobility of a protein on an SDS 
polyacrylamide gel is related to its molecular weight, Mr.



Estimating the molecular weight of a protein

Myosin 200,000

β-Galactosidase 116,250
Glycogen phosphorylase b   97,400
Bovine serum albumin         66,200 

Ovalbumin 45,000

Carbonic anhydrase 31,000

Soybean trypsin inhibitor       21,500
Lysozyme 14,400

Standard proteins of known molecular weight 
are subjected to electrophoresis (lane 1).

These marker proteins can be used to estimate 
the molecular weight of an unknown protein 
(lane 2).

A plot of log Mr of the marker 
proteins versus relative 

migration during electro-
phoresis is linear, which allows 

the molecular weight of the 
unknown protein to be read 

from the graph.



Isoelectric focusing is a procedure used to determine the isoelectric
point (pI) of a protein.

A pH gradient is established by allowing a mixture of low molecular 
weight organic acids and bases (ampholytes).

When a protein mixture is applied, each protein migrates until it 
reaches the pH that matches its pI.

Proteins with different isoelectric points are thus distributed 
differently throughout the gel.

The isoelectric point of some proteins 
Protein pI 
Pepsin <1.0 

Egg albumin 4.6 
Serum albumin 4.9 

Urease 5.0 
β-Lactoglobulin 5.2 

Hemoglobin 6.8 
Myoglobin 7.0 

Chymotrysinogen 9.5 
Cytochrome c 10.7 

Lysozyme 11.0 



This technique separates 
proteins according to 
their isoelectric points. 

A stable pH gradient is 
established in the gel by 
the addition of appro-
priate ampholytes. 

A protein mixture is placed 
in a well on the gel. 

With an applied electric 
field, proteins enter the 
gel and migrate until each 
reaches a pH equivalent 
to its pI.

When pH = pI, the net 
charge of a protein is 
zero.

An ampholyte
solution is incor-

porated into a gel.

A stable pH gradient 
is established in the 
gel after application 
of an electric field.

Protein solution is
added and electric
field is reapplied.

After staining, 
proteins are shown to 
be distributed along 

pH gradient according 
to their pI values.

Isoelectric focusing



Combining isoelectric focusing and SDS electrophoresis 
sequentially in a process called two-dimensional
electrophoresis permits the resolution of complex 
mixtures of proteins.

Two-dimensional electrophoresis separates proteins of 
identical molecular weight that differ in pI, or proteins 
with similar pI values but different molecular weights.



Two-dimensional electrophoresis

Proteins are first separated by isoelectric focusing in a cylindrical gel. 

The gel is then laid horizontally on a second, slab-shaped gel, and the 
proteins are separated by SDS polyacrylamide gel electrophoresis.

Horizontal separation reflects differences in pI; vertical separation reflects 
differences in molecular weight.

First dimension
Isoelectric focusing

Isoelectric focusing 
gel is placed on SDS 
polyacrylamide gel.

Second dimension
SDS polyacryamide gel 

electrophoresis 



More than 1,000 different proteins from E. coli can be resolved using 
this technique.



Unseparated proteins can be quantified

For enzymes, the amount in a given solution or tissue 
extract can be measured, or assayed, in terms of the 
catalytic effect the enzyme produces.

The increase in the rate at which its substrate is converted 
to reaction products when the enzyme is present.

1.0 unit of enzyme activity is defined as the amount of 
enzyme causing transformation of 1.0 mol of substrate per 
minute at 25 °C under optimal conditions of 
measurement. 

The term activity refers to the total units of enzyme in a 
solution.



The specific activity is the number of enzyme units per 
milligram of total protein.

For proteins that are not enzymes, other quantification 
methods are required. 

Transport proteins can be assayed by their binding to the 
molecule they transport, hormones and toxins by the 
biological effect they produce; growth hormones will 
stimulate the growth of certain cultured cells.



Summary for „Working with Proteins” I.

• Proteins are separated and purified by taking advantage of 
differences in their properties. 

Proteins can be selectively precipitated by the addition of 
certain salts. 

A wide range of chromatographic procedures makes use of 
differences in size, binding affinities, charge, and other 
properties. 

These include ion-exchange, size-exclusion, affinity, and 
high-performance liquid chromatography.



• Electrophoresis separates proteins on the basis of mass or 
charge. SDS gel electrophoresis and isoelectric focusing 
can be used separately or in combination for higher 
resolution.

• All purification procedures require a method for 
quantifying or assaying the protein of interest in the 
presence of other proteins. Purification can be monitored 
by assaying specific activity.

Summary for „Working with Proteins” II.



4. The covalent structure of proteins



The differences in primary structure can be especially 
informative. 

Each protein has a distinctive number and sequence of 
amino acid residues.

The primary structure of a protein determines how it folds 
up into a unique three-dimensional structure, this in turn 
determines the function of the protein.



The function of a protein depends on its amino acid 
sequence

The amino acid sequence must play a fundamental role in 
determining the three-dimensional structure of the 
protein, and ultimately its function.

Proteins with different functions always have different 
amino acid sequences.

Thousands of human genetic diseases have been traced to 
the production of defective proteins.



If the primary structure is altered, the function of the protein
may also be changed.

Comparing functionally similar proteins from different 
species, these proteins often have similar amino acid 
sequences.

Proteins in humans are polymorphic, having amino acid 
sequence variants in the human population.

Many of these variations in sequence have little or no effect 
on the function of the protein.



The amino acid sequence in some regions of the primary 
structure might vary considerably without affecting 
biological function, most proteins contain crucial regions 
that are essential to their function and whose sequence is 
therefore conserved.



The amino acid sequences of millions of proteins have been 
determined In 1953 Frederick Sanger 

worked out the sequence of 
amino acid residues in the 
polypeptide chains of the 
hormone insulin.

It quickly became evident that 
the nucleotide sequence in 
DNA and the amino acid 
sequence in proteins were 
somehow related.

The amino acid sequences of 
thousands of different 
proteins from many species 
have been determined using 
principles first developed by 
Sanger.

Frederick Sanger



Amino acid sequence of human insulin

The two polypeptide chains are joined by disulfide cross-linkages. 
The A chain is identical in human, pig, dog, rabbit, and sperm whale 

insulins. 
The B chains of the cow, pig, dog, goat, and horse are identical.



Short polypeptides are sequenced using automated 
procedures

Sanger developed the reagent 1-fluoro-2,4-dinitrobenzene 
(FDNB) for this purpose; dansyl chloride and dabsyl
chloride, yield derivatives that are more easily detectable 
than the dinitrophenyl derivatives.

Dansyl chloride

Dabsyl chloride



Step in sequencing a polypeptide I.
Identify amino-terminal residue of polypeptide

Identification of the amino-terminal residue can be the first step in 
sequencing a polypeptide. 

Sanger’s method for identifying the amino-terminal residue is shown here.



The Edman degradation procedure labels and removes only the 
amino-terminal residue from a peptide, leaving all other 
peptide bonds intact.

The peptide is reacted with phenylisothiocyanate under mildly 
alkaline conditions, which converts the amino-terminal 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.



Step in sequencing a polypeptide II.
Identify amino-terminal residue; purify and recycle remaining 

peptide fragment through Edman process
Polypeptide



The Edman degradation procedure reveals the entire 
sequence of a peptide. 

For shorter peptides, this method alone readily yields the 
entire sequence, and step I is often omitted.

Step I is useful in the case of larger polypeptides, which are 
often fragmented into smaller peptides for sequencing.

Each reaction with the amino-terminal 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 labelled, 
removed, and identified through the same series of reactions.

A sequenator, mixes reagents in the proper proportions, separates 
the products, identifies them, and records the results.

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

Modern sequenators achieve efficiencies of better than 99% per 
cycle, permitting the sequencing of more than 50 contiguous 
amino acid residues in a polypeptide.



Large proteins must be sequenced in smaller segments

The very large polypeptides found in proteins must be 
broken down into smaller pieces to be sequenced 
efficiently.

First, the protein is cleaved into a set of specific fragments 
by chemical or enzymatic methods.

The disulfide bonds must be broken.

Each fragment is purified, then sequenced by the Edman
procedure. 

Finally, the order in which the fragments appear in the 
original protein is determined and disulfide bonds (if any) 
are located.



1.Breaking disulfide bonds in proteins:

1. Oxidation of a cystine
residue with performic acid 
produces two cysteic acid 

residues. 

2. Reduction by 
dithiothreitol to form Cys
residues must be followed 
by further modification of 
the reactive –SH groups to 
prevent re-formation of the 
disulfide bond. Acetylation
by iodoacetate serves this 

purpose.



2. Cleaving the polypeptide chain:
Enzymes called proteases catalyze the hydrolytic cleavage 

of peptide bonds. 
Some proteases cleave only the peptide bond adjacent to 

particular amino acid residues.
A number of chemical reagents also cleave the peptide bond 

adjacent to specific residues.
The trypsin catalyzes the hydrolysis of only those peptide 

bonds in which the carbonyl group is contributed by either 
a Lys or an Arg residue.

A polypeptide with five Lys and/or Arg residues will 
usually yield six smaller peptides on cleavage with 
trypsin.



The specificity of some common methods for fragmenting polypeptide chains 
Reagent (biological source)* Cleavage points† 

Trypsin 
(bovine pancreas) 

Lys, Arg (C) 

Submaxillarus  protease 
(mouse submaxillary gland) 

Arg (C) 

Chymotrypsin 
(bovin pancreas) 

Phe, Trp, Tyr (C) 

Staphylococcus aureus V8 protease 
(bacterium S. aureus) 

Asp, Glu (C) 

Asp-N-protease 
(bacterium Pseudomonas fragi) 

Asp, Glu (N) 

Pepsin 
(porcine stomach) 

Phe, Trp, Tyr (N) 

Endoproteinase Lysobacter 
(bacterium Lysobacter enzymogenes) 

Lys (C) 

Cyanogen bromide Met (C) 
 

*All reagents except cyanogen bromide are proteases. All are available from commercial sources.
†Residues furnishing the primary recognition point for the protease or reagent; peptide bond 

cleavage occurs on either the carbonyl (C) or the amino (N) side of the indicated amino acid 
residues.



Cleaving proteins and sequencing and ordering the peptide 
fragment

Procedure

Hydrolyze; separate 
amino acids

Ala 5
Cys 2
Asp 4
Glu 2
Phe 1
Gly 3

His 2
Ile 3
Lys 2
Leu 2
Met 2
Pro 3

Arg 1
Ser 2
Thr 1
Val 1
Tyr2

Results

2,4-Dinitrophenylglutamate
detected

Conclusion

Polypeptide has 38 amino 
acid residues. Trypsin will 
cleave three times (at one 
Arg and two Lys) to give 
four fragments. Cyanogen
bromide will cleave at two 
Met to give three fragments.

Glu is amino-
terminal residue.

Reduce disulfide bond
(if present)

React with FDNB; 
hydrolyze; separate 

amino acids



Cleave with trypsin; separate 
fragments; sequence by Edman

degradation T-4

T-3

T-2

T-1

Procedure Results

Conclusion

Gly-Ala-Ser-Met-Ala-Leu-Ile-Lys

Glu-Gly-Ala-Ala-Tyr-His-Asp-Phe-Glu-Pro-Ile-Asp-Pro-Arg

Asp-Cys-Val-His-Ser-Asp

Ala-Leu-Ile-Lys-Tyr-Leu-Ile-Ala-Cys-Gly-Pro-Met

T-2 placed at amino terminus because it begins with 
Glu.
T-3 placed at carboxyl terminus because it does not end 
with Arg or Lys.



Procedure Results Conclusion

Cleave with cyanogen bromide;
separate fragments; sequence by 

Edman degradation

Glu-Gly-Ala-Ala-Tyr-His-Asp-Phe-Glu-
-Pro-Ile-Asp-Pro-Arg-Gly-Ala-Ser-Met

Thr-Lys-Asp-Cys-Val-His-Ser-Asp

Ala-Leu-Ile-Lys-Tyr-Leu-Ile-Ala-Cys-Gly-Pro-MetC-3

C-1

C-2

C-3 overlaps with 
T-1 and T-4, 

allowing them to 
be ordered.

Establish 
sequence

Glu-Gly-Ala-Ala-Tyr-His-Asp-Phe-Glu- Pro-Ile-Asp-Pro-Arg-Gly-Ala-Ser-Met-Ala-

-Leu-Ile-Lys-Tyr-Leu-Ile-Ala-Cys-Gly-Pro-Met-Thr-Lys-Asp-Cys-Val-His-Ser-Asp

T-2 T-1

T-1 T-4 T-3

C-1 C-3

C-3 C-2

Amino
terminus

Carboxyl 
terminus



Cleaving proteins and sequencing and ordering the 
peptide fragment

First, the amino acid composition and amino-terminal residue 
of an intact sample are determined. 

Then any disulfide bonds are broken before fragmenting so 
that sequencing can proceed efficiently. 

In this example, there are only two Cys residues and thus only 
one possibility for location of the disulfide bond. 

In polypeptides with three or more Cys residues, the position 
of disulfide bonds can be determined.



3. Sequencing of Peptides:
Each peptide fragment resulting from the action of trypsin is 

sequenced separately by the Edman procedure.
4. Ordering Peptide Fragments:
The order of the “trypsin fragments” in the original polypeptide 

chain must now be determined.
Cyanogen bromide cleaves only those peptide bonds in which the 

carbonyl group is contributed by Met. 
The fragments resulting from this second procedure are then 

separated and sequenced as before.
The amino acid sequences of each fragment obtained by the two 

cleavage procedures are examined.
Overlapping peptides obtained from the second fragmentation 

yield the correct order of the peptide fragments produced in the
first.



Amino acid sequences can also be deduced by other 
methods

Mass spectrometry permit the sequencing of short polypeptides 
(20 to 30 amino acid residues) in just a few minutes.

Researchers can deduce the sequence of a polypeptide by 
determining the sequence of nucleotides in the gene that codes 
for it.

Sequencing the DNA can be faster and more accurate than 
sequencing the protein.

Each amino acid is encoded by a specific sequence of three 
nucleotides in DNA.

Correspondence of DNA and amino acid sequences

Amino acid sequence 
(protein)

DNA sequence (gene)



Small peptides and proteins can be chemically synthesized
There are three ways to obtain a 

peptide:
– purification from tissue, a task often 

made difficult by the vanishingly low 
concentrations of some peptides; 

– genetic engineering;
– direct chemical synthesis.

Bruce Merrifield innovation involved  
synthesizing a peptide while keeping 
it attached at one end to a solid 
support. 

• The support is an insoluble polymer 
(resin) contained within a column, 
similar to that used for chromato-
graphic procedures.

R. Bruce Merrifield



Chemical synthesis of a peptide on an insoluble polymer 
support

Reactions (1) through (4) are necessary for the formation of each 
peptide bond.

The 9-fluorenylmethoxycarbonyl (Fmoc) group prevents 
unwanted reactions at the α-amino group of the residue.

Chemical synthesis proceeds from the carboxyl terminus to the 
amino terminus, the reverse of the direction of protein 
synthesis in vivo.

Fmoc Amino acid 
residue



(1) Attachment of carboxyl-terminal 
amino acid to reactive group on 
resin.

Insoluble polystyrene bead

(2) Protecting group is removed by 
flushing with solution containing 
a mild organic base.



(4)

(3) Amino acid 2 with protected α-amino 
group is activated at carboxyl group by 
DCC.

(4) α-amino group of amino acid 
1attacks activated carboxyl group 
of amino acid 2 to form peptide 
bond.



(5) Completed peptide is deprotected as 
in reaction (2); HF cleaves ester 
linkage between peptide and resin.



Effect of stepwise yield on overall yield in peptide synthesis 

Oversall yield of final peptide (%) 
when the yield of each step is: Number of residues int 

he final polypeptide 
96.0% 99.8% 

11 66 98 
21 44 96 
31 29 94 
51 13 90 
100 1.7 82 

 



The chemistry has been optimized to permit the synthesis 
of proteins of 100 amino acid residues in a few days in 
reasonable yield.

This technology, impressive as it is, still pales when 
compared with biological processes.

The same 100-amino-acid protein would be synthesized 
with exquisite fidelity in about 5 seconds in a bacterial 
cell.



With these methods, novel forms of proteins can be created 
with precisely positioned chemical groups, including 
those that might not normally be found in a cellular 
protein.

These novel forms provide new ways to test theories of 
enzyme catalysis, to create proteins with new chemical 
properties, and to design protein sequences that will fold 
into particular structures.



Summary for „The Covalent Structure of Proteins” I.

• Differences in protein function result from differences in amino
acid composition and sequence. Some variations in sequence 
are possible for a particular protein, with little or no effect on 
function.

• Amino acid sequences are deduced by fragmenting polypeptides 
into smaller peptides using reagents known to cleave specific 
peptide bonds; determining the amino acid sequence of each 
fragment by the automated Edman degradation procedure; then 
ordering the peptide fragments by finding sequence overlaps 
between fragments generated by different reagents. A protein 
sequence can also be deduced from the nucleotide sequence of 
its corresponding gene in DNA.

• Short proteins and peptides (up to about 100 residues) can be 
chemically synthesized.



5. Protein Sequences and Evolution



Protein sequences can elucidate the history of life on earth

If two organisms are closely related, the sequences of their 
genes and proteins should be similar.

The sequences increasingly diverge as the evolutionary 
distance between two organisms increases.

Protein sequences offer an opportunity to greatly refine the 
available information.

This information can be used to trace biological history.



Summary for „Protein Sequences and Evolution”

• Protein sequences are a rich source of information about 
protein structure and function, as well as the evolution 
of life on this planet. 

Sophisticated methods are being developed to trace 
evolution by analyzing the resultant slow changes in the 
amino acid sequences of homologous proteins.


