
PROTEIN FUNCTION



A molecule bound reversibly by a protein is called a 
ligand.

A ligand may be any kind of molecule, including another 
protein.

A ligand binds at a site on the protein called the binding 
site, which is complementary to the ligand in size, shape, 
charge, and hydrophobic or hydrophilic character.

The interaction is specific: the protein can discriminate 
among the thousands of different molecules in its 
environment and selectively bind only one or a few.



Proteins are flexible. 

Changes in conformation may be subtle, reflecting 
molecular vibrations and small movements of amino acid 
residues throughout the protein.

Specific conformational changes are frequently essential to 
a protein’s function.

The structural adaptation that occurs between protein and 
ligand is called induced fit.



Interactions between ligands and proteins may be regulated, 
usually through specific interactions with one or more 
additional ligands. 

These other ligands may cause conformational changes in 
the protein that affect the binding of the first ligand.

Enzymes bind and chemically transform other molecules ─
they catalyze reactions. 

The molecules acted upon by enzymes are called reaction 
substrates rather than ligands, and the ligand-binding site 
is called the catalytic site or active site.



1. Reversible binding of a protein to a 
ligand: oxygen-binding proteins



Oxygen can be bound to a heme prosthetic group

Myoglobin and hemoglobin were the first proteins for 
which three-dimensional structures were determined.

Oxygen is poorly soluble in aqueous solutions and cannot 
be carried to tissues in sufficient quantity if it is simply 
dissolved in blood serum.

None of the amino acid side chains in proteins is suited for 
the reversible binding of oxygen molecules.

Multicellular organisms exploit the properties of metals, 
most commonly iron, for oxygen transport.

In multicellular organisms iron is often incorporated into a 
protein-bound prosthetic group called heme.



Heme (or haem) consists of a complex organic ring 
structure, protoporphyrin, to which is bound a single 
iron atom in its ferrous (Fe2+) state. 

The iron atom has six coordination bonds, four to nitrogen 
atoms that are part of the flat porphyrin ring system and 
two perpendicular to the porphyrin.

Iron in the Fe2+ state binds oxygen reversibly; in the Fe3+

state it does not bind oxygen.



Heme
The heme group is present in myoglobin, 

hemoglobin, and many other proteins, 
designated heme proteins. 

Heme consists of a complex organic ring 
structure, protoporphyrin, to which is 
bound an iron atom in its ferrous (Fe2+) 
state. 

Porphyrins, of which protoporphyrin is 
only one example, consist of four 
pyrrole rings linked by methene
bridges, with substitutions at one or 
more of the positions denoted X.



Two representations of heme

The iron atom of heme has six coordination bonds: four in the plane of, 
and bonded to, the flat porphyrin ring system, and two perpendicular to it.



When oxygen binds, the electronic properties of heme iron 
change; this accounts for the change in colour from the 
dark purple of oxygen-depleted venous blood to the 
bright red of oxygen-rich arterial blood. 

Some small molecules, such as carbon monoxide (CO) and 
nitric oxide (NO), coordinate to heme iron with greater 
affinity than does O2.

The CO is highly toxic to aerobic organisms.



Myoglobin has a single binding site for oxygen

Myoglobin is a relatively simple oxygen-binding protein 
found in almost all mammals, primarily in muscle tissue.

It facilitates oxygen diffusion in muscle.

Myoglobin is a single polypeptide of 153 amino acid residues 
with one molecule of heme.

The polypeptide is made up of eight α-helical segments 
connected by bends. 

About 78% of the amino acid residues in the protein are found 
in these α helices.



The eight α-helical segments 
are labelled A through H. 

Nonhelical residues in the 
bends that connect them are 
labelled AB, CD, EF, and so 
forth, indicating the seg-
ments they interconnect.

The heme is bound in a pocket 
made up largely of the E 
and F helices, although 
amino acid residues from 
other segments of the pro-
tein also participate.

The structure of myoglobin



Oxygen is transported in blood by hemoglobin

Nearly all the oxygen carried by whole blood in animals is 
bound and transported by hemoglobin in erythrocytes.

Normal human erythrocytes are small (6 to 9 m in diameter), 
biconcave disks. 

They are formed from precursor stem cells called hemo-
cytoblasts. 

In the maturation process, the stem cell produces daughter 
cells that form large amounts of hemoglobin and then lose 
their intracellular organelles.

Their main function is to carry hemoglobin.



In arterial blood hemoglobin is about 96% saturated with 
oxygen. 

In the venous blood returning to the heart, hemoglobin is 
only about 64% saturated.

Myoglobin is relatively insensitive to small changes in the 
concentration of dissolved oxygen and so functions well 
as an oxygen-storage protein.



Hemoglobin subunits are structurally similar to 
myoglobin

Hemoglobin is roughly spherical, with a diameter of nearly 
5.5 nm. 

It is a tetrameric protein containing four heme prosthetic 
groups, one associated with each polypeptide chain.

Adult hemoglobin contains two types of globin, two α
chains (141 residues each) and two β chains (146 
residues each). 

Although fewer than half of the amino acid residues in the 
polypeptide sequences of the α and β subunits are 
identical.



The three-dimensional structures of the two types of subunits 
are very similar. 

Their structures are very similar to that of myoglobin, even 
though the amino acid sequences of the three polypeptides are 
identical at only 27 positions. 

All three polypeptides are members of the globin family of 
proteins.

A comparison of the structures 
of myoglobin and the β subunit 

of hemoglobin



Carbon monoxide: a stealthy killer

Carbon monoxide (CO), a colourless, odourless gas, is 
responsible for more than half of yearly deaths due to 
poisoning worldwide. 

CO has an approximately 250-fold greater affinity for 
hemoglobin than does oxygen.

Relatively low levels of CO can have substantial and tragic 
effects. 

When CO combines with hemoglobin, the complex is 
referred to as carboxyhemoglobin, or COHb.



Carbon monoxide levels in the atmosphere are rarely 
dangerous, ranging from less than 0.05 parts per million 
(ppm).

Healthy individual, 1% or less of the total hemoglobin is 
complexed as COHb. 

Since CO is a product of tobacco smoke, many smokers 
have COHb levels in the range of 3% to 8% of total 
hemoglobin, and the levels can rise to 15% for chain-
smokers.



How is a human affected by COHb? 

– At levels of less than 10% of total hemoglobin, symptoms 
are rarely observed.

– At 15%, the individual experiences mild headaches. 

– At 20% to 30%, the headache is severe and is generally 
accompanied, confusion, disorientation, and some visual 
disturbances.

– These symptoms are generally reversed rapidly if the 
individual is treated with oxygen.



When CO poisoning is suspected, rapid evacuation of the 
person away from the CO source is essential.

The O2 begins to replace the CO in hemoglobin. 

The COHb levels drop rather slowly, depending on 
individual and environmental factors.

If 100% oxygen is administered with a mask, the rate of 
exchange can be increased about fourfold.

Rapid treatment by a properly equipped medical team is 
critical.

Carbon monoxide detectors in all homes are highly 
recommended.



Hemoglobin also transports H+ and CO2

Hemoglobin carries two end products of cellular respiration 
─ H+ and CO2 ─ from the tissues to the lungs and the 
kidneys, where they are excreted. 

The CO2, produced by oxidation of organic fuels in 
mitochondria, is hydrated to form bicarbonate:

The binding of oxygen by hemoglobin is profoundly 
influenced by pH and CO2 concentration.

−+ +↔+ 322 HCOHOHCO



The interconversion of CO2 and bicarbonate is of great  
importance to the regulation of oxygen binding and 
release in the blood.

Hemoglobin transports about 40% of the total H+ and 15% 
to 20% of the CO2 formed in the tissues to the lungs and 
the kidneys. 

The remainder of the H+ is absorbed by the plasma’s 
bicarbonate buffer; the remainder of the CO2 is 
transported as dissolved HCO3 and CO2.)─



Summary for „Reversible Binding of a Protein to a 
Ligand: Oxygen-Binding Proteins” I.

• Protein function often entails interactions with other 
molecules. A molecule bound by a protein is called a 
ligand, and the site to which it binds is called the 
binding site. 

Proteins may undergo conformational changes when a 
ligand binds, a process called induced fit. In a multi-
subunit protein, the binding of a ligand to one subunit 
may affect ligand binding to other subunits. 

Ligand binding can be regulated.



Summary for „Reversible Binding of a Protein to a 
Ligand: Oxygen-Binding Proteins” II.

• Myoglobin contains a heme prosthetic group, which 
binds oxygen. Heme consists of a single atom of Fe2+

coordinated within a porphyrin. Oxygen binds to 
myoglobin reversibly;

• Normal adult hemoglobin has four hemecontaining
subunits, two α and two β, similar in structure to each 
other and to myoglobin.

• Hemoglobin also binds H+ and CO2.



2. Complementary Interactions between 

Proteins and Ligands: 

The Immune System and 

Immunoglobulins



Most protein-ligand interactions do not involve a prosthetic 
group.

All vertebrates have an immune system capable of distinguishing 
molecular “self” from “nonself” and then destroying those 
entities identified as nonself. 

The immune system eliminates viruses, bacteria, and other 
pathogens and molecules that may pose a threat to the 
organism. 

On a physiological level, the response of the immune system to an 
invader is an intricate and coordinated set of interactions among 
many classes of proteins, molecules, and cell types. 

The immune response demonstrates how an acutely sensitive and 
specific biochemical system is built upon the reversible binding
of ligands to proteins.



The immune response features a specialized array of 
cells and proteins

Immunity is brought about by a variety of leukocytes (white 
blood cells), including macrophages and lymphocytes, all 
developing from undifferentiated stem cells in the bone 
marrow.

The immune response consists of two complementary systems, 
the humoral and cellular immune systems.

The humoral immune system is directed at bacterial infections 
and extracellular viruses.

But can also respond to individual proteins introduced into the 
organism.

The cellular immune system destroys host cells infected by 
viruses and also destroys some parasites and foreign tissues.



The proteins at the heart of the humoral immune response are 
soluble proteins called antibodies or immuno-globulins, 
often abbreviated Ig.

Immunoglobulins bind bacteria, viruses, or large molecules 
identified as foreign and target them for destruction.

The immunoglobulins are produced by B lymphocytes, or B 
cells, so named because they complete their development in 
the bone marrow.



The agents at the heart of the cellular immune response are 
a class of T lymphocytes, or T cells.

The latter stages of their development occur in the thymus, 
known as cytotoxic T cells (TC cells, also called killer T 
cells). 

Recognition of infected cells or parasites involves proteins 
called T-cell receptors on the surface of TC cells. 

Receptors are proteins, usually found on the outer surface 
of cells and extending through the plasma membrane; 
they recognize and bind extracellular ligands.



Any molecule or pathogen capable of eliciting an 
immune response is called an antigen. 

An antigen may be a virus, a bacterial cell wall, or an 
individual protein or other macromolecule. 

A complex antigen may be bound by a number of 
different antibodies.

An individual antibody or T-cell receptor binds only a 
particular molecular structure within the antigen, called 
its antigenic determinant or epitope.

Molecules of Mr < 5,000 are generally not antigenic.
Small molecules can be covalently attached to large 

proteins in the laboratory, and in this form they may 
elicit an immune response. 

These small molecules are called haptens.



Self is distinguished from nonself by the display of 
peptides on cell surfaces

The immune system must identify and destroy pathogens, but 
it must also recognize and not destroy the normal proteins 
and cells of the host organism − the “self.”

Detection of protein antigens in the host is mediated by MHC 
(major histocompatibility complex) proteins.

MHC proteins bind peptide fragments of proteins digested in 
the cell and present them on the outside surface of the cell. 

These peptides normally come from the digestion of typical 
cellular proteins, but during a viral infection viral proteins 
are also digested and presented on the cell surface by MHC 
proteins.



Peptide fragments from foreign proteins that are displayed 
by MHC proteins are the antigens the immune system 
recognizes as nonself. 

T-cell receptors bind these fragments and launch the 
subsequent steps of the immune response.

There are two classes of MHC proteins.

These proteins consist of α and β chains.



a:
In class I MHC proteins, the 

small β chain is invariant 
but the amino acid 
sequence of the α chain 
exhibits a high degree of 
variability, localized in 
specific domains of the 
protein that appear on the 
outside of the cell. 

Each human produces up to 
six different chains for 
class I MHC proteins.

b:
In class II MHC proteins, 

both the α and β chains 
have regions of relatively 
high variability near their 
amino-terminal ends.

MHC proteins



Class I MHC:
– These are found on the surface of virtually all vertebrate cells. 
– There are countless variants in the human population, placing 

them among the most polymorphic of proteins. 
– Because each individual produces up to six class I MHC 

protein variants, any two individuals are unlikely to have 
the same set.

Structure of a human class I MHC 
protein I.

Top view of the protein, showing a surface 
contour image of the site where peptides 
are bound and displayed. 

The HIV peptide (red) occupies the site. 

This part of the class I MHC protein 
interacts with T-cell receptors.



Structure of a human class I 
MHC protein II.

This model is derived in part 
from the known structure of 
the extracellular portion of the 
protein.

The α chain of MHC is shown in 
gray; the small β chain is blue; 
the disulfide bonds are yellow. 

A bound ligand, a peptide 
derived from HIV, is shown in 
red.



Class II MHC:

– These proteins occur on the surfaces of a few types of 
specialized cells, including macrophages and B 
lymphocytes that take up foreign antigens. 

– The class II proteins are highly polymorphic, with many 
variants in the human population.

– Each human is capable of producing up to 12 variants, and 
thus it is unlikely that any two individuals have an 
identical set.



Antibodies have two identical antigen-binding sites

Immunoglobulin G (IgG) is 
the major class of antibody 
molecule and one of the 
most abundant proteins in 
the blood serum. 

IgG has four polypeptide 
chains: two large ones, 
called heavy chains, and 
two light chains, linked by 
noncovalent and disulfide 
bonds into a complex.

The structure of IgG
Pairs of heavy and light chains combine 

to form a Y-shaped molecule.



The structure of IgG

A ribbon model of the first 
complete IgG molecule to be 
crystallized and structurally 
analyzed. 

Although the molecule contains 
two identical heavy chains (two 
shades of blue) and two 
identical light chains (two 
shades of red), it crystallized in 
the asymmetric conformation 
shown. 

Conformational flexibility may 
be important to the function of 
immunoglobulins.



Each chain is made up of identifiable domains; some are 
constant in sequence and structure from one IgG to the 
next, others are variable. 

The constant domains have a characteristic structure known 
as the immunoglobulin fold, a well-conserved structural 
motif in the all class of proteins. 

There are three of these constant domains in each heavy 
chain and one in each light chain. 

The heavy and light chains also have one variable domain 
each, in which most of the variability in amino acid 
residue sequence is found. 

The variable domains associate to create the antigen-
binding site.



Binding of IgG to an antigen
To generate an optimal fit for the antigen, the binding sites of

IgG often undergo slight conformational changes.
Such induced fit is common to many protein-ligand

interactions.



Summary for „Complementary Interactions between 
Proteins and Ligands: The Immune System and 

Immunoglobulins”

• The immune response is mediated by interactions among an 
array of specialized leukocytes and their associated 
proteins. T lymphocytes produce T-cell receptors. B 
lymphocytes produce immunoglobulins. All cells produce 
MHC proteins, which display host (self) or antigenic 
(nonself) peptides on the cell surface.

• Humans have five classes of immunoglobulins, each with 
different biological functions. The most abundant class is 
IgG, a Y-shaped protein with two heavy and two light 
chains.


