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Protein

Introduction

Peptide bond: A protein is a linear sequence of amino acids linked
together by peptide bonds. The peptide bond is a covalent bond
between the a-amino group of one amino acid and the a-carboxyl
group of another. When two amino acids are joined by a peptide bond
they form a dipeptide. Addition of further amino acids results in long
chains called oligopeptides and polypeptides.
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v' Protein structure

Every protein in its native state has a unique three dimensional
structure which is referred to as its conformation and made up of only
20 different amino acids. The number and sequence of these amino
acids are different in different proteins. Protein structure can be
classified into four levels of organization:
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1. Primary structure

2. Secondary structure
3. Tertiary structure

4. Quaternary structure.
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1- Primary structure: The linear sequence of amino acids joined
together by peptide bonds is termed the primary structure of the
protein,
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2- Secondary structure: Secondary structure in a protein refers to
the regular folding of regions of the polypeptide chain. The two
most common types of secondary structure are the a-helix and the
B-pleated sheet. The o-helix is a cylindrical, rod-like helical
arrangement of the amino acids in the polypeptide chain which is

maintained by hydrogen bonds parallel to the helix axis.
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3- Tertiary structure: Tertiary structure in a protein refers to the
three-dimensional arrangement of all the amino acids in the
polypeptide chain. This biologically active, native conformation is

maintained by multiple non-covalent bonds.
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4- Quaternary structure: If a protein is made up of more than one
polypeptide chain it is said to have quaternary structure. This
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refers to the spatial arrangement of the polypeptide subunits and
the nature of the interactions between them.
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Primary structure
is determined by the
Sequence of amino acids

Secondary structure
occurs when the amino
acids are linked by
hydrogen bonds

Tertiary structure

is formed when alpha helices
and beta sheets are held
together by weak interactions

Quaternary structure
consists of more than one
polypeptide chain

. Levels of organizations of proteins

Functions of protein: <iisg s ulf iith

1- Establishment and maintenance of structure.
Structural proteins are responsible for the shape and
stability of cells and tissues. For example Histones are
structural proteins. They organize the arrangement of DNA

in chromatin.
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2- Transport
A well-known transport protein is hemoglobin in the
erythrocytes .1t is responsible for the transport of oxygen and
carbon dioxide between the lungs and tissues. The blood
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plasma also contains many other proteins with transport
functions. Prealbumin for example, transports the thyroid

hormones thyroxin and triiodothyronine.
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3- Protection and defense
The immune system protects the body from pathogens and
foreign substances. An important component of this system

Is the protein immunoglobulin G.
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4- Control and regulation
In biochemical signal chains, proteins function as signaling
substances (hormones) and as hormone receptors. For

example insulin
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5- Catalysis
Enzymes are the largest group of proteins in terms of
numbers such as alcohol dehydrogenase and glutamine

synthetase
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6- Movement
The interaction between the proteins actin and myosin is

responsible for muscle contraction and cell movement
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/- Storage
Plants contain special storage proteins, which are also
important for human nutrition .In animals, muscle proteins
constitute a nutrient reserve that can be mobilized in

emergencies.
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PROPERTIES OF PROTEINS
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1- Colloidal Nature

Protein molecules exist in the form of colloidal particle, 5-100 mu in
dimension, are heavier than water.
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2- Colloidal Osmotic Pressure

» Colloidal protein molecules exert osmotic pressure. The osmotic
pressure generated by plasma proteins is often called the colloidal
osmotic pressure or oncotic pressure of plasma.

* The osmotic pressure of protein is proportional to its concentration,
but inversely proportional to its molecular weight.

 In blood plasma, albumin contributes 75-80% of osmotic pressure
(although it represents no more than half the plasma proteins), because
its molecular weight is lower.

* Oncotic pressure exerted by protein is clinically important in
maintaining blood volume.

o) Al Jaxal)



Biochemistry Lec.6

Ll We Lol ciliss p eal g @l awalill Tl any bl Jaraall (s dys jall gl iy
a2l (g kil Jaraall of 0 s (5 sansl)

a4 s a Lo ity iS5 ¢ 0 3 i g (sl gaaalill Jakaall Couliy o

05 il oo S Jig Y Al e a )l o) el aall e ZA-Y0 dauiy Gae sl agan ¢ aall LoDl
a4 oY ¢ (LSl

A aaa o Bliall 8 Akl Aalill (e aga el s G5 ) A slay s (g il Larall @

3- Molecular Weight

Proteins are macromolecules and have very high molecular weights with
wide variations, e.g. molecular weight of:
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 Albumin = 69,000
« y-Globulin = 1,60,000.
4- Solubility

In general, globular proteins, such as, albumin have higher solubility
than elongated fibrous proteins. Moreover, smaller molecules are more
soluble than larger molecules
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5- Shape of the Protein
There is a wide variation in the protein shape.
» Scleroproteins like keratin, collagen are in the form of fibers.

» While soluble proteins tend to be of rounded shape and are called
globular proteins.
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6- Hydration of Proteins

 Proteins, when brought into contact with water, absorb water and
swell up.

e The polar groups like COOH, NH2, OH of protein bind to the
molecules of water by hydrogen bonds to hold a considerable amount
of water. Thus, a relatively immobile shell-like layer of water, called
the “solvation layer” or water envelope is held around each protein
particle in an agueous medium.
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7- Amphoteric Nature of the Proteins

The isoelectric pH of amino acid has been described previously. One
end of the protein molecule has free amino group, while the other end
has free COOH group.

* In acid solution, the NH2 groups accept H+ ion and present as NH3
+ (cation). Therefore protein in acid solution will be positively
charged.

* In alkaline pH, the COOH groups donate H+ ion and are present as
COO- (anion). Hence, proteins in alkaline solution are negatively
charged. So, proteins are ampholytes acting both as donors and
acceptors of H+ ion.
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Plasma Proteins and Immunoglobulins

Introduction
Plasma contains a variety of proteins with different functions. At

present time over 100 different plasma proteins have been described.
There are many proteins whose function remains to be determined . In
this lecture, we shall see those plasma proteins which are present in
significantly high concentrations, e.g. albumin, globulin and
fibrinogen
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Plasma proteins

» The plasma proteins are:

1. Albumin

2. Globulin

3. Fibrinogen

» The normal value of plasma proteins are:



Biochemistry Lec.6

— Total protein 6 to 8 gm %

— Serum albumin 3.5to 6 gm %
— Serum globulin 2 to 3.5 gm %
— Fibrinogen 200 to 400 mg %

Synthesis of Plasma Proteins

« All the albumin and fibrinogen are essentially synthesized by the
liver only.

« Similarly, 50 to 80 percent of the globulin is formed in the liver. The
remainder of the globulins are formed almost entirely in the
lymphoid tissues. They are gamma globulins that constitute the
antibodies used in the immune system.

* In severe liver disease, there is thus a lowered concentration of
plasma albumin but globulin fraction may not show substantial fall, as
gamma globulins are not synthesized by the liver.

The A/G ratio therefore can be altered in the liver disease.

G o JSE b ¢ Jialls, @ L Il il IS0 LegasS 5 o G st il s el anen @ Lo 3O i g 0SS
Clid g gla an A glialll Aaasi) 8 Ly i QWS IS8 ol g sladl e 355 Lo S5 25 D) 3 Gl g lal g Al 3 A
sl e pmide 305 L @lia ¢ dad) 2SH (npe 8, @ Aeliall Al b deadiea) sabiadll Slual) JS ) Ll

e (S il g, 20 Al gy 4l 8 o Y Lle clala o Gum o1 nSLalissl el ¥ 88 Gl sl s 081 L3S
St AL G i

Separation of Plasma Proteins

» The plasma proteins can be separated by the following methods:
1. Salting out
2. Electrophoresis

3. Ultracentrifugation
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4. Immunoelectrophoresis

4, &6 a3, e 2. mlalll 1, A GOkl Lol clisy g Juad (Se® Lol cilisg g Jab
aaclial) &gl

Major Classes of Plasma Proteins (Table 5.1)

v'Albumin

« Albumin is a globular protein consisting of single polypeptide chain
with a molecular weight of about 69,000 in the humans. It comprises

of some 585 amino acid residues.
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It is the most abundant protein found in plasma, accounting for

approximately 50 percent of plasma protein mass.
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e Albumin is exclusively synthesized by the liver for this reason,
serum albumin levels are determined to assess liver function

(synthesis decreased in liver diseases).
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» The normal plasma half-life of aloumin is 15 to 20 days.
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v" Functions of albumins

1- Albumin’s primary function is the maintenance of colloidal osmotic
pressure

2- A second important function of albumin is to bind and transport
many metabolites which are poorly soluble in water such as: — Fatty
acids — Bilirubin — Inorganic constituent of plasma like calcium —
Certain steroid hormones and drugs.
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3- Buffering function: Among the plasma proteins, albumin has
maximum buffering capacity due to its high concentration in blood.
4- Nutritive function: Degradation of albumin provides essential amino
acids during malnutrition.
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Clinical Significance
Serum albumin measurements are used to assess the various clinical
conditions.
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I-Hypoalbuminemia

Decreased level of plasma albumin is seen in:

» Malnutrition
In malnutrition, due to insufficient intake of proteins, the availability
of amino acid is reduced and so albumin synthesis is affected
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. * Nephrotic syndrome
In nephrotic syndrome, large amounts of protein are lost in urine

(proteinuria).
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o Cirrhosis of liver
In cirrhosis, albumin synthesis is decreased and so blood level is

lowered.
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I1-Hyperalbuminemia

Increased levels of plasma albumin are present only in acute

dehydration and have no clinical significance.
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I11- Analbuminemia

Analbuminemia is a rare hereditary abnormality in which plasma
albumin concentration is usually less than 1.0 gm/L (normal level is
3.5 to 6 gm/dl). However, there may be no symptoms or signs due to

compensatory increase in plasma globulin concentration.
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v'Globulins

Globulins are bigger in size than albumins. Globulins constitute
several fractions. These are: ¢ al-globulin ¢ a2-globulin  B-globulin ¢
v-globulin

Biological functions of various globulins are summarized in Table 5.1
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v’ Fibrinogen (Blood Clotting Factor 1)

o It is a glycoprotein and constitutes about 4 percent of total plasma
proteins. It is synthesized in liver and secreted in blood where it is
involved in blood coagulation.

» During blood coagulation, fibrinogen is converted to fibrin which
polymerizes to form fibrin clot.

 Plasma level of fibrinogen decreases in severe hepatic diseases.
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Table 5.1: Major classes of plasma proteins, their functions and diagnostic importance

Classes Examples Principal functions
Albumin Exert colloidal osmotic pressure and transport function
Globulin o-protease inhibitor (API) or Antiprotease, natural inhibitor of proteolytic enzyme elastase

o4-antitrypsin (AAT)

Ceruloplasmin Transport of copper

Haptoglobin Conservation of iron by binding free hemoglobin
op-Macroglobulin (AMG) Natural antiprotease, inhibits thrombin, trypsin and pepsin
Hemopexin Binds heme and prevents loss of iron

Transferrin Transport of iron

C-reactive protein (CRP) Body's defense mechanism

Bo-microglobulin (BMG) Body’s defense mechanism

Immunoglobulins Body's defense mechanisms

IgG, IgA, IgM, IgD and IgE

Fibrinogen Blood coagulation

IMMUNOGLOBULINS (1G)
The immunoglobulins are y-globulins, called antibodies. All

antibodies are immunoglobulin but all immunoglobulins may not be
antibodies.

* They constitute about 20 percent of all the plasma proteins

» Immunoglobulins are produced by plasma cells and to some extent

by lymphocytes.
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Structure of Immunoglobulins (Figure 5.3)
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« Immunoglobulins are glycoproteins made up of light (L) and heavy
(H) polypeptide chains. The term “light” and “heavy” refer to
molecular weight. Light chains have a molecular weight of 25,000
whereas heavy chains have a molecular weight of 50,000 to 70,000.
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 All immunoglobulins have the same basic structure. The basic
immunoglobulin is a *Y’ shaped molecule and consists of four
polypeptide chains, two H and two L chains
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. » The four chains are linked by disulfide bonds.
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* L chain may be either of two types, Kappa (k) or Lambda () but
not both.

» The heavy chains may be of five types and are designated by Greek
letter:

1

. Alpha (a) 4. Mu ()

2. Gamma () 5. Epsilon (¢).
3. Delta ()

» Immunoglobulins are named as per their heavy chain type as IgA,
109G, IgD, IgM and IgE (Table 5.2)
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Table 5.2: Different classes of immunoglobulins

corresponding to the type of heavy chains

Ig classes Tvpes of Heavy chains
IgG ¥ (gamma)
IgA o (alpha)
IlgM w (mu)
IgD o (delta)
IgE e (epsilon)
Antigen

binding site

Antigen

binding site
Hinge region
Carbohydrate—=CH =[x <|T Complement
olg g0 binding site
Fc LS 2l
1 O ) 1
Sl 315 Receptor
5 binding site
COOH COOH

Figure 5.3: Schematic structure of IgG to show basic structure of
immunoglobulin molecule
VH: Variable heavy chain VL: Variable light chain
CH: Constant heavy chain CL: Constant light chain
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Functions of Immunoglobulins (Antibody)

1- The primary function of antibodies is to protect against infectious
agents.
2- In addition to these functions, antibodies can act as an enzyme to
catalyze the synthesis of ozone (O3) that has microbicidal activity.
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Disorders of Immunoglobulins
Abnormally large amounts of certain immunoglobulins may be found
in the plasma in several diseases of humans. As well as deficiency of

v-globulins is also found in rare hereditary disease.
=il cpl gy slal) il el
D) (=l e el 8 LS B Al il s slal) (G rab i S BoaS Gl e sl (S
N s o e A U Gl gaslal) (8 (i aa 5y XS

1- Multiple Myeloma
Multiple myeloma, a plasma cell cancer results due to abnormally
high concentration of serum immunoglobulins, usually 1gG or IgA
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2- Bence Jones Proteins
 In multiple myeloma, more light chains are produced than heavy
chains and enter the bloodstream, because they are of relatively low
molecular weight, they pass through glomerular membrane and
appear in the urine. These protein chains of low molecular weight are
known as Bence Jones Proteins.
 Bence Jones proteins have the remarkable characteristic of
precipitating on heating urine from 45° to 60°C and re-dissolve when
the heating is continued above 80°C.
« Multiple myeloma with Bence Jones protein in the urine is called
“light chain disease.”
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