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Nucleoproteins
 It forms a very important group of compound proteins.
 Prosthetics are proteins that are nucleic acids.
 NUCLEIC ACIDS
• They are hereditary-carrying genes and key features in protein
biosynthesis.
• Every particular biological event, including cell division, is of
interest to nucleic acids.
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There are three substances in the structure of nucleic acid
Nitrogenous base + Pentose + Phosphate
Nucleoside
Nitrogenous
+
base

Pentose +

Phosphate

Nucleotide
(Mononucleotide)n=Nucleic acid
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 The pentose is located in
the middle of a nucleotide
structure.
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1
3

 1st carbon linked to
nitrogenous base.
 5th carbon linked to
phosphate.
 3th carbon linked to
phosphate group of another
nucleotide.
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Nucleoproteins
 A nucleotide phosphate and pentose bond is formed by
the post-esterification of the pentose with the
phosphate of the primary alcohol (CH2OH) group on the
5th carbon atom to form a mole H2O.
 Pentose is connected via its first carbon to a nitrogenous
base.
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Nucleoproteins
 The conjugation of the mononucleotides occurs via
pentose and phosphate.
 The first nucleotide is generated by the esterification of
the second nucleotide phosphate with the OH group on
the third carbon of the pentose.
 According to this linkage, the number n of nucleotides
continues to join and nucleic acids form.
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Nucleoproteins
 Nitrogenous bases found in a nucleotide are purine and
pyrimidine bases.
• There are also rare different bases. These bases are methyl-,
dimethyl-, and N-methyl derivatives.

 Purine bases are adenine and guanine.
 Pyrimidine bases are cytosine, uracil and thymine.
• Cytosine is found in both DNA and RNA. Uracil is found in
only RNA. Thymine is found only in DNA.
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Nucleoproteins
 Cells can synthesize purine and pyrimidine bases.
 Nucleic acids take DNA and RNA names from the pentose
of their structure.
 If there is a deoxyribose, it is called DNA
(deoxyribonucleic acid).
 If there is a Ribose, it is called RNA (ribonucleic acid).
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Nucleoproteins
 Biologically important free nucleotides

• In addition to being found in the structures of nucleic acids,
nucleotides are also found in tissues as free nucleotides, which are
in close proximity to the nucleotides.
• Most of these substances have catalytic functions and work
together with enzyme systems (coenzymes).
• Nitrogenous base + pentose = Nucleoside (Adenine + ribose =
Adenosine)
• Adenosine + Phosphate = The nucleotide called adenosine
monophosphate (AMP) is formed. Two phosphates form
adenosine diphosphate (ADP), three phosphates bind adenosine
triphosphate (ATP).
• In other bases, phosphate-binding nucleotides are formed.
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ATP

ADP

AMP
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Biologically important free nucleotides
AMP (Adenosine monophosphate = Adenilic acid): Adenine - Ribose– PO4
ADP ((Adenosine diphosphate): Adenine - Ribose– PO4 – PO4
ATP (Adenosine triphosphate): Adenine - Ribose– PO4 – PO4 – PO4
NAD (Nicotinamide Adenine Dinucleotide): Adenine - Ribose– PO4 – PO4 – Ribose - Nicotinamide
NADP (Nicotinamide Adenine Dinucleotide phosphate) : Adenine – Ribose (– PO4) – PO4 – PO4 – Ribose –
Nikotinamide
FMN (Flavin mononucleotide) : Flavin – Ribitol - PO4
FAD (Flavin adenine dinucleotide) : Flavin – Ribitol - PO4 - PO4 – Ribose - Adenine
UDP-G (Uridine diphosphate-Glucose) : Uracil – Ribose - PO4 - PO4 - Glucose
Koenzim A : Adenine – Ribose (– PO4) – PO4 – PO4 – Pantothenate thiolethylamine

15

Nitrogenous
base

Nucleoside

Nucleotide

Symbol

Adenine

Adenosine

Adenilic acid

AMP

Guanin

Guanosine

Guanilic acid

GMP

Cytosine

Sitidin

Cytidylic acid

CMP

Uracil

Uridin

Uridylic acid

UMP

Tymine

Thymidine

Thymidic acid

TMP
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Structure and Functions of Nucleic Acids
 Both DNA and RNA are common in animal tissues.
 DNA is found in the nucleus and also RNAs.
 The major nucleic acid fraction of the cytoplasm is RNA.
 In cytoplasm, RNA is usually found in ribosomes.
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Deoxyribonucleic Acid (DNA)
 Building blocks; Phosphate, deoxyribose and purine and
pyrimidine bases such as Adenine (A), Guanine (G),
Cytosine (C), Timin (T).
 The ratio of (A + T):(G + C) is always changed. However,
adenine and thymine or guanine and cytosine are
equally distributed.
 There are three structures in the DNA molecule.
• Primary structure
◦ Certain species and a certain number of nucleotides form
polynucleotide chains according to one sequence; Chain structure.
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Deoxyribonucleic Acid (DNA)
• Secondary structure
◦ It occurs when two polynucleotide chains are mutually located.
◦ These two chains are connected to each other by hydrogen bridges
between nitrogenous bases.
◦ However, this connection must be appropriate on mutual basis.
◦ It always resists adenine-thymine (A-T), guanine-cytosine (G-C).

• Tertiary structure
◦ The two polynucleotides are coiled, in other words a double spiral is
formed; like twisted ladder.
◦ The same nitrogenous bases come together and are joined by two
chain H bridges.
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Molecular Structure of DNA

Secondary structure

Primary structure

Tertiary structure
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Deoxyribonucleic Acid (DNA)
 DNA has two main functions in the organism.
1. To carry genetic code.
2. Having the ability of replication.

 In the cell division, genetic code are transferred
completely and unchanged to the offspring.
 In order for a new DNA molecule to come into being
(DNA replication), the double helix, the tertiary
structure, has to break down and make up the
secondary structure.
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Deoxyribonucleic Acid (DNA)
 The separated DNA strands bring about a mold for the
newly formed DNA strands.
 Against this pattern, a strand of DNA similar to the
structure of the peer-strand from which the strand itself
is separated may form.
 Because the nitrogenous bases in the DNA strand we call
mold are only able to match their respective
nitrogenous bases.
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Deoxyribonucleic Acid (DNA)
 The strands here are called semiconservative
replicates. Semiconservative replication would
produce two copies that each contained one of the
original strands and one new strand.
 In the DNA molecule, three nitrogenous bases on top of
one another encode an amino acid called codon.
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Ribonucleic Acid (RNA)
 In order for RNAs to be formed, primary DNAs are
required.
 Is the RNA structure different from the DNA
structure?
• Instead of deoxyribose, it carries ribose.
• Uracil is found instead of thymine.
• It is not a double-helix; one strand.

 There are three main types of RNA; mRNA, rRNA,
tRNA
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Transcription

DNA Transcription
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mRNA (Messenger RNA)
 DNAs determine the sequence of amino acids in the
structure of proteins.
 All three nitrogenous bases in the polynucleotide chain
of a DNA encode an amino acid (codon).
• Here, the order of the nitrogenous bases in the nucleus of the
DNA is genetic code.

 The first step in protein biosynthesis is that the
genetic information in DNA is transported to
ribosomes where protein synthesis occurs. This is
done by mRNAs; Transcription.

29

mRNA (Messenger/ RNA)
 An RNA template is formed that represents the genetic
information and DNA portion necessary for protein
synthesis. It passes into the cytoplasm and binds to the
ribosomes.
 The amino acid code is valid for all forms of life,
including viruses, that have been researched up to
now.
 The genetic code of DNA is carried by the base sequence
of RNA.
 The base sequence of the mRNA determines the
amino acid sequence of the protein.
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rRNA (Ribosomal RNA)
 The second type of RNA is found on the endoplasmic
reticulum. It is rRNA that is located in the organelle
called the ribosome. RNA forms a large part of the
ribosomes.
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tRNA (Transfer RNA)
 They are RNA molecules capable of
combining with specific amino acids
and transporting them to ribosomes.
There are 3 important features.
• They can covalently bind a particular amino
acid.
• In their own structure, they have a
anticodon which completes the amino acid
in the mRNA code.
anticodon
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Chromoproteins

 A chromoprotein is a conjugated protein that contains a
pigmented prosthetic group (or cofactor); like
porphyrines.
 Hemoglobin and respiratory enzymes are chromoproteins
whose prosthetic group is heme.
 Again, the prosthetic group is riboflavin in flavoproteids,
the prosthetic group is melanin in proteins found in hair and
wool.
 The catalase enzyme is also a chromoprotein whose
prosthetic group is heme.
 The chromoproteins that carry the heme structure as a
prosthetic group are called hemoproteids.
• Hemoglobin, myoglobin, cytochromes and peroxidases are
hemoproteids.
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Porphyrins
 The pyrrole ring is the first and simplest substance of
porphyrins. When the side chains such as propionic acid,
acetic acid or methyl, ethyl, hydroxyethyl, vinyl are
added to the pyyrol ring, the structure called
porphobilinogen comes to the fore. Porphobilinogen is
called monopyrrol and is considered to be the precursor
of porphyrins.
• If the four porphobilinogen rings are connected to each other
by methine (=CH-) bridges, porphyries will form.
• Porphyrins are a group of heterocyclic macrocycle organic
compounds, composed of four modified pyrrole subunits
interconnected at their α carbon atoms via methine bridges.
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Pyrrole Ring

Porphobilinogen (PBG)
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Porphyrins
 If 4 acetic acid and 4 propionic
acid are attached to the
porphyrin ring, uroporphyrins
are formed.
•
•
•
•

Uroporphyrins I
Uroporphyrins III
Coproporphyrin I
Coproporphyrin III

Porphin Ring
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Porphyrins
 Hemoglobin
• They are chromoproteins carrying HEM as a prosthetic
group.
• It is formed by four groups, each in parallel with the globin,
perpendicular to the peptide chain.
• Hemoglobin is mainly synthesized by the liver in fetus. It is
also synthesized in bone marrow in adults.
• Hemoglobin is rich in histidine, and is a good buffer.
• The most important task is to create oxyhemoglobin, which
is combined with atmospheric oxygen in the lungs to
transport oxygen to the tissues.
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Heme

Hemoglobin
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Porphyrins
• Each of the 4 groups in the hemoglobin can bind an oxygen
molecule.
• Carbaminohemoglobin is a compound of hemoglobin and carbon
dioxide, and is one of the forms in which CO2 exists in the blood.
• When combined with CO, carboxyhemoglobin is formed.
• Methemoglobin is a form of the oxygen-carrying metalloprotein
hemoglobin, in which the iron in the heme group is in the Fe3+
(ferric) state, not the Fe2+ (ferrous) of normal hemoglobin.
Methemoglobin cannot bind oxygen.
• Fe++ can be replaced with some anions. Combine with cyanide to
form cyanomethemoglobin.
• When oxyhemoglobin is treated with H2S, sulfhemoglobin forms.
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Porphyrins
 Myoglobin
• Keeps the oxygen brought by
hemoglobin.
• In the structure;
◦ There is a single polypeptide chain
containing 153 amino acids.
◦ Globular structure.
◦ 1 molecule of Heme as a prostatic
group.

• It is found in the muscle tissue.
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Bile Pigments
 Erythrocytes are destroyed at the end of their life for about
125 days, and as a result, the porphyrin ring is opened. It
comes in an open chain containing 4 pyrrole rings, which are
called bile pigments.
 It is assumed that all of the substances included in the group
of bile pigments are theoretically derived from a (proto)
Bilin substance.
 In the disintegration of hemoglobin, Biliverdin results from
the breakdown of the heme moiety of hemoglobin in
erythrocytes.
 Bilirubin is formed by the reduction of one of the methine
groups linking the porphobilinogen rings of Biliverdin to the
methylene group.
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Bile Pigments
 Mesobilirubin occurs when the bilirubin vinyl groups are
converted into ethyl groups.
 In the other two methine (=CH) groups that link the
porphobilinogen rings, mesobilirubinogen is formed by
reduction to the methylene (CH2) group. In this, two side
porphobilinogen rings form stercobilinogen by entering two
H atoms.
 In clinical biochemistry, mesobilirubinogen and
stercobilinogen are called bilinogenes or urobilinogens.
• Urobilinogen can be reduced to form mesobilirubinogen, and
mesobilirubinogen can be further reduced to form stercobilinogen.
• Urobilin was isolated in urine and stercobilin was isolated in
stool for the first time. They are actually found in many tissues
and other body fluids.
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Bile Pigments
 Features

• Mesobilirubinogen and stercobilirubinogen are colorless,
urobiline and stercobilin are yellow, mesobilirubin and bilirubin
are orange blossom and biliverdin is bluish green color.
• The Na and K salts of biliverdin and bilirubin are dissolved in water,
but salts of Ba and Ca are insoluble.
• If concentrated nitric acid and bile-colored substances are layered,
green, blue, violet, red colors come into contact on the contact
face. This is called the Gmelin’s test. With this test, it is possible
to diagnose the jaundice.
• When the bilirubin is reacted with freshly prepared diazo reagent,
azo-bilirubin in red forms. It is used to quantify bilirubin in blood.
The reaction name is Van den Bergh.
◦ The diazo substituent is a mixture of sulfanilic acid, HCl and sodium nitrite.
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Icterus (Jaundice)
 Bilirubin is the bile-colored substance in the plasma
collection to bilirubinemi, removing the bilirubinuria urine,
skin and mucosa into painting these tissues collected icterus
(jaundice) is called. According to their causes icterus
divided into three.
1. Mechanics/retention Icterus (Post-hepatic): It is also called
obstructive jaundice and caused by an interruption to the
drainage of bile containing conjugated bilirubin in the biliary
system. The most common causes are gallstones in the common
bile duct. Beside this, inflammation, parasites, tumors can also
be reasons.
 both direct and indirect bilirubin levels are increased in serum.
 In the urine, bilirubin (+), urobilinogen is normal.
 Stool is colorless.
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Icterus (Jaundice)
2. Hepatocellular Icterus (Hepatic): It can be caused by acute or
chronic hepatitis, hepatotoxicity, cirrhosis, drug-induced
hepatitis. Cell necrosis reduces the liver's ability to metabolize
and excrete bilirubin
 In the serum, indirect bilirubin increased.
 In the urine, urobilinogen is (+).
 Stool is light color.

3. Hemolytic Jaundice (Pre-hepatic): Pre-hepaticular jaundice is
caused by anything which causes an increased rate of hemolysis
(breakdown of red blood cells).
 In the serum, indirect bilirubin increased .
 In the process, urobilinogen is very high.
 Stool is dark color.
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Major Proteins of Fluids and Tissues in Organism
 Serum and Plasma

• After the blood collected in a tube containing a suitable
anticoagulant agent that can inhibit coagulation, if to be
centrifuged, it is separated into two layers; a liquid
supernatant which has a yellow-pink color and a shaped
elements which are cells.
• The liquid part of the blood that separates in this way is called
plasma. Plasma contains 8% plasma proteins, 1% inorganic
salts, and the rest contain substances such as lipids,
carbohydrates and amino acids. The fibrinogen fraction of the
plasma proteins that make up the 8% portion is contained in
the plasma.

Source: WikiMedia

Major Proteins of Fluids and Tissues in Organism
 If the fibrinogen present in the plasma passes into the
fibrin and the blood coagulates, the remaining light
yellow portion is taken as the serum..

Plasma

(Water, proteins, lipids,
carbohydrates, hormones, etc.)
.)

Leukocytes and thrombocytes
Erythrocytes
Normal
Hematocrit
(HCT)

Anemia
(HCT )

Polycythemia
(HCT )
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Major Proteins of Fluids and Tissues in Organism
 Coagulation of blood
• It occurs when the fibrinogen, a soluble protein found in
circulating blood, changes. When necessary, this fibrinogen
transforms into a fibrin by a series of reactions. This is what is
called coagulation (blood clotting/clotting).
• The conversion of fibrinogen to fibrin is provided by an enzyme
called thrombin. This enzyme is not active in the circulation.
• Many factors play a role in blood coagulation, mainly Ca.
• Coagulation of blood is not a simple event, but a complex and
controlled mechanism process; it is called Coagulation
Cascade.
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Major Proteins of Fluids and Tissues in Organism
 Thrombocytes are one of the blood cells.

• When blood is taken from the circulating
blood, these platelets stick to the wall of the
tube, and if it is a hemorrhage, it sticks to the
edges of the wound and splits.
• This fragmentation results in the release of a
substance called thromboplastin.
• Thromboplastins are found in circulating
blood. Prothrombin is an inactive form of
thrombin and thromboplastins convert
prothrombin to thrombin. Thrombin also
provides blood clotting by allowing the
fibrinogen to pass into the fibrin.

Canine

Feline

Source: eClinPath
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Coagulation Cascade Animation

52

Major Proteins of Fluids and Tissues in Organism
Plasma and serum proteins
Fibrinogen
Serum
Albumin
Serum
Globulin

It is glycoprotein. It has ellipsoid-fibrillar structure. High
viscosity in solutions. It plays the most important role in blood
coagulation.
It is mostly a lipoprotein structure. It's an ellipsoid shape. It is
important in preserving the osmotic pressure. It binds and
dissolves nonsoluble matters and transports them in circulating
blood.
α-globulins: It's in glycoprotein structure. Ceruloplasmin and
prothrombin can be the examples.
β-globulins
γ-globulins: These are called antibodies or immunoglobulins.
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Major Proteins of Fluids and Tissues in Organism
Muscle Proteins
Sarkoplasmic Proteins

Myogen, Myoglobin, Myoalbumin, Globin-X

Fibrillar Proteins

Myosin, Actin (Globular actin/G-actin,
Fibrillary actin/F-actin)

Milk and Egg Proteins
Milk Proteins

Casein, Lactobombin, Lactoglobulin, Immunoglobulins

Egg Proteins

Egg white: Ovalbumin, Konalbumin, Ovomucoid,
Ovoglobulins, Mucin, Avidin
Egg yolk: Vitellin, Livetin, Phosphitin (all are
phosphoprotein).
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Question
 Which molecule forms the first and simplest basic
substance of porphyrins?
a) Pyyrol ring
b) Porphobilinogen
c) Fibrinogen
d) Stercobilin
e) Biliverdin
Cevap: A

Your Questions ?

Next topic;

ENZYMES

