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NUCLEUS :

Nucleus o

Structure

Functions

The cell nucleus is a membrane-bound structure that contains the cell

hereditary information and controls the cell’s growth and reproduction.

It is the command center of a eukaryoticcelland is commonly the most
prominent organelle in a cell accounting for about 10 percent of the cell’s volume.

In general, a eukaryotic cell has only one nucleus. However, some eukaryotic cells are
enucleated cells (without a nucleus), for example, red blood cells (RBCs); whereas, some
are multinucleate (consists of two or more nuclei), for example, slime molds.

The nucleus is separated from the rest of the cell or the cytoplasm by a nuclear membrane.
As the nucleus regulates the integrity of genes and gene expression, it is also referred to
as the control center of a cell.

Chromatin
{condensed)

Nucleclus

and

The structure of a nucleus encompasses the nuclear membrane, nucleoplasm, chromosomes,
and nucleolus.
Nuclear Membrane

The nuclear membrane is a double-layered structure that encloses the contents of the
nucleus. The outer layer of the membrane is connected to the endoplasmic reticulum.

Like the cell membrane, the nuclear envelope consists of phospholipids that form a lipid
bilayer.

The envelope helps to maintain the shape of the nucleus and assists in regulating the flow
of molecules into and out of the nucleus through nuclear pores. The nucleus
communicates with the remaining of the cell or the cytoplasm through several openings
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called nuclear pores.

Such nuclear pores are the sites for the exchange of large molecules (proteins and RNA)
between the nucleus and cytoplasm.

A fluid-filled space or perinuclear space is present between the two layers of a nuclear
membrane.

Nucleoplasm

Nucleoplasm is the gelatinous substance within the nuclear envelope.

Also called karyoplasm, this semi-aqueous material is similar to the cytoplasm and is
composed mainly of water with dissolved salts, enzymes, and organic molecules
suspended within.

The nucleolus and chromosomes are surrounded by nucleoplasm, which functions to
cushion and protect the contents of the nucleus.

Nucleoplasm also supports the nucleus by helping to maintain its shape. Additionally,
nucleoplasm provides a medium by which materials, such as enzymes
and nucleotides (DNA and RNA subunits), can be transported throughout the nucleus.
Substances are exchanged between the cytoplasm and nucleoplasm through nuclear
pores.

Nucleolus

Contained within the nucleus is a dense, membrane-less structure composed of RNA
and proteins called the nucleolus.

Some of the eukaryotic organisms have a nucleus that contains up to four nucleoli.

The nucleolus contains nucleolar organizers, which are parts of chromosomes with
the genes for  ribosome  synthesis on them. The  nucleolus helps to
synthesize ribosomes by transcribing and assembling ribosomal RNA subunits. These
subunits join together to form a ribosome during protein synthesis.

The nucleolus disappears when a cell undergoes division and is reformed after the
completion of cell division.

Chromosomes

The nucleus is the organelle that houses chromosomes.

Chromosomes consist of DNA, which contains heredity information and instructions for
cell growth, development, and reproduction.

Chromosomes are present in the form of strings of DNA and histones (protein molecules)
called chromatin.

When a cell is “resting” i.e. notdividing, the chromosomes are organized into long
entangled structures called chromatin.

The chromatin is further classified into heterochromatin and euchromatin based on the
functions. The former type is a highly condensed, transcriptionally inactive form, mostly
present adjacent to the nuclear membrane. On the other hand, euchromatin is a delicate,
less condensed organization of chromatin, which is found abundantly in a transcribing cell.

Besides the nucleolus, the nucleus contains a number of other non-membrane-delineated
bodies. These include Cajal bodies, Gemini of coiled bodies, polymorphic interphase karyosome
association (PIKA), promyelocyticleukemia (PML) bodies, paraspeckles, and splicing speckles.

Functions of Nucleus

The nucleus provides a site for genetic transcription that is segregated from the location
of translation in the cytoplasm, allowing levels of gene regulationthat are not available
to prokaryotes. The main function of the cell nucleus is to control gene expression and mediate
the replication of DNA during the cell cycle.
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e |t controls the hereditary characteristics of an organism.

e The organelle is also responsible for protein synthesis, cell division, growth, and
differentiation.

o Storage of hereditary material, the genes in the form of long and thin DNA
(deoxyribonucleic acid) strands, referred to as chromatin.

e Storage of proteins and RNA (ribonucleic acid) in the nucleolus.

e The nucleus is a site for transcription in which messenger RNA (mMRNA) are produced for
protein synthesis.

e During the cell division, chromatins are arranged into chromosomes in the nucleus.

e Production of ribosomes (protein factories) in the nucleolus.

o Selective transportation of regulatory factors and energy molecules through nuclear pores.

n Eukaryotic organisms certain chromosomes are found only in certain special tissues and

are not seen in other tissues. These chromosomes are larger in size and are called giant
chromosomes. In certain plants, they are found in the suspensors of the embryo. There are two
types of giant chromosomes - polytene chromosome and lamp brush chromosome.
Polytene chromosomes were observed by C.G. Balbiani in 1881 in the salivary glands of
Drosophila. The characteristic feature of polytenechromosome is that along the length of the
chromosome there is a series of dark bands alternate with clear zones called inter bands. The
polytene chromosome has extremely large puff called Balbiani ring. It is also known as
chromosomal puff. As this chromosome occurs in the salivary gland it is known as salivary
gland chromosomes.

Lamp brush chromosomes were first observed by Flemming in 1882. It looked like brushes.
They occur at the diplotene stage of meiotic prophase in oocytes of an animal Salamandor and
in giant nucleus of the unicellular alga Acetabularia. The highly condensed chromosome forms
the chromosomal axis, from which lateral loops of DNA extend as a result of intense RNA
synthesis.

inter band

Polytene chromosome
Chromosome

axis

Lateral
Loop

Lamp brush chromosome
Fig. Special types of chromosomes
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Cell division is the process by which a parent cell divides into two or more daughter cells." cell
division usually occurs as part of a larger cell cycle. In eukaryotes, there are two distinct types
of cell division: a vegetative division, whereby each daughter cell is genetically identical to the
parent cell (mitosis), and a reproductive cell division, whereby the number of chromosomes in
the daughter cells is reduced by half to produce haploid gametes (meiosis).m In cell
biology, mitosis (/martousis/) is a part of the cell cycle, in which, replicated chromosomes are
separated into two new nuclei. Cell division gives rise to genetically identical cells in which the
total number of chromosomes is maintained. In general, mitosis (division of the nucleus) is
preceded by the S stage of interphase (during which the DNA is replicated) and is often followed
by telophase and cytokinesis; which divides the cytoplasm, organelles and cell membrane of
one cell into two new cells containing roughly equal shares of these cellular components. The
different stages of Mitosis all together define the mitotic (M) phase of an animal cell
cycle—the division of the mother cell into two daughter cells genetically identical to each
other!eation needed ‘Nainsis results in four haploid daughter cells by undergoing one round of DNA
replication followed by two divisions. Homologous chromosomes are separated in the first
division, and sister chromatids are separated in the second division. Both of these cell division
cycles are used in the process of sexual reproduction at some point in their life cycle. Both are
believed to be present in the last eukaryotic common ancestor.

Prokaryotes (bacteria and archaea) usually undergo a vegetative cell division known as binary
fission, where their genetic material is segregated equally into two daughter cells. While binary
fission may be the means of division by most prokaryotes, there are alternative manners of
division, such as budding, that have been observed. All cell divisions, regardless of organism,
are preceded by a single round of DNA replication.

There are two types of cell division called mitosis and meiosis.

Mitosis produces identical diploid body cells for growth and repair.

Meiosis produces haploid non-identical sex cells, or gametes (sperm in males and ova/eggs in
females). These fuse to form a diploid fertilised egg cell during fertilisation.

Mitosis and the cell cycle

Multicellular organisms need cells to divide so that organisms can grow and repair damaged
tissue.

Cells divide when:

an organism grows
an organism becomes damaged and needs to produce new cells

It is essential that any new cells produced contain genetic information that is identical to the
parent cell.

Watch this film to learn about mitosis and the cell cycle. Use a pen and paper to take notes.
Greg Foot explains the process of mitosis in growth and asexual reproduction

A growing and dividing cell goes through a series of stages called the cell cycle.

The first stage of the cell cycle involves cell growth, then synthesis of DNA where the single
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strand of DNA that makes up each chromosome produces an exact copy of itself.

Before a cell can divide, it must grow and make copies of all the organelles such as
mitochondria and ribosomes. The cell must also replicate the chromosomes in the nucleus,
then it can divide by mitosis.

Sexual reproduction uses the process of meiosis, which creates gametes. These are sperm and
eggs (ova) in animals, and pollen and ova in plants.

The process of meiosis happens in the male and female reproductive organs. As a cell divides
to form gametes:

copies of the genetic information are made

the cell divides twice to form four gametes, each with a single set of chromosomes
gametes are haploid

all gametes are genetically different from each other

The cell begins
to divide

The DNA replicates
to form two copies
of each chromosome
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e One diploid cell produces four haploid gametes, in two divisions.
¢ Human sex cells contain one chromosome from each of the 23 pairs.
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The four gametes produced in meiosis are genetically different.

e The process of independent assortment leads to all gametes being different.

e Independent assortment and the random nature of fertilisation lead to variation in living
organisms — no two organisms are the same (apart from identical twins).
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UNIT-1V: MOLECULAR BIOLOGY



DNA AND IT’S STRUCTURE, FUNCTION, TYPES, MODES OF REPLICATION AND REPAIR

The discovery that DNA is the prime genetic molecule, carrying all the hereditary information
within chromosomes, immediately had its attention focused on its structure. It was hoped that knowledge of
the structure would reveal how DNA carries the genetic messages that are replicated when chromosomes
divide to produce two identical copies of themselves. During the late 1940s and early 1950s, several
research groups in the United States and in Europe engaged in serious efforts— both cooperative and
rival—to understand how the atoms of DNA are linked together by covalent bonds and how the resulting
molecules are arranged in three-dimensional space. Not surprisingly, it was feared that DNA might have
very complicated and perhaps bizarre structures that differed radically from one gene to another. Great
relief, if not general elation, was thus expressed when the fundamental DNA structure was found to be the
double helix. It told us that all genes have roughly the same three-dimensional form and that the differences
between two genes reside in the order and number of their four nucleotide building blocks along the

complementary strands.

What is DNA?

The work of many scientists paved the way for the exploration of DNA. Way back in 1868, almost a
century before the Nobel Prize was awarded to Watson, Crick and Wilkins, a young Swiss physician named
Friedrich Miescher, isolated something no one had ever seen before from the nuclei of cells. He called the
compound "nuclein." This is today called nucleic acid, the "NA" in DNA (deoxyribo-nucleic-acid) and RNA

(ribo- nucleic-acid)

. Two years earlier, the Czech monk Gregor Mendel, had finished a series of experiments with peas.
His observations turned out to be closely connected to the finding of nuclein. Mendel was able to show that
certain traits in the peas, such as their shape or colour, were inherited in different packages. These packages
are what we now call genes.

For a long time the connection between nucleic acid and genes was not known. But in 1944 the
American scientist Oswald Avery managed to transfer the ability to cause disease from one strain of bacteria
to another. But not only that: the previously harmless bacteria could also pass the trait along to the next
generation. What Avery had moved was nucleic acid. This proved that genes were made up of nucleic acid.
Solving the Puzzle

In the late 1940's, the members of the scientific community were aware that DNA was most likely
the molecule of life, even though many were skeptical since it was so "simple". They also knew that DNA
included different amounts of the four bases adenine, thymine, guanine and cytosine (usually abbreviated A,
T, G and C), but nobody had the slightest idea of what the molecule might look like.

In order to solve the elusive structure of DNA, a couple of distinct pieces of information needed to
be put together. One was that the phosphate backbone was on the outside with bases on the inside; another
that the molecule was a double helix. It was also important to figure out that the two strands run in opposite

directions and that the molecule had a specific base pairing.



Watson and Crick
In 1951, the then 23-year old biologist James Watson travelled from the United States to work with
Francis Crick, an English physicist at the University of Cambridge. Crick was already using the process of X-
ray crystallography to study the structure of protein molecules. Together, Watson and Crick used X-ray
crystallography data, produced by Rosalind Franklin and Maurice Wilkins at King's College in London, to
decipher DNA's structure.
This is what they already knew from the work of many scientists, about the DNA molecule:
1. DNA is made up of subunits which scientists called nucleotides.
2. Each nucleotide is made up of a sugar, a phosphate and a base.
3. There are 4 different bases in a DNA molecule: adenine (a urine)
cytosine (a pyrimidine) guanine (a purine) thymine (a pyrimidine)
4. The number of purine bases equals the number of pyrimidine bases

The number of adenine bases equals the number of thyminebases

6. The number of guanine bases equals the number of cytosinebases

7. The basic structure of the DNA molecule is helical, with the bases being stacked on top of each other
Components of DNA
DNA is a polymer. The monomer units of DNA are nucleotides, and the polymer is known as a
"polynucleotide”. Each nucleotide consists of a 5-carbon sugar (deoxyribose), a nitrogen containing base
attached to the sugar, and a phosphate group. There are four different types of nucleotides found in DNA,

differing only in the nitrogenous base. The four nucleotides are given one letter abbreviations as shorthand

for the four bases.
. Ais for adenine
. G is for guanine
. C is for cytosine
. T is for thymine
Purine Bases

Adenine and guanine are purines. Purines are the larger of the two types of bases found in DNA.

Structures are shown below:

Pyrimidine Bases

Cytosine and thymine are pyrimidines. The 6 stoms (4 carbon, 2 nitrogen) are numbered 1-6. Like

purines, all pyrimidine ring atoms lie in the same plane.

Deoxyribose Sugar

The deoxyribose sugar of the DNA backbone has 5 carbons and 3 oxygens. The carbon atoms are
numbered 1', 2', 3', 4, and 5' to distinguish from the numbering of the atoms of the purine and pyrmidine
rings. The hydroxyl groups on the 5'- and 3'- carbons link to the phosphate groups to form the DNA
backbone. Deoxyribose lacks an hydroxyl group at the 2'-position when compared to ribose, the sugar

component of RNA.


http://www.accessexcellence.org/RC/VL/GG/rna.php

Nucleosides

A nucleoside is one of the four DNA bases covalently attached to the C1' position of a sugar. The
sugar in deoxynucleosides is 2'- deoxyribose. The sugar in ribonucleosides is ribose. Nucleosides differ from
nucleotides in that they lack phosphate groups. The four different nucleosides of DNA are deoxyadenosine

(dA), deoxyguanosine (dG), deoxycytosine (dC), and (deoxy)thymidine (dT, or T).

Nucleotides
A nucleotide is a nucleoside with one or more phosphate groups covalently attached to the 3'- and/or 5'-
hydroxyl group(s).
DNA Backbone

The DNA backbone is a polymer with an alternating sugar- phosphate sequence. The deoxyribose
sugars are joined at both the 3'- hydroxyl and 5'-hydroxyl groups to phosphate groups in ester links, also

known as "phosphodiester" bonds.

DNA Double Helix
DNA is a normally double stranded macromolecule. Two polynucleotide chains, held together by
weak thermodynamic forces, form a DNA molecule.

Structure of DNA Double Helix
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The Double Helix

The double helix of DNA has these features:
e It contains two polynucleotide strands wound around each other.
¢ The backbone of each consists of alternating deoxyribose and phosphate groups.
e The phosphate group bonded to the 5' carbon atom of one deoxyribose is covalently bonded to the
3' carbon of the next.

e The two strands are "antiparallel”; that is, one strand runs 5’ to 3’ while the other runs 3’ to 5'.

e The DNA strands are assembled in the 5’ to 3’ direction and, by convention, we "read" them the

Same way.
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e The purine or pyrimidine attached to each deoxyribose projects in toward the axis of the helix.
e Each base forms hydrogen bonds with the one directly opposite it, forming base pairs (also called

nucleotide pairs).

e 3.4 A separate the planes in which adjacent base pairs arelocated.

e The double helix makes a complete turn in just over 10 nucleotide pairs, so each turn takes a little
more (35.7 A to be exact) than the 34 A shown in the diagram.

e There is an average of 25 hydrogen bonds within each complete turn of the double helix providing a
stability of binding about as strong as what a covalent bond would provide.

e The diameter of the helix is 20 A.

e The helix can be virtually any length; when fully stretched, some DNA molecules are as much as 5
cm (2 inches!) long.

e The path taken by the two backbones forms a major (wider) groove (from "34 A" to the top of the

arrow) and a minor (narrower) groove (the one below).

Nucleic acids (DNA and RNA) are the polymers i.e. long chain compounds. The molecular structure
of DNA has two aspects

1) its chemical sub units and

2) the way in which these chemical sub units are arranged to form a long chain molecule.

The second aspect is very significant as the accepted DNA model should be such that it explains
biochemically the various aspects (function) of a gene such as stability to metabolic and external agents, the
capacity for replication (self duplication) the capacity to store vast hereditary information in coded form

and the capacity to express the phenotypes they control.
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FUNCTIONS OF DNA

DNA carries the genetic information of a cell and consists of thousands of genes. Each gene serves
as a recipe on how to build a protein molecule. Proteins perform important tasks for the cell functions or
serve as building blocks. The flow of information from the genes determines the protein composition and
thereby the functions of the cell.

The DNA is situated in the nucleus, organized into chromosomes. Every cell must contain the
genetic information and the DNA is therefore duplicated before a cell divides (replication). When proteins
are needed, the corresponding genes are transcribed into RNA (transcription). The RNA is first processed
so that non-coding parts are removed (processing) and is then transported out of the nucleus (transport).

Outside the nucleus, the proteins are built based upon the code in the RNA (translation).

Types of DNA

DNA can be classified in various ways based on 1. number of base pair per turn. 2. coiling pattern, 3. location
4. structure, 5. nucleotide sequence and 6. number of strands.

1. Number of base per turn. Depending upon the nucleotide base per turn of the helix, tilt of the base pair

and humidity of the sample, the DNA can be observed in four different forms namely A,B, C and D.

2. Coiling pattern. On the basis of coiling pattern of the helix DNA is of two types viz right handed and left
handed. Most of the DNA molecules are right handed i.e. coiling of helix is in the right direction. It is
also called positive coiling. All the four forms of DNA viz A, B, C and D are right handed. The Z DNA has left
handed double helical structure. This DNA is considered to be associated with gene regulation.

3. Location. Based on the location in the cell DNA is of three types. Viz., chromosomal DNA cytoplasm DNA
and promiscuous DNA. Chromosomal DNA is found in chromosomes. And are called as chromosomal DNA
or nuclear DNA.

4. Cytoplasmic DNA is found in the cytoplasm especially in mitochondria and chloroplasts. Such DNA plays
an important role in cytoplasmic inheritance and has circular structure. Promiscuous DNA.

5. Some DNA segments with common base sequence are found in the chloroplasts, mitochondria and
nucleus. This suggests that some DNA sequences move from one organelle to other. Such DNA is referred to
as promiscuous DNA.

6. Structure of RNA: It contains ribose sugar, nitrogen bases and phosphate group. The nitrogen bases
include adenine, guanine, cytosine and uracil. In DNA thymine is present in place of uracil and deoxyribose
sugar is found in place of ribose sugar. In RNA, the pairing occurs between adenine and uracil. It has usually
single strand. However, some viruses have double stranded RNA.

The DNA molecule that Watson and Crick described was in the B form. It is now known that DNA
can exist in several other forms. The primary difference between the forms is the direction that the helix
spirals.

A, B, C =right-handed helix Z = left-handed helix (found in vitro under high salt)

B is the major form that is found in the cell. Z-DNA was initially found only under high salt
conditions, but the cellular environment is actually a low-salt environment. The question then is whether
type Z exist under cellular conditions. Several features have been discovered that can stablize Z-DNA under

in a low salt environment.
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Differences between DNA and RNA

S.No Particulars DNA RNA

1. Strands Usually two, rarely one Usually one, rarely two

2. Sugar Deoxyribose Ribose

3. Base Adenine guanine Adenine guanines
cytosine cytosine

and thymine

4. Pairing AT and GC AU and GC

5. Location Mostly in chromosomes some In chromosomes and
in mitochondria and ribosomes
chloroplasts

MODES OF REPLICATION

There are three possible modes of DNA replication:
(1) Dispersive
(2) Conservative
(3) Semiconservative
1. Indispersive replication, the old DNA molecule would break into several pieces, each fragment would
replicate and the old and new sesgments would recombine randomly to yield progeny DNA molecules. Each
progeny molecule would have both old and new segments along its length.
2. According to the conservative scheme, the two newly synthesized strands ( following the replication of
a DNA molecule) would associate to form one double helix, while the two old strands would remain

together as one double helix.

3. In contrast, in the semi conservative mode of DNA replication, each newly synthesized strand would
remain associated with the old strand against which it was synthesized. Thus each progeny DNA molecule

would consist of one old and one newly synthesized strand.

Semi Conservative Replication
The semi conservative mode of DNA replication was postulated by Watson and Crick along with the
double helix model of DNA. The main features of this mode of DNA replication are as follows:

1. A progressive separation of the two strands of a DNA molecule.

2. Complementary base pairing of the bases located in the single stranded regions thus produced with the

appropriate free deoxyribonulceotides.

3. Formation of phosphodiester linkages between the neighbouring deoxyribonucleotides that have base
paired with the single stranded regions, thereby producing regions the new strand.
4. This ensures that the base sequence of the new strands are strictly complementary top those of the old

strands.



5. The base sequence of a newly synthesized strand is dictated by the base sequence of the old strand,
since the old strand serves as a template or lould for the synthesis of the new strand.
DNA Replication

It is proposed by Watson and Crick. According to this method, both the strands of parental DNA
separate from one another. Each old strand synthesizes a new strand. Thus, each of the two resulting DNA
has one parental and one new strand. This method of DNA replication is universally accepted because there
are several evidences in support of semi conservative method and it consists of several steps.
1. Initiation of Replication DNA replication starts at a specific point on the chromosome. This unique site
is known as origin. The site of initiation differs from organism to organism. Sometime replication starts with
an incision made by an incision enzyme known as endonuclease.
2. Unwinding of strands. The two stands of DNA double helix unwind. The opening of DNA stands take’s
places with the help of DNA unwinding protein.
3. Formation of RNA Primer. Synthesis of RNA primer is essential for initiation of DNA synthesis RNA
primer is synthesized by the DNA template near the origin with the help of a special type of RNA
polymerase.
4. Synthesis of DNA on primer. After formation of RNA primer, DNA synthesis starts on the RNA primer.
Deoxyribose nucleotides are added to the 3e end position of RNA primer. The main DNA strand is
synthesized on the DNA template with help of DNA polymerase. The DNA synthesis takes place in short
pieces. Which are known as Okazaki fragments.
5. Removal of RNA Primer: DNA polymerase degrades the RNA primer
1. This enzyme also catalyzes the synthesis of short DNA segment to replace the prime. The newly

synthesized segment is joined to the main DNA strand with the help of DNA ligase enzyme.

6. Union of Okazaki Fragments. The discontinuous fragment of Okazaki is joined to make continuous
strands. The union of Okazaki fragments takes place with the help of a joining enzyme called polynucleotide
ligase. The replication may take place either in one direction or in both the directions from the point of
origin.
Evidence for semi conservation replication

Various experiments have demonstrated the semi-conservative mode of DNA replication. Now it is
universally accepted that DNA replicates in a semi-conservative manner. There are three important
experiments, which support that DNA replication is semi-conservative. These include (1) Meselson and
Stahl experiment (2) Cairns experiment and (3) Taylor.s experiment.
Taylor.s experiment: Taylor (1969) conducted his experiments with root tip cells of vicia faba. He treated
root tips with radioactive thymidine to label the DNA. The root tips were grown in the normal medium. In

the first generation both chromatids were labeled.

In the second generation of cell division, one chromatid of each chromosome was labeled and the other one
was normal. This demonstrated semi conservative mode of chromosome replication. The DNA replication is

associated with chromosome replication.



Enzymes involved in DNA / RNA replication

DNA replication involves several proteins and enzymes, which together form the multienzymes
complex, repOlication apparatus or replisome. In E coli at lest two dozen gene products are involved in DNA
replication. Many of these protein were first identified through studies of mutants e.g. Genes dna E, dna N,
dna x etc of E colic code for the four of the seven polypeptides of the complete DNA polymerase III enzyme,
and DNA G specifies the primase enzyme. Some enzymes like ligase, DNA polymerase 1 etc were discovered
biochemically.
DNA repair systems
Damages to the genetic material, i.e., DNA are taken care of by the DNA repair systems. The various damages

to DNA may be grouped into the following two types:

(1) Single base changes: Such changes affect a single base of a DNA molecule they do not produce
structural distortions and do not affect either replication or transcription of the affected molecules.
These changes ar represented by the conversion of one base into another, eg; deamination of 5
methylcytosine results in thymine and by the covalent addition of a small group to a base which affects its

pairing behavior. As a result, the affected base does not pair properly with its partner base.

(2) Structural distortations: These changes generally adversely affect the replication and or
transcription of the affected DNA molecule. They are represented by a single strand nick, removal of a base,
covalent links between bases in the same or in the opposite strands (eg) Pyrimidine dimmers and addition
of a bulky adduct to a base which may distort the configuration of the double helix.

The repair systems recognize a variety of changes in DNA to initiate action. Each cell possesses
several repair systems in order to be able to deal with the various types of DNA damage; these systems may

be grouped into the following general categories

. Direct repair
. Excision repair

. Mismatch repair

1
2
3
4. Tolerance systems
5. Retrieval systems
1

. Direct repair of DNA

The reversal or simple removal of the damage to the DNA is known as direct repair, eg., removal of
the covalent bonds between the two 4 and two 5 carbons of the two thymine residues participating in the
formation of thymine dimmers. Thymine dimers are generally formed due to UV radiation and interfere
with replication and transcription. A specific enzyme mediates the splitting of the covalent bonds between
the two T residues, which specifically recognizes to thymine dimmers. The enzyme can bind to the thymine
dimmers in the dark, but requires the energy from blue light for removal of the covalent bonds between the
T residues; that is why this process is known as photoreactivation. The direct repair system is wide spread

in nature and is especially important in plants.



2. Excision repair

In this repair pathway, the damaged or mispaired segment of the DNA strand is exercised and
new stretch of DNA is synthesized in its place. The various excision repair systems vary in their
specificity. The repair process consists of the following steps:
a. Recognition and incision: The damaged section of a strand recognized by an endonuclease; this
enzyme then cuts the affected strand on both the sides of damage.
b. Excision: After the incision, a 5’ to 3 ‘ exonulcease digests away the damage/ mispaired section; this
generates a single stranded region in the DNA double helix.
C. Synthesis: In this step, the single stranded region produced by excision serves as a template for a DNA
polymerase which synthesis the replacement for the excised segment. DNA ligase then seals the nick that
remains after the synthesis of the replacement for the excised section.
3. Mismatch repair: When single bases in the DNA are mismatched, either due to alterations in the
existing bases or due to errors during replication, structural distortions result in the DNA double helix.
4. Tolerance systems: These systems deal with the damages that block normal replication at the damaged
sites possibly by permitting the replication of the damaged sites possibly with a high frequency of errors.
These systems may be particularly important in the eukaryotes where the genome size is very large and
hence a complete repair of the damage is rather unlikely.

5. Retrieval systems: These systems are also known as post replication repair or recombination repair.



RNA AND ITS STRUCTURE, FUNCTION AND TYPES

With the discovery of the molecular structure of the DNA double helix in 1953, researchers turned
to the structure of ribonucleic acid (RNA) as the next critical puzzle to be solved on the road to
understanding the molecular basis of life. Ribonucleic acid (RNA) is a type of molecule that consists of a
long chain of nucleotide units. Each nucleotide consists of a nitrogenous base, a ribose sugar, and a
phosphate. RNA is very similar to DNA, but differs in a few important structural details: in the cell, RNA is
usually single-stranded, while DNA is usually double-stranded; RNA nucleotides contain ribose while DNA
contains deoxyribose (a type of ribose that lacks one oxygen atom); and RNA has the base uracil rather
than thymine that is present in DNA.

RNA is transcribed from DNA by enzymes called RNA polymerases and is generally further
processed by other enzymes. RNA is central to the synthesis of proteins. Here, a type of RNA called
messenger RNA carries information from DNA to structures called ribosomes. These ribosomes are made
from proteins and ribosomal RNAs, which come together to form a molecular machine that can read
messenger RNAs and translate the information they carry into proteins. There are many RNAs with other
roles - in particular regulating which genes are expressed, but also as the genomes of most viruses.

Ribose Nucleic Acids

Most cellular RNA is single stranded, although some viruses have double stranded RNA. The single
RNA strand is folded upon itself, either entirely or in certain regions. In the folded region a majority of the
bases are complementary and are joined by hydrogen bonds. This helps in the stability of the molecule. In the
unfolded region the bases have no complements. Because of this RNA does not have the purine, pyrimidine
equality that is found in DNA.

RNA also differs from DNA in having ribose as the sugar instead of deoxyribose. The common
nitrogenous bases of RNA are adenine, guanine, cytosine and uracil. Thus the pyrimidine uracil substitutes
thymine of DNA. In regions where purine pyrimidine pairing takes place, adenine pairs with uracil and
guanine with cytosine. In addition to the four bases mentioned above, RNA also has some unusual bases.

CHEMICAL STRUCTURE OF RNA
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An important structural feature of RNA that distinguishes it from DNA is the presence of a hydroxyl
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group at the 2' position of the ribose sugar. The presence of this functional group causes the helix to adopt
the A-form geometry rather than the B-form most commonly observed in DNA. This results in a very deep
and narrow major groove and a shallow and wide minor groove. A second consequence of the presence of
the 2'-hydroxyl group is that in conformationally flexible regions of an RNA molecule (that is, not involved
in formation of a double helix), it can chemically attack the adjacent phosphodiester bond to cleave the
backbone.

Most cellular RNA molecules are single stranded. They may form secondary structures such as

stem-loop and hairpin.

Secondary structure of RNA. (a) stem-loop. (b) hairpin.

@ (b) Hairpin

Loop

Sterm

There are more unusual bases in RNA than in DNA. All normal RNA chains either start with adenine
or guanine: Three types of cellular RNA have been distinguished:
Messenger RNA (mRNA) or template RNA Ribosomal
RNA (rRNA) and
Soluble RNA (sRNA) or transfer RNA (tRNA)
Ribosomal and transfer RNA comprise about 98% of all RNA. All three forms of RNA are made on a
DNA template.
Transfer RNA and messenger RNA are synthesized on DNA templates of the chromosomes, while
ribosomal RNA is derived from nucleolar DNA. The three types of RNA are synthesized during different stages
in early development. Most of the RNA synthesized during cleavage is mRNA. Synthesis of tRNA occurs at the

end or cleavage, and rRNA synthesis begins during gastrulation.
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Comparison between DNA and RNA

DNA RNA

1. DNA is the usual genetic material RNA is the genetic material of some

viruses.

2. DNA is usually double-stranded, Most cellular RNA is single stranded.

(In certain viruses DNA is single stranded, (Some viruses e.g. retrovirus, have double
eg. @ X174). stranded RNA).

3. The pentose sugar is deoxyribose. The pentose sugar is ribose.

4. The common organic bases are The common organic bases are adenine, guanine,
adenine, guanine, cytosine and thymine. cytosine and uracil.

5. Base pairing: adenine pairs with Adenine pairs with uracil and guanine with
thymine and guanine with cytosine. cytosine.

6. Pairing of bases is throughout the Pairing of bases is only in the helical
length of the molecule. region

7. There are fewer uncommon bases There are more uncommon bases.

8. DNA is only of one type There are three types of RNA

messenger, ribosomal and transfer RNA.

9. Most of the DNA is found in the Messenger RNA is formed on the
chromosomes. Some DNA is also found in chromosomes, and is found in the nucleolus
the cytoplasm e.g. in mitochondria and and cytoplasm. rRNA and tRNA are also
chloroplasts. formed on the chromosomes, and are found in

cytoplasm.

10. | Denaturation (melting) is partially Complete and practically in stantaneous
reversible only under certain conditions of reversibility of the process of melting.
slow cooling
(renaturation).

11. | Sharp, narrow temperature Broad temperature interval of
interval of transition in melting. transition in melting.

12. | DNA on replication forms DNA, and on Usually RNA does not replicate or
transcription forms RNA. transcribe. (In certain viruses RNA can synthesize

an RNA chain).

13. | Genetic messages are usually encoded The usual function of RNA is
in DNA. translating messages encoded in DNA into

proteins.

14. | DNA consists of a large number of RNA consists of fewer nucleotides, up

nucleotides, up to 4.3 million

to 12,000.




Ribosomal RNA - rRNA

Ribosomal RNA, as the name suggests, is found in the ribosomes. It comprises about 80% of the total
RNA of the cell. The base sequence of rRNA is complementary to that of the region of DNA where it is
synthesized.

In eukaryotes ribosomes are formed on the nucleolus. Ribosomal RNA is formed from only a small
section of the DNA molecule, and hence there is no definite base relationship between rRNA and DNA as a
whole.

Ribosomal RNA consists of a single strand twisted upon itself in some regions. It has helical regions
connected by intervening single strand regions. The helical regions may show presence or absence of positive
interaction. In the helical region most of the base pairs are complementary, and are joined by hydrogen
bonds. In the unfolded single strand regions the bases have no complements.

Ribosomal RNA contains the four major RNA bases with a slight degree of methylation, and shows
differences in the relative proportions of the bases between species. Its molecules appear to be single
polynucleotide strands which are unbranched and flexible. At low ionic strength rRNA behaves as a random
coil, but with increasing ionic strength the molecule shows helical regions produced by base pairing between

adenine and uracil and guanine and cytosine.

Hence rRNA does not show purine-pyrimidine equality. The rRNA strands unfold upon heating and
refold upon cooling. Ribosomal RNA is stable for at least two generations. The ribosome consists of proteins
and RNA. The 70S ribosome of prokaryotes consists of a 30S subunit and a 50S subunit. The 30S subunit
contains 16S rRNA, while the 50S subunit contains 23S and 5S rRNA.

The 80S eukaryote ribosome consists of a 40S and a 60S subunit. In vertebrates the 40S subunit
contains 18S rRNA, while the 60S subunit contains 28- 29S, 5.8S and 5S rRNA. In plants and invertebrates the
40S subunit contains 16- 18S RNA, while the 60S subunit contains 25S and 58 and 5.8S rRNA. There are three

types of ribosomal RNA on the basis of sedimentation and molecular weight.



Two of these classes are high molecular weight RNAs, while the third is a low molecular weight RNA.
The three classes are: (I) high molecular weight rRNA with molecular weight of over a million, e.g. 21s-29s
RNA, (2) high molecular weight rRNA with molecular weight below a million e. g. 12-8-188 rRNA, (3) low
molecular weight rRNA e. g. 58 rRNA.
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Messenger RNA - mRNA - Jacob and Monod (1961) proposed the name messenger RNA for the RNA carrying
information for protein synthesis from the DNA (genes) to the sites of protein formation (ribosomes). It
consists of only 3 to 5% of the total cellular RNA.

Size of Messenger RNA - mRNA - The molecular weight of an average sized mRNA molecule is about
500,000, and its sedimentation coefficient is 8S. It should be noted however, that mRNA varies greatly in
length and molecular weight. Since most proteins contain at least a hundred amino acid residues, mRNA must

have atleast 100 X 3= 300 nucleotides on the basis of the triplet code.

Stability of Messenger RNA - mRNA - The cell does not contain large quantities of mRNA. This is because
mRNA, unlike other RNAs is constantly undergoing breakdown. It is broken down to its constituent
ribonucleotides by ribonucleases.
Structure of Messenger RNA - mRNA

Messenger RNA is always single stranded. It contains mostly the bases adenine, guanine, cytosine and
uracil. There are few unusual substituted bases. Although there is a certain amount of random coiling in
extracted mRNA, there is no base pairing. In fact base pairing in the mRNA strand destroys its biological
activity

Since mRNA is transcribed on DNA (genes), its base sequence is complementary to that of the
segment of DNA on which it is transcribed. This has been demonstrated by hybridization experiments in
which artificial RNA, DNA double strands are produced. Hydrization takes place only if the DNA and RNA
strands are complementary.

Usually each gene transcribes its own mRNA. Therefore, there are approximately as many types of
mRNA molecules as there are genes. There may be 1,000 to 10.000 different species of mRNA in a cell. These
mRNA types differ only in the sequence of their bases and in length.



When one gene (cistron) codes for a single mRNA strand the mRNA is said to be monocistronic. In
many cases, however, several adjacent cistrons may transcribe an mRNA molecule, which is then said to be
polycistronic orpolygenic.

The mRNA molecule has the following structural features:

1. Cap. At the 5' end of the mRNA molecule in most eukaryote cells and animal virus molecules is found a
'cap’. This is blocked methylated structure, m7Gpp Nmp Np or m7Gpp Nmp Nmp Np. where: N = any of the
four nucleotides and Nmp = 20 methyl ribose. The rate of protein synthesis depends upon the presence of the
cap. Without the cap mRNA molecules bind very poorly to the ribosomes.

2. Noncoding region 1 (NC1). The cap is followed by a region of 10 to 100 nucleotides. This region is rich
in A and U residues, and does not translate protein.

3. The initiation codon is AUG in both prokaryotes and eukaryotes

4. The coding region consists of about 1,500 nucleotides on the average and translates protein It is made
up of 73-93 nucleotides (Rich and RajBhandary, 1976). Each bacterial cell probably contains about a hundred
or more different types of tRNA. The function of tRNA is to carry amino acids to mRNA during protein
synthesis. Each amino acid is carried by a specific tRNA. Since 20 amino acids are coded to form proteins, it
follows that there must be at least 20 types of tRNA.

It was formerly thought that only 20 tRNA molecular types exist, one for each amino acid. It has,
however, been shown that in several cases there are at least two types of tRNA for each amino acid. Thus
there are many more tRNA molecules than amino acid types. These are probably coded by one gene.

Transfer RNA is synthesized in the nucleus on a DNA template. Only 0.025% of DNA codes for tRNA.
Synthesis of tRNA occurs near the end of cleavage stages. Transfer RNA is an exception to other cellular RNAs
in that a part of its ribonucleotide sequence (-CCA) is added after it comes off the DNA template. Like rRNA,
tRNA is also formed from only a small section of the DNAmolecule.

Therefore, it does not show any obvious base relationships to DNA. The tRNA molecule consists of a
single strand looped about it self. The 3' end always terminates in a -C-C-A (cytosine- cytosine-adenine)
sequence. The 5' end terminates in G (guanine) or C (cytosine). Many of the bases are bonded to each other,
but there are also unpaired bases.

Transfer RNA - tRNA OR Soluble RNA - sRNA

After rRNA the second most common RNA in the cell is transfer RNA. It is also called soluble RNA
because it is too small to be precipitated by ultracentrifugation at 100,000 g. It constitutes about 10-20% of
the total RNA of the cell. Transfer RNA is a relatively small RNA having a molecular weight of about 25,000 to
30,000 and the sedimentation coefficient of mature eukaryote tRNA is 3.8S.

Structure of Transfer RNA - tRNA

The nucleotide sequence (primary structure) of tRNA was first worked out by Holley et al (1965) for
yeast alanine tRNA. Since then the sequence of about 75 different tRNAs, ranging from bacteria to
mammals, has been established. The different tRNAs are all minor variants of the same basic type of
structure. Several models of the secondary structure of tRNA have been proposed, and of these the cloverleaf

model of Holley is the most widely accepted.



Transfer RNA (tRNA) is an essential component of the protein synthesis reaction. There are at least
twenty different kinds of tRNA in the cell® and each one serves as the carrier of a specific amino acid to the
site of translation. tRNA's are L-shaped molecules. The amino acid is attached to one end and the other end
consists of three anticodon nucleotides. The anticodon pairs with a codon in messenger RNA (mRNA)
ensuring that the correct amino acid is incorporated into the growing polypeptide chain. The L-shaped tRNA
is formed from a small single-stranded RNA molecule that folds into the proper conformation. Four different

regions of double-stranded RNA are formed during the folding process.
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The two ends of the molecule form the acceptor stem region where the amino acid is attached. The
anticodon is an exposed single-stranded region in a loop at the end of the anticodon arm. The two other
stem/loop structures are named after the modified nucleotides that are found in those parts of the molecule.
The D arm contains dihydrouridylate residues while the T#C arm contains a ribothymidylate residue (T), a
pseudouridylate residue (V) and a cytidylate (C) residue in that order. All tRNA's have a similar T¥C
sequence. The variable arm is variable, just as you would expect. In some tRNA's it is barely noticable while in
others it is the largest arm. tRNA's are usually drawn in the "cloverleaf" form (below) to emphasize the base-
pairs in the secondary structure.
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Unusual Bases in tRNA

In addition to the usual bases A, U, G and C, tRNA contain a number of unusual bases, and in this
respect differs from mRNA and rRNA. The unusual bases of tRNA account for 15-20% of the total RNA of the
cell. Most of the unusual bases are formed by methylation (addition of -CHa or methyl group to the usual
bases), e.g. cytosine and guanine on methylation yield methylcytosine and methyl/guanine, respectively.
Precursor tRNA molecules transcribed on the DNA template contains the usual bases. These are then
modified to unusual bases. The unusual bases are important because they protect the tRNA molecule against
degradation by RNase. This protection is necessary because RNA is found floating freely in the cell.

Some of the unusual bases of tRNA are methyl guanine (GMe), dimethylguanine(GMe2),
methylcytosine (Me), ribothymine (T), pseudouridine (), dihydrouridine (DHU, H2U, UH2), inosine (I) and
methylinosine (IMe, Mel). In general, organisms high in the evolutionary scale contain more modified bases
than lower organisms.

Classification of tRNA - A Study of different tRNAs shows that the structure of the acceptor stem, the
anticodon arm and the TYC arm are constant. The differences in the tRNAs lie in the D arm and the variable
arm. Based on the differences in these two variable regions, three classes of tRNA have been recognized.

Class I (D4-V4-5), with 4 base pairs in the D stem and 4-5 bases in the variable loop.

Class II (DS-V4-5), with 3 base pairs in the D stem and 4-5 bases pairs in the variable loop.

Class III (D3-VN), with 3 base pairs in the D stem and a large variable arm.

A simpler classification based only on the variable arm recognizes two types of tRNA.

Class I with 4-5 bases in the variable loop

Class Il with a large variable arm of 13-21 bases.

Tertiary Structure of Transfer - tRNA - Electron density maps have revealed that tRNA has a tertiary
structure. This structure is due to hydrogenbonds

(i) between bases,
(ii) between bases and ribose phosphate backbone and

(iii) between the backbone residues. (The hydrogen bonding in the double helical stem regions of the
tRNA molecular are considered to be in the secondary structure).
Initiator Transfer RNA - tRNA

The starting amino acid in eukaryote protein synthesis is methionine, while in prokaryotes it is N-
formyl methionine. The tRNA molecule3 specific for these two amino acids are methionyl tRNA (tRNAmet)
and N-formyl- methionyl IRNA (tRNAfmet) respectively.

These tRNAs are called initiator tRNAs, because they initiate protein synthesis. Initiator tRNAs have
certain features which distinguish them from other tRNAs, and the initiator tRNAs of prokaryotes' and
eukaryotes also differ.

In most prokaryotes the 5' terminal nucleoside is C. It has opposite it (i.e. in the fifth position from
the 3' end) an A nucleotide. There is no Watson-Crick base pairing between the two. In the blue green 'alga’
Anacystis nidulans, however, the fifth nucleotide from the 3" end is C. In eukaryotes there is an A.U base pair

at the acceptor stem.



As noted previously, prokaryotes use tRNAf-met for initiation of protein synthesis, while
eukaryotes use tRNAmet. The prokaryote Halo bacterium cutirubrum is, however, reported to initiate
protein synthesis with tRNA met and has an A.U base pair at the end of the accept or stem. In these
respects it resembles eukaryotes

The D loop of prokaryote initiator tRNAs contains an A11, U24 base pair. All other tRNAs have a
Y11, R24 base pair. Eukaryotic cytoplasmic initiator tRNAs have AU or AU* instead of T in the TYC
loop. Also, in eukaryotes instead of a pyrimidine nucleotide (Y) there is A at the 3' end of the TYC loop.

In some eukaryotic cytoplasmic initiator tRNAs the anticodon sequence CAU is preceeded by C
instead of U as in all other tRNAs. In prokaryotes the purine nucleotide following C in the TYC loop is A,
while in eukaryotes it is G. In tRNA f- met the nucleotide adjacent to the 3' side of the anticodon triplet is

adenosine while in tRNA met it is alkylated adenosine

Specificity of Tranfer RNA - tRNA

Two important steps in translation during protein synthesis are the activation of amino acids and
the transfer of amino acids to tRNAs. Each amino acid has a specific activating enzyme tRNA aminoacyl
synthetase. Thus there are 20 different tRNA aminoacyl synthetases for the 20 common amino acids
found in proteins.

Some tRNA synthetases can activate more than one amino acid, i.e. they show only a limited
substrate specificity. Thus isoleucine tRNA synthetase can also activate L valine, and valine tRNA
synthetase can also react with threonine. The enzymes, however, recognize only a specific set of, tRNAs
as substratesL isolecine tRNA synthetase recognizes only tRNAileu and valine tRNA synthetase
recognizes only tRNAval. Thus specificity is involved at two stages, activation of the amino acid and
transfer of the amino acid to tRNA. Another group of enzymes, the tRNA aminoacyl transferases catalyse

the transfer of an amino acid from the amino acid - tRNA complex to specific acceptor molecules.



UNIT-V: MOLECULAR BIOLOGY



GENETIC CODE

The genetic code is the set of rules used by living cells to translate information
encoded within genetic material (DNA or mRNA sequences of nucleotide triplets,
or codons) into proteins. Translation is accomplished by the ribosome, which
links amino acids in an order specified by messenger RNA (mRNA), using transfer
RNA (tRNA) molecules to carry amino acids and to read the mRNA
three nucleotides at a time. The genetic code is highly similar among all organisms
and can be expressed in a simple table with 64 entries.

The code defines how codons specify which amino acid will be added next
during protein _synthesis. With some exceptions,/2l a three-nucleotide codon in a
nucleic acid sequence specifies a single amino acid. The vast majority of genes are
encoded with a single scheme (see the RNA codon table). That scheme is often
referred to as the canonical or standard genetic code, or simply the genetic code,
though variant codes (such as in human mitochondria) exist.

While the "genetic code" is what determines a protein's amino acid sequence,
other genomic regions determine when and where these proteins are
produced according to various "gene regulatory codes".

Codons

The Crick, Brenner, Barnett and Watts-Tobin experiment first demonstrated
that codons consist of three DNA bases. Marshall Nirenberg and Heinrich |.
Matthaei were the first to reveal the nature of a codon in 1961.

They used acell-free system to translatea poly-uracil RNA sequence (i.e.,
UUUUU...) and discovered that the polypeptide that they had synthesized consisted of
only the amino acid phenylalanine. They thereby deduced that the codon UUU
specified the amino acid phenylalanine.

This was followed by experiments in Severo Ochoa's laboratory that
demonstrated that the poly-adenine RNA sequence (AAAAA..) coded for the
polypeptide poly-lysinel®l and that the poly-cytosine RNA sequence (CCCCC...) coded
for the polypeptide poly-proline. Therefore, the codon AAA specified the amino
acid lysine, and the codon CCC specified the amino acid proline. Using
various copolymers most of the remaining codons were then determined.

Subsequent work by Har Gobind Khorana identified the rest of the genetic
code. Shortly thereafter, Robert W. Holley determined the structure of transfer
RNA (tRNA), the adapter molecule that facilitates the process of translating RNA into
protein. This work was based upon Ochoa's earlier studies, yielding the latter
the Nobel Prize in Physiology or Medicine in 1959 for work on the enzymology of
RNA synthesis.

Extending this work, Nirenberg and Philip Leder revealed the code's triplet
nature and deciphered its codons. In these experiments, various combinations
of mRNA were passed through a filter that contained ribosomes, the components of
cells that translate RNA into protein. Unique triplets promoted the binding of specific
tRNAs to the ribosome. Leder and Nirenberg were able to determine the sequences of
54 out of 64 codons in their experiments.l?! Khorana, Holley and Nirenberg received
the 1968 Nobel for their work.

The three stop codons were named by discoverers Richard Epstein and
Charles Steinberg. "Amber" was named after their friend Harris Bernstein, whose last
name means "amber” in German. The other two stop codons were named "ochre" and
"opal" in order to keep the "color names" theme.
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Start/stop codons

Translation starts with a chain-initiation codon or start codon. The start codon
alone is not sufficient to begin the process. Nearby sequences such as the Shine-
Dalgarno sequence in E. coli and initiation factorsare also required to start
translation. The most common start codon is AUG, which is read as methionine or, in
bacteria, as formylmethionine. Alternative start codons depending on the organism
include "GUG" or "UUG"; these codons normally represent valine and leucine,
respectively, but as start codons they are translated as methionine or
formylmethionine.

The three stop codons have names: UAG is amber, UGA is opal (sometimes also
called umber), and UAA isochre. Stop codons are also called "termination" or
"nonsense" codons. They signal release of the nascent polypeptide from the ribosome
because no cognate tRNA has anticodons complementary to these stop signals,
allowing a release factor to bind to the ribosome instead.[26]

1st base
u C A G
UUU  Phenylalanine UCU  Serine UAU  Tyrosine UGU  Cysteine u
U UUC  Phenylalanine UCC  Serine UAC Tyrosine UGC  Cysteina C
UUA Leucine UCA  Serine UAA  Stop UGA  Stop A
UUG  Leucine UG Serine UAG Stop UGG Tryptophan |G
CUU  Leucine ccu Praline CAU Histidine CGU  Arginine u
E o CuC Leucine CCC Praline CAC  Histidine CGC  Arginine C E
- CUA  Leucine CCA  Proline CAA  Glutamine CGA rginine AR
f CUG  Leucine CCG  Proline CAG  Glutamine CGG  Arginine G| &
AUU  Isoleucine ACU  Threonine | AAU  Asparagine AGU  Serine U
A AUC  Isoleucine ACC Threoning | AAC  Asparagine AGC  Serine C
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GENE EXPRESSION IN PROKARYOTES -LAC OPERON CONCEPT

The DNA of prokaryotes is organized into a circular chromosome, supercoiled
within the nucleoid region of the cell cytoplasm. Proteins that are needed for a
specific function, or that are involved in the same biochemical pathway, are encoded
together in blocks called operons. For example, all of the genes needed to use lactose
as an energy source are coded next to each other in the lactose (or lac) operon, and
transcribed into a single mRNA.

In prokaryotic cells, there are three types of regulatory molecules that can
affect the expression of operons: repressors, activators, and inducers. Repressors and
activators are proteins produced in the cell. Both repressors and activators regulate
gene expression by binding to specific DNA sites adjacent to the genes they control. In
general, activators bind to the promoter site, while repressors bind to operator
regions. Repressors prevent transcription of a gene in response to an external
stimulus, whereas activators increase the transcription of a gene in response to an
external stimulus. Inducers are small molecules that may be produced by the cell or
that are in the cell’s environment. Inducers either activate or repress transcription
depending on the needs of the cell and the availability of substrate.

The trp Operon: A Repressible Operon

Bacteria such as Escherichia coli need amino acids to survive, and are able to
synthesize many of them. Tryptophan is one such amino acid that E. coli can either
ingest from the environment or synthesize using enzymes that are encoded by five
genes. These five genes are next to each other in what is called the tryptophan (trp)
operon ((Figure)). The genes are transcribed into a single mRNA, which is then
translated to produce all five enzymes. If tryptophan is present in the environment,
then E. coli does not need to synthesize it and the trp operon is switched off. However,
when tryptophan availability is low, the switch controlling the operon is turned on,
the mRNA is transcribed, the enzyme proteins are translated, and tryptophan is
synthesized.

The tryptophan operon. The five genes that are needed to synthesize
tryptophan in E. coliare located next to each other in the trp operon. When
tryptophan is plentiful, two tryptophan molecules bind the repressor protein at the
operator sequence. This physically blocks the RNA polymerase from transcribing the
tryptophan genes. When tryptophan is absent, the repressor protein does not bind to
the operator and the genes are transcribed.

When tryptophan is present, the trp repressor binds
the operator, and RNA synthesis is blocked.

Promoter I Operator l trpE I trpD I trpC I trpB I trpA l

RNA Polymerase 96 > Repressofﬁ_ Tryptophan

In the absence of tryptophan, the repressor dissociates
from the operator, and RNA synthesis proceeds.

Promoter Operator I trpE | trpD I trpC I trpB I trpA I

RNA Polymerase =3

Repressor
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The trp operon includes three important regions: the coding region,
the trp operator and the trp promoter. The coding region includes the genes for the
five tryptophan biosynthesis enzymes. Just before the coding region is
the transcriptional start site. The promoter sequence, to which RNA polymerase
binds to initiate transcription, is before or “upstream” of the transcriptional start site.
Between the promoter and the transcriptional start site is the operator region.

The trp operator contains the DNA code to which the trp repressor protein can
bind. However, the repressor alone cannot bind to the operator. When tryptophan is
present in the cell, two tryptophan molecules bind to the trp repressor, which
changes the shape of the repressor protein to a form that can bind to the trp operator.
Binding of the tryptophan-repressor complex at the operator physically prevents the
RNA polymerase from binding to the promoter and transcribing the downstream
genes.

When tryptophan is not present in the cell, the repressor by itself does not
bind to the operator, the polymerase can transcribe the enzyme genes, and
tryptophan is synthesized. Because the repressor protein actively binds to the
operator to keep the genes turned off, the trp operon is said to be negatively
regulated and the proteins that bind to the operator to silence trp expression
are negative regulators.

Link to Learning

Catabolite Activator Protein (CAP): A Transcriptional Activator

Just as the trp operon is negatively regulated by tryptophan molecules, there are
proteins that bind to the promoter sequences that act as positive regulators to turn
genes on and activate them. For example, when glucose is scarce, E. coli bacteria can
turn to other sugar sources for fuel. To do this, new genes to process these alternate
sugars must be transcribed. When glucose levels drop, cyclic AMP (cAMP) begins to
accumulate in the cell.

The cAMP molecule is a signaling molecule that is involved in glucose and
energy metabolism inE. coli. Accumulating cAMP binds to the positive
regulator catabolite activator protein (CAP), a protein that binds to the promoters of
operons which control the processing of alternative sugars. When cAMP binds to CAP,
the complex then binds to the promoter region of the genes that are needed to use the
alternate sugar sources ((Figure)). In these operons, a CAP-binding site is located
upstream of the RNA-polymerase-binding site in the promoter. CAP binding stabilizes
the binding of RNA polymerase to the promoter region and increases transcription of
the associated protein-coding genes.

Transcriptional activation by the CAP protein. When glucose levels fall, E.
coli may use other sugars for fuel but must transcribe new genes to do so. As glucose
supplies become limited, cAMP levels increase. This cAMP binds to the CAP protein, a
positive regulator that binds to a promoter region upstream of the genes required to
use other sugar sources.
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In the absence of cCAMP, CAP does

CAR not bind the promoter. Transcription
occurs at a low rate.
Promoter | Operator ‘ lacZ lacY lacA

RNA Polymerase —_

In the presence of CAMP, CAP binds
the promoter and increases RNA
polymerase activity.

CAC'\:\'; *  Promoter | Operator ‘ lacZ lacY lacA

RNA PoiTerase :>

The lac Operon: An Inducible Operon

The third type of gene regulation in prokaryotic cells occurs through inducible
operons, which have proteins that bind to activate or repress transcription depending
on the local environment and the needs of the cell. The lac operon is a typical
inducible operon. As mentioned previously, E. coliis able to use other sugars as
energy sources when glucose concentrations are low. One such sugar source is
lactose. The lac operon encodes the genes necessary to acquire and process the
lactose from the local environment. The Z gene of the lac operon encodes beta-
galactosidase, which breaks lactose down to glucose and galactose.

However, for the lac operon to be activated, two conditions must be met. First,
the level of glucose must be very low or non-existent. Second, lactose must be
present. Only when glucose is absent and lactose is present will the lac operon be
transcribed ((Figure)). In the absence of glucose, the binding of the CAP protein
makes transcription of the lac operon more effective. When lactose is present, it binds
to the lac repressor and changes its shape so that it cannot bind to the lac operator to
prevent transcription. This combination of conditions makes sense for the cell,
because it would be energetically wasteful to synthesize the enzymes to process
lactose if glucose was plentiful or lactose was not available.

Visual Connection

Regulation of the lac operon. Transcription of the lac operon is carefully
regulated so that its expression only occurs when glucose is limited and lactose is
present to serve as an alternative fuel source.

Tryptophan is an amino acid essential for making proteins, so the cell always
needs to have some on hand. However, if plenty of tryptophan is present, it is
wasteful to make more, and the expression of the trp receptor is repressed. Lactose, a
sugar found in milk, is not always available. [t makes no sense to make the enzymes
necessary to digest an energy source that is not available, so the lac operon is only
turned on when lactose is present.
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In the absence of lactose, the lac repressor
binds the operator, and transcription is
blocked.

| Promoter | Operator [ lacZ l lacy | lacA ‘

RNA Polymerase3&p- Repressor

In the presence of lactose, the lac repressor
is released from the operator, and
transcription proceeds at a slow rate.

Promoter | Operator ‘ lacZ ‘ lacY | lacA ‘

RNA POlYyMErase g
Repressor

Lactose

CAMP-CAP complex stimulates RNA
Polymerase activity and increases RNA
synthesis.

CAMP +
CAP
RNA Polymerase

Promoter ‘ Operator ‘ lacZ ‘ lacY | lacA ‘

However, even in the presence of
CAMP-CAP complex, RNA synthesis is
blocked when repressor is bound to
the operator.

C%“AEJ' Promoter | Operator ‘ lacZ ‘ lacY | lacA ‘
RNA Polymerase &> Repressor

If glucose is present, then CAP fails to bind to the promoter sequence to
activate transcription. If lactose is absent, then the repressor binds to the operator to
prevent transcription. If either of these conditions is met, then transcription remains
off. Only when glucose is absent and lactose is present is the lac operon transcribed

((Figure)).

Gene Expression through Protein Synthesis- Transcription, Translation.

One of the most important activities of a cell is the production of proteins that
fulfill major roles in the cell--structural, enzymatic, hormonal, and more. The
instructions for building all the proteins an organism needs to make are located in the
DNA molecules of the chromosomes. Chromosomes never leave the nucleus of the
cell. However, protein synthesis is carried out by the ribosomes, small structures
which either float freely in the cytoplasm or are attached to membrane networks that
snake their way through the cell—both outside the nucleus.

This section will explain briefly and superficially the way the instructions reach the
ribosomes and how they are translated into the language of proteins. This
information is not critical for understanding the use of DNA for genealogy but does
form a foundation for understanding the way genetic mutations are expressed and a
basis for understanding genetic differences.
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A protein is a chainlike molecule built of subunits of smaller molecules called
amino acids. We obtain most of our amino acids by digesting proteins taken in with
our food. The digestive process breaks the protein chains down into individual amino
acid molecules which are then absorbed by the blood and transported to the
individual body cells. Human cells can also manufacture some amino acids. However,
eight of the amino acids that are essential to building human proteins must be
acquired from food. They eight essential amino acids are phenylalanine, valine,
leucine, isoleucine, lysine, threonine, tryptophan and methionine. Histidine is
essential for infants but not for adults.

Transcription

During protein synthesis, the free floating amino acids are reassembled into
new chains. Each kind of protein has its own particular sequence of amino acids
which differs from the sequence in every other kind of protein. In the same way the
order of letters in a word give it its own specific form and meaning, it is the order of
the amino acids in the chain that determines the protein's structure and function.

The code for ordering the amino acids of a protein is written as a sequence of bases in
the DNA in the nucleus. However, since DNA never leaves the nucleus and proteins
are constructed by ribosomes in the cytoplasm, the instructions must somehow be
carried out of the nucleus to the ribosomes.

Chromosome

3’ DNA Antisense Strand
rrrrrrrrrrrrrTrroTraTraTd rrrrrrrry
TGACGGATCAG GCAAGCGGAATTGGCGA

GA ll)G UAGUCGGCGUU RNA Polymerase

5’ DNA Sense Strand

This is accomplished when the double spiral of DNA unwinds and unzips at the
point where the instructions for the given protein are located.
This section of the DNA molecule is called a gene. While it is unzipped, the gene
acts as a pattern or template for another kind of nucleic acid called messenger
RNA (mRNA). Each adenine of the unzipped DNA attracts a uracil, U (instead of a
thymine as in DNA). The other bases, G, T, and C attract the same partners as they do
in DNA replication, G attracts C, C attracts G, and T attracts A.

The newly formed, single stranded mRNA carries an accurate reproduction of the
information that was recorded in the DNA. The formation of messenger RNA is
called transcription.



Translation

The molecules of messenger RNA (mRNA) leave the nucleus through small
pores in the nuclear membrane carrying with them the instructions (encoded in the
sequence of their nucleotides) that they picked up from the DNA molecule. In the
cytoplasm, the mRNA molecule attaches to a small granular appearing organelle
called a ribosome.

From the ribosome, mRNA molecules attract a second kind of smaller RNA molecule
called transfer RNA (tRNA).One end of a tRNA molecule has a special site which can
only bind to one specific kind of amino acid.

There are many different types of transfer RNA molecules. In fact, there are
more than one for each of 18 of the 20 different amino acids found in proteins
(methionine and tryptophan being the exceptions).The other end of each tRNA
molecule carries a unique "tag." The tag is written in the usual code of a nucleic acid--
a sequence of bases. Each amino acid carrying molecule has its own three letter tag or
code.

For example, the valine tRNA is tagged AAC, the alanine-transfer RNA is tagged
GGC, the phenylalanine -tRNA is tagged AAA and so on.The three base pairs of the
tRNA tags are attracted to their complementary partners on the mRNA that is lined
up on the ribosome.

The three letter sequences of the mRNA are called a codons. The three letter
tRNA tags are called anticodons. Guided by the mRNA, each transfer RNA donates its
amino acid, in the proper order, to a growing chain of amino acids that will be joined
by peptide bonds to form a new polypeptide (protein).And thus the language of
nucleic acids is translated into the language of proteins.

Template SHTaN fepepepepepepepepepepepeepeprr=r=r=r=r=r=r"t
TACGGCGTTAGACAAGTGCGTGAGTACACA

DNA
ATGCCGCAATCTGTTCACGCACTCATGTGT
LAl bbb bl L LG L e L)L
Transcription
AUGCCGCAAUCUGUUCACGCACUCAUGUGU
RNA e
L ] 1 ] | ] | ] 1 ] | ] | ] | ] | ] 1 ]
Translation

Yy Y Y °r Y v v v v
Protein Met Pro Gin Ser Val His Ala Leu Met Cys
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https://ta.m.wikipedia.org/wiki/%E0%AE%AA%E0%AE%9F%E0%AE%BF%E0%AE%AE%E0%AE%AE%E0%AF%8D:Cell_nucleus.jpg
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https://ta.m.wikipedia.org/wiki/%E0%AE%89%E0%AE%AF%E0%AE%BF%E0%AE%B0%E0%AE%BF%E0%AE%A9%E0%AE%AE%E0%AF%8D
https://ta.m.wikipedia.org/wiki/%E0%AE%8E%E0%AE%B2%E0%AF%81%E0%AE%AE%E0%AF%8D%E0%AE%AA%E0%AF%81
https://ta.m.wikipedia.org/wiki/%E0%AE%A8%E0%AE%B0%E0%AE%AE%E0%AF%8D%E0%AE%AA%E0%AF%81%E0%AE%A4%E0%AF%8D_%E0%AE%A4%E0%AF%8A%E0%AE%95%E0%AF%81%E0%AE%A4%E0%AE%BF
https://ta.m.wikipedia.org/wiki/%E0%AE%A4%E0%AE%9A%E0%AF%88
https://ta.m.wikipedia.org/wiki/%E0%AE%AE%E0%AF%86%E0%AE%AF%E0%AF%8D%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%B0%E0%AF%81%E0%AE%B5%E0%AF%81%E0%AE%AF%E0%AE%BF%E0%AE%B0%E0%AE%BF
https://ta.m.wikipedia.org/wiki/%E0%AE%87%E0%AE%B4%E0%AF%88%E0%AE%AF%E0%AF%81%E0%AE%B0%E0%AF%81%E0%AE%AA%E0%AF%8D%E0%AE%AA%E0%AE%BF%E0%AE%B0%E0%AE%BF%E0%AE%B5%E0%AF%81
https://ta.m.wikipedia.org/wiki/%E0%AE%92%E0%AE%9F%E0%AF%81%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%B1%E0%AF%8D%E0%AE%AA%E0%AE%BF%E0%AE%B0%E0%AE%BF%E0%AE%B5%E0%AF%81
https://ta.m.wikipedia.org/wiki/%E0%AE%A8%E0%AE%BF%E0%AE%B1%E0%AE%AA%E0%AF%8D%E0%AE%AA%E0%AF%81%E0%AE%B0%E0%AE%BF
https://en.wikipedia.org/wiki/Diploid
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https://ta.m.wikipedia.org/wiki/%E0%AE%89%E0%AE%AF%E0%AE%BF%E0%AE%B0%E0%AE%A3%E0%AF%81
https://ta.m.wikipedia.org/wiki/%E0%AE%95%E0%AE%B2%E0%AE%AA%E0%AF%8D%E0%AE%AA%E0%AE%BF%E0%AE%B0%E0%AE%BF%E0%AE%B5%E0%AF%81
https://ta.m.wikipedia.org/wiki/%E0%AE%AA%E0%AE%BE%E0%AE%95%E0%AF%8D%E0%AE%9F%E0%AF%80%E0%AE%B0%E0%AE%BF%E0%AE%AF%E0%AE%BE
https://ta.m.wikipedia.org/w/index.php?title=%E0%AE%87%E0%AE%B0%E0%AF%81%E0%AE%95%E0%AF%82%E0%AE%B1%E0%AF%8D%E0%AE%B1%E0%AF%81%E0%AE%AA%E0%AF%8D_%E0%AE%AA%E0%AE%BF%E0%AE%B3%E0%AE%B5%E0%AF%81&action=edit&redlink=1
https://ta.m.wikipedia.org/wiki/%E0%AE%87%E0%AE%B4%E0%AF%88%E0%AE%AF%E0%AF%81%E0%AE%B0%E0%AF%81%E0%AE%AA%E0%AF%8D%E0%AE%AA%E0%AE%BF%E0%AE%B0%E0%AE%BF%E0%AE%B5%E0%AF%81
https://ta.m.wikipedia.org/w/index.php?title=%E0%AE%AA%E0%AF%81%E0%AE%A3%E0%AE%B0%E0%AE%BF&action=edit&redlink=1
https://ta.m.wikipedia.org/wiki/%E0%AE%92%E0%AE%9F%E0%AF%81%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%B1%E0%AF%8D%E0%AE%AA%E0%AE%BF%E0%AE%B0%E0%AE%BF%E0%AE%B5%E0%AF%81
https://ta.m.wikipedia.org/wiki/%E0%AE%95%E0%AE%B2%E0%AE%AA%E0%AF%8D%E0%AE%AA%E0%AE%BF%E0%AE%B0%E0%AE%BF%E0%AE%B5%E0%AF%81
https://ta.m.wikipedia.org/wiki/%E0%AE%89%E0%AE%AF%E0%AE%BF%E0%AE%B0%E0%AE%A3%E0%AF%81
https://ta.m.wikipedia.org/wiki/%E0%AE%95%E0%AE%B0%E0%AF%81%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%9F%E0%AF%8D%E0%AE%9F%E0%AE%B2%E0%AF%8D
https://ta.m.wikipedia.org/w/index.php?title=%E0%AE%87%E0%AE%9F%E0%AF%88%E0%AE%AF%E0%AE%B5%E0%AE%A4%E0%AF%8D%E0%AE%A4%E0%AF%88&action=edit&redlink=1
https://ta.m.wikipedia.org/wiki/%E0%AE%87%E0%AE%B4%E0%AF%88%E0%AE%AF%E0%AF%81%E0%AE%B0%E0%AF%81%E0%AE%AA%E0%AF%8D%E0%AE%AA%E0%AE%BF%E0%AE%B0%E0%AE%BF%E0%AE%B5%E0%AF%81
https://ta.m.wikipedia.org/wiki/%E0%AE%AA%E0%AE%9F%E0%AE%BF%E0%AE%AE%E0%AE%AE%E0%AF%8D:Three_cell_growth_types-ta.svg
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https://ta.m.wikipedia.org/w/index.php?title=%E0%AE%87%E0%AE%9F%E0%AF%88%E0%AE%AF%E0%AE%B5%E0%AE%A4%E0%AF%8D%E0%AE%A4%E0%AF%88&action=edit&redlink=1
https://ta.m.wikipedia.org/wiki/%E0%AE%87%E0%AE%B4%E0%AF%88%E0%AE%AF%E0%AF%81%E0%AE%B0%E0%AF%81%E0%AE%AA%E0%AF%8D%E0%AE%AA%E0%AE%BF%E0%AE%B0%E0%AE%BF%E0%AE%B5%E0%AF%81
https://ta.m.wikipedia.org/wiki/%E0%AE%87%E0%AE%B4%E0%AF%88%E0%AE%AF%E0%AF%81%E0%AE%B0%E0%AF%81%E0%AE%AA%E0%AF%8D%E0%AE%AA%E0%AE%BF%E0%AE%B0%E0%AE%BF%E0%AE%B5%E0%AF%81
https://ta.m.wikipedia.org/w/index.php?title=G1_%E0%AE%85%E0%AE%B5%E0%AE%A4%E0%AF%8D%E0%AE%A4%E0%AF%88&action=edit&redlink=1
https://ta.m.wikipedia.org/w/index.php?title=G1_%E0%AE%85%E0%AE%B5%E0%AE%A4%E0%AF%8D%E0%AE%A4%E0%AF%88&action=edit&redlink=1
https://ta.m.wikipedia.org/w/index.php?title=G2_%E0%AE%85%E0%AE%B5%E0%AE%A4%E0%AF%8D%E0%AE%A4%E0%AF%88&action=edit&redlink=1
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https://ta.m.wikipedia.org/w/index.php?title=G0_%E0%AE%85%E0%AE%B5%E0%AE%A4%E0%AF%8D%E0%AE%A4%E0%AF%88&action=edit&redlink=1
https://ta.m.wikipedia.org/wiki/%E0%AE%95%E0%AE%B2_%E0%AE%B5%E0%AE%9F%E0%AF%8D%E0%AE%9F%E0%AE%AE%E0%AF%8D#cite_note-isbn0-87893-106-6-1
https://ta.m.wikipedia.org/wiki/%E0%AE%89%E0%AE%AF%E0%AE%BF%E0%AE%B0%E0%AE%BF%E0%AE%AF%E0%AE%B2%E0%AF%8D
https://ta.m.wikipedia.org/wiki/%E0%AE%AE%E0%AF%86%E0%AE%AF%E0%AF%8D%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%B0%E0%AF%81%E0%AE%B5%E0%AF%81%E0%AE%AF%E0%AE%BF%E0%AE%B0%E0%AE%BF
https://ta.m.wikipedia.org/wiki/%E0%AE%95%E0%AE%B2%E0%AE%AA%E0%AF%8D%E0%AE%AA%E0%AE%BF%E0%AE%B0%E0%AE%BF%E0%AE%B5%E0%AF%81
https://ta.m.wikipedia.org/wiki/%E0%AE%89%E0%AE%AF%E0%AE%BF%E0%AE%B0%E0%AE%A3%E0%AF%81
https://ta.m.wikipedia.org/wiki/%E0%AE%A8%E0%AE%BF%E0%AE%B1%E0%AE%AA%E0%AF%8D%E0%AE%AA%E0%AF%81%E0%AE%B0%E0%AE%BF
https://ta.m.wikipedia.org/wiki/%E0%AE%AE%E0%AE%B0%E0%AE%AA%E0%AE%BF%E0%AE%AF%E0%AE%B2%E0%AF%8D
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FhEGG WLIOHMEDS . Q& ADHGCEIT H6L QENEILILSHTE & 6rhISENEILILD
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GOUILL Uflengu|L 6T LN6nwISHME) .

OJCUTGEMDTEL LT 6T60T.6] (.7 .6T6071.6])  6T601LGH  e0PCUTCFTLD SH6rTlsor
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61610 QLT OLIT6TEOTE] . 1T . 1] . 6T631.6] CLPELEHEFaMIGE6L cLpetim) Bl &efGuimevendled
€2 (I, RIS 6060015 S L1LI (1 &l 6TM 63T, GLogyILd €601 Geum AIL_Ris6MeL
2 (RIS EOMISHSLILGE DS .
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G JT60T61V..LIT-CILDFEH ST  Y[].6T60T.6]  (Iq..6TLD . [].6T6OT.6]) LIV ULMSleFILITS e
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rRNA tRNA

Aming acd

messenger RNA  ribosomal RNA  transfer RNA
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Uy  GOWIE  eTeTug  WIUED  QUTGBLSEHSGT  GOUNLLuC L
§56160&maNT (KUl HaNCWTemL (B (DWDEPTHEHEHATET 1g.6T601.6] 16DV 6TLD.ZY[J.6T60T.6]
QUleNE (PEMMEET S6L6VG CHITL 63T&H6IT) LTHMIGETTE CQOMAQLILITES 2 uTFem)sae
LweTU(RSSHID  aNdsefllsot Qar@UUTGL.  HCUTGEMLTEL  QLOMLNGLILIFLIL
Qeuwwiu@emg, @& UCHTL g Cearmhigeis SOCeT SbeUmISmeT CILDFEHE]T
S4,1].6T601.6] (6TLD. Y, 1J.6T601.6]) GMILILNLL euiflen&uNed QenennisHmG), LIFILDITMHM Sy, 1J.6T60T.6]
(9.2 17.6T601.6])  CLPELGFaMIGemETLl LETL(RSS SIDCeT Siblevmisenet 61(h&H&I&
QF6L6VALD, 6TLD. 3y 1].6T60T.6] eLpeiTM) Ky HaNCUITEmL L Semern Gy ChHIGEH6L Lig &H&eLD
QFWIHMG. LrUEY GOUIG AneTsHS 2 uNflaTmisaL (oL WHS6D &5 [hSHMS)
LOMMILD 64 2_61Te(h &HE0611S QSHMTEHIIL 6TellLl SIL_L 6en6uonuTied GleueiiL(hggeurLb.

Urss Qam@LUNeT Curgl 6hg DG gibleod HBHEHH CoIsHSLILIGLD
cT60TLENG  CHML6T&HeT  eleeumm) — GOUNGHeImenT  e6tUeng  GSOWIG
QUMILMIGHADG. Hev aNFaNesGHEpL 6T, @b Huldbeals bl auflsnguied
cLperm)-Hiug SeNCumenL (b G&mLmedt €M6mM SILOGeori SOV GG S
GOUNGEMG. CUIBLDLITELTT LOILEISSET MMM SHL L SHIL 60T GOUITESLD
QEwtLUL(herertesT  (oh[7.6T60T.6]  CHTLIMTET  SILLQUMEIIEHIIL  LITTSHSELD) .
LmIUL L. GOUiGseT (el el GL&TELflr GumsTmsnel) @ bHSTeYILD
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916L6ev G| CleumInGenr IUEY GOWIE 6T6sT GO LLGHMS) .

"yueay GSOWIE" 6TeTUSl (h LTSS SIDCTT Sblew aflengemiLl
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eueLTm)
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c A G
UuuU UCU UAU UGU U
Phe Tyr Cys

u HEE} UCA [ Ser Hii}s seeor |¢

— top| UGA Stop| A

UUG} UCG | UAG Stop|UGG Trp |G

CUU ) G CAU}HiS cGU u

cuc ECE CAC EEE =
= [ cua [ | cca [P AAYGin |SSA Ad 1Al 5
£ CUG | e CAG = e c| &
— = = -
w Al ACU Al AGU U 4=
iL | o|AUC tile |AcC [ - |AAC Jasn [REE }ser | £

AUA | ACA AAA } Lys |AGA } Arg | A

AUG  Met | ACG | AAG AGG G

GUU =i GAU}AS e u

Blcuc |, . |eccl,,. |eac a |[Sico | PR e

GUA CCA }Glu ccA 2% LA

GUG | EeE| GAG e G
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o UNJemIs&Hen LsTU(RSHSHID 20 Hemeowimer SOCeTT SiblevmiGemer GMOIULITES
cpeim  HeThiseatlest  QHTGLILSGET LeTURSSLLUL  Geuctur(Rld  6Teorm)| LMY
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OICUTGEFT(LPL 60T LN6MEMILILIENS 2618615 5601 .
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QeueiLGSSLLGHGTDET, VLG Semed  GOILUNLL  eueMjflengd  LOIMHMD
LITEn& &enen 2a6GeNSGL CQBTSH&aTs G&wieuL(h&eTment .

yugy Celefiur@® C&FWeLUTL g 6T SIS Lig&HEpd (b LJHSHSlest
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QumACUWITILEG Whensw! WLIHOL o emefllLaumsnm  LIMHOILIEHLOSSEMLD
(BLEUUGSSeMD) . Uy CeueNuum el &L (RUUB SIS (b H60§55H 60
AmSHGLD QaTHSHSUILLL LOLIGTD)] 2 MU Slufeor (4rsLb SI6L6LG)
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gOUBSHGHID . Uy Qeueliureal & S (hUUGdHSHeud QFeoseomy Geumum,
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LGP SSHSH60TMLD  LOMMILD  H&HEUMLILSS g LILIDL WLITGLD .  6T6orGeu  LDIJLIGT)
QRRIGWD Ul WLIHMHSHMHEMET Sig (LPELSFMTES QFWIELLL &8 (HLD.

6VITS 6pLINIT60T (lac operon)

UTSCLITErV  6RLINMENT  (6VME  6RLITME) 6T6oTLIG FF.CHMED  LDMMID L6V
Hewigmuily  Umslefliunsseailed o eten  OMEGLMerOlss  CUTEHGOUTSHS  LDMHMID
QaTT&ENS LMMHMSHMES CHEMEUUITET 6RLITT6 Y @GLD. GEHSHCHTerv ClLI(HLDLITEVT6T
UTSefILTSSE@p5HE  aN(BLILLDTET — SHTJLU6T  cP6VTS  QGhSTeD, HLiLm-
CaHeuHECLTAGCL endl6tT  Q&FWIELUIMLIG60T  CLOEVD  GEHECHTV  HML &H&THCLTE
Om&GCLTemery HMLL Breniss Vs epLITT6T MIDEGHMEG. 60OTS eRLINM6vTlesT
LIUEY WRGWmD Cgalleurs Ufibg CsmeTaTiULL. (WG  LOJLGY)
PRGN  AUIMWDWITGL, aGal Q& uGImamiGumgd Ly
PUWRGUONES @ Dby dEHHSSTLEG. Qb SMOISIHDETS Q)
QUEBLLUTID AD(WPS cpeu&GFaml MDD QFedsyieLm 2 uNfliied eIGLILS6eL
aNeunS&sLULGADE. QhS oTSECLTe euaTf&ens TMHM (LPenM LNTei&eUT CeébsLI
LMHMID QTE GG HPHCWIMYTL @ 2 UNFLEL HHHMHEG 61HE CBTSHEMIL
@ (HMIHMMIESHS QGFIULILD 6T6TLNG FTLOMeN&Hs LITL(RSSHLILILL ). 60TS eRLITT6
&M &S lauf&emedt Li6ueN 1965 LD o4,69071q.60 2L 601U16D CHITLIEL LIfleng QesiTm&).

UTSlefILT  pLITT6I&6T  62(1h  6TLDSYJ6T60T6] g NMeaTa VSIS Ig60 @(HHS)
L6 LJSMISEneT 2 (heUTEHSSFalqll LITed&ervlqnmsoisd 1qomeiterv&FILLSem oy @L.
Q1Y) QLSS uréle flusHHGS F&G600] CLPELLDITS eLOMEGLITer
CaHemauliLBCUNS], 6N eLINMeuTlesl CLPETM)| LONLIETISSm6T GlalaLLI(hE 60D
OO DM HHSHEGS UTSHSGET QMANCLLITSSILGS6TDT: lacz,
lacy IDMMID lacA. Lacz @661 WOIUGD SWMHLLY - CHOLECLTAGLaV HGLD,
@& eonsGLmeV, @ KIFTESOIH, GE@pdGCamev LOHMID CHLGCL TS
NA&HMGI. lacy GOUWTEGHDG UL T-CH0&ECLTNEH 2a(h(heued, QFH
gedey Upsd, Q& emgLCGLMiemmervbls  QEITLL 0HSHL 2 L QUTSHHE
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CaHeuECLTEMEL SIFlmL6LLJT6aTerV.-.CILGTemery GMILITSGH M) .
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CoemeuliLI(BLd CGuUmg) DL (HGLD 6UIM& epLINMT6I GOILTSHSLD CQFILS CBTHSmeT 2 MHLIGHH
QEFIIULD gMMENEL ClFeL CIFaILANIGH M) 6T6iTLIMS 2 MIS CFLIHMGI. [2] OTECL Terv



@eveurg MHemeounled, 6UIME (K&, UMEHE, VM RLINMEST GHMUUTSHSHLD QEFUIUIILIL L
QprHsaier 2 MHUSSlenI HANSHHAMS.  Qenewrr  Frewlg  JGHEWIL 60T
NemeuursSLILILTOINLLT6L, 6VME SIL&&H eLCUTGID QeuaNuLGSSLILGHEDS. Coum)
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wstterilemeounled L (HGWL Lig QuIGSSULGAME. GEnEGCaTerdlest (Lpeimesfeneouiley,
Qpr&HSaNeT 2 HUsHHEGH CHemeuTen CHLCLTEmEVL Y &l1qCall LT LIsLD (HegLl)
Qeuweomm Hlemevued 2 ereng), GLOGYILD VMEGL eV &EL&HH MG CFeL6UMEH &(h& S
EIIAGle eom&GLmev 2ai(p(heusney chamE. Qs Qrreonlsd sLGUUTLG
QuTPmOWITETEH GEpEHCHTaV WMHMID TEGCLTsmery QFTLFFHLITS @Qretorh
QeueuGaim euamj&sl SLLMSAND LWETUGSHAME, @& LWwmserd 616
SIMPSSLILHEMS) .

Sl6emLDLIY

eUMGHGLMerOl6sT HL_L6MLDLIL| OMHMILD NFH6oT LN66)Serflest HUIMFILILIGET.
6OM& epLINMERT 3 SLL6MOLL LOJLUEmIS&HmeNs C&mei(herendl, GCLOeIDd (b
eNembugsmyy, e(h CLIOCEILLY, QrGGeLLy WMMID 6(h WBUCTLLI.
CLO6OTM| SL_L6MIOLIL LODJUGDISSEHET: lacz, lacy LOMMID laca.

lacz  GOWTSSRGET - GCHOLGCLTECLeV  (Lacz), Q& &6
o_emallemene] CQBMTH, @QH KETEHMIEH OTHECLTMY GE@pHCHTEOV  LMHMID
Caeu&GLITerons NM&HME) .

SICsH Hemguled e(p UCITLL M &miey LwWeatUGSHEH eonsGLITery
o el p- CHLECLTEMEL &6 H0HHMG6T C(FVISHHID 1q.7TeiTerVCLOLDLNGITET
SCumjLLmer S LT-CaHuEGCLTmFL  Quiliav (Lacy) & lacy GMNSEMG).
Quijfierv &ev& &6t 2a1(B([HeUMED - CHOLGCLMTEMFL &S NHSHEHAME) .

laca @GOWIHGemen p- CHLECLTMEFL 1JT6T0FIQCeV6MNY  (Lach), €(h
AMLL  GLPMeN AL~ cor @QOBHBEH p- CHLECLTMEFRBEHHS
LTHOID €6 CBTE.

lac operon

Terminator Promoter Operator lacZ lac¥ lacA Terminator

OM&CLTev CaHLUTEONFSHME@G lacz WMMID lacy WLGHGCL Seufibd
61601 CHTOIMISMS) . 60 LTSS GOIUINLL S HUur® ursleflilgb Hné
3llg. CLPEVSFa M) OMEHGL Terv KL LILIMSLI QUTMISHSS). SHTILIEHT CLHEVLDTS 60MSHGLTerv
KL HHTHCUTE LUTSHHIST UTSHlefluigs med 2 mus H QauiuliLiBeudHedsnecn. 60rs
LILUGDISSET  €(h LTS  e(LDRIGMLOSSLILIL (RO,  IHTUF, Sl6M6U
&CITCLICEmMAeL 2 L emquinsd LigulHeEGL S16H SHenguled CrTEHEHenev
QEBMEILnel MM MMM  LMEO&ervlq [esild 61D J6T6016]  CLDEVEHFa DTS
B 6m 6015 & LILI(H & 6TM6TT.

SMEIHFH  LOJUED|SSHM6T  LigQUI(RHHEL  1q.6T60T.6J-LTN6MEWILIL|  LIJSHLOM6uT
S17.6T601.6] LITEOILDCIErD (417.6T601.6J.L7)) 6T60TM QBT HIUN6TT LN6METILILIL 63T QST MRIGH DS,
@8l 2@ GOUILL 1q.67607.6] LN6M6TUILIL| &eMOmesT LIQTTGLOML L (lhL 63T LN6n6uni&Hm &,



2 | 6oTlqUIMS LOLIETD)| & & 6Tl SILIerVLIf LD, 3)[7.6T601.6] umedlLGyemery
aNeMUTSTIHL 6T LNemevoiliLigy HeJeTdL-LNemewnihd CHLCLITeMeLL. 4,5lqCeul L i
Li&$STeL (HleILN, Hegetdlll ML LSHLDd 6TaImID SPSSLILGEDSI) 2 HeUHME). [4]
QGUIEILD, lacl LOILEY)| (lac operon SHEBTEV €(LDRIGULAOM LOJLISD) (h LUTHSHMS
2 (HUTHGHAMGI, Q&I RNAP &3 epLinmeoiledr 4 LIGTL L (15L63T LNNEWILILIENS S &HEHME)!.
SICeumeu&GLITO SIGMIL 6T LNemeiSSILL(H, G CFWLONGESEE QFUISTEL
L GG @bhS LTHHMS HSMM (LPlg U|LD. 605183 LOFLIGDIEUTED 2 (HEUMGLD LJHLD 60rd
QyLIgervi 6T6TMI SNMPSSLILGEMSGI. 60ME L6 2 L LI(RSGHILD €2(LPMIG(LP MM U6
STHILOEMM GGV &Halq Ui 6T6eoTm GO LLGHME,

SIHMAUF eV CPELEFaMIG6T (LTHCLTeV) CEFISHSLILILTONL_L 6L LDJLIGT)
QRPRGU®M STl (e0Md QALUIeV)) QL0 AMTISSLLGHMG]. 0ré CyLiFerol
L&D @HLUETED, 0Méh Q&L LOJLEDIm6 LMEMIT(H DL 60T LOTMHMILD LOFLIETD)
QumlImeny&en H&Mfled CHTGHemeT LMSleflimensy 60MEGCLTNICL 6T &ML &8E
QFuwwl Galsui(hld. SleUT&eT ojedeumm QFUWLTONLL T, aufser Qeleluu(Gds
WWHRSGWD iUy QeueliuhGESULLTE, 6Cerald S SGUPmD LJsHLd
@6tTenILd RNAP &3 eNenbUpSTI(hL 60T LNeMILILmSS &(hEHHME| DMHMILD LOFLITDIEE
LIg QIS S0 QFLISMS).

SIL &G 6mM SISOHMLULLLGILD, S} [7.6T601.67.L0] LTl6oT63T1] eLp6eTm)
LOJUGDISSHEMETUID  (GOMHERIT)  6TLD. Y [J.6T601.6J6UME  LDMMMILD.  6TLD. S, 1].6T60T.6]
6rOL_JIT6utTIq.60 2 616N CLPGITM)] LONLIIDIS&H6NED €Ra)CIOUTETMILD SH&H60 CFMHS 606260T-
LeL&JGeotm  euflemgsnwid  Qamenerene, 61601Gol  LDILIGNISHSET  SFUITS6IILOTS
QmMACUWITSSILHRE6TDET. [S] F.CHTEMEL LTS 6L, LMGHERIUIT 6TLD Y J6T60T6]
LOMHMILD LY LOJLIETD|SS 66T 1q.6T60T6] EUIFl6nE QR6aTCLIMIFON([HHEHI HemLHHMS)
gL SLEUUTLE CQuTHepempWIneTgl emEGCLIeIDSTET  (LPRIG(LDNM
LMEALIALTGD, @& ors&GLmev @eveurns Hleneoulled p- CHELECL THIGL 6rdlest
2 pUGHOWS &EES omsGLITerv QLT 6TaTLLRLD 2 6Malenane)] e(LRMmIG(L M
LrsSens L LLTUGSSISDSI.

IILEGPMMSESHTE lacl LOILETY GOUIL B (LP6MM lac operon &HE S(HEHEL
o _eimeng) LMHMILD THIGCUTGID QeuaNULGSHSUILGHMS! (SHEHLOLILYT HILTEITS)). Qe &S
261855160 LMTHGLITEIV HITEEIEIIELEME 6163116V, VTS Y LIGHTL L[] 6T6uTLILI(HLD 6LT&erOl6oT
QBML55H5HDEG AHEHDL as@Ganlurerfles HPCHTES e GMIHI 1q. 6T61.6]
AflnEsEG SILGGWMD WG QMISHONS NenusGSAmE. UG L (5L 60T
Nemewill] SILSSUPOM  HI6T601.6).N &  eMembdUisTIHLET  LNen6mriLgled
SmeUNBRHMGI, 161Gl  6TLD.ZY1T.6T607.6] GSMILTHSHD LTERQFL  WOMID CevH
S &emned &S GemmbHS L L GH6L L (HGLD QlFuiuiiLI(B&eTment.

A@UINID, euMEGLTerdlesT (LP6tTesilemeLuled Q&FEL&6T  eUAT(IHLOGCLITE,
OMHCLMerOle0(hh& LTSHCLTerv GO L TELTedL, eom&CL TerOledl(Bh& 60 Q&L
LIUEIOITD  SWMHSSILGEDE., Q& SILSEGUWEODUL 6T  LNem6usaLuL (b,
IGeumeVQL & WIHMGMS gOHUBSHHME. Qeueurm IHMUIHLOSSLILILL TV,
@GHHWML YUCTLL (HL6IT  LNen6wsHs QUIOTS, @&6uTeL yiy.6T6oN.6).11 60Md
LOLIED)|&&6meN LIl Cli(H68 DI HSEHMSI, @ &60T cLpeuld GMUNLLILIL L L& higerlest
2_ILIJ DL L RI&GEH &S QULNIGSHMDSI.



@\J6TuIL_TeUG) SL(Luum_(® QU (LPEDMULITEIT S| & €@ &CHTerdle
Ny&Huediunr@Ld, sl G EHHCHTENV @evevrs Hlemevuev B-
CoHeL&GCLTACL 6T 2 MusHenw QUG  HBHES  CaLCumemeLL
GGl L Ursd (Hegl) CamnGmgenyl LwsUGSHEDS . &LPMHE
SlqCeorm&lest ComGeormumevGUL  (HlggeTdLY)  6T60TLSH| €(h FLOIGENEH CLPVSFaM)
G, @QH60T LjeUeLTsTIH GEh&HGaHTerOssT GHILMMTET aNHSTEMILIGL. &
cap 2 L6 LNenewisHmG, @QHer  eleneteuns car  NeMEWILL  HMSHGHIL 60T
Henemwiss  JAMIDSSEHMG  (SCLpUeTer  umIULSHOL QL GILMGHS6L 2 6ien
eNenuggyfledr 16 NN 1q6T65T6] uflend, lgpmeTerv&flLastT QSHTLES &ornd et
&My 60 LN SevLifid), @& 1q.6T601.6] 2 L 60T LN6n6MI&HS S41).6T601.6]. 10 &G
2 50 HMG. GErECaTaL Qeveurs Hemeouiled, cave Q&FM6| HHHLTE 2 668
LOMMID  cAP-caMP & Ig.6T60T.6] 2L 6  LNemewoiliUg — SHWNFLONS  p-
CHELGCLTACL 06T 2 MusHlenl  AHHSHEHMEI, QaemeL 2 ufje)
maML_GHmemevery UTEHCLTEMery 2 (heUTsHS 2 §e Hmg LOHMID CaHeu&HECLTerv
LOHMID GEh&ECaHTmery CalaMuNGEMG) .

Lac Operon model

|

. ow

L
Polycistronic lacI lacZ lacy lac A
mREMA | | | |
| & 9
Protein [ ] \ & ;
Inactive inhibitor B-Galactusidase Lactese  Thicgalactoside

permease transacetylase

m
2 @ N X
Active inhibitor  Lactose e Glucese + Galactose
A Tp
Allalactose
inducer

Lig Qi (h&H6V (Transcription)

lg.6T6oT.6]  SliqLiLiemLufleomest  OJUE| Geuaflumiqed  L6v  Lig.&efled
lq JT6sTErVHFILIERETT (LD S6TENLOILITEN S, Q6L Iq.6T6oT.Je)l6T 6(h, GSMOILNLL LNifley
9)17.6T601.6] LITOOILDGIEL 6T65TM QBITEHUITED y17.6T601.6] (GOILILITE 6TLD.SY[7.6T601.6]) Q6L
B&CLESSUILBH MG

I .6T60T.6] LOMMID 1T .6T60T.6] QUewui(Hd Huldafld SIbLRIGET, Sleme
By seNCuimemL L sefetT  Sliglileml.  Cgmmedemen 6@ Hay  QuomplumsL
LwedTL(h S G HesTment .  lqpmetero&Aiflliegesilesr CUTSI, €2(h Llg..6T60T.6] 6UflenF (1
S)7.6160T.6]  LIMOILDCIErmed LI S&LILGS DG, Qs  @0n (L &60T6MLD
lqJTeaTerv&FIIL eTeorlIL(BD € HFLIL, S460TIqLITEV6D Sy[T. 6T60T.6] SrOL[JT6T0TE0L
2 (HUMSHGHMG) .



LIRQUIGSSHL NesTeuHLD QUITIEUTEST Lilg &Heriled QSTLFHMG):

& SJ.6T60T.¢] UTODCHOV, €60TM SILEVGH SIGDG COULL QU
lq JTesTerV AFILIERETT SHTHTNSHE@bL 60T CHFIHSI, g . 6T60T . 6J606U 261&HEGNNGHGSLD .

<+ O[] .6T60T.6] umredlnGyery (b lqJmeTerV&IfILI6960T GLOILNemLL
o (HhUTHEGHME, Q& lq.6160.¢] Qamed&erdlest Qe @eMLO&HEMENILILD
&Sl By

< 1g . 6T60T.6J By SeNCUITEDL L& @55 QemL_uiev MU L7260
NemewuiLiL|GBenen 2 enLLILG6oT epeld @& CQEaLLLILGHDS) .

<& ohi].6T607.¢] LTQODGHerY o4iy.6T60T.6] HULHNCUITEHL L SHemend CaIsHME)
(Sleme e(Ih lo .6T63T.6]  eroL_pmevvnigest UL SeMCILITML L &Eh&HS
Ryuy&estmenr) .

<+ QY .6T60T.6] FJEHSHMI-LMVCLL (PGHICISHEIDL] 1. 6T60T. 6] LITEOILDCHerOlest
2 GO 63T S41].6T60T.6] Q6PN 2 (HUTEHSHMEGI .

QLI .6T60T.6]-1q..6T60T. 6] QUNEOIHerv 2 6L LILN6HT MOUDL[JR6ST LN6M6TuILILIG6IT,
LUEHSTE 62 (6 MIHMEISSHLILLL. 417 .6T601.6] Qemipenl all(hels&esTment .

+ HVHHNG @b &b QBHSTL, SiJ.6T601.6] GLOID CFLIOMTESLILIL VLD .
@dHeL  UTGLeliGevagstt, CaUNMm  WMHMID  NeTased &l
B\(H&&60MLD .

& SLJ.6T601.6] HHAND QH&EHHFa(HD S6LEVG STV FlM6T 6EUETHSSl6oT
QPTG en&L_GLmNermerOled(hh& CleueMGuimeontd.

SLIT.6T60T.6]  CLPLEFAMNS g JTETOrVAFLIL  QEFUIWILLL L. 1g . 6T60T . J6X60T
g [MeaTer V&ML U6l 6T6TM) SDPSSILGHEDMS WOHMID GSGODHSSH 626
yugmiemel  GOWTGEGHDE . WLIUGY @G UJSHmE GSOUILTEHS 6T,
lq JTesTerVAFILIERETT QDFEHE] [T 6T60T.6] (6TLD . Y[T.6T60T.6)) & 2 (HUTHGHMEI;
61D . g7 .6T60T.¢J,  QOMAQLWITIN6T epevld  LUTHHHleT  QSHTGLILSSTET  62(h
QLDLGeT L& QFWeLLIGEMDS) .

LMHOTS,  qITETeVERUL  QEUWLULL.  OJUED 6O &CHTIYJ6T60e,
mICUTCETLOMEL oY [J6T6oT6] (b TS JeT6tTe]), LIFIOMMM o4 J6T60T6]  (1q.S4,T6T60T6])
S0V G| MICUTEFLDSH6N 6TETLILI(RLD 6TEOTENEFIQ & Y [J6T60Te] CLPEVGHFaMIGHeT GLIT6ITM
GO SI6LEVITS 317 . 6T60T . 6] F 2 GSOWIMTESLD Q&uIuleomD .
QL (HOLISsLns, LUJshsmer  QGRSHmanss, @WREUEGSS LmmID
QEweursEs S .61601.6]  2.HEMGI; 610G QFH @B HLVHHMHGN
Qeweour(hsemens Q&S SlqLiLenL. LhE UHSHDG).

DEUNTLRAUTNCD, Sh1J.6T607.6] CLPLEHFaMIONBHGE (SISTEUSHI, SbIJ . 6T60T. 6]
)[yg:) 61D . gYJ.6T60T.6]  QFHMGLUeMLS — GOUNBLCUTEH  Qnhs  CQ&med

Liut6oTLI(h'& & LILIL_6VITLD . 2 _GMJ6UuILONS, §TSILD6MM- 2650116 €MeEnMm-
SeoNemUILGSSLILILL. Q41T . 6T60T.6] (61610 . 616N . QY1 .6T60T.6] -) 6MEUTErOl6T LOFLIGTD)
CmiyLenm 2 600116 eMemM-G6sNenLILGHHLILIL L S)[] . 61601 . 6]

(6T6NV . 6TENV . L[] . 6T60T.6] +) &HBMesT EUMILIL|(HEUTS Q(H&H&HEVMD [CFHaTle) CHemer .



gRlestetimmed, emeugerv  LNHUOILILSEG emalfev LJshiGener CLOMHCOLLITES
Caemauiment  HaHaUeL&emeT  GhIenm-2 e @enlp  Camaudereais . Qb
QFWICL(DEMM 62(H 6MEUTErV i . 6T6oT.6] LNJH cLpeuld element] S&LILLEMS

(PSS Lilg &H61T (Major steps)
g JTEaTerVANLIOQ6T  Gleussld, eNembursTr) SLUNSGHD, BLH WLHMID
(P19 8 860 6161 LNHSSLILIL (HeiTeng) .

S g

lqJTeaTerVEFILIOQ6ST  o4iT.6T60T.6] LITEOILDGCHemery  LNem6uuTLiLIGedT  CLP6VLD,
Q@IM VLG  SHMG  CHULL QuUTgeUTsT g ITeTaV&IfILIag6
SITIT6U & (61HL_ 60T, @b SL[] . 6T60T . 6] umrediGrerv-eNeaTdUFSTyy "eLplg Ul
QEMMESMS" 2 (HUTHGUSMG "eMenbUISTrj" eleorm GSOINLLUEGD (b
GSOUILL 1q.6T60T.6] UfleNEFSHG. "CLPlgUl UMTHSHEH6L" NGMDUFSHTIFI Lg. . 6T60T . 6]
Q@I (LP(LPEMOWITS QL IQLILITE 2 6TTeNg) .

SbIJ.6T60T.6]  LIMEOILDGIery, 660TM SI6LEVG SUHMG GCOULL QUM
lq JresTerv &GO  STJEM&ETTEL 2 HeUAME, LNesI6n] &M 14 SiqLIL6NL
Cgamg g .6T60T.gJ6mex  LNGEG Q7. 6160T.6]  LTODCHav-NeMDUISTHT " HDhS
QUAMTSSHMS" 2 (HUTHGHME. "SHDhHS eUaTHESHL" aNGMDUTSTIY L. . 6T60T. 6
eRIIeNeY SMLILDEML_WITS LOMHMILD €MenM-GeoflemLILIRSGSLILL L HTGLD .
QeueMuu@l, memm-SHeflmwlUGEHSUILULL  lg.6T60T.6]  "lgfmstTerv&liflLiees
@I eteorm SOOI LUGEMS) .

S417.6T607. 6] LMEOIDGION, 6263TMI SI6LEVG HMG COMUL L QUITEIeT6sT
lq etV &FllagsT  STJaM&eaTed 2 HeUHAME, LNeI6n g pmeiTerv&iflLiagest
SN @ Grmaeavafliagsr ASTLEs SaEmsS CHIHUSHES, SlQURIGLD
61601.1q. .11 WOMID 1q0TeTeVEFLOLET QBT &S T euflenssHE HILLSFalqul
6160T.1q .11 (216L6VG 6(F GMIHI  QLJ.6T6dT.6] Lenydy WOHMID  BHLig&HGLd
61601.1q..17M) 2 L 6T Lmewi&HAMmS. , WOMID SYUDLU 4. 6T60T.6]  SUIMHILIENL
QIPRIG LSS 2 (haUTsEESHmS 2616HGaNSHMG) .

urslefliLmaNled,  o4if.6T601.6]  UTEOLGCHeV  CamTCeMsTERIMFLD  BHS)
BlMSHG(LDSEHMETE CEHTTIHRETNGI: 2 o FHEDWES (PSS, 1 B SHIOETNHSG (LD,
1 sub 'GIOISGY LMHMID 1 o HlOWSSLH. UMSeflwimaled, ST &6
sTeTLL(RLD  6@(h  CILITGIEUTET  S41T.6T60T.6]  lqPMETerVAGILIOR6TT  SHM6ue 2 6TTeng)) .
SL[] . 6T60T . 6] umediLnGrery Gy 6T6OT6M & LD 31 . 61601 . 6] umredlnGyery
CammGeormsTeimenagsnin 2 (HeUTHGUSMEG UTSlefum QU g FTsTarv&iflLiag6s
(&&m)  sryeewLeT  NenenSSLUUL (R LetTenl] 65 eNMDUITSTI(HL 601
Nenei&Ama. (H&om  Fl el C&Mj  eTememd(PL 6T QemeusSLILHRILGUTS)
Sb1y.6160T.6] LITEADGIEL 62(h CaMTCELMETEITEMNFD 6760 SMPSHSHILBEDS, Q&
2 o GlEOEISEGPEBSET, 1 g FULEfl, 1 sub 'guulefl WL (GWD) CSTEILg).

SHISHWT  wHmID W ESTHACWITL&aled,  b.6T6m.6]  LTEOIDGreried
ursleflumailed 2 6em Wb Q.6T60.6]  UTEOLCTOV  HIEOETIESG(LHSS6r6L
@6UQAUTETAMGSL  CJ  WLIHFWMET  HlMWSG(PEHSET 2 étae,  GLOGILD
Fa(RBEL  FIOWEGPSSEHLD 2 6Tannerl. QFSSWT WOMID W STHCWITL S6fleD,



ursleflum QU  1qpmeTervANLageT STyl S&mealesT QFWweOLITHS6T  Liev
QUG 1qpmeTervAfLIOLET STIuENGeTTed Q&ILILILI(HE 66T .

QEmLAUTHeMeL, ep6Tm  QUITHIEUTET G T6TrVHFILIOL6ST  STT6uN&6I
o eenenT: TEP, TFB WMMID TFE. W STHCWML &ML, oui.6T601.6] LITEOIDGerv
II- &MY lqpmererv&Afliagsied, pmi QUITGHIEUTs g JmsiTeroAFILIO6H STy6utns e
2 erneneuT: lg.6T.1.63.83.6J, Ig.61.10.83.8. 10 (QHmeLCUM(R6N Lg..6T. L. LNuler e
S THCHTELMNS) |, g .6T°.L1.83.69.1q (PSS SlMTSS (LD, lq..19.19,
QFHTLQUTIGH6T Lg.15. 1NuUN6IT 6TEVIDINUID Y@GLD), TFIIE (QHTELCRUT([HET TFE @6
6TIDLIIGD) , TFIIF WOMMID TFITH. TBP & LMEILILIGES &HMNJ6UIIONG g . 6T60T. 6]
2 L 6T LNemeuuidbsLLBDd (PHL Faml TFIID PG, SICH CHIHSH6L TFIIH 6T60TLIG)
QL Gauy QWL 60L& SIRISLOMGLD . S TEHEWIT LOMHMILD
W SMHCWIT &eMed,  gyiy.6T60T.¢]  LTEODCIerv-aNATDUTSTHT  CLPIQUI  QUETTSHLD
QUGS "(P6iTFal 1gCUI HEHGHeMeEIGI" eT6rTm GSOIINLLILGHMS) .

lq JTeTerV HIFILI6965T SleUSSLD Fo.(H& 60 LI & MIG6NTeL
SLEUUGSSULGEDS, el PHqCaIlLJ&HET WOMID L SHGSPEMMEET 6165
SIMLP&HSLILI(H EHl6dTm6DT, GLoeyILd &ev FhSIULMRISeT6D, Q&ML [JLi6mLLLI
CoamslqCall LJ&H6T SeLevd GCaHMILCTEFTSHT, iened lqJTeaTervHFlLagsT 561&Hs
QUEMTEHSH6HT 2 (HUTHSLD WMMID CFWIEOLITL ML LOTHMIUIEHLD ST .

eMdUTSTIT HLILNG & 6L

W&HL LNem6ITLIL 6R(HRIGENESHILL L. LNME, WT.6T607.6] LITOLLGCHV
aNembugSMIHLO@GHE  HUu  Ceussihd. Qb%  ChHIGHHeL Y if.6T601. 6]
lgpreterv&fllenL. QeueuNGeusHGLD  SlEMGSSLILLL g TeTervAfILIL &enern
2 (HUTEHGUSDHGD 6(h CUTGHEG 2 6Tagl. Q& H(HSHMELLIL HlOUSGHD 6T6Tm)
DWPESILGEMG, Q& W eMHCWT_(h&sT oM  UCHTSTHGUITL (H&6rT
Qe MG QuTGaumerg. gmdamTy 10 HusefGTenL L &efler  eumged
PengSleor  o4iy.6T60T.6] SHWMHLIY @(HRKDEISSILUGLD  UDT  &(HSHSHM6LLIL|
QFML&HD QHTLIHMG, She ChHrsHed oas@aill HUNGHHL HePEME
LMHMID @6 qITaTaVEfLagsT Bl iqLlil eueMeD 2 (HeUTHMS) .

QussEaNWIL FHWLTS, Ilq.6T60T.6] rVEJEHHM CLH6VD  NeTDUTSHITIIT
UGG gOUGEDEH, Q& J.6601.6]  LTALGCHaV  CammTGeLmsT6TamELD
LOMID 2ar&GNULTaTHGEG QenluleomesT QHTLJLUSHET 2 ML && GHemeLLITeoT
&SI QUPRIGHMS) .

urslefliurealled, eNeMbdUISTT) SIS gOHULL LNME &M Sye
BHEFWOre Qe U@  eeim  eugeomrmHm  FHWTS SHSUULLG. Qb
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INITIATION
Transitional complex forms, and
tRNA brings first amino acid in
polypeptide chain to bind to start

stop codon

ELONGATION
tRNAs bring amino acids one by
one to add to polypeptide chain.

TERMINATION
Release factor recognizes stop codon,
translational complex dissociates, and

completed polypeptide is released.
codon on mMRNA.
release
< factor
completed
polypeptide
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