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INTRODUCTION

After study of the discipline section the student should know: the structure of a
cell, its cores organellas and their participation in transfer and realization of the
hereditary information, features of mitosis and meiosis, process of gametogenesis,
structures of chromosomes and karyotypes of domestic animals. Students should be
able: to prepare cytogenetic preparations, to do karyotypic analysis of animals.

Laboratory work Nel
Subject: Cytological basics of animal’s heredity.

The purpose: To get acquainted with a structure of a cell, organellas which
take part in storage and realization of the genetic information. To learn preparing
cytogenetic preparations.

The equipment: tables of cell structure, tables of a mitosis and meyosis,
monocular microscopes, scissors, a scalpel, filtering paper, dye of Gimza fixing
solution of Karnua, hypotonic solution KCl, a centrifuge, rotary test tubes, a cover
glass.

Course of work:

1. To get acquainted with a structure of a cell (using the Table).

2. To draw the scheme of a cell and to designate its organelles.

3. To fill in the table of participation organelle in storage, transfer and realization
of the genetic information.

Explanation of work:

Biologists traditionally classify all living organisms into two major groups, the
prokaryotes and the eukaryotes. A prokaryote is a unicellular organism with a
relatively simple cell structure (Fig. 1). A eukaryote has a compartmentalized cell
structure divided by intracellular membranes; eukaryotes may be unicellular or
multicellular. The sizes of eukaryote organisms are various.

All cells contain many structural units of the smaller size named organellas.
Organella is substructure of cells which carry out specific functions (Table 1).
Organella is a subcell unit which is limited by a membrane and is separated for



centrifugal separation at high speed. According to this definition, ribosome,
cytoskeleton, cytosol are not organellas, but it is possible to allocate them by the
centrifugal separation.
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FIGURE 1. Cell structure

From the perspective of genetics, a major difference between prokaryotic and
eukaryotic cells is that a eukaryote has a nuclear envelope, which surrounds the
genetic material to form a nucleus and separates the DNA from the other cellular
contents. In prokaryotic cells, the genetic material is in close contact with other
components of the cell — a property that has important consequences for the way in
which genes are controlled.

Another fundamental difference between prokaryotes and eukaryotes lies in the
packaging of their DNA. In eukaryotes, DNA is closely associated with a special
class of proteins, the histones, to form tightly packed chromosomes. This complex of
DNA and histone proteins is termed chromatin, which is the stuff of eukaryotic
chromosomes.

The Plasma Membrane

An animal cell is surrounded by an outer plasma membrane. The plasma
membrane marks the boundary between the outside of the cell and the inside of the
cell. Plasma membrane integrity and its function are necessary for the life of the cell.

The plasma membrane is a phospholipid belayed with attached or embedded
proteins. The structure of a phospholipid is such that the molecule has a polar head
and nonpolar tails (Fig.1). The polar heads, being charged, are hydrophilic (water
loving) and face outward, toward the cytoplasm on one side and the tissue fluid on



the other side, where they will encounter a watery environment. The nonpolar tails
are hydrophobic (not attracted to water) and face inward toward each other, where
there is no water. When phospholipids are placed in water, they naturally form a
circular bilayer because of the chemical properties of the heads and the tails. At body
temperature, the phospholipid bilayer is a liquid; it has the consistency of olive oil,
and the proteins are able to change their position by moving laterally. The fluid-
mosaic model, a working description of membrane structure, says that the protein
molecules have a changing pattern (form a mosaic) within the fluid phospholipid
bilayer.

Cholesterol lends support to the membrane. Short chains of sugars are attached
to the outer surface of some proteinand lipid molecules (called glycoproteins and
glycolipids, respectively). It is believed that these carbohydrate chains, specific to
each cell, help mark it as belonging to a particular individual. They account for why
people have different blood types, for example. Other glycoproteins have a special
configuration that allows them to act as a receptor for a chemical messenger like
ahormone. Some plasma membrane proteins form channels through which certain
substances can enter cells; others are carriers involved in the passage of molecules
through the membrane.

Plasma Membrane Functions:

The plasma membrane keeps a cell intact. It allows only certain molecules and
jons to enter and exit the cytoplasm freely; therefore, the plasma membrane is said to
be selectively permeable. Small molecules that are lipid-soluble, such as oxygen and
carbon dioxide, can pass through the membrane easily. Certain other small
molecules, like water, are not lipid soluble, but they still freely cross the membrane.
Still other molecules and ions require the use of a carrier to enter a cell. The plasma
membrane, composed of phospholipid and protein molecules, is selectively
permeable and regulates the entrance and exit of molecules and ions into and out of
the cell

The Nucleus

The nucleus, which has a diameter of about 5 [1m, is a prominent structure in
the eukaryotic cell. The nucleus is of primary importance because it stores genetic
information that determines the characteristics of the body’s cells and their metabolic
functioning. Every cell contains a complex copy of genetic information, but each cell
type has certain genes, or segments of DNA, turned on, and others turned off.
Activated DNA, with RNA acting as an intermediary, specifies the sequence of
amino acids during protein synthesis. The proteins of a cell determine its structure
and the functions it can perform. When you look at the nucleus, even in an electron
micrograph, you cannot see DNA molecules but you can see chromatin.

Chromatin looks grainy, but actually it is a threadlike material that undergoes
coiling into rodlike structures called chromosomes just before the cell divides.
Chemical analysis shows that chromatin, and therefore chromosomes, contains DNA
and much protein, as well as some RNA. Chromatin is immersed in a semifluid
medium called the nucleoplasm. A difference in pH between the nucleoplasm and



the cytoplasm suggests that the nucleoplasm has different composition. Most likely,
too, when you look at an electron micrograph of a nucleus, you will see one or more
areas that look darker than the rest of the chromatin. These are nucleoli (sing.,
nucleolus) where another type of RNA, called ribosomal RNA (rRNA), is produced
and where rRNA joins with proteins to form the subunits of ribosomes. (Ribosomes
are small bodies in the cytoplasm that contain rRNA and proteins.) The nucleus is
separated from the cytoplasm by a double membrane known as the nuclear envelope.
The nuclear envelope has nuclear pores of sufficient size (100 nm) to permit the
passage of proteins into the nucleus and ribosomal subunits out of the nucleus. The
structural features of the nucleus include the following. Chromatin: DNA and
proteins Nucleolus: Chromatin and ribosomal subunits. Nuclear envelope: Double
membrane

Mitochondria

Most mitochondria (sing., mitochondrion) are between 0.5 um and 1.0 um in
diameter and about 7 pum in length, although the size and the shape can vary.
Mitochondria are bounded by a double membrane. The inner membrane is folded to
form little shelves called cristae, which project into the matrix, an inner space filled
with a gellike fluid. Lysosomes are produced by a Golgi apparatus, and their
hydrolytic enzymes digest macromolecules from various sources. Mitochondria are
the site of ATP (adenosine triphosphate) production involving complex metabolic
pathways. ATP molecules are the common carrier of energy in cells. A shorthand
way to indicate the chemical transformation that involves mitochondria is as follows:
Mitochondria are often called the powerhouses of the cell: just as a powerhouse burns
fuel to produce electricity, the mitochondria convert the chemical energy of glucose
products into the chemical energy of ATP molecules. In the process, mitochondria
use up oxygen and give off carbon dioxide and water.

The Golgi apparatus is named by Camillo Golgi, who discovered its presence
in cells in 1898. The Golgi apparatus consists of a stack of three to twenty slightly
curved saccules whose appearance can be compared to a stack of pancakes. In animal
cells, one side of the stack (the inner face) is directed toward the ER, and the other
side of the stack (the outer face) is directed toward the plasma membrane. Vesicles
can frequently be seen at the edges of the saccules.

The Golgi apparatus receives protein and/or lipid-filled vesicles that bud from
the ER. Some biologists believe that these fuse to form a saccule at the inner face and
that this saccule remains as a part of the Golgi apparatus until the molecules are
repackaged in new vesicles at the outer face. Others believe that the vesicles from the
ER proceed directly to the outer face of the Golgi apparatus, where processing and
packaging occur within its saccules. The Golgi apparatus contains enzymes that
modify proteins and lipids. For example, it can add a chain of sugars to proteins,
thereby making them glycoproteins and glycolipids, which are found in the plasma
membrane.

The vesicles that leave the Golgi apparatus move about the cell. Some vesicles
proceed to the plasma membrane, where they discharge their contents. Because this is



secretion, it is often said that the Golgi apparatus is involved in processing,
packaging, and secretion. Other vesicles that leave the Golgi apparatus are
lysosomes. The Golgi apparatus processes, packages, and distributes molecules about
or from the cell. It is also said to be involved in secretion.

The endoplasmic reticulum (ER), a complicated system of membranous
channels and saccules (flattened vesicles), is physically continuous with the outer
membrane of the nuclear envelope. Rough ER is studded with ribosomes on the side
of the membrane that faces the cytoplasm. Here proteins are synthesized and enter the
ER interior where processing and modification begin. Smooth ER, which is
continuous with rough ER, does not have attached ribosomes. Smooth ER synthesizes
the phospholipids that occur in membranes and has various other functions depending
on the particular cell. In the tests, it produces testosterone, and in the liver it helps
detoxify drugs. Regardless of any specialized function, smooth ER also forms
vesicles in which large molecules are transported to other parts of the cell. Often
these vesicles are on their way to the plasma membrane or the Golgi apparatus. ER is
involved in protein synthesis (rough ER) and various other processes such as lipid
synthesis (smooth ER). Molecules that are produced or modified in the ER are
eventually enclosed in vesicles that often transport them to the Golgi apparatus.

Ribosomes are composed of two subunits, one large and one small. Each
subunit has its own mix of proteins and rRNA. Protein synthesis occurs at the
ribosomes. Ribosomes are found free within the cytoplasm either singly or in groups
called polyribosomes. Ribosomes are often attached to the endoplasmic reticulum, a
membranous system of saccules and channels discussed in the next section. Proteins
synthesized by cytoplasmic ribosomes are used inside the cell for various purposes.
Those produced by ribosomes attached to endoplasmic reticulum may eventually be
secreted from the cell. Ribosomes are small organelles where protein synthesis
occurs. Ribosomes occur in the cytoplasm, both singly and in groups (i.e.,
polyribosomes). Numerous ribosomes are attached to the endoplasmic reticulum.

Centrioles

In animal cells, centrioles are short cylinders with microtubules. There are
nine outer microtubule triplets and no center microtubules. There is always one pair
of centrioles lying at right angles to one another near the nucleus. Before a cell
divides, the centrioles duplicate, and the members of the new pair are also at right
angles to one another. During cell division, the pairs of centrioles separate so that
each daughter cell gets one pair of centrioles. Centrioles are part of a microtubule
organizing center that also includes other proteins and substances. Microtubules
begin to assemble in the center, and then they grow outward, extending through the
entire cytoplasm. In addition, centrioles may be involved in other cellular processes
that use microtubules, such as movement of material throughout the cell or formation
of the spindle, a structure that distributes the chromosomes to daughter cells during
cell division. Their exact role in these processes is uncertain, however. Centrioles
also give rise to basal bodies that direct the formation of cilia and flagella.



The Cytoskeleton

Several types of filamentous protein structures form a cytoskeleton that helps
maintain the cell’s shape and either anchors the organelles or assists their movement
as appropriate. The cytoskeleton includes microtubules and actin filaments Actin
filaments are long, extremely thin fibers that usually occur in bundles or other
groupings. Actin filaments have been isolated from various types of cells, especially
those in which movement occurs. Microvilli, which project from certain cells and can
shorten and extend, contain actin filaments. Actin filaments, like microtubules, can
assemble and disassemble. The cytoskeleton contains microtubules and actin
filaments. Microtubules (13 rows of tubulin protein molecules arranged to form a
hollow cylinder) and actin filaments (thin actin strands) maintain the shape of the cell
and also direct the movement of cell parts.

Microtubules are shaped like thin cylinders and are several times larger than
actin filaments. Each cylinder contains 13 rows of tubulin, a globular protein,
arranged in a helical fashion. Remarkably, microtubules can assemble and
disassemble. In many cells, the regulation of microtubule assembly is under the
control of a microtubule organizing center (MTOC), which lies near the nucleus.
Microtubules radiate from the MTOC, helping to maintain the shape of the cell and
acting as tracks along which organelles move. It is well known that during cell
division, microtubules form spindle fibers, which assist the movement of
chromosomes. Most mitochondria (sing., mitochondrion) are between 0.5 um and
1.0 um in diameter and about 7 um in length, although the size and the shape can
vary. Mitochondria are bounded by a double membrane. The inner membrane is
folded to form little shelves called cristae, which project into the matrix, an inner
space filled with a gellike fluid and then mitochondria; the carbon dioxide you
breathe out is released by mitochondria. Because oxygen is involved, it is said that
mitochondria carry on cellular respiration. The matrix of a mitochondrion contains
enzymes for breaking down glucose products. ATP production then occurs at the
cristae. The protein complexes that aid in the conversion of energy are located in an
assembly-line fashion on these membranous shelves. Every cell uses a certain amount
of ATP energy to synthesize molecules, but many cells use ATP to carry out their
specialized function. For example, muscle cells use ATP for muscle contraction,
which produces movement, and nerve cells use it for the conduction of nerve
impulses, which make us aware of our environment. Mitochondria are involved in
cellular respiration, a process that provides ATP molecules to the cell.

Lysosomes, vesicles produced by the Golgi apparatus, contain hydrolytic
digestive enzymes. Sometimes macromolecules are brought into a cell by vesicle
formation at the plasma membrane. When a lysosome fuses with such a vesicle, its
contents are digested by lysosomal enzymes into simpler subunits that then enter the
cytoplasm. Even parts of a cell are digested by its own lysosomes (called
autodigestion). Normal cell rejuvenation most likely takes place in this manner, but
autodigestion is also important during development. For example, when a tadpole
becomes a frog, lysosomes digest away the cells of the tail. The fingers of a human
embryo are at first webbed, but they are freed from one another become so full of



these lysosomes that the child dies. Someday soon it may be possible to provide the
missing enzyme for these children.

Each eukaryotic species has a characteristic karyotypee (number and
morphology of chromosomes per cell). In most eukaryotic cells, there are two sets of
chromosomes. The presence of two sets is a consequence of sexual reproduction; one
set is inherited from the male parent and the other from the female parent. Each
chromosome in one set has a corresponding chromosome in the other set, together
constituting a homologous pair.

Human cells, for example, have 46 chromosomes, comprising 23 homologous
pairs. The two chromosomes of a homologous pair are usually alike in structure and
size, and each carries genetic information for the same set of hereditary
characteristics. Most cells carry two sets of genetic information; these cells are
diploid (2n). But not all eukaryotic cells are diploid: reproductive cells (such as eggs,
sperm, and spores) and even nonreproductive cells in some organisms may contain a
single set of chromosomes. Cells with a single set of chromosomes are haploid (n).
Haploid cells have only one copy of each gene. Content of DNA in diploid cell is 2c,
in haploid cell — c.

The stages of the cell division cycle (Fig. 2) are similar in most organisms. The
two basic parts of the cycle are interphase (comprising gap 1 (G,), synthesis (S), and
gap 2 (G,) and mitosis. An event essential for the propagation of genotype takes
place in the S phase (synthesis phase) because it is here that the actual replication of
the DNA of each chromosome occurs. As a result of DNA replication, each
chromosome becomes two side by side units called sister chromatids. The sister
chromatids stay attached through the action of specific adherence proteins.

Cell cycle

The cell cycle is the life story of a cell, the stages through which it passes from
one division to the next (Fig. 2). This process is critical to genetics because, through
the cell cycle, the genetic instructions for all characteristics are passed from parent to
daughter cells. A new cycle begins after a cell has divided and produced two new
cells. A new cell metabolizes, grows, and develops. At the end of its cycle, the cell
divides to produce two cells, which can then undergo additional cell cycles.

The cell cycle consists of two major phases. The first is interphase, the period
between cell divisions, in which the cell grows, develops, and prepares for cell
division. The second is M phase (mitotic phase), the period of active cell division. M
phase includes as a result of lysosomal action. Occasionally, a child is born with Tay-
Sachs disease, a metabolic disorder involving a missing or inactive lysosomal
enzyme. In these cases, the lysosomes fill to capacity with macromolecules that
cannot be broken down. The cells mitosis, the process of nuclear division, and
cytokinesis, or cytoplasmic division.

Interphase is the extended period of growth and development between cell
divisions. Although little activity can be observed with a light microscope, the cell is
quite busy: DNA is being synthesized, RNA and proteins are being produced, and
hundreds of biochemical reactions are taking place.



MName

Composition

Function

Plasma membrane

Nucleus

Mucleolus

Ribosome

Endoplasmic
reticulum (ER)

Rough ER

Smooth ER

Golgi apparatus

Vacuaole and
vasicle

Lysasome

Mitochondrion

Cytoskeleton

Cilia and flagella

Centriale

Phasphaolipid bilayar
with embedded
proteing

Nuclear envelape
surrounding nucleoplasm,
chromating and nucleolus

Cancentrated area
of chramatin, RRNA,
and proteins

Protein and RNA in
two subunits

Membranous
saccules and canals

Studded with ribosomes

Having no ribosomes

Stack of membranous
saccules

Mambranous sacs

Mambranous vesicle
containing digestive
enzymes

Inner membrane [cristae)
within outer membrane

Microtubules,
actin filaments

9 + 2 pattern of
microtubules

9 + § pattern of
microtubules

Selective passage of molecules
into and out of cell

Starage of genetic information

Ribosomal formation

Pratein synthesis

Synthesis and/or modification
of proteins and other
substances, and transport by
vasicle formation

Protein synthesis

Various; lipid synthesis in some
cells

Pracessing, packaging, and
distributing malacules

Starage and transport of
substances

Intracellular digestion

Cellular respiration

Shape of cell and movement

of its parts

Movement of cell

Formation of basal bodies

1. Structure and functions of cell subunites

By convention, interphase is divided into three phases:

Gl, S, and G2 (see Fig 2). Interphase begins with G1(for gap 1). In G1, the cell
grows, and proteins necessary for cell division are synthesized; this phase typically
lasts several hours. There is a critical point in the cell cycle, termed the G1/S
checkpoint, in G1; after this checkpoint has been passed, the cell is committed to



divide. Before reaching the G1/S checkpoint, cells may exit from the active cell cycle
In response to regulatory signals and pass into a nondividing phase called GO), which
Is a stable state during which cells usually maintain a constant size. They can remain
in GO for an extended period of time, even indefinitely, or they can reenter G1 and
the active cell cycle.

Many cells never enter GO; rather, they cycle continuously. After G1, the cell
enters the S phase (for DNA synthesis), in which each chromosome duplicates.
Although the cell is committed to divide after the G1/S checkpoint has been passed,
DNA synthesis must take place before the cell can proceed to mitosis. If DNA
synthesis is blocked (with drugs or by a mutation), the cell will not be able to undergo
mitosis.

Before S phase, each chromosome is composed of one chromatid; following S
phase, each chromosome is composed of two chromatids.

Qriginal @ﬁ‘"—-—-.*@@ Daughter
cell cells

Stages of the cell cycle
M = mitosis

S = DNA synthesis
G =gap

FIGURE 2. Cell cycle

After the S phase, the cell enters G2 (gap 2). At this phase, several additional
biochemical events necessary for cell division take place. The important G2/M
checkpoint is reached in G2; after this checkpoint has been passed, the cell is ready to
divide and enters M phase. Although the length of interphase varies from cell type to
cell type, a typical dividing mammalian cell spends about 10 hours in G1, 9 hours in
S, and 4 hours in G2 (Fig. 3).

Throughout interphase, the chromosomes are in a relatively relaxed, but by no
means uncoiled, state, and individual chromosomes cannot be seen with the use of a
microscope.

This condition changes dramatically when interphase draws to a close and the
cell enters M phase.
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FIGURE 3. Cell cycle. Genetic consequences of the cell cycle

From a single cell, the cell cycle produces two cells that contain the same
genetic instructions. These two cells are identical with each other and with the cell
that gave rise to them. They are identical because DNA synthesis in S phase creates
an exact copy of each DNA molecule, giving rise to two genetically identical sister
chromatids. Mitosis then ensures that one chromatid from each replicated
chromosome passes into each new cell.

Another genetically important result of the cell cycle is that each of the cells
produced contains a full complement of chromosomes there is no net reduction or
increasing in chromosome number. Each cell also contains approximately half the
cytoplasm and organelle content of the original parental cell, but no precise
mechanism analogous to mitosis ensures that organelles are evenly divided.
Consequently, not all cells resulting from the cell cycle are identical in their
cytoplasmic content.

Control of the cell cycle

For many years, the biochemical events that controlled the progression of cells
through the cell cycle were completely unknown, but research has now revealed
many of the details of this process. Progression of the cell cycle is regulated at
several checkpoints, which ensure that all cellular components are present and in
good working order before the cell proceeds to the next stage. The checkpoints are
necessary to prevent cells with damaged or missing chromosomes from proliferating.
One important checkpoint mentioned earlier, the G1/S checkpoint, comes just before
the cell enters into S phase and replicates its DNA. When this point has been passed,
DNA replicates and the cell is committed to divide. A second critical checkpoint,
called the G2/M checkpoint, is at the end of G2, before the cell enters mitosis.

Both the G1/S and the G2/M checkpoints are regulated by a mechanism in which
two proteins interact. The concentration of the first protein, cyclin, oscillates during



the cell cycle (Fig. 3). The second protein, cyclindependent kinase (CDK), cannot
function unless it is bound to cyclin. Cyclins and CDKs are called by different names
in different organisms, but here we will use the terms applied to these molecules in
yeast.

Let’s begin by looking at the G2/M checkpoint. This checkpoint is regulated by
cyclin B, which combines with CDK to form M-phase promoting factor (MPF). After
MPF is formed, it must be activated by the addition of a phosphate group to one of
the amino acids of CDK.

Whereas the amount of cyclin B changes throughout the cell cycle, the amount
of CDK remains constant. During G1, cyclin B levels are low; so the amount of MPF
also is low. As more cyclin B is produced, it combines with CDK to form increasing
amounts of MPF. Near the end of G2, the amount of active MPF reaches a critical
level, which commits the cell to divide. The MPF concentration continues to increase,
reaching a peak in mitosis. The active form of MPF is a protein kinase, an enzyme
that adds phosphate groups to certain other proteins. Active MPF brings about many
of the events associated with mitosis, such as nuclear-membrane breakdown, spindle
formation, and chromosome condensation.

At the end of metaphase, cyclin is abruptly degraded, which lowers the amount
of MPF and, initiating anaphase, sets in motion a chain of events that ultimately
brings mitosis to a close (see Figure). Ironically, active MPF brings about its own
demise by destroying cyclin. In brief, high levels of active MPF stimulate mitosis,
and low levels of MPF bring a return to interphase conditions. A number of factors
stimulate the synthesis of cyclin B and the activation of MPF, whereas other factors
inhibit MPF.

Together these factors determine whether the cell passes through the G2/M
checkpoint and ensure that mitosis is not initiated until conditions are appropriate for
cell division. For example, DNA damage inhibits the activation of MPF; the cell is
arrested in G2 and does not undergo division.

The G1/S checkpoint is regulated in a similar manner. In fission yeast
(Shizosaccharomyces pombe), the same CDK is used, but it combines with G1
cyclins. Again, the level of CDK remains relatively constant, whereas the level of G1
cyclins increases throughout G1. When the activated CDK-G1l-cyclin complex
reaches a critical concentration, proteins necessary for replication are activated and
the cell enters S phase.

In phase GO are high differentiate cells — neuron kardiomiozites. Cells of a bone
brain, mucous of a gastrointestinal path on the contrary almost continuously share
and seldom enter into phase GO. Cells of many fabrics of an organism can turn in a
cycle of division, but is usual in a fabric the small amount of cells (except for
damages or tumoral new growths) shares.



©WoOo~No Ok whE

wn

o O

10.

11.

Control questions to laboratory work Nel

What is karyotypee?

How many copies of chromosomes cell does diploid number contain?
How many copies of chromosomes cell does haploid number contain?
What substance composes DNA in a haploid cell?

What substance composes DNA in a diploid cell?

What is organelle?

Describe features of a cell structure and functions of a kernel.

Give the description of mitochondrion functions.

Where are they located and what function do ribosomes carry out?
What is endoplasmic reticulum? Where is it located?

Where are lisosoms locating? Describe their functions.

To what more the common structure device Goldzhi posesses? Describe its
functions.

What is cytoskeleton? Describe its structure and function.

What is cytosol? What is it belong to?

Describe interphase of cells. In which periods does it divide and what occurs then?
How long does mitosis cycle last?

What is G; phase?

What processes occurs in S phase?

What is characteristic for G, phase?

What phase can pass in a terminal differentiation period?

What is the amitotic division? When is it observed?
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Laboratory work Ne 2

Subject: Mitosis and meyosis.

The purpose. To get acquainted with the basic laws of cell division and
behavior of chromosomes at mitosis and meyosis. To characterize differences and
biological value of mitosis and meyosis.

The equipment: tables of mitosis and meyosis, monocular microscopes,
cytogenetic preparations of different animals.

Course of work:

To get acquainted with the basic phases mitotic and meiotic divisions.
To sketch the scheme of mitosis and meiosis.

To define differences between mitosis and meiosis their biological value.
To consider stages of oogenesis and spermatogenesis

To draw conclusions.

bk

Explanation to performance of work:
Mitosis is the universal, widely spread indirect device of a cell.

Mitosis — (M-phase) is the part of the cell cycle in which the copies of the cell’s
chromosomes (sister chromatids) are separated and the cell undergoes division. A
critical process in M phase is the separation of sister chromatids to provide a
complete set of genetic information for each of the resulting cells.

Biologists usually divide M phase into six stages: the five stages of mitosis
(prophase, prometaphase, metaphase, anaphase, and telophase) and cytokinesis (Fig.
4,5). It’s important to keep in mind that M phase is a continuous process, and its
separation into these six stages somewhat artificial.

During interphase, the chromosomes are relaxed and are visible only as diffuse
chromatin, but they condense during prophase, becoming visible under a light
microscope.
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FIGURE 4. Scheme of mitosis



Each chromosome possesses two chromatids because the chromosome was
duplicated in the preceding S phase. The mitotic spindle, an organized array of
microtubules that move the chromosomes in mitosis, forms. In animal cells, the
spindle grows out from a pair of centrosomes that migrate to opposite sides of the
cell. Within each centrosome is a special organelle, the centriole, which is also
composed of microtubules.

Disintegration of the nuclear membrane marks the start of prometaphase.
Spindle microtubules, which until now have been outside the nucleus, enter the
nuclear region. The ends of certain microtubules make contact with the chromosome
and anchor to the kinetochore of one of the sister chromatids; a microtubule from the
opposite centrosome then attaches to the other sister chromatid, and so each
chromosome is anchored to both of the centrosomes. The microtubules lengthen and
shorten, pushing and pulling the chromosomes about. Some microtubules extend
from each centrosome toward the center of the spindle but do not attach to a
chromosome.

During metaphase, the chromosomes arrange themselves in a single plane, the
metaphase plate, between the two centrosomes.

The centrosomes, now at opposite ends of the cell with microtubules radiating
outward and meeting in the middle of the cell, center at the spindle pole. Anaphase
begins when the sister chromatids separate and move toward opposite spindle poles.
After the chromatids have separated, each is considered a separate chromosome.
Telophase is marked by the arrival of the chromosomes at the spindle poles. The
nuclear membrane re-forms around each set of chromosomes, producing two separate
nuclei within the cell. The chromosomes relax and lengthen, once again disappearing
from view.

1. Conclucion by the major events during mitosis

Stage Major Features
Gp phase Stable, nondividing period of variable length
Interphase
G, phase Growth and development of the cell; G,/5 checkpoint
S phase Synthesis of DNA
G; phase Preparation for division; G,/5 checkpoint
M phase
Prophase Chromosomes condense and mitotic spindle forms
Prometaphase Muclear envelope disintegrates, spindle microtubules anchor to
kinetochores
Metaphase Chromosomes align on the metaphase plate
Anaphase Sister chromatids separate, becoming individual chromosomes that

migrate toward spindle poles

Telophase Chromosomes arrive at spindle poles, the nuclear envelope re-forms,
and the condensed chromosomes relax

Cytokinesis Cytoplasm divides; cell wall forms in plant cells
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Biological aim of mitosis is supplying identical genetic information of two

daughter cells.

Meiosis is the general name given to two successive nuclear divisions called
meiosis | and meiosis Il. Meiosis takes place in special diploid cells called meiocytes.
Because of the two successive divisions, each meiocyte cell gives rise to four cells, 1
cell: 2 cells : 4 cells. The four cells are called products of meiosis. In animals and
plants, the products of meiosis become the haploid gametes. In humans and other
animals, meiosis takes place in the gonads, and the products of meiosis are the
gametes — sperm (more properly, spermatozoa) and eggs (ova). Before meiosis, an S
phase duplicates each chromosome’s DNA to form sister chromatids, just as in

mitosis.

FIGURE 5. Scheme of mitosis
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FIGURE 6. Scheme of meiosis

The words mitosis and meiosis are sometimes confused. They sound a bit
alike, and both include chromosome division and cytokinesis. Don’t let this deceive
you. The outcomes of mitosis and meiosis are radically different, and several unique
events that have important genetic consequences take place only in meiosis.

How is meiosis different from mitosis? Mitosis consists of a single nuclear
division and is usually accompanied by a single cell division. Meiosis, on the other
hand, consists of two divisions. After mitosis, chromosome number in newly formed
cells is the same as that in the original cell, whereas meiosis causes chromosome
number in the newly formed cells to be reduced by half. Finally, mitosis produces
genetically identical cells, whereas meiosis produces genetically variable cells.

Like mitosis, meiosis is preceded by an interphase stage that includes G, S,
and G, phases. Meiosis consists of two distinct phases: meiosis | and meiosis Il, each
of which includes a cell division. The first division is termed the reduction division
because the number of chromosomes per cell is reduced by half (Fig. 6). The second
division is sometimes termed the equational division because the events in this phase
are similar to those of mitosis.



However, meiosis Il differs from mitosis in that chromosome number has
already been halved in meiosis I, and the cell does not begin with the same number of
chromosomes as it does in mitosis.

During interphase, the chromosomes are relaxed and visible as diffuse
chromatin. Prophase | is a lengthy stage, divided into five substages (Fig. 7). In
leptotene, the chromosomes contract and become visible. In zygotene, the
chromosomes continue to condense; homologous chromosomesbegin to pair up and
begin synapsis, a very close pairing association. Each h omologous pair of synapsed
chromosomes consists of four chromatids called a bivalent or tetrad. In pachytene,
the chromosomes become shorter and thicker, and a three-part synaptonemal complex
develops between homologous chromosomes. Crossingover takes place, in which
homologous chromosomes exchange genetic information. The centromeres of the
paired chromosomes move apart during diplotene; the two homologs remain attached
at each chiasma (plural, chiasmata), which is the result of crossing over. In diakinesis,
chromosome condensation continues, and the chiasmata move toward the ends of the
chromosomes as the strands slip apart; so the homologs remained paired only at the
tips. Near the end of prophase I, the nuclear membrane breaks down and the spindle
forms.

Metaphase | is initiated when homologous pairs of chromosomes align along
the metaphase plate. A microtubule from one pole attaches to one chromosome of a
homologous pair, and a microtubule from the other pole attaches to the other member
of the parr.

Anaphase | is marked by the separation of homologous chromosomes. The
two chromosomes of a homologous pair are pulled toward opposite poles. Although
the homol homologous chromosomes separate, the sister chromatids remain attached
and travel together.

In telophase I, the chromosomes arrive at the spindle poles and the cytoplasm
divides.

The period between meiosis | and meiosis Il is interkinesis, in which the
nuclear membrane re-forms around the chromosomes clustered at each pole, the
spindle breaks down, and the chromosomes relax. These cells then pass through
Prophase Il, in which these events are reversed: the chromosomes recondense, the
spindle re-forms, and the nuclear envelope once again breaks down. In interkinesis in
some types of cells, the chromosomes remain condensed, and the spindle does not
break down. These cells move directly from cytokinesis into metaphase I, which is
similar to metaphase of mitosis: the individual chromosomes line up on the
metaphase plate, with the sister chromatids facing opposite poles.

In anaphase Il, the kinetochores of the sister chromatids separate and the
chromatids are pulled to opposite poles. Each chromatid is now a distinct
chromosome. In telophase |1, the chromosomes arrive at the spindle poles, a nuclear
envelope re-forms around the chromosomes, and the cytoplasm divides. The
chromosomes relax and are no longer visible. The major events of meiosis are
summarized.
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2. The major events of meiosis

Stage Major Events
Meiosis |
Prophase | Chromosomes condense, homaologous pairs of chromosomes synapse,
Crossing over takes place, nuclear envelope breaks down, and mitotic
spindle forms
Mataphasa | Homaologous pairs of chromosomes line up on the mataphase plate
Anaphase | The two chromosomas (each with two chromatids) of each homalogous
pair separate and move toward opposite poles
Talophasa | Chromosomes arrive at the spindle poles
Cytokinesis The cytoplasm divides to produce two calls, each having half tha

ariginal number of chromosomes

Interkinegsis In some cells the spindle breaks down, chromosomes ralax, and a
nuclear envelope re-forms, but no DMA synthesis takes place

Meiosis Il
Prophase 1I* Chromosomes condense, the spindle forms, and the nuclear
envelope disintegrates
Metaphase |l Individual chromosomes line up on the metaphase plate
Anaphase Il Sister chromatids separate and migrate as individual chromosomes
toward the spindle poles
Telophase Il Chromosomes arrive at the spindle poles; the spindla breaks down and
a nuclear envelope re-forms
Cytokinesis The cytoplasm divides
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FIGURE 10. Comparison of meiosis and mitosis characteristics
Meiosis includes two cell divisions. In this figure, the original cell is 2n_4.
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FIGURE 11 Comparison of meiosis and mitosis characteristics

Biological value of meyosis consists in a reduction of the chromosomes
number, necessary for reception of gametes and maintenance of a karyotype
constancy, genetic recombination, caused crossing-over and recombination of
chromosomes which maintain biological variety at a level of a kind and receptions of
new genetic combinations at descendants enable.

Gametogenesis

The production of gametes in a male animal (spermatogenesis) takes place in
the testes. There, diploid primordial germ cells divide mitotically to produce diploid
cells called spermatogonia (Fig. 12). Each spermatogonium can undergo repeated
rounds of mitosis, giving rise to numerous additional spermatogonia.

Alternatively, a spermatogonium can initiate meiosis and enter into prophase I.
Now called a primary spermatocyte, the cell is still diploid because the homologous
chromosomes have not yet separated. Each primary spermatocyte completes meiosis
I, giving rise to two haploid secondary spermatocytes that then undergo meiosis I,
with each producing two haploid spermatids. Thus, each primary spermatocyte
produces a total of four haploid spermatids, which mature and develop into sperm.

The production of gametes in the female (oogenesis) begins much like
spermatogenesis. Diploid primordial germ cells within the ovary divide mitotically to
produce oogonia ( FIGURE 12). Like spermatogonia, oogonia can undergo repeated
rounds of mitosis or they can enter into meiosis.

Once in prophase I, these still-diploid cells are called primary oocytes. Each
primary oocyte completes meiosis | and divides. Here the process of oogenesis begins
to differ from that of spermatogenesis. In oogenesis, cytokinesis is unequal: most of
the cytoplasm is allocated to one of the two haploid cells, the secondary oocyte. The



smaller cell, which contains half of the chromosomes but only a small part of the
cytoplasm, is called the first polar body; it may or may not divide further. The
secondary oocyte completes meiosis I, and again cytokinesis is unequal—most of
the cytoplasm passes into one of the cells. The larger cell, which acquires most of the
cytoplasm, is the ovum, the mature female gamete. The smaller cell is the second
polar body. Only the ovum is capable of being fertilized, and the polar bodies usually
disintegrate. Oogenesis, then, produces a single mature gamete from each primary
oocyte.

We have now examined the place of meiosis in the sexual cycle of two
organisms, a flowering plant and a typical multicellular animal. These cycles are just
two of the many variations found among eukaryotic organisms. Although the cellular
events that produce reproductive cells in plants and animals differ in the number of
cell divisions, the number of haploid gametes produced, and the relative size of the
final products, the overall result is the same: meiosis gives rise to haploid, genetically
variable cells that then fuse during fertilization to produce diploid progeny.

(a) Male gametogenesis (spermatogenesis) (h) Female gametogenesis (oogenesis)
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FIGURE 12. The scheme of gametogenesis

Control questions to laboratory work Ne 2

At which phases of mitosis does cell divide?

What occurs in a prophase of mitosis?

What are the differences with mitosis prophase from a prophase of meyosis?
Which processes are characteristic for a metaphase of mitosis?

What is metaphase plate?

AN =



26.

21.

28.

29.

30.
3L
32.
33.
34.
35.

36.
37.
38.
39.
40.
41.
42.

When does anaphase occur?

What transformations in a cell happen in telofaze?

What kind of mitosis does polytene lead to?

Which stages does mitosis consist of?

What is meyosis?

Which stages does meyosis consist of? Give a short characteristic to each of
them?

. What meyosis phases does prophase consist of?

When does leptotene begin and finish?

. What are chromomeres? When are they visible?

What is sinaptical bouquet? What is it made from?

. What is tetrada?

. What processes occur during pachytene?

. What occurs during zygotene?

. When do chromosomes have a kind of lamp brushes?
. What are chiasms and when are they generated?

What is crossing-over? When does it occur?

. When and in what cells are synthesis of RNA and fibers active during meyosis?
. Characterize the processes which occur during diakinesis.
. What occur during a metaphase of the 1 meyosis? How are bivalents located?

What is the difference between metaphase of the 1 meyosis and a metaphase of
the 2 meyosis and mitosis?

. What processes are characterize anaphase of the 1 meyosis? Describe it differs

from a similar phase of meyosis 2 and mitosis.

Characterize the telophase of the 1 meyosis. How many chromosomes and what
contents of DNA characterize a cell at this stage?

Which contents of DNA and quantity of chromosomes are in telophase of the 1
meyosis, and telophase of the 2 meyosis, a metaphase?

How does the second devision of meyosis is refer to? What is it characteristic
for?

What biological value of meyosis consists of? Is it differing from value of
mitosis?

What is gametogenesis?

When does a primary sexual cell of animals start to develop?

At what stages does spermatogenesis happen?

During which period of growth in spermatogenesis occur?

What transformation will test spermanogonies?

What division is share spermatocytes of thelst order? How many and what cells
are formed as a result of this division?

What is oogenesis?

Into which periods development of ovocytes happens?

Characterize the period of sinoptemal ways in oogenesis.

What does happen during protoplazmanic and trofoplazmatic growth ?
Characterize the period of female sexual cells maturing.

How long does period of ovocytes growth last?

When does meyosis come to the end in female sexual cells (before or after
fertilization)?



43. At what stage of maturing oocyte meyosis deploys ?
44. At what stage ovulation of oocyte happens?

45. How many and what cells does one oocyte form?

46. How many and what cells does a spermatocyte form?
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Laboratory work Ne 3

Subject: The structure of chromosomes. Karyotypes of domestic animals.

The purpose. To determine morphology of chromosomes and karyotypes of
domestic animals on cytogenetic preparations and photos.

The equipment: monocular microscopes, cytogenetic preparations of different
kinds of animals, photos of chromosomes, tables of a chromosomes structure and
karyotypes of domestic animals.

Course of work:
1. To get acquainted with a structure of chromosome.
2. To consider metaphase plate on cytogenetic preparations.
3. To draw chromosomes with different morphology.
4. To construct on the basis of photos metaphase chromosomes karyogram.

5. To draw a conclusion of concerning quantity of chromosomes, their morphology
and quantity of shoulders.

Each biological species is characterized by the certain karyotype (number and
morphology of chromosomes). Karyotypes of the species is conservative (Table 4).
Overwhelming majority of individuals’ species have an identical set of chromosomes.
There are species which have chromosomal polymorphism. Change of quantity and
morphology of chromosomes - one of mechanisms of speciation. Individuals who



have different karyotypes can not give prolific descendants. It is caused by
infringements at chromosomes conjugation in a prophase of meyosis and wrong
distribution of affiliated chromosomes in anaphase. Exceptions make ginogenetic
forms which consist only from fameles.

Table 4. Karyotypes of different domestic animal species

Kind of animals Number of chromosomes
Livestock 60
Horse 64
Pig 38
Sheep 54
Han 78
Mink 30
Rabbit 44
Cat 38
Dog 78
Monkey 48
Pigeon 80
Donkey 66
Drosophila 8

Chromosome structure: The chromosomes of eukaryotic cells are larger and
more complex than those found in prokaryotes, but each unreplicated chromosome
nevertheless consists of a single molecule of DNA. Although linear, the DNA
molecules in eukaryotic chromosomes are highly folded and condensed; if stretched
out, some human chromosomes would be several centimeters long—thousands of
times longer than the span of a typical nucleus. To package such a tremendous length
of DNA into this small volume, each DNA molecule is coiled again and again and
tightly packed around histone proteins, forming the rod-shaped chromosomes. Most
of the time the chromosomes are thin and difficult to observe but, before cell
division, they condense further into thick, readily observed structures; it is at this
stage that chromosomes are usually studied.

A functional chromosome has three essential elements: a centromere, a pair of
telomeres, and origins of replication (FIGURE 13).

The centromere is the attachment point for spindle microtubules, which are the
filaments responsible for moving chromosomes during cell division. The centromere
appears as a constricted region that often stains less strongly than does the rest of the
chromosome. Before cell division, a protein complex called the kinetochore
assembles on the centromere, to which spindle microtubules later attach.



Chromosomes without a centromere cannot be drawn into the newly formed nuclei;
these chromosomes are lost, often with catastrophic consequences to the cell. On the
basis of the location of the centromere, chromosomes are classified into four types:
metacentric, submetacentric, acrocentric, and telocentric (Fig. 14). One of the two
arms of a chromosome (the short arm of a submetacentric or acrocentric
chromosome) is designated by the letter p and the other arm is designated by q.
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FIGURE 13. Chromosome structure

Telomeres are the natural ends, the tips, of a linear chromosome (Fig. 13); they
serve to stabilize the chromosome ends. If a chromosome breaks, producing new
ends, these ends have a tendency to stick together, and the chromosome is degraded
at the newly broken ends.

Telomeres provide chromosome stability. The results of research suggest that
telomeres also participate in limiting cell division and may play important roles in
aging and cancer.
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FIGURE 14. Type of metaphase chromosomes



Origins of replication are the sites where DNA synthesis begins; they are not
easily observed by microscopy. In preparation for cell division, each chromosome
replicates, making a copy of itself. These two initially identical copies, called sister
chromatids, are held together at the centromere. Each sister chromatid consists of a
single molecule of DNA

The morphology of a chromosome is determined by such attributes:

for definition of a chromosome morphology establish a humeral index of a
parity of greater shoulder to smaller length: I = p/q. It enables to divide chromosomes
into groups:

metacentrical chromosomes (M) - a parity of lengths of shoulders is 1 1,9;
submetacentrical chromosomes (S) — is 2 4,9;
akrocentrical(A)>is 5 —centromeres is located near one of telomeres.

Some chromosomes have additional membrane which is named secondary. If
the secondary membrane is located close up to the end of a chromosome a site which
It separates, has name satellite.

The description of kind karyotype is consists of definition of chromosomes
quantity, their morphology, subtraction of shoulders number. Chromosomes are
studied and photographed by an optical microscope. The received images of
chromosomes have number depending on their length from greater up to the least.

The organization of a chromosome has 5 levels of condensation.

The 1 level —is nucleosome. With chromosomal strings of DNA connect
nucleosomas, parts of 10 nanometers in diameter. Nucleosome is formed as a result
of four classes of the basic fibers -histons interaction: H2A. H2B, H3 and H4.
Nucleosome consists of 8 molecules histones (on 2 molecules of each kind).

Site of a double spiral of DNA forms 1 3/4 turns around of a core nucleosomes.
This site is directly connected with a core and has the constant length equal 140. In
nuclosomes linkers (connections) vary by length from 15 up to 100 and even it is
more. Thus, the twisting of DNA around nucleosoma reduces its length in 7 times.
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FIGURE 15. Karyogram
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FIGURE 16. The first level is nucleosoma
1-DNA;
2 - linker;
3 - nucleosoma.

2 level - the solenoid, its diameter of 25-50 nanometers, formed owing to histones
HI1. This histone (H1) attached to linkers ends stabilizes communication nucleosoma,
that forms a spiral of higher order. Condensation of DNA in structure of the solenoid
reduces its length in 6 times.
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FIGURE 17. Some nucleosomas are united into the solenoid

The solenoid packed in the form of loops domens that are fixed by the internal
structure on an intranuclear alouminous skeleton. Fragments of an attachment have
received the name of SAR-of Fragments (Scaffold Associated Region the built in
places of an attachment) and MAR (Matrix Associated Region). Owing to loops
domens the length of DNA decreases 25 times.



FIGURE 19. The fourth are the sockets, generated by loops around matrix of a

FIGURE 18. The third level are loops

kernel (diameter of the socket - 2 thousand in nanometer)

Table 5. The structural organization of the eukaryotes chromosome

Structure unite Degree of shortening Diameter, nm
Comparatively with Comparatively
previous stage with DNA structure
DNA 1 1 1-2
Nucleosome 7 7 10
Solenoid 6 42 20-30
Loop 10-20 500 50
Socket 5 2500 2000
Metaphase 4 10000 200-5000,
chromosome length 2300-11000
Tasks:

Each student according to its number in magazine determines data about
diploid number of kind of domestic animals chromosomes. On the basis of these data
the student answers following questions:



How many chromosomes do characterize a karyotypee of kind?

How many chromosomes does the ovocyte of the 1st order contain?

How many ovocytes of the 2nd order are generated from ovocyte of thelst order?

How many chromosomes does ovocytes of the 2 order contain?

How many ovules does ovocytes of the 2nd order generate?

At what phase of meyosis do content of DNA in a cell in 2 times increase?

At what phase of meyosis does the quantity of chromosomes in a cell increase in 2 times?

When a distribution of chromosomes on poles of a cell occurs?

How many chromosomes does spermatocyte of the 1 order contain?

10 How many chromosomes does spermatocyte of the 2 order contain?

11.How many chromosomes does spermatozoon contain?

12.How many spermatozoones can spermatocyte of thel order produce?

13.How many spermatozoones can spermatocyte of the 2 order produce?

14.How many chromosomes does the zygote contain?

15. At what phase the is beginning of chromosomes helix formation observed?

16.How many chromosomes does cell in anaphase of 1st meyosis and anaphase of 1st
mitosis contain?

17.At what phase of mitosis is the chromosome doubling?

18. At what stage of meiosis does synapsis of chromosomes take place?

19. At which phase of meiosis is the divergence monochromatic chromosome to poles

observed?
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English-Ukrainian Dictionary of Key Words:

acrocentric chromosome — akporeHTpu4Ha XpoMocoMa. XpoMOcoMa, IIEHTPO -
MIpHUWA 1HJAEKC KOTpoi mnepeBullye 5,0; pBHOBUA - TEJIOLEHTPUYHA XpOMOCOMa
<telocentric chromosome>.

autosome, euchromosome - aBTocoma, eBxpoMocoma. bynb-sika XxpoMocoma, sika
HE € CTAaTEBOIO.

anaphase - anadasza. Cramii KITHHHOTO NOAUTy (MITO3y 4YM MeEHO03y) MDK
Mmetadazoro <metaphase> Tta Tenodaszoro <telophase>, cectpuHChbKI XpomaTHau
PO3XOIATHCS 0 MOJIOCIB MOILTY.

aneuploidy - awseymioinmis. HasBHICT y KIITHHH 4Yd TKaHUHH KUIBKOCTI
XpOMOCOM, fIKa HE JIOPIBHIOE THUMOBIMA IJi1 JAHOTO BHUAY; B OCHOBI A. JICKUTH
HEPO3XOKEHHS XpoMmocoM; dhopMamMu A. € MOHOCOMIiI <MONOSOMY>, HYITICOMIs
<nullisomy>, Tpucomis <trisomy>, "kpaiiHiM" BapiaHTOM A. € MOJIILIOITis
<polyploidy>; repmin "A." BBeneno I'.Tekxosmsmom B 1922,

cell cycle - xmiruaamii 1ukn. Ilepion KUTTS KITHHU Bil 3aKiHUYEHHS OJHOTO
HOJIUTY JIO IMOYaTKy APYroro mojity, Bkitodae iHtepdasy (nmepiogu G1 <G1-period>,
S <S period>, G2 <G2-period>) i miro3 <mitosis> (nepiog M), iHOI BUALUISIOTH B
iHTepdasl nepionq GO (mepios CIOKOI0); K.Il. 32 TPUBATICTIO Y PIBHUX OpTaHI3MIB
3HAYHO BapIIOE.

cell division - kmitmaHWIA monut. Dopma PoO3MHOKEHHS (MIOJBOEHHS) KIITHH;
BiOYBa€eThCSI MIEPEIHYPYBAHHAM Y OakTepiit ab0 MiTo3y <mitosis>.

cell membrane, plasmalemma, cytolemma - knitnHHa (mIa3MaTuyHa) MeMOpa-
Ha, IUIa3MoJieMMa. MeMOpaHa KIIITHHU, fKa BUIOKPEMJIIOE IMTOIUIA3MY Bif
30BHIIHLOTO cepemoBuma (y pocnud) Big kmruaHoi ctinku <cell wall>; K.m.
XapaKTePU3yEThCS HAMIBIPOHUKHICTIO, TOBIMHA 7-10 HM, SIK B IHIIHMX OI0JIOTTYHUX
MeMOpaH, ocHoBY K.M. cknanae nmoaBiiauii gpocdommigHuii map.

centriole - nenrpions. Kinitnaaa opradesna, BXOAUTH 10 CKIAAy KITHH OUIBIIOCTI
TBapuH Ta rpuOiB; B Oararbox Bumnaakax Ll. € emeMeHTOM MITOTHYHOTO amapary
<mitotic apparatus> (¢ UMIHAPUYHUM YTBOPCHHAM, CKJIQIA€TbCS 3 JIEB’ATH
TPUILIETIB MIKpOTPYyOO4OK); mporec BintBopeHHs LI, € aBTOHOMHHM, Xoua U
MOB'SI3aHMM Y Yacl 3 CHHTETUIHUM TI€PI0IOM MITO3Y.

centromere - mentpomepa. [iUIssHKa MOHOIIGHTPHUYHOI XPOMOCOMH, B SIKi
CEeCTPUHCKI XpOMaTHAM 3’ €IHAHI, SKI 3a0€3MeUyI0Th PyX XPOMOCOM JO IOJIOCIB
MOJIUTy; YacTO MPUIICHTPOMIPHI paliOHHM T€HETUYHO 1HEPTHI (TETepOXpOMAaTH30BaHI);
4acTO B SAKOCTI CHHOHIMAa TOHATTS “LI.” BHUKOPHUCTOBYIOTH TEPMIH ‘‘KIHETOXOP”
<kinetochore>, ase 11i e1eMEHTH CTPYKTYpPHO JH(epeHIIiioBaHi.

centromere separation sequence - mopsaoK po3moaitry meHTpomep. Ilocimi-
JOBHICTh Pa3MOALUTY LIGHTPOMEP XPOMOCOM Ha MOYaTKy aHadasu MITO3y Yd MEHO03Yy:
4acTO Ma€ HEBUIAJKOBHHA XapakTep — HAMPHUKIAA Yy JIOJWHU OJHAMHU 3 TIEPIINX
PO3AUIIIOTECS TIeHTpoMepu xpomocom 18, 2, X, 12, 4, 5 u 17, a ocTtaHHIMH -



ueHtpomepu xpomocom 1, 11, 16 m Y; nopymeHHs M.p.d. MOXE€ NPUBOJIUTU 10
HEMPaBWILHOTO PO3XOKEHHS XpOMOCOM B aHadasi 1 0 TPUCOMII, HANIPUKIIA/, 3a
xpomocomoto 18 y moauan <Edwards syndrome>,

chiasma - xia3ma, nepexpect. BiyanbHuii mposiB KpOCUHTOBepy <Crossing-over>;
no0pe momitHUMH X. CTalOTh B auiuioTeHi <diplotene> (mim yac mopymieHHs
CHHANTOHEMAJIBHOTO0 KOMIUIEKCY <Synaptonemal complex>), komu romoioru
BIAINTOBXYIOTHCS OJIMH Bi OJHOTO, 30epiraroum 3B'sI30K TUIBKH B 00acTi X. - el
IpoIIeC CYIPOBOIKYETHCS TepMiHali3alliero xia3m <chiasma terminalization>.

chromatid - xpomaruma, HamiBxpomocoma. OmHa 3 ABOX KOIIH PEILTIKOBAHOT
XpPOMOCOMH, 3’ €THAHUX B 00JIACTI ICHTPOMEPH Ta BI3yaIi30BaHUX B MITO31.

chromatin - xpomarun. HykiieonpoTei THIIT KOMIUIEKC, SIKUI CKJIAIa€ XpPOMOCOMHU
eBkapioTnuHux KiaituH, Bkmodae JIHK, rictomm <histones> Tta pi3Hi HETiCTOHOBI
ouku; tepmin “X.” BBemeHo B.Oneminrom B 1880 mis omucy 3a0apBiroBaHUX
crieiaTbHUMHU OapBHUKAMU BHYTPILLHbOSAEPHUX CTPYKTYP.

chromomere - xpomomepa. I1{inbHO KOHAEHCOBAHA JUITHKA XPOMATHHOBOT HUTKH,
po3kpyueHi X. - Il mewI XpoMocoM Tuiy ‘“‘yammoBux 1mirok” <lampbrush
chromosomes>; X. iHTGHCHBHO 3adapOOBYeThCsI OapBHHUKAaMU, CICHH(DUHAME
crocoBHo JIHK.

chromosome - xpomocoma. Oprasesa KIITHHHOTO siJipa €yKapioTiB (Y IPOKapioTIiB
po3MillieHa 0e3M0CepPEeaHBO B IUTOIIA3M1), € HOCIEM FeHEeTHUHO1 HdopMallii (FeHIB),
371aTHa 10  BIOTBOpPEHHS 31 30€peXKeHHSM  CTPYKTYpPHO-(PYHKIIOHATIHHOI
WHAUBIIYAILHOCTI B DSy MOKOJIHB; OCHOBY X. COKJajae Oe3nepepBHA JBOJIAH-
I[IOTOBA CHIpaIbHO 3aKpydeHa (koHaeHcoBaHa) Mojiekyna JIHK, mos’s3ana ricrona-
mu <histones> i HericronoBuMHu Outkamu, HaOip X. (KapioTHIl) € BUAOCTICITUPITHOO
O3HAKOI0, JUIA SKOI XapaKTepHHM € BITHOCHO HH3BKUH PIBEHb IHAWBITyaIbHOI
MIHJIMBOCTI; TepMiH “X 3anponioHoBanuii B. Banbsneiiepom B 1888 porri.

chromosome arm - rurede xpomocomu. J{UsTHKa MOHOIIEHTPUYHOT MeTadazHOT
XpOMOCOMH TI0 OJWH OIK BiJ IIEHTPOMEPH, BKIIFOYHO 3 00OMa CECTPUHCHKUMU
XpOMaTHIaMH.

chromosome arm number, “nombre fundamental”, NF - kubkicTs
XPOMOCOMHHUX TJICUEH.

chromosome banding methods, banding - nudepenuiiine 3adapBicHHS XpOMO-
coM, Oenmuur. Komrmuieke metoniB 3adapOyBaHHS XpPOMOCOMHHX MpEaparis, IO
J03BOJIAIOTH HA OCHOBI HEOTHAKOBOTO BIAHOIIIEHHS JI0 T€TEPO - Ta €eBXPOMATHHOBHX,
nusiHok JIHK ¢ pizaumu AT/T'Il-cniBBITHOIIEHHSIMM Ta IHIIMX OCOOJIMBOCTEN
BUSBJIATH CHCIU(PIIHY MOB3JOBXKHIO CTPYKTYPOBAHICTH OKPEMHUX XPOMOCOM, IIO
T03BOJISIE TOYHO ICHTH(IKYBATH OKPEMI €IeMEHTH KapIOTHITY; HAaHOUTHII IO CHi:

G-, C-, R-, Q-6enauHr.

chromosome complement (set), chromotype - xpomocomuuii HaOip. Cnenu-
GMEUE A8 1aHoi OCOOWMHM, TPYNMU OCOOWH, BHAY TaruloiTHUN XPOMOCOMHUMN
KOMIUICKC, 4acTo MPEICTaBJICHUH y BUTIISAI imiorpamu <idiogram>.



chromosome condensation (spiralization, contraction) - xonzgencaris (cmipa-
Ji3arlisi, CKOpOYEeHHs ) XpOMOCOM. [Iporiec yIuTbHEHHS. XpOMOCOM, PO3IIOYNHAETHCS B
iHTepdasi i moctiarae makcumymy B MeTadaszy, B ocHoBi K.x. jexarb cknamHi
NpoIecH CKpydyBaHHsS (YIakoOBKH) XpoMaTWHY, Ta mporec (ochopumoBaHHs
ricrona <histone> HI1, koHTpogboBaHOrO creuupiuHUM  (QEepMEHTOM -
I'UCTOHKIHA301O0.

chromosome morphology - mopdosoris xpomocom. XapakTepucTHKa XPOMOCOM
3 BpaxyBaHHSIM CHIBBIIHOILICHHS IUICYEd y HUX. PO3PBHSIIOTH METAllCHTPUYHI
<metacentric>, cyomeranenTpuuHi <submetacentric>, cyorenonentpuuni <subtelo-
centric>, akpouenTpuuHi <acrocentric> Tta Tenouentpuuni  <telocentric>
XpOMOCOMH.

chromosome number - xpomocomue yucio. KimbKiCTh XpOMOCOM Y JaHiif
KIMTHHI 200 KUTBKICTP XpPOMOCOM B COMATHYHHUX (JIMIUIOITHUX) KIIITHHAX JIaHOTO
oprauBmy - 2n.

chromosome painting - “posmmc” xpomocomu. OJuH i3 BapiaHTIB METOAY
riopuamsanii in_Situ <in situ hybridization>, npu sKoMy B SKOCTI 30HIY
BUKOPHUCTOBYETHCS MIUEHA OI0TUHOM (11 HACTYITHOTO ()IFOOPHUCIIEHTHOT'O aHAJI3Y)
JIHK moBHOi xpoMocoMHoOi Oiomiorekn <chromosome-specific library>: meron
“P.”X. BHUKOPHUCTOBYETbCS JUIi aHAIBY COMAaTMYHUX TIOpUIHUX  KIITHH,
imeHTU(dIKAIi XPOMOCOMHHUX IOPYIIEHb, AaHAIBY MPOCTOPOBOTO PO3MOAUTY
XpOMOCOM B IHTep(}azax Ta sl HIIUX IUICH.

chromosome pairing, conjugation of chromosomes, synapsis, syndesis,
association— kon’rorarfist XxpoMOCoM, cuHarcuc. [TonapHe 30 IMKESHHS CECTPUHCHKUX
XpOMaTuj TOMOJIOTMHUX XpoMmocoM B | moaun Melo3y 3 YTBOpPEHHSIM
B32€MOCTA0UIbHUX CTPYKTYy-0OiBasieHTIB <bivalent>, min wac sskoro Mmoske BinOyBaTHCsI
O0OMiH TeHeTHYHIM MaTepianoM (peKoMOiHaIlisl, KpOCUHTOBEp <Crossing-over>).

colchicine - konxituH. AJKaIoOid, SKCTparoBaHWM 3 MEAKHX JIUTIMHUX POCIIHH, €
“MITOTHYHOI0 OTPYTOIO”, OJIOKye HOpPMAlIbHY AaKTHUBHICTh BEpETE€HA; BHUKOPHUC-
TOBYETHCSI B KaplOJOTIYHOMY aHali3l Ta JUII OTPMMAaHHS BHCOKOIUIOiTHUX (opM
pocymH (kosxirmwoiais <colchiploid>).
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Crossing-over - KpOCUHroBep, 0OMiH. B3aeMHwMit 0OMIH JUITHKAMH TOMOJIOTTY HUX
XpOMOCOM, Ja€ HOBY KOMOIHaiio aneniB; MexaHdMm K. 3acHoBaHMI Ha “po3puBI-
noennandi’  <breakage-reunion hypothesis> xpomarua: K. € ocHOBoOIO
KOMOIHATHBHOI MIHIMBOCTI (pekoMOiHamii <recombination>) i BinOyBaeTbcs B
MeHo31.



cytogenetics - mnuroreHervka. lamy3p 3HaHb Ha IEPEXPECTI T'CHETHKH Ta
LUTOJIOT]i, BMBYA€E TE€HETUYHI 3aKOHOMIPHOCTI Ha KIITHUHHOMY (XpOMOCOMHOMY)
pBHI; TepMiH “Ll.” 3anpononoBano B.Carronom B 1902.

cytokinesis - murokines, riurotomist. [Ipotiec po3moaity MaTepUHCHKOT KIIITUHY Ha
1IB1 JOYIpHI, BITOYBa€eThCs B Teso(hasi Meio3y abo MITO3Y 1 3JIMCHIOETHCS 32 PAXyHOK
yIBOpeHHs a00 pparmormaacty <phragmoplast> (pocauHHOI KIiTHHK), 00 KIITHHHOT
HEPETSKKU (Y TBapHUH).

cytoplasm - nuTomiazma.

daughter (sister) cell - qouipus (cecTpunchka) KiaitnHa. OIHA 3 IBOX KJIITHH, III0
YTBOPIOETHCS B PE3YJIbTaTI KJIITUHHOTO MOLTY.

daughter chromatid - gouipus xpomarmma. Xpomaruia, YTBOPIOETHCS B
pe3yabTaTi MITOTUYHOTO a00 MEHOTUYHOTO TTOJIBOEHHSI XPOMOCOM.

diakinesis - miakiHe3. 3aximrounuid eram npodasu I moauty Mero3y, Ha SKOMY
VIIUTbHEHHSI (CHipami3aiisi) XpoOMOCOM J0CATaE MaKCUMyMy, 1 BOHH PIBHOMIPHO
PO3IOIUIAIOTHCS B SIIPL

diploid - mumnoix. OpraHidm, KIITHHU SKOTO BKJIIOYAIOTh JBAa TOMOJIOTTYHHX
Habopu xpomocom (2n) <diploid number>; Tepmin “JI.” 3amponoHOBaHMIA
E.Ctpac6yprepom B 1905.

diploid number, 2n - gumioigae uywncno. OcHOBHA XapaKTEPHCTHUKA KapiOTHITY
oprauismy (BHy), BU3HAYAETHCS 3a KUIbKICTIO XpOMOCOM B MeTad)a3i COMaTHIHOIO
MITO3Y, - HAIIPUKIIAJ, Y JTIOJIMHU B HOPMi 2N=46; y TUIUIOITHOTO OpraHi3My YUCIIO 2N
XapakTepHe JUId BCIX KITHH (32 BIICYTHOCTI IHAMBUAY&JIbHOI MIHJIMBOCTI 1
XPOMOCOMHOTO MO3ailu3My <MmosaicisSm>), okpiM ramer.

diplotene, diplonema - gumiorena, AUIIOHEMa, CTaisd HOABIMHUX HUTOK. CTamis
npodazu | noz[my MEHO3y MDK TaxXiTeHOI0 1 JIaKiHE30M, XapaKTepHU3YeEThCS
BHUHHKHEHHSM BIAIITOBXYBaHHS T'OMOJIOTIB OJHH BII OJHOTO, IO MPUBOIUTH 0
TepMiHanizanil xia3m <chiasma terminalization>.

division, fission - moxin. YHiBepcaibHa (hopmMa pO3MHOKEHHSI KIIITUHU, Hal OUTHIIT
nommpenumu Gopmamu JI. € Miro3 <mitosis> ta merio3 <meiosis>; takox mo Jl.
MOXYTh OyTHM BigHEceHI Ti (OpPMH BEreTaTUBHOTO PO3MHOXKEHHS, 3a SIKUX
BIIOYBa€TbCA PO3MOJUT MATEPUHCHKOIO OpraHi3aMy Ha OUIbLI YK MEHII pPIBHI
YaCTHUHHU.

division center - nienTp mojauty. EneMeHT MITOTHYHOTO amapary KJITHH TBapuH,
CKJIaIa€ThCsl 3 IIEHTPOCOMHU <Centrosome> i meHTpioni <centriole>; gacto 3amicTh
tepmida “Il.A.” BUKOPHUCTOBYIOTh MTOHATTS “TIOJIIOC BEpeTeHA .

dizygotic (fraternal) twins - pi3HosiimeBi (ABOSHICBI, AM3UTOTHI, HCIICHTUYHI)
OJIM3HIOKH. BIM3HIOKHM, SKI YTBOPWIMCS MPU OJHOYACHOMY 3aIUTTHEHHI JBOX YU
OutbInie simiekmiThH; reHoTun P.0. cxoxi He OuIbINe, HDK TEHOTHIH OpariB Ta
cecTep, X0ua IMEeHTHYHICTh CEPEOBHIIA, B IKOMY BOHH PO3BHUBAIOTHCS, 00YMOBIIIOE
CUWJIbHINLY (PEHOTUIIOBY CXOXKICTh MK HUMHU.



euchromatin - eexpomariH. AKTUBHHIA XpoMaTHH <Chromatin>, He BUSIBIIA€THCS
BBYaJIbHO NPOTITOM BCl€i iHTepda3u BHACHIIOK HU3bKOI MIUILHOCTI HOTO
yIaKyBaHHS, MICTUTh OUIbIIICTh AKTUBHO TPAHCKPHOOBAHHX TEHIB, 3/JaTHUI 3BO-
POTHBO IIEpeTBOpIOBaTHCS B (akympTaTuBHUN rerepoxpomarun <facultative
heterochromatin> B mporeci iHakTuBamii X-xpomocomu <X-inactivation>; E.
MICTUTh BITHOCHO OUIBIIYy KUIbKICTh HETICTOHOBUX OUIKIB MOPIBHSHO 3 TETEpO-
xpomaruaoM <heterochromatin>.

eukaryotes, eukaryotic organisms - eBkapiotu. OpranizmMu (BUILI TBapHUHU 1
pociuHYU, TpuOH, OJHO- 1 0AraTOKJITUHHI BOJOPOCTI - OKPIM CUHBO-3EJICHUX - Ta
HAWTIPOCTIII), KIITHHU SKUX MICTATh chopMoBaHe sapo; saepHa JJHK Bxoauts 10
cKkaagy xpomocoMm <chromosome>, siki mictath <histones> i mesiki HEriCTOHOBI
OUlkM, 1 opraHi3oBaHa Yy BHIVIIJAI XpomatuHy <chromatin>; tepmin “E.”
3anpornoHoBaHo E.lllarronom B 1937, BiH ynepiue BCTAaHOBUB INPUHLMUIIOBI
BinminHOCTI E. 1 mpoxkapioTiB <prokaryotes>; omHum i3 HaWJaBHINIMX E€BKapioTiB
BU3HAHO JIIMOJTIIO.

facultative heterochromatin - ¢akyapTatuBHHII rerepoxpomaruH. I'erepo-
xpomarua <heterochromatin>, HasgBHWII nwIIe B OJHIM 3 TOMOJIOTIYHUX Tap
XPOMOCOM, - HAIIPUKJIIA/, Y IHAaKTHBOBAHOI X-XpoMocoMu <X-inactivation> B mpoieci
KOoMIeHcarlii 1031 @.X. B ICBHUX yMOBaX 3JIaTHUN 3HOBY MEPEXOIUTH B €BXPOMATHUH
<euchromatin>; repmin "®.r." 3anpononoBano C. bpaynom B 1966.

first division - mepumit (I) momin [mospiBamusi]. Ertam wmeiio3y, saxuii 3a
napaMeTpamMu Harajaye MIiT03, ajie BUIPIBHIETbCS CYTTEBO TPUBATIIION 1 CKJIA IHIIIOIO
npo¢a3oro, B SAKIM BIIOyBaeThCsl pPEKOMOIHAIlS TE€HETUYHOTO MaTepialy, a TaKoxX
TUM, 1[0 B HhOMY BITOYBa€ThCS PO3XOKEHHS TOMOJIOTIB, a HE XpOMAaTH/I.

GQ period - nepiox GQ. Eran intepdaszu <inter-phase> oapasy miciis 3aKiHYCHHS
MITO3y, XapaKTepPU3YEThCS BITHOCHUM CIOKOEM KIITUHH (CYTTEBO TOCIA0ICHUM
CUHTE30M O11Ka), 1me- penye nepiony G1.

G1 period - nepuon G1. Eran xnituHHOTO 1IMIKITY (etan iHTepdasbl): (asa pocty
(Growth), mo mepenye nepioay S <S period>,

G2 period - nepiog G2. Eran kiitnHHOTO MKy ((ha3a pocTy), MOYHMHAETHCS MICIIS
perumikamii JITHK (mepioay S) i mepemye mMiro3y <mitosis>.

gametic meiosis - rameTrnuHUI Meii03. Meiio3, sikuii 6e3n0cepeHbO IPUBOTUTh
10 YTBOPEHHS OJJHOKJIITHHHUX TaMeT.

gametic number - ramerrune urcio. ["amoiHOE YHUCIO XPOMOCOM.

gametic reduction - pexykiiis rameT, peayKiis [dncial XxpOMOCOM. 3MEHIIIEHHS
YKCJIa XPOMOCOM HAIOJIOBUHY MOPIBHIHO 3 COMaTHYHUM Habopowm; P.r. — ckiagoBa
YacTHUHA PEAYKIIMHOTO MOAUTY (MEH03Yy).

gametogenesis - ramerorenes. [Ipoiiec pa3BUTKY CTAaTeBMX KITHH, y pociuH I
NPEJCTABICHO MIKPOCIOPOTeHE30M <MICrOSPOrogenesis™> 1 MakpoCIOpOreHe30M
<macrosporogenesis>, y teapun I'. (ciepmarorenes <spermatogenesis> ta oorenes



<00genesis>) BinOyBaeTbCsA B CICIATbHUX CTATEBMX OpraHax - TOHajax
(moxanoBanuid I'.) abo BinOyBaeTbcsi B Oyab-fKid JUISHII TUla, SK Y
KUIIKOBOTIOPOKHUHHHX Ta IUIOCKHUX 4epBiB (mudy3uuii I.).

genome - renoM. CyKymHICTh I'€HIB rarioiIHOr0 HabOPy XPOMOCOM JaHOTO BUIY
OpTraHi3BMIB; OpPraHi3M MOX€ MICTUTU B COO1 pI3HI T'€HOMHU SKIIO BIH BUHUK B
pe3yabTaTi TIOpUaN3allii; y BUMMAAKY SKIIO OPTaHI3M HE € ajormioigom, Tepmid “I'.”
BHKOPHCTOBYIOTH JJISI TTIO3HAYCHHSI BCI€T CYKYIMMHOCTI T'eHIB (IUTUIOTTHUH 1 T.11.), 1HO I
“I".” BUKOpUCTOBYIOTh B IKOCTI CHHOHIMY 110 TIOHATTS “Kapioturr’” <karyotype>, mio
€ HeBipHUM; TepMiH “I'.” 3anpononoBano I'.Binkiepom B 1920.

Goldgi apparatus (body, complex) - amapar (kommiekc) I'ombmki. Opranena
€BKAPIOTUYHOT KJIITHUHH, CKJIAIA€THCS 3 MIUTbHO 3allaKOBAHUX MOPOIKHUH 1 MIIICYKIB;
y pociuH A.I'. Bkmouae npukriocomm <dictiosome>; Ha BiIMIHY BII €HIO-
miasMatuaHoro perukymoma <endoplasmatic reticulum> A.I'. mo30aBneHwmit
pudocom; cepen ¢ynkmii AI'. - wMoaudukaiii OUIKIB  (IIKO3MITIOBAHHS,
dbochopumoBaHHs U T.M.), “TpaHyssLis” MPOAYKTIB CEKpelii, YTBOPEHHS J130COM
<lysosome>, cuHTEe3 JACIKUX MoJicaxapuliB, (popMyBaHHsS KIITHHHOI MEMOpaHH,;
onucaunii K.I'onsmxu B 1898.

haploid - rammoinumii. Xapakrepusye iHauBinyyma (KJIITHHY), B SKOTO HasBHUN
onuH Habip xpomocom (N); B HOPMI rarioiTHUMHU € TaMETH; TalUIOiTHUMH MOXYTh
Oyth 0coOWHH, SKI YTBOPWIMCS B pe3yiabTaTl IHIYKOBAHOTO TIHOTEHE3Y
<gynogenesis> i T.1.

idiogram - imeorpama. ['padiune 300paxkeHHS MOPQOJIOTIMHOI CTPYKTypH
kapiotumy <karyotypee> 3 BpaxyBaHHSM BIIHOCHOI JOBXXHHH Ta CITIBBIIHOIICHHS
JIOBXHHU IUI€YEH XPOMOCOM, PO3MIIICHHS BTOPWHHHUX IEPETUHOK Ta CYITYTHIX
€JIEMEHTIB, PO3N0ALT TU(epeHIIHOBAHO 3a0apBICHUX 30H Ta 1H. O3HAK.

interkinesis - intepkine3. Cramis kmtuaHOro mukiay Mk | Ta |l mogimamu meiio3sy,
BIIPBHAETHCS Bifl iHTEpda3u BiACyTHICTIO mporiecy perutikaitii JJHK Ta (s npasuiio)
npotecy aecmipanizainii xpomocoMm; B L. He BinOyBaeThcs (popmyBaHHS sAnepist
<nucleolus>; rpuBamicts 1. y pi3HHX OpraHi3amMiB 3HAYHO BapIilOE.

interphase - iHtepdasa. Eran KITHHHOTO UKy MDK JBOMAa IOCIiIOBHUMHU
MiTo3amu, ¢a3a CIOKOK KIITHHH a00 XK CTajid Bl OCTAHHHLOT'O MITO3Y JO CMEPTi
kaitraA; B 1. XpomatuH B OUIBIIOCTI JecmipadizoBaHuii (Ha BiIMIHY Bl IHTEPKIHE3Y
<interkinesis>); B Hopmi I. Bkmouae aBi ¢a3u wituaHoro pocry Gl ta G2,
po3niteHuii hazoro cunresy (permkarii) JJHK - S.

karyogram - kapiorpama, “po3kianka’. 300pakeHHs JUILIO1THOTO Habopy Xpo-
MOCOM aHAI30BAaHOTO 00’ €KTy, CHCTEMATH3yBaHHS 3a MIKpOdoTorpadisiMy MUITXOM
nig0opy TOMOJIOTMHHMX Map 1 PO3NOAUTYy 3a MOP(OJOTMHMMH Tapamerpamu
(po3MipH, CHIBBIIHOILIEHHS! XPOMOCOMHUX IUIeU€EH, napamerpu AUQepeHIIIOBaHOTO
3a0apBIICHHS).

karyokinesis - kapiokine3s. [Toait sapa B mpoiieci KITHHHOTO MOLTY.



karyotypee - kapiotun. CoMaTHYHHIA XpOMOCOMHHUI HaOIp MEBHOI OCOOMHHU YH
BUJlY, SIK TPaBUJIO, XapaKTEPU3YETHCS BUCOKUM CTYIIEHEM CTaJIOCTI M CIyTye
BAKJIMBOIO TAKCOHOMIYHOIO O3HAKOIO (SIK IHCTPYMEHT Kapl0CUCTEMATUKH ), 1a€ 3MOTY
OmMCyBaTH HOBI BMAu (Hampukian, mojiBka Microtus subarvalis); tepmin “K.”
BBezieHO [.A.JIeButcbknm B 1924.

lampbrush (lateral-loop) chromosome - xpomocomu THITy “IaMIOBHX IIITOK .
['raHTCHK1 XpOMOCOMH, SIK1 BUSBIISIIOTH B TIEPBUHHUX OOIMTaX XpeOETHUX (HA CTaIil
numotenn <diplotene> npodasu [ moainy mMeiio3y) Ta XapakTepu3yrThCS HASIBHICTEO
YUCJICHHUX PIBHOPO3MIPHUX OOKOBUX I€TeNb, KOXXKHA 3 SKHUX € PO3KPYUYCHOIO
XpOMOMEPOI0, Ha METIAX X.T.”JI.1L.” BimOyBaeThcs iHTeHCUBHMM cuHTe3 PHK.

leptotene, leptoneme - nenToTeHa, JENTOHEMA;, CTagisl TOHKUX HHUTOK. [lo-
yaTKkoBUH eTan npodaszu I meito3y; XxpoMocoMH BByallbHO IHQEpPEHLI0BaHL, X04a
cnabkocmipamizoBani; B JI. popmyerscs “Oyker” <bouquet>.

liposome - ninocoma. Bakyosb, sika yTBOPIOETHCS OJHO- a00 JBOMIAPOBOIO
MeMOpPaHOIO I 3aMOBHEHA JICTUTUHAMH Ta HIIMMH JIITITaMH.

loop - merns. JlusHka xpoMocomu THIy “JammnoBux 1mitok” <lampbrush chro-
MOSOMmes.

lysosome - mizocoma. OpraHena KJITHH TBapUH Ta T'PHOIB, MAe€ OJHOMIAPOBY
MeMOpaHy, MICTUTh Halip rigpomiTuuHux GepMeHTiB; JI. YTBOproeThCsl B KOMILIEKCI
Tombxi <Goldgi complex>; JI. Bnepme Oynu ommcani K. ne JlroBom B 1955,BiH ke
3arponoHyBaB TepMiH “JL.”.

meiosis, maturation (reduction) division - weii03, TOAUT AO3pIBAHHS.
JIBOCTyNEeHEBUI MOJAUI KIITUH, SKUAWA NPU3BOJIUTH AO YTBOPEHHS 3 JUIUIOIIHUX
KJITHH TaluIOTHKX, IO € OCHOBHUM €TallOM TaMETOTeHE3Y; BUAUIIIOTh TpU THITH M.
3UrOTHHH, a00 moyaTkoBHil (y OaratboX IpHOIB 1 BOJOPOCTEH) — BiAOYBa€eThCs
OJlpa3y IMicJis 3aIUTTHEHHs 1 MPUBOAUTH 10 YTBOPEHHS TaIlIOiTHOTO TajJoMy abo
MILICNTIF0, TaMEeTHUH, 4M KiHIeBHi (y BCIX 0OaraTOKJIITUHHUX TBApUHHU 1y JCSIKUX
HIDKYUX POCJIMH) — BilOYyBa€ThCs B CTATEBUX OpPraHax i MPU3BOJAHUTH O YTBOPECHHS
raMmer, CHopoBuH, ab0 mpombkHHK (Y BHUINMX POCIHMH) - BiIOyBaeTbCs Tepen
LBITIHHAM 1 IPU3BOAUTH O YTBOPEHHS TaIJIOIJHOTO rameTrodiry, B HAUIPOCTIIINX
icHytoTb yci 3 tunu. M. Oyno Binkputo B. ®neminrom y tBapuH B 1882 p. 1
E.Ctpacbyprepom y pociua B 1888 p.

metaphase - meradaza. Etan kITHHHOTO TONUTY, BiOyBaeThes micis npodasu
<prophase>; xapakTepu3yeTbCs BHCOKAM pIiBHEM KOHJCHCAIlli XpOMAaTHHY,
(GhOopMyBaHHAM EKBATOPIATbHOI TUIACTUHKHM 1 MPUKPILICHHIM HUTOK BEpETeHa 0
xpomocoM; M. - OCHOBHMU eTanm KIITUHHOTO TOJUTy, Ha SKOMY IpPOBOMISTH
JOOCTIIKEHHS CTPYKTYpH KaplOTHIIIB.

metaphase plate - meradasna mmacturka. CKymueHHS XpOMOCOM Y ILIOIIMHI,
NePIICHIUKYJISPHIN oci Moty (eKBaTopiajbHa IUIONIMHA) HA cTaail MeTada3u nepen
OYaTKOM aHa(ha3HOTO PO3XOKEHHS; TepMiH “M.I.”" TaKOXK BUKOPUCTOBYETHCS AJIs
MO3HAYEHHS CKYIMUYEHHS XpPOMOCOM Ha HUTOT€HETUYHHUX MpenapaTax.



MItosis - mito3, HenpsiMuii 1o 1. OCHOBHUIA CITOCIO MOIUTY EBKAPIOTAMHUX KJIITHH,
3abe3reuye CTPOro PIBHOMIPHUN PO3MOJAUT PEIUTIIKOBAaHMX XPOMOCOM B JIOUIpHI
KINTUHY; JAetanbHe omucyBaHHs M. momano E.CtpacOyprepom Ha Marepiami
pocimaHuX KimituH (1876-1879 pp.) Tta B.®nemiarom Ha TBapuHax (1882 p.);
TpuBaiicTh M. y KIIITUH PI3HUX TUIIB HEOJJHAKOBA, B cepeaubomy 1-1,5 ros.

mitotic center - mirotnuHui 1eHTp. CrenudiaHa CTPYKTypa KIITHHH, 3a0e31euye
MIPAaBWILHICTh PO3XO0XKASCHHS XpOMOCOM B aHa(a3l KIITUHHOTO MOAUTY, B OUTBIIOCTI
€BKaplOTIB MPEACTaBICHA PEAYIUIIKOBAHUMHU LEHTPIOJISIMH.

mitotic crossing-over - MiTOTHYHUI (COMAaTHYHMUIT) KpOCHHIOBep. KpocuHrosep,
SKAWA BIMOYBAa€ThCS T 9ac MITO3Y, BITOMHM y PI3HHUX OpPraHi3MIB, aje¢ BUpaKECHA
TEHJEHINS 10 COMAaTUYHOTO cHHArCy (i, BIAMOBIIHO, 10 M.K.) Y IBOKPWIUX KOMax
NOB'SI3aHUM 3 HASBHICTIO THIOBMX MOJITEHHUX XpoMocoM <polytene chromosomes>,
0 € PE3yNbTaTOM CHHAINCY BEIMKOi KUIBKOCTI TOMOJIOTIB; Brepiie M.k. Oymo
BusiBiieHO K.IlItepHoMm y npo3odin.

nuclear fragmentation - ¢parmenramis siaep, npsmuii noa. Gopma amiro3y
<amitosis>, 3a AKOro siAPO MEPEBAKHO AUINTHCS HA TEHETMYHO PIBHOPIAHI YaCTUHU
HUBIXOM TiepelHypyBadas; .. XapakTepHa ISl CTApilOUYUX JereHepaTHBHUX
KJITHH Ta KJIITUHHUM T10JIVIOM HE CYMPOBOKYETHCS.

nucleoid, prokaryon - nykmeoin. Amamor sapa y Oakrtepii — mo30aBieHa
memOpanu JIHK- BMicHa AiIsiHKa MPOKApIOTUYHOI KITHUHU (y ACSKUX MPOKapioTIB
Moxe Oytu Outbiie ogqHoro H. Ha xmituny), noaut H. BinOyBaeTbCs Mmicst perTikanii
JIHK 3 AinstHKO0 KIITUHHOT MEMOpaHH!.

nucleus, cytoblast - sapo. Opranena mepeBakHOT OUIBIIOCTI CYKApIOTHUHHUX
opraniMiB, B $l. 3HaXOAUTHCS OCHOBHA YaCTWHA CIAAKOBOI 1H(pOpMaLli KIITUHU
(ssmepHUN TEHOM), MO0 OOYMOBIIIOE MOTO TMPOBITHY POJIb B YIIPaBIIiHHI KJIITHHHOIO
YKUTTEAISIIIbHICTHIO.

oocyte - oomur. JKiHoua cTareBa KIITMHA HAa €Talax poOCTy 1 JO3pIBaHHSA; IO
3aBepiieHi MiTo3iB Q. MepIIoro MopsAKy YTBOPIOETHCS 3 OOTOHIS <00gonium>; B
¢da3i cnoButbHEHOTO pocTy B . BiMOyBaeThcsi KOH IOTAIlli XPOMOCOM Ta KpoO-
cunroBep (nmpodasza I meito3dy), y a3l mBuakoro (TpodormiazmMaTtuaHOro, BITENO -
re’esy) pocty 06’ em Q. pi3ko 30UTbIITYEThCS, ITUTOIIIa3Ma . HaKOMMUIy€e puOOCOMH 1
KOBTOK, miciit | moaury meiio3y yTrBoproeTbTcst . Ipyroro mopsaKy, A0 KIHIIS
703piBaHHs MeH03 Moxe OsokyBarucs (Ha crafii metadasu [ yu Il noauty); O. Mmoxe
OyTH 3aIUTTHEHUM.

ovary - seunuk. JKiHOYa cTareBa 3aji03a, B SKIA BiJOYBA€TbCA OOTEHE3 <00(e-
nesis> (J103piBaHHS CTATEBUX KIITHH - S€Ib); $I. yTBOPIOETHCS 3 ME30I€PMALHOTO
3apOJIKOBOTO JIMCTKA (Y KUIIKOBOMOPOKHUHHHX 3 €KTO- 00 €HTOJIEPMH).

ovulation - oBymamis. Buxim 3pimux SHIEKIITHH y CCaBIIB 3 S€YHHKIB B
nopoxHuHy Tuia; . HacTae MepiOAUYHO a00 B TEBHUM CE30H I BIUIMBOM
“CUrHaIB” 30BHIIIHBOTO CEPEAOBUIIA, a TAKOXK MOXE OyTH 1HIyKOBaHa IITy4YHO
(HampuKJal, BIUIMBOM FOHAJIOTPOIIIHY).



pachytene, pachynema - maxireHa, maxinema, cTamisi “TOBCTHX HUTOK”. Cramis
npodazu | moauty Meio3y; KOH’ I0ryrodi Hapu XpoMOCOM MPE/CTaBIIeH! O1BaJICHTaMU
<bivalent>, saxi wmicTaTh TOBHICTEO Cc(OPMOBaHI CHUHANTOHEMHI KOMIUICKCH
<synaptonemal complex>.

pachytene analysis - naxirennuii anami3z. Ilpomec imenTHdikarmii MeHOTHYHUX
XpoMocoM (OIBaJICHTIB) 3a CIEU(DIKOIO iX CTPYKTYpH, PO3MIPYy ¥ XPOMOCOMHOTO
MaJIFOHKA; Ha CTaJil MaxiTeHN TaKWi aHaj3 HAMOUTbI e(hEeKTHBHHIA.

packing - ymumenenns [[HK]. CykymHicTe mporieciB cmipamm3aiii Ta camo-
VKJIaJIeHHS ABOJIaHIIoroBoi Mmojekymu JIHK, mpu3BoaaTe 10 pi3KOTO CKOPOUYEHHS 11
a0COJIFOTHOT JTOBKUHH.

polar body (cell) - nanpaBue (mossipue) Tiible. JpiOHA KIIITHHA, YTBOPIOETHCS B
nporieci mo3piBanHs ooruty micisa I (mepmoro H.t.) 1 I (apyroro H.T.) momainis
MeH03y, MICTUTh TaIIOiAHUN HaOlp XpOMOCOM, Ha KIHEIb JCreHEpYeE; 3aBMSKU
ACUMETPUYHHUM TIOJIUIaM, TPHU3BOAUTH 10 yTBOpeHHs H.T., muroruia3ma oormra
30epirae BeJMKi po3Mipu B 00TeHe31 <00genesis>.

polytene chromosome - momirenHa xpomocoma. I'iraHTChka XpOMOCOMa JIEIKUX
COMATUYHUX KIITUH, SKi MPOWIUM Tporec nojireHizami<polyteny>; TL.x. Biqomi B
KJIITUHAX CIMHHHUX 37103, MAIBIINEBUX CYIWH, TPUXOTCHHUX 1 JEAKUX 1H. KJIITHHAX
KOMax, B KIITHHAX POC/MH, rpudiB (pox Sciara), HainpocTimmx (iHdpy3opii); B 1989
B.Copca ony6iikyBaB Buueprny 2-roMmHy MoHorpadito no ILx. npo3odin.

prokaryotes, prokaryotic organisms - mpokapiota. OpraHizamMu, KJIITHHH SIKHAX
no30aBiieHI 0OMEKEHOTO MEMOPAHOIO sIApa; aHAJIOTOM SJIpa € HYKJIe0i 1, TeHeTHYHa
cucteMa sikoro (reHodop) BIIMOBiIae NPUMITUBHIN XpoMocomi; mito3a y II. Hemae,
kimtuHu-I1. mo30aBneHi, MITOXOHPIH, amapara ['oJbKI, IIEHTpioe, a pudOoCOMHU
CYTTEBO BIIPBBHIIOTHCS Bif pubocoM eBkapioTnuHux kimtuH, Il. CKilagaroTe okpeme
1apcTBO (MOJKJIMBO, HAIIAPCTBO), BKJIIOYAIOTh OJHOKIITHHHI (apxeOakTepii,
eBOakTepii) 1 6araToKITUHHI (CUHBO3EJICHI BOJIOPOCTI, UM IIaHOOAKTEPii) OpraHi3Mu;
tepmin  “IL” 3anprnionoBano 1937 E.lllartonoM, sikuii ynepuie chopMyiTtOBaB
npuHIunoBi po3obkHocTi IL. 1 eBkapioTiB <eukaryotes>.

prophase - mpodasa. ITouarkoBuii eTan KIITHHHOTO MOJLUTY: MOYATOK PO3Maay
a1epHOI OOOJIOHKH, SJEplsi, MOYaToK KOHJIeHcallii (CrHipalizallii) XpoMOCOM,
PO3XO0XKIEHHS LIEHTPIoJel <Centriole> KINTUHHOTO HEHTPY A0 IMOIOCIB 1 yTBOPEHHS
PO3MILLIEHUMH JTI0BKOJIa HUX (piOpumiiamu actepa <aster>.

resting (uncycling) cell — kiitura B ctani cniokor. Kuitnna Ha eram GO <G(Q

period> inTepdazu; mmpme I[Lk. — ska HE MONUIIETHCS, ale € MeTaboJuHO
aKTUBHOIO KJIITUHOIO.

resting nucleus — simpo B ciokoi. Sapo kiitiHM Ha cTail iHTephas3u.

resting stage (phase) — cramin cmokoro. Ilepiog KITHMHHOTO HHKIY I103a
nonutom;C.mm. = iHTepdasa <interphase>.



RHG-banding - RHG-6enaunr. Bapiantr meroga R-6emamury <R-banding>;
BKJIIOUAE TOTEPEHIO TEPMIUHY OOpOOKYy IpemnapariB XpoMocoMm 1 3adapOyBaHHS
OapBHukoM ['IM3a; 1HOII 1€l METOA pO3rJalTh SK CaMOCTIMHUN  THI
audepentiiinoro 3adpapoysanus xpomocom - T-6eraunr (T — thermal).

sat-chromosome — xpoMocoMa i3 CyImyTHUKOM. XpOMOCOMa, siKa HECE Ha OJTHOMY
3 IUICYSH CYNMYTHUKOBH €IIEMEHT (200 CyOTeloOMEepHYy BTOPUHHY NEPETSIKKY),
3yCTpIHaIOThCA y pociuH (HOAI MO KUIbKa HAa T€HOM), a B KapiOTHUIaX TBApHH
3yCTPIHAIOTHCS PIAKO.

satellite, trabant - cymytauk. CerMeHT XpOMOCOMH, PO3MIIICHHUI TUCTAIBHO T10
BIIHOIIIEHHUIO 10 BTOPHUHHOI IEpeTsHKKU <secondary constriction>.

secondary spermatocyte - crmepMaTouuT Apyroro mopsnaky. Yososiua crareBa
KIIITHHA, YTBOPIOETHCS B pe3yibTarti | moauty Meio3y.

sister chromatids (strands) - cecTpuHChKi XpoMaTHIU. [AEHTHYHI XpoMaTUIH
<chromatid>, yTBOpIOIOTBCS B pe3yNbTaTi PEIUIMKAIli XPOMOCOMH 1 TOEIHAHI B
obOmarci meHTpoMepH; i 4dac Mmito3y <mitosis> ta |l moainy meiio3y <meiosis>
Bi10yBaeThcs posnoaut C.x.

sister chromosomes - cecTpWHCKI XpOMOCOMH. [MEHTHYHI XpPOMOCOMH, SIKi
YTBOPWIUCSA B pe3yibTarTi peruikamii; TepmMiH “C.X.” BHUKOPUCTOBYETHCS 3a
AHAJIOTIEI0 3 TEPMIHOM ‘‘CECTPUHCHKI XpoMaTtumau” <sister chromatids> ctocoBHO
roJIoneHTpuuHUX Xpomocom <holocentric chromosomes>.

spermatid - cmepmarupa. [amioigHa KiIiTHHA, YTBOPIOEThCS B pe3ynbrari 11
MOJIUTy MEWo3y Yy camiliB; B mporeci crnepmioreHedy C. TEpeTBOPIOETHCS Ha
CEepMaro3011.

spermatogenesis - cmepmarorenes. IIporiec ImepeTBOPEHHS IUILIONIHUX
NEPBUHHUX CTATEBUX KIITUH CaMI[B y TaruioigaHi JudepeHIiioBaHl cTaTeBl KIITUHU
(cnepmaro3oinu); C. Bkiouyae 4 OCHOBHUX €TalM: PO3MHOXKEHHS (MITOTUYHE)
CIIEPMATOTOHIIB, PICT CIIEPMATOIUTIB MIEPIIIOTO MOPSAKY Ha GoH1 TpuBasioi nmpodasu I
noAUTy MeHo3y, MeH03 3 YTBOPEHHSIM CIIEpMATOLIUTIB JPYroro nopsaaky, a micis Il
HOJIUTY MeW03y - criepmaru, 3akmounuii eran C. - ciepMiorene3 <spermiogenesis>.

spermatogonium - crmepmarorosiii. JIumioigHa 4ojioBiua cTareBa KINTHHA, SKa
3a3Ha€ pANYy MITOTUYHUX TOAUIB (B cepenHbomy 3-6) Ha mepiioMy erami
CIIEpPMATOTEHE3Y.

spermatozoon, sperm - cmepMiii, criepMaro30ia. 3puia, MUTOJOTIIHO aude-
pEHIIi0OBaHA YOJIOBIUA CTaTeBa KIITHHA, O€3M0CEPEAHbO MIPUNMAE yuacTh y MPOLEC]
3aIUTIHEHHS; Y OUIBIIOCTI TBAPUH CKIIAJAETHCS 3 TOJIOBKU (KyAu BXOJUTH SIJPO,
MITOXOH/PII, IICHTPI0JIi, aKpocoMa <aCroSOMe>) Ta BITHOCHO JIOBTOTO “XBOCTa”, IO
3a0e3Mmeuye MOCTYNATLHUM PYX; Y ASSIKUX TBApUH 1 01U1bII0CTI pocsuH C. mo30aBieH1
TOKTryTHKA (“XBOCTa”).

synaptonemal complex - cunanronemuunii komiuiekc. CTpyKTypa, yITBOPIOETHCS
NpU KOH’IOTallli TOMOJIOTTMHUX XPOMOCOM B MEHO031; CKJIQIAEThCS 3 2 mapanelbHUX



narepanbHbIX enemeHTiB <lateral elements>, mo KOHTakTyIOTh 13 XpOMAaTHHOM, i
MEAlalbHOTO KOMIUIEKCY, Brepiue cTpyktypa C.K. omucaHa OpH €JIeKTPOHHO-
MIKPOCKOIIIMHOMY AOCIIIPKEHHI CIIepMaTouuTIB capanyl B 1956 M. Mo3zecom 1 /I.
DOyKETTOM.

telomere - temomep. KiHneBa AiUISHKA XPOMOCOMHM, iHOJI Oarata rerTepo-
xpomatuaoMm  <heterochromatin>, Bigirpac pombs B 30€PEKCHHI IUTICHOCTI
XpOMOCOMHU 33 paxyHOK nonepemkenHs 3mumnanas T.

telophase - tenodaza. 3akmroUHMIA eTar KJITHHHOTO MOUTY (MIiTO3a Ta KOXKHOIO 3
IBYX monaunB Mero3y); B T. BigOyBaeTbcs 3HMKHEHHS CTPYKTYp BeEpeETeHa,
YTBOPEHHS 2 JOYIPHIX sifep (3 YTBOPEHHSM SJIEPHUX OOOJIOHOK - B €yKapiOTIB),
pO3MOALUT UMTOIUIA3MM Ha 2 YacTHHM, IOYATOK Jecmipanizamii xpomaruny; T.
nepexoauTh B iHTep a3y <interphase>.

tetrad - terpana. I'pyma 3 4 xpomarun, nopisHioe napi (OiBamenty <bivalent>)
rOMOJIOTTYHUX XpoMocoM B mnpodaszi | moxaimy meiosy; takox T. - rpyma 3 4
rarioiAHUX KJITHH, SIKI YTBOPIOIOTHCS B PE3YJIbTaTi MeHO3y OJHIET 3 MAaTEpUHCHKUX
JIUTUIOL THUX KJIITHH.

zygote — 3Wrota; 3arUligHEHE SHIE - KIITHUHA, sIKA YTBOPIOETHCS B PE3yINbTaTi
3IUTTA ramer pi3Hoi ctarti; Tepmid "3." 3anpoBamxeno Y. berconom y 1902.

zygotene, zygoneme, synaptene - 3urotreHa, 3uroHemMa, CHHanTeMa, CTaais HUTOK,
o 3nuBatoThes. Etan mpodasu [ moainy meiiosy (micns sentotenu <leptotene> ta
nepes; maxireHoro <pachytene>), Ha SKOMy PO3MOYMHAETHCS MPOIEC KOH’ FOrarli
TOMOJIOTTYHHUX XPOMOCOM 3 YTBOPEHHSIM OIBAJICHTIB (3UTOCOM).



Laboratory work Ne4

Theme: Molecular Basics of Heredity

Purpose: To learn the structure of DNA and RNA, basic mechanisms of
genetic information transfering.

Equipment: tables, charts of structure of DNA, RNA, replicftive fork.
Course of work:
1. To get acquainted with structure of RNA and DNA.

2. To draw the charts of DNA and RNA structure, replikation of DNA, reverse
transcription.

3. To draw a conclusion of differences in a structure and functions of DNA and
RNA.

4. To untie tasks.

Heredity, that to pass ability the signs and features conditioned descendants, is
a transmission of genetic information from a generation to generation. The material
bases, which carriers inherited data are nucleic acids. There are two types of nucleic
acids — desoxyribonucleic acid (DNA) which is mainly in chromosomes, and
ribonucleic acid (RNA), which is both in a kernel and in the cytoplasm of cage. For
all living creatures the carrier of the inherited data is DNA, although at some viruses
the carrier of the inherited data is RNA.

Structure of DNA molecule and its replication

The molecule of desoxyribonucleic acid (DNA) shows by itself two
antiparallel polynucleodic chains of spiral involute. The monomers of DNA are
nucletoides; each of them is folded of three component parts.

DNA strand >
Figure 20 DNA Structure



There are:

1. Shugure — desoxyriboza;

2. Remain of phosphoric acid

3. One of four nitrous bases (Adenin, Thumine, Guanin, and Citozin).
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Figure 21 Nitrous bases

Explanation of work:

The information about how, when, and where to produce each kind of protein
is carried in the genetic material, a polymer called deoxyribonucleic acid (DNA).

The three-dimensional structure of DNA consists of two long helical strands
that are coiled around a common axis, forming a double helix. DNA strands are
composed of monomers called nucleotides; these often are referred to as bases
because their structures contain cyclic organic bases. Four different nucleotides,
abbreviated A, T, C, and G, are joined end to end in a DNA strand, with the base
parts projecting out from the helical backbone of the strand. Each DNA double helix
has a simple construction: wherever there is an A in one strand there is a T in the
other, and each C is matched with a G (Fig 20).

This complementary matching of the two strands is so strong that if
complementary strands are separated, they will spontaneously zip back together in
the right salt and temperature conditions. Such hybridization is extremely useful for
detecting one strand using the other.

The genetic information carried by DNA resides in its sequence, the linear
order of nucleotides along a strand. The information-bearing portion of DNA is
divided into discrete functional units, the genes, which typically are 5000 to 100,000
nucleotides long. The genes that carry instructions for making proteins commonly
contain two parts: a coding region that specifies the amino acid sequence of a protein
and a regulatory region that controls when and in which cells the protein is made.



Cells use two processes in series to convert the coded information in DNA into
proteins.

In the first, called transcription, the coding region of a gene is copied into a
single-stranded ribonucleic acid (RNA) version of the double-stranded DNA. A
large enzyme, RNA polymerase, catalyzes the linkage of nucleotides into a RNA
chain using DNA as a template. In eukaryotic cells, the initial RNA product is
processed into a smaller messenger RNA (mMRNA) molecule, which moves to the
cytoplasm. Here the ribosome, an enormously complex molecular machine
composed of both RNA and protein, carries out the second process, called
translation.

During translation, the ribosome assembles and links together amino acids in
the precise order dictated by the mMRNA sequence according to the nearly universal
genetic code. All organisms have ways to control when and where their genes can be
transcribed. For instance, nearly all the cells in our bodies contain the full set of
human genes, but in each cell type only some of these genes are active, and used to
make proteins. That’s why liver cells produce some proteins that are not produced by
kidney cells, and vice versa. Moreover, many cells can respond to external signals or
changes in external conditions by turning specific genes on or off, thereby adapting
their repertoire of proteins to meet current needs. Such control of gene activity
depends on DNA-binding proteins called transcription factors, which bind to DNA
and act as switches, either activating or repressing transcription of particular genes.

The genome is packaged into chromosomes and replicated during cell division

Most of the DNA in eukaryotic cells is located in the nucleus, extensively
folded into the familiar structures we know as chromosomes. Each chromosome
contains a single linear DNA molecule associated with certain proteins. In
prokaryotic cells, most or all of the genetic information resides in a single circular
DNA molecule about a millimeter in length; this molecule lies, folded back on itself
many times, in the central region of the cell. The genome of an organism comprises
its entire complement of DNA. With the exception of eggs and sperm, every normal
human cell has 46 chromosomes. Half of these, and thus half of the genes, can be
traced back to Mom; the other half, to Dad. Every time a cell divides, a large
multiprotein replication machine, the replisome, separates the two strands of
doublehelical DNA in the chromosomes and uses each strand as a template to
assemble nucleotides into a new complementary. The outcome is a pair of double
helices, each identical to the original. DNA polymerase, which is responsible for
linking nucleotides into a DNA strand, and the many other components of the
replisome.

Five different nucleotides are used to build nucleic acids

Two types of chemically similar nucleic acids, DNA (deoxyribonucleic acid)
and RNA (ribonucleic acid), are the principal information-carrying molecules of the
cell. The monomers from which DNA and RNA are built, called nucleotides, all



have a common structure: a phosphate group linked by a phosphoester bond to a
pentose (a five-carbon sugar molecule) that in turn is linked to a nitrogen- and
carbon-containing ring structure commonly referred to as a “base”. In RNA, the
pentose is ribose; in DNA, it is deoxyribose. The bases adenine, guanine, and
cytosine are found in both DNA and RNA; thymine is found only in DNA, and
uracil is found only in RNA. Adenine and guanine are purines, which contain a pair
of fused rings; cytosine, thymine, and uracil are pyrimidines, which contain a single
ring (Figure 22).
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Figure 22 Nitrous bases of DNA and RNA structures

The bases are often abbreviated A, G, C, T, and U, respectively; these same
singleletter abbreviations are also commonly used to denote the entire nucleotides in
nucleic acid polymers. In nucleotides the 1 carbon atom of the sugar (ribose or
deoxyribose) is attached to the nitrogen at position 9 of a purine (N9) or at position 1
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Figure 23 The structure of DNA and RNA sugar

of a pyrimidine (N1). The acidic character of nucleotides is due to the phosphate
group, which under normal intracellular conditions releases a hydrogen ion (H ),
leaving the phosphate negatively charged (see Fig 23). Most nucleic acids in cells are
associated with proteins, which form ionic interactions with the negatively charged
phosphates.



Cells and extracellular fluids in organisms contain small concentrations of

nucleosides, combinations of a base and a sugar without a phosphate. Nucleotides are
hydroxyl.

nucleosides that have one, two, or three phosphate groups esterified at the 5

Nucleoside monophosphates have a single esterified phosphate
diphosphates contain a pyrophosphate group: and triphosphates have a third
phosphate. The nucleoside triphosphates are used in the synthesis of nucleic acids.

Among their other functions in the cell, GTP participates in intracellular signaling
and acts as an energy reservoir, particularly in protein synthesis, and ATP, discussed

later in this chapter, is the most widely used biological energy carrier.

DNA polynucleotide strand

RNA polynucleotide strand
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Figure 24 The structure of DNA and RNA. DNA consists of two polynucleotide
chaines that are antiparalel and complementary. RNA consists of a single
nucleotide chain.

These macromolecules (1) contain the information for determining the amino
acid sequence and hence the structure and function of all the proteins of a cell, (2) are
part of the cellular structures that select and align amino acids in the correct order as
a polypeptide chain is being synthesized, and (3) catalyze a number of fundamental
chemical reactions in cells, including formation of peptide bonds between amino
acids during protein synthesis.
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Figure 25 End-to-end chemical orientation: the 5end has a hydroxyl or
phosphate group on the 5 carbon of its terminal sugar; the 3end usually has a
hydroxyl group on the 3 carbon of its terminal sugar

Deoxyribonucleic acid (DNA) contains all the information required to build
the cells and tissues of an organism. The exact replication of this information in any
species assures its genetic continuity from generation to generation and is critical to
the normal development of an individual. The information stored in DNA is arranged
in hereditary units, now known as genes, which control identifiable traits of an
organism. In the process of transcription, the information stored in DNA is copied
into ribonucleic acid (RNA), which has three distinct roles in protein synthesis.
Messenger RNA (mMRNA) carries the instructions from DNA that specify the correct
order of amino acids during protein synthesis. The remarkably accurate, stepwise
assembly of amino acids into proteins occurs by translation of mRNA. In this
process, the information in mMRNA is interpreted by a second type of RNA called
transfer RNA (tRNA) with the aid of a third type of RNA, ribosomal RNA (rRNA),
and its associated proteins. As the correct amino acids are brought into sequence by
tRNAs, they are linked by peptide bonds to make proteins. Discovery of the structure
of DNA in 1953 and subsequentelucidation of how DNA directs synthesis of RNA,
which then directs assembly of proteins — he so-called central dogma — were
monumental achievements marking the early days of molecular biology (Fig 31).
However, the simplified representation of the central dogma as DNA nRNA protein
does not reflect the role of proteins in the synthesis of nucleic acids. Moreover, as
discussed in later chapters, proteins are largely responsible for regulating gene
expression, the entire process whereby the information encoded in DNA is decoded
into the proteins that characterize various cell types.

Structure of nucleic acids

DNA and RNA are chemically very similar. The primary structures of both are
linear polymers composed of monomers called nucleotides. Cellular RNAs range in
length from less than one hundred to many thousands of nucleotides. Cellular DNA
molecules can be as long as several hundred million nucleotides. These large DNA
units in association with proteins can be stained with dyes and visualized in the light
microscope as chromosomes, so named because of their stainability.

A nucleic acid strand is a linear polymer with end-to-end directionality



DNA and RNA each consist of only four different nucleotides. Recall from
previous that all nucleotides consist of an organic base linked to a five-carbon sugar
that has a phosphate group attached to carbon 5. In RNA, the sugar is ribose; in DNA,
deoxyribose (see Fig 24). The nucleotides used in synthesis of DNA and RNA
contain five different bases. The bases adenine (A) and guanine (G) are purines,
which con- tain a pair of fused rings; the bases cytosine (C), thymine (T), and uracil
(V) are pyrimidines, which contain a single ring (see Fig 22). Both DNA and RNA
contain three of these bases — A, G, and C; however, T is found only in DNA, and U
only in RNA. (Note that the single-letter abbreviations for these bases are also
commonly used to denote the entire nucleotides in nucleic acid polymers.) A single
nucleic acid strand has a backbone composed of repeating pentose-phosphate units
from which the purine and pyrimidine bases extend as side groups. Like a
polypeptide, a nucleic acid strand has an end-to-end chemical orientation: the 5_ end
has a hydroxyl or phosphate group on the 5 carbon of its terminal sugar; the 3_ end
usually has a hydroxyl group on the 3 carbon of its terminal sugar (Fig 25). The
chemical linkage between adjacent nucleotides, commonly called a phosphodiester
bond, actually consists of two phosphoester bonds, one on the 5 side of the
phosphate and another on the 3_ side. The linear sequence of nucleotides linked by
phosphodiester bonds constitutes the primary structure of nucleic acids. Like
polypeptides, polynucleotides can twist and fold into three-dimensional
conformations stabilized by noncovalent bonds. Although the primary structures of
DNA and RNA are generally similar, their three-dimensional conformations are quite
different. These structural differences are critical to the different functions of the two
types of nucleic acids.

Table 6. The structures of DNA and RNA compared

Characteristic DNA RNA
Composed of nucleotides Yes Yes

Type of sugar Deoxyribose |Ribose
Presence of 2'-OH group No Yes

Bases AGCT A G CU
Nucleotides joined by phosphodiester bonds Yes Yes

Double or single stranded Usually Usually single
Secondary structure Double helix |Many types
Stability Quite stable  |Easily degraded

Native DNA is a double helix of complementary antiparallel strands

The modern era of molecular biology began in 1953 when James D. Watson
and Francis H. C. Crick proposed that DNA has a double-helical structure. Their
proposal, based on analysis of x-ray diffraction patterns coupled with careful model



building, proved correct and paved the way for our modern understanding of how
DNA functions as the genetic material. DNA consists of two associated
polynucleotide strands that wind together to form a double helix. The two
sugarphosphate backbones are on the outside of the double helix, and the bases
project into the interior. The adjoining bases in each strand stack on top of one
another in parallel planes.The orientation of the two strands is antiparallel; that is,
their 5 n3_ directions are opposite. The strands are held in precise register by
formation of base palrs between the two strands: A is paired with T through two
hydrogen bonds; G is paired with C through three hydrogen bonds .This base-pair
complementarity is a consequence of the size, shape, and chemical composition of
the bases.

Space-filling model of B DNA, the most common form of DNA in cells. The
bases (light shades) project inward from the sugar-phosphate backbones (dark red and
blue) of each strand, but their edges are accessible through major and minor grooves.
Arrows indicate the 5°n3’ direction of each strand. Hydrogen bonds between the
bases are in the center of the structure. The major and minor grooves are lined by
potential hydrogen bond donors and acceptors. (b) Chemical structure of DNA
double helix. This extended schematic shows the two sugar-phosphate backbones and
hydrogen bonding between the Watson-Crick base pairs, A_T and G_C.

| |
(I, |-|’|l : 39H
=i e Ak
0 I\o/l
5’(|:H2 Commme V(M
H63'2'l|.|H HO Z 2
of ooyl
8 8 B
s,cle 6 s C 5'C|"'2
L
e 1= H

FIGURE 27 Contra parallel
DNA structure

FIGURE 26 The DNA double helix
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FIGURE 28 Hydrogen copulas are between komplementarnimi nitrous bases

In natural DNA, A always hydrogen bonds with T and G with C, forming A-T
and G-C base pairs as shown in Fig 28. These associations between a larger purine
and smaller pyrimidine are often called Watson-Crick base pairs. Two polynucleotide
strands, in which all the nucleotides form such base pairs are said to be
complementary. However, in theory and in synthetic DNAs other base pairs can
form. For example, a guanine (a purine) could theoretically form hydrogen bonds
with a thymine (a pyrimidine), causing only a minor distortion in the helix. The space
available in the helix also would allow pairing between the two pyrimidines cytosine
and thymine. Although the nonstandard G-T and C-T base pairs are normally not
found in DNA, G-U base pairs are quite common in double-helical regions that form
within otherwise single-stranded RNA. Most DNA in cells is a right-handed helix.
The x-ray diffraction pattern of DNA indicates that the stacked bases are regularly
spaced 0.36 nm apart along the helix axis. The helix makes a complete turn every 3.6
nm; thus there are about 10.5 pairs per turn. This is referred to as the B form of DNA,
the normal form present in most DNA stretches in cells. On the outside of B-form
DNA, the spaces between the intertwined strands form two helical grooves of
different widths described as the major groove and the minor groove (see Fig 10). As
a consequence, the atoms on the edges of each base within these grooves are
accessible from outside the helix, forming two types of binding surfaces. DNA
binding proteins can “read” the sequence of bases in duplex DNA by contacting
atoms in either the major or the minor grooves. In addition to the major B form, three
additional DNA structures have been described. Two of these are compared to B
DNA. In very low humidity, the crystallographic structure of B DNA changes to the
A form; RNADNA and RNA-RNA helices exist in this form in cells and in vitro.
Short DNA molecules composed of alternating purinepyrimidine nucleotides
(especially Gs and Cs) adopt an alternative left-handed configuration instead of the
normal right-handed helix. This structure is called Z DNA because the bases seem to
zigzag when viewed from the side. Some evidence suggests that Z DNA may occur in



cells, although its function is unknown. Finally, a triple-stranded DNA structure is
formed when synthetic polymers of poly(A) and polydeoxy(U) are mixed in the test
tube. In addition, homopolymeric stretches of DNA composed of C and T residues in
one strand and A and G residues in the other can form a triple-stranded structure by
binding matching lengths of synthetic poly(C_T). Such structures probably do not
occur naturally in cells but may prove useful as therapeutic agents.

FIGURE 29 Models of various known DNA structures

The sugar-phosphate backbones of the two strands, which are on the outside
in all structures, are shown in red and blue; the bases (lighter shades) are oriented
inward. (a) The B form of DNA has =10.5 base pairs per helical turn. Adjacent
stacked base pairs are 0.36 nm apart. (b) The more compact A form of DNA has 11
base pairs per turn and exhibits a large tilt of the base pairs with respect to the helix
axis. (c) Z DNA is a left-handed double helix.

FIGURE 30 Models of various DNA structures



Table 7. Characteristics of DNA secondary structures

Characteristic A-DNA B-DNA Z-DNA

Conditions required to 75% H,0 929 H,0 Altqrn_at_lng purine and

produce structure pyrimidine bases

Helix direction Right-handed Right-handed |Left-handed

Average base pairs perturn {11 10 12

Rotation per base pair 32.7° 36°-30°

Distance between adjacent [0.26 nm 0.34 nm 0.37 nm

Diameter 2.3 nm 1.9 nm 1.8 nm

Overall shape Short and wide Long and Elongated and narrow
narrow

By far the most important modifications in the structure of standard B-form
DNA come about as a result of protein binding to specific DNA sequences. Although
the multitude of hydrogen and hydrophobic bonds between the bases provide stability
to DNA, the double helix is flexible about its long axis. Unlike the _ helix in proteins,
there are no hydrogen bonds parallel to the axis of the DNA helix. This property
allows DNA to bend when complexed with a DNA-binding protein. Bending of DNA
Is critical to the dense packing of DNA in chromatin, the protein-DNA complex in
which nuclear DNA occurs in eukaryotic cells.

Summery of nucleic acids structure

m Deoxyribonucleic acid (DNA), the genetic material, carries information to specify
the amino acid sequences of proteins. It is transcribed into several types of
ribonucleic acid (RNA), including messenger RNA (mMRNA), transfer RNA (tRNA),
and ribosomal RNA (rRNA), which function in protein synthesis.

m Both DNA and RNA are long, unbranched polymers of nucleotides, which consist
of a phosphorylated pentose linked to an organic base, either a purine or pyrimidine.

m The purines adenine (A) and guanine (G) and the pyrimidine cytosine (C) are
present in both DNA and RNA. The pyrimidine thymine (T) present in DNA is
replaced by the pyrimidine uracil (U) in RNA.

m Adjacent nucleotides in a polynucleotide are linked by hosphodiester bonds. The
entire strand has a chemical directionality: the 5 end with a free hydroxyl or
phosphate group on the 5 carbon of the sugar, and the 3 end with a free hydroxyl
group on the 3_ carbon of the sugar.

m Natural DNA (B DNA) contains two complementary antiparallel polynucleotide
strands wound together into a regular right-handed double helix with the bases on the
in- Basic Molecular Genetic Mechanisms side and the two sugar-phosphate
backbones on the outside (see Figure 22-23). Base pairing between the strands and
hydrophobic interactions between adjacent bases in the same strand stabilize this
native structure.



m The bases in nucleic acids can interact via hydrogen bonds. The standard Watson-
Crick base pairs are G-C, A'T (in DNA), and A-U (in RNA). Base pairing stabilizes
the native three-dimensional structures of DNA and RNA.

m Binding of protein to DNA can deform its helical structure, causing local bending
or unwinding of the DNA molecule.

m Heat causes the DNA strands to separate (denature). The melting temperature Tm
of DNA increases with the percentage of G-C base pairs. Under suitable conditions,
separated complementary nucleic acid strands will renature.

m Circular DNA molecules can be twisted on themselves, forming supercoils .
Enzymes called topoisomerases can relieve torsional stress and remove supercoils
from circular DNA molecules.

m Cellular RNAs are single-stranded polynucleotides, some of which form well-
defined secondary and tertiary structures. Some RNAs, called ribozymes, have
catalytic activity.

Transcription of protein-coding genes and formation of functional mMRNA

The simplest definition of a gene is a “unit of DNA that contains the
information to specify synthesis of a single polypeptide chain or functional RNA
(such as a tRNA).” The vast majority of genes carry information to build protein
molecules, and it is the RNA copies of such protein-coding genes that constitute the
MRNA molecules of cells. The DNA molecules of small viruses contain only a few
genes, whereas the single DNA molecule in each of the chromosomes of higher
animals and plants may contain several thousand genes. During synthesis of RNA,
the four-base language of DNA containing A, G, C, and T is simply copied, or trans-
cribed, into the four-base language of RNA, which is identical except that U replaces
T. In contrast, during protein synthesis the four-base language of DNA and RNA is
translated into the 20—amino acid language of proteins. In this section we focus on
formation of functional MRNAs from protein-coding genes. A similar process yields
the precursors of rRNAs and tRNAs encoded by rRNA and tRNA genes; these
precursors are then further modified to yield functional rRNAs and tRNAs .

A Template DNA Strand Is Transcribed into a Complementary RNA Chain by
RNA Polymerase During transcription of DNA, one DNA strand acts as a template,
determining the order in which ribonucleoside triphosphate (FNTP) monomers are
polymerized to form a complementary RNA chain. Bases in the template DNA strand
base-pair with complementary incoming rNTPs, which then are joined in a
polymerization reaction catalyzed by RNA polymerase. Polymerization involves a
nucleophilic attack by the 3 oxygen in the growing RNA chain on the phosphate of
the next nucleotide precursor to be added, resulting in formation of a phosphodiester
bond and release of pyrophosphate (PPi). As a consequence of this mechanism, RNA
molecules are always synthesized in the 5 n3 direction. The energetics of the
polymerization reaction strongly favors addition of ribonucleotides to the growing
RNA chain because the high-energy bond between the _ and _ phosphate of rNTP



monomers is replaced by the lower-energy phosphodiester bond between nucleotides.
The equilibrium for the reaction is driven further toward chain elongation by
pyrophosphatase, an enzyme that catalyzes cleavage of the released PPi into two
molecules of inorganic phosphate. Like the two strands in DNA, the template DNA
strand and the growing RNA strand that is base-paired to it have opposite 5 n3
directionality. By convention, the site at which RNA polymerase begins transcription
IS numbered _1. Downstream denotes the direction in which a template DNA strand
is transcribed (or mRNA translated); thus a downstream sequence is toward the 3_
end relative to the start site, considering the DNA strand with the same polarity as the
transcribed RNA. Upstream denotes the opposite direction. Nucleotide positions in
the DNA sequence downstream from a start site are indicated by a positive () sign;
those upstream, by a negative () sign.

Stages in transcription To carry out transcription, RNA polymerase performs
several distinct functions, as depicted in Figure 4-10. During transcription initiation,
RNA polymerase recognizes and binds to a specific site, called a promoter, in
double-stranded DNA (step 1). Nuclear RNA polymerases require various protein
factors, called general transcription factors, to help them locate promoters and
initiate transcription. After binding to a promoter, RNA polymerase melts the DNA
strands in order to make the bases in the template strand available for base pairing
with the bases of the ribonucleoside triphosphates that it will polymerize together.
Cellular RNA polymerases melt approximately 14 base pairs of DNA around the
transcription start site, which is located on the template strand within the promoter.
Transcription initiation is considered complete when the first two ribonucleotides of
an RNA chain are linked by a phosphodiester bond. After several ribonucleotides
have been polymerized, RNA polymerase dissociates from the promoter DNA and
general transcription factors. During the stage of strand elongation, RNA polymerase
moves along the template DNA one base at a time, opening the double-stranded DNA
in front of its direction of movement and hybridizing the strands behind.

Basic molecular genetic mechanisms

One ribonucleotide at a time is added to the 3_ end of the growing (nascent) RNA
chain during strand elongation by the polymerase. The enzyme maintains a melted
region of approximately 14 base pairs, called the transcription bubble.
Approximately eight nucleotides at the 3_ end of the growing RNA strand remain
base-paired to the template DNA strand in the transcription bubble. The elongation
complex, comprising RNA polymerase, template DNA, and the growing (nascent)
RNA strand, is extraordinarily stable. For example, RNA polymerase transcribes the
longest known mammalian genes, containing <2 106 base pairs, without
dissociating from the DNA template or releasing the nascent RNA. Since RNA
synthesis occurs at a rate of about 1000 nucleotides per minute at 37 C, the
elongation complex must remain intact for more than 24 hours to assure continuous
RNA synthesis.

During transcription termination, the final stage in RNA synthesis, the
completed RNA molecule, or primary transcript, is released from the RNA
polymerase and the polymerase dissociates from the template DNA. Specific



sequences in the template DNA signal the bound RNA polymerase to terminate
transcription. Once released, an RNA polymerase is free to transcribe the same gene
again or another gene.
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FIGURE 31

The "central dogma” of molecular genetics: DNA codes for RNA,
and RNA codes for protein. The DNA  RNA step is transeription

and the RNA ~  protein step is translation.

Structure of RNA polymerases The RNA polymerases of bacteria, archaea, and
eukaryotic cells are fundamentally similar in structure and function. Bacterial RNA
polymerases are composed of two related large subunits (__ and ), two copies of a
smaller subunit (), and one copy of a fifth subunit () that is not essential for
transcription or cell viability but stabilizes the enzyme and assists in the assembly of
its subunits. Archaeal and eukaryotic RNA polymerases have several additional small
subunits associated with this core complex. Schematic dia- Transcription of Protein-
Coding Genes and Formation of Functional mMRNA grams of the transcription
process generally show RNA polymerase bound to an unbent DNA molecule.
However, according to a current model of the interaction between bacterial RNA

polymerase and promoter DNA, the DNA bends sharply following its entry into the
enzyme.
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Figure 32 Organization of genes differs in prokaryoticand eukaryotic DNA

Having outlined the process of transcription, we now briefly consider the large-
scale arrangement of information in DNA and how this arrangement dictates the
requirements for RNA synthesis so that information transfer goes smoothly. In recent
years, sequencing of the entire genomes from several organisms has revealed not
only large variations in the number of protein-coding genes but also differences in
their organization in prokaryotes and eukaryotes.

The most common arrangement of protein-coding genes in all prokaryotes has
a powerful and appealing logic: genes devoted to a single metabolic goal, say, the
synthesis of the amino acid tryptophan, are most often found in a contiguous array in
the DNA. Such an arrangement of genes in a functional group is called an operon,
because it operates as a unit from a single promoter. Transcription of an operon
produces a continuous strand of MRNA that carries the message for a related series of
proteins. Each section of the mRNA represents the unit (or gene) that encodes one of
the proteins in the series. In prokaryotic DNA the genes are closely packed with very
few noncoding gaps, and the DNA is transcribed directly into colinear mRNA, which
then is translated into protein.This economic clustering of genes devoted to a single
metabolic function does not occur in eukaryotes, even simple ones like yeasts, which
can be metabolically similar to bacteria. Rather, eukaryotic genes devoted to a single
pathwayare most often physically separated in the DNA; indeed such genes usually
are located on different chromosomes. Each gene is transcribed from its own
promoter, producing one mRNA, which generally is translated to yield a single

polypeptide.

When researchers first compared the nucleotide sequences of eukaryotic
MRNAs from multicellular organisms with the DNA sequences encoding them, they
were surprised to find that the uninterrupted protein-coding sequence of a given
MRNA was broken up (discontinuous) in its corresponding section of DNA. They
concluded that the eukaryotic gene existed in pieces of coding sequence, the exons,
separated by non-protein-coding segments, the introns. This astonishing finding
implied that the long initial primary transcript — the RNA copy of the entire
transcribed DNA sequence — had to be clipped apart to remove the introns andthen
carefully stitched back together to produce manyeukaryotic mMRNAs.



Although introns are common in multicellular eukaryotes, they are extremely
rare in bacteria.

FIGURE 33 Current model of bacterial RNA polymerase bound to a promoter

This structure corresponds to the polymerase molecule as schematically shown
in Fig 33. The DNA template and nontemplate strands are shown, respectively, as
gray and pink ribbons. Numbers indicate positions in the DNA sequence relative to
the transcription start site, with positive (+) numbers in the direction of transcription
and negative (-) numbers in the opposite direction. uncommon in many unicellular
eukaryotes such as baker’s yeast. However, introns are present in the DNA of viruses
that infect eukaryotic cells. Indeed, the presence of introns was first discovered in
such viruses, whose DNA is transcribed by host-cell enzymes.



Laboratory work Ne5

Subject: Basic mechanisms of the inherited information realization. Gene structure.
Transcription. Synthesis of protein.

Purpose: To learn the basic mechanisms of the inherited information realization and
its control.

Equipment: Charts of transcription, processing, splicing, and translation.

Explanation of work:

Existence of inherited information units which can be separated one from other
was guessed by Mendel in 1865 year. Gregor Mendel named them the factors of
heredity. A ,,gene” entered a term logansen in 1909 year. In spite of almost 100 years
after introduction of this term, he causes the permanent discussions of scientists.
After works of Bidl and Tatum under a term a gene was understood area of molecule
of DNA, which determines formation of one enzyme (,,one gene is one enzyme”).
Then this thesis was specified and took a form: ,,one gene is one momjinenTUIHUN
chain”.

The inherited information, written in DNA, will be realized through I-RNK to
the albumen. This way of O Krik named the ,,Central dogma of molecular biology it
was considered Long time, that an inherited information transfer in reverse direction
IS impossible. In 1970 year of G.Timin and S. Muzatani opened the phenomenon of
3BOPOTHBOI transcription. By the enzyme of reverse transryptaza (revertaza) in RNK-
VMISNIKH of viruses genetic information is passed from RNAS to DNA. In 1975
year of R.Dul'beko, G.Timin, D.Baltimor described the similar phenomenon in the
cages of amphibians. Coming from it, the central dogma of molecular biology can be
presented as follows:

Eukaryotic precursor mRNAs are processed to form functional mRNAs

In prokaryotic cells, which have no nuclei, translation of an mMRNA into protein
can begin from the 5 end of the mRNA even while the 3_ end is still being
synthesized by RNA polymerase. In other words, transcription and translation can
occur concurrently in prokaryotes. In eukaryotic cells, however, not only is the
nucleus separated from the cytoplasm where translation occurs, but also the primary
transcripts of protein-coding genes are precursor mRNAs (pre-mRNAs) that must
undergo several modifications, collectively termed RNA processing, to yield a
functional MRNA (see Fig 34).
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Figure 34 RNA has a primary and a secondary structure

This mRNA then must be exported to the ¢ Basic Molecular Genetic
Mechanisms cytoplasm before it can be translated into protein. Thus transcription and
translation cannot occur concurrently in eukaryotic cells.

All eukaryotic pre-mRNAs initially are modified at the two ends, and these
modifications are retained in mMRNAs. As the 5_ end of a nascent RNA chain emerges
from the surface of RNA polymerase Il, it is immediately acted on by several
enzymes that together synthesize the 5 cap, a 7-methylguanylate that is connected to
the terminal nucleotide of the RNA by an unusual 5 ,5 triphosphate linkage. The
cap protects an mRNA from enzymatic degradation and assists in its export to the
cytoplasm. Thecap also is bound by a protein factor required to begin translationin
the cytoplasm.Processing at the 3 end of a pre-mRNA involves cleavage by an
endonuclease to yield a free 3_-hydroxyl group to which a string of adenylic acid
residues is added one at a time by an enzyme called poly(A) polymerase. The
resulting poly(A) tail contains 100-250 bases, being shorter in yeasts and
invertebrates than in vertebrates. Poly(A) polymerase is part of a complex of proteins
that can locate and cleave atranscript at a specific site and then add the correct
numberof A residues, in a process that does not require a template. The final step in
the processing of many different eukaryotic mMRNA molecules is RNA splicing: the



internal cleavage of a transcript to excise the introns, followed by ligation of the
coding exons.
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Figure 36 Uracil structure

Figure 35 RNA structure

The functional eukaryotic mMRNAs produced by RNA processing retain noncoding
regions, referred to as 5 and 3_ untranslated regions (UTRs), at each end. In
mammalian mMRNAs, the 5 UTR may be a hundred or more nucleotides long, and
the 3. UTR may be several kilobases in length. Prokaryotic mRNAs also usually
have 5 and 3 UTRs, but these are much shorter than those in eukaryotic mRNASs,
generally containing fewer than 10 nucleotides.

Alternative RNA splicing increases the number of proteins expressed from
a single eukaryotic gene

In contrast to bacterial and archaeal genes, the vast majority of genes in higher,
multicellular eukaryotes contain multiple introns. Many proteins from higher
eukaryotes have a multidomain tertiary structure. Individual repeated protein domains
often are encoded by one exon or a small number of exons that code for identical or
nearly identical amino acid sequences. Such repeated exons are thought to have
evolved by the accidental multiple duplication of a length of DNA lying between two
sites in adjacent introns, resulting in insertion of a string of repeated exons, separated
by introns, between the original two introns. The presence of multiple introns in
many eukaryotic genes permits expression of multiple, related proteins from a single
gene by means of alternative splicing. In higher eukaryotes, alternative splicing is an
important mechanism for production of different forms of a protein, called isoforms,
by different types of cells. Fibronectin, a multidomain extracellular adhesive protein
found in mammals, provides a good example of alternative splicing. The fibronectin
gene contains numerous exons, grouped into several regions corresponding to
specific domains of the protein. Fibroblasts produce fibronectin mRNAs that contain
exons EIIA and EIlIB; these exons encode amino acid sequences that bind tightly to
proteins in the fibroblast plasma membrane. Consequently, this fibronectin isoform
adheres fibroblasts to the extracellular matrix. Alternative splicing of the fibronectin
primary transcript in hepatocytes, the major type of cell in the liver, yields mRNAs



that lack the ENIA and EIIB exons. As a result, the fibronectin secreted by
hepatocytes into the blood does not adhere tightly to fibroblasts or most other cell
types, allowing it to circulate. During formation of blood clots, however, the
fibrinbinding domains of hepatocyte fibronectin binds to fibrin, one of the principal
constituents of clots. The bound fibronectin then interacts with integrins on the
membranes of passing, activated platelets, thereby expanding the clot by addition of
platelets.More than 20 different isoforms of fibronectin have been identified, each
encoded by a different, alternatively spliced mRNA composed of a unique
combination of fibronectin gene exons. Recent sequencing of large numbers of
MRNAs < Basic Molecular Genetic Mechanisms isolated from various tissues and
comparison of their sequences with genomic DNA has revealed that nearly 60
percent of all human genes are expressed as alternatively spliced mRNAs. Clearly,
alternative RNA splicing greatly expands the number of proteins encoded by the
genomes of higher, multicellular organisms.

Transcription of protein-coding genes and formation of functional mMRNA
key concepts:

+ Transcription of DNA is carried out by RNA polymerase, which adds one
ribonucleotide at a time to the 3_ end of a growing RNA chain. The sequence
of the template DNA strand determines the order in which ribonucleotides are
polymerized to form an RNA chain.

+ During transcription initiation, RNA polymerase binds to a specific site in
DNA (the promoter), locally melts double-stranded DNA to reveal the
unpaired template strand, and polymerizes the first two nucleotides.

%+ During strand elongation, RNA polymerase moves along the DNA, melting
sequential segments of the DNA and adding nucleotides to the growing RNA
strand.

+ When RNA polymerase reaches a termination sequence in the DNA, the
enzyme stops transcription, leading to release of the completed RNA and
dissociation of the enzyme from the template DNA.

+ In prokaryotic DNA, several protein-coding genes commonly are clustered
into a functional region, an operon, which is transcribed from a single promoter
into one MRNA encoding multiple proteins with related functions (see Figure).
Translation of a bacterial MRNA can begin before synthesis of the mRNA is
complete.

+ In eukaryotic DNA, each protein-coding gene is transcribed from its own
promoter. The initial primary tran- script very often contains noncoding
regions (introns) interspersed among coding regions (exons).

4 Eukaryotic primary transcripts must undergo RNA processing to vyield
functional RNAs. During processing, the ends of nearly all primary transcripts
from protein-coding genes are modified by addition of a5 cap and 3_ poly(A)
tail. Transcripts from genes containing introns undergo splicing, the removal of
the introns and joining of the exons.

+ The individual domains of multidomain proteins found in higher eukaryotes
are often encoded by individual exons or a small number of exons. Distinct



iIsoforms of such proteins often are expressed in specific cell types as the result
of alternative splicing of exons.

Table 8. Components required for protein synthesis in bacterial cells

Stage Component Function
. Amino acids Building blocks of proteins

Binding of

amino acid tRNAS Deliver amino acids to ribosomes

to tRNA aminoacyl-tRNA synthetase |Attaches amino acids to tRNAs
ATP Provides eneray for hindina aminn
MRNA Carries coding instructions
fMet-tRNA™¢ Provides first amino acid in peptide

30S ribosomal subunit Attaches to mRNA
Initiation 50S ribosomal subunit Stabilizes tRNAs and amino acids

Initiation factor 1 Enhances dissociation of large and
small subunits of ribosome

Binds GTP: delivers fMet-tRNA™® to
initiation codon

Initiation factor 2

Initiation factor 3

Functional ribosome with A, P, and E
sites and peptidyl transferase activity

70S initiation complex where protein synthesis takes place

Bring amino acids to ribosome and
Charged tRNAs : e
J help assemble them in order specified
Elongation factor Tu by mRNA
Elongation _ _
Elongation factor Ts Binds GTP and charged tRNA,;

i delivers charged tRNA to A site
Elongation factor G GTP

_ Generates active elongation factor Tu
Peptidyl transferase

Stimulates movement of ribosome to
next codon

Dvayvnidacs Aanavens

Bind to ribosome when stop codonis

Termination |Release factors 1, 2, and 3 . )
reached and terminate translation

Control of gene expression in prokaryotes key concepts:

+ Gene expression in both prokaryotes and eukaryotes is regulated primarily by
mechanisms that control the initiation of transcription.



+ Binding of the subunit in an RNA polymerase to a promoter region is the first
step in the initiation of transcription in E. coli. « Basic Molecular Genetic
Mechanisms

+ The nucleotide sequence of a promoter determines its strength, that is, how
frequently different RNA polymerase which overlap or lie adjacent to
promoters. Binding of repressor to an operator inhibits transcription initiation.

+ The DNA-binding activity of most bacterial repressors is modulated by small
effector molecules (inducers). This allows bacterial cells to regulate
transcription of specific genes in response to changes in the concentration of
various nutrients in the environment.

+ The lac operon and some other bacterial genes also are regulated by activator
proteins that bind next to promoters and increase the rate of transcription
initiation by RNA polymerase.

+ The major sigma factor in E. coli is 70, but several other less abundant sigma
factors are also found, each recognizing different consensus promoter
sequences.

+ Transcription initiation by all E. coli RNA polymerases, except those
containing 54, can be regulated by repressors and activators that bind near the
transcription start site.

+ Genes transcribed by 54-RNA polymerase are regulated by activators that bind
to enhancers located =100 base pairs upstream from the start site. When the
activator and 54-RNA polymerase interact, the DNA between their binding
sites forms a loop.

+ |n two-component regulatory systems, one protein acts as a sensor, monitoring
the level of nutrients or other components in the environment. Under
appropriate conditions, the phosphate of an ATP is transferred first to a
histidine in the sensor protein and then to an aspartic acid in a second protein,
the response regulator. The phosphorylated response regulator then binds to
DNA regulatory sequences, thereby stimulating or repressing transcription of
specific genes.

Three roles of RNA in translation key concepts:

Although DNA stores the information for protein synthesis and mRNA conveys the
instructions encoded in DNA, most biological activities are carried out by proteins.
The linear order of amino acids in each protein determines its three-dimensional
structure and activity. For this reason, assembly of amino acids in their correct order,
as encoded in DNA, is critical to production of functional proteins and hence the
proper functioning of cells and organisms.

Translation is the whole process by which the nucleotide sequence of an mRNA is
used to order and to join the amino acids in a polypeptide chain. In eukaryotic cells,
protein synthesis occurs in the cytoplasm, where three types of RNA molecules come
together to perform different but cooperative functions:



1. Messenger RNA (mMRNA) carries the genetic information transcribed from DNA
in the form of a series of three nucleotide sequences, called codons, each of which
specifies a particular amino acid.

2. Transfer RNA (tRNA) is the key to deciphering the codons in mRNA. Each type
of amino acid has its own subset of tRNAs, which bind the amino acid and carry it to
the growing end of a polypeptide chain if the next codon in the mRNA calls for it.
The correct tRNA with its attached amino acid is selected at each step because each
specific tRNA molecule contains a three-nucleotide sequence, an anticodon, that can
base-pair with its complementary codon in the mRNA.

3. Ribosomal RNA (rRNA) associates with a set of proteins to form ribosomes.
These complex structures, which physically move along an mRNA molecule,
catalyze the assembly of amino acids into polypeptide chains. They also bind tRNAs
and various accessory proteins necessary for protein synthesis. Ribosomes are
composed of a large A molecule or molecules.

* Three Roles of RNA in Translation. These three types of RNA participate in
translation in all cells. Indeed, development of three functionally distinct RNAs was
probably the molecular key to the origin of life. How the structure of each RNA
relates to its specific task is described in this section; how the three types work
together, along with required protein factors, to synthesize proteins is detailed in the
following section. Since translation is essential for protein synthesis, the two
processes commonly are referred to interchangeably. However, the polypeptide
chains resulting from translation undergo post-translational folding and often other
changes (e.g., chemical modifications, association with other chains) that are required
for production of mature, functional proteins.

Messenger RNA carries information from DNA in a three-letter genetic code

As noted above, the genetic code used by cells is a triplet code, with every
three-nucleotide sequence, or codon, being “read” from a specified starting point in
the mRNA. Of the 64 possible codons in the genetic code, 61 specify individual
amino acids and three are stop codons. Most amino acids are encoded by more than
one codon. Only two — methionine and tryptophan — have a single codon; at the other
extreme, leucine, serine, and arginine are each specified by six different codons. The
different codons for a given amino acid are said to be synonymous. The code itself is
termed degenerate, meaning that more than one codon can specify the same amino
acid. Synthesis of all polypeptide chains in prokaryotic and eukaryotic cells begins
with the amino acid methionine. In most MRNAs, the start (initiator) codon
specifying this aminoterminal methionine is AUG. In a few bacterial mMRNAs, GUG
Is used as the initiator codon, and CUG occasionally is used as an initiator codon for
methionine in eukaryotes. The three codons UAA, UGA, and UAG do not specify
amino acids but constitute stop (termination) codons that mark the carboxyl terminus
of polypeptide chains in almost all cells. The sequence of codons that runs from a
specific
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FIGURE 37 Enzymes which take part in DNA replication

Basic Molecular Genetic Mechanisms start codon to a stop codon is called a
reading frame. This precise linear array of ribonucleotides in groups of three in
MRNA specifies the precise linear sequence of amino acids in a polypeptide chain
and also signals where synthesis of the chain starts and stops.

Because the genetic code is a comma-less, non-overlapping triplet code, a
particular mRNA theoretically could be translated in three different reading frames.
Indeed some mMRNAs have been shown to contain overlapping information that can
be translated in different reading frames, yielding different polypeptides.

The vast majority of mMRNAs, however, can be read in only one frame because
stop codons encountered in the other two possible reading frames terminate
translation before a functional protein is produced. Another unusual coding
arrangement occurs because of frame- shifting. In this case the protein-synthesizing
machinery may read four nucleotides as one amino acid and then continue reading
triplets, or it may back up one base and read all succeeding triplets in the new frame
until termination of the chain occurs. These frame shifts are not common events, but
a few dozen such instances are known.

The meaning of each codon is the same in most known organisms — a strong
argument that life on earth evolved only once. However, the genetic code has been
found to differ for a few codons in many mitochondria, in ciliated protozoans, and in
Acetabularia, a single-celled plant. As shown in Table, most of these changes involve
reading of normal stop codons as amino acids, not an exchange of one amino acid for
another. These exceptions to the general code probably were later evolutionary deve-
lopments; that is, at no single time was the code immutably fixed, although massive
changes were not tolerated once a general code began to function early in evolution.

Three roles of RNA in translation the folded structure of tRNA promotes its
decoding functions key concepts:

Translation, or decoding, of the four-nucleotide language of DNA and mRNA
into the 20-amino acid language of proteins requires tRNAs and enzymes called
aminoacyl-tRNA synthetases. To participate in protein synthesis, a tRNA molecule
must become chemically linked to a particular amino acid via a high-energy bond,



forming an aminoacyl-tRNA; the anticodon in the tRNA then base-pairs with a
codon in mRNA so that the activated amino acid can be added to the growing
polypeptide chain.
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FIGURE 38 Co-operation in i RNA codon tRNA anticodon

Some 30-40 different tRNAs have been identified in bacterial cells and as
many as 50-100 in animal and plant cells. Thus the number of tRNAs in most cells is
more than the number of amino acids used in protein synthesis (20) and also differs
from the number of amino acid codons in the genetic code (61). Consequently, many
amino acids have more than one tRNA to which they can attach (explaining how
there can be more tRNAs than amino acids); in addition, many tRNAs can pair with
more than one codon (explaining how there can be more codons than tRNAS).

The function of tRNA molecules, which are 70-80 nucleotides long, depends
on their precise three-dimensional structures. In solution, all tRNA molecules fold
into a similar stem-loop arrangement that resembles a cloverleaf when drawn in two
dimensions (Figure 38). The four stems are short double helices stabilized by
Watson-Crick base pairing; three of the four stems have loops containing seven or
eight bases at their ends, while the remaining, unlooped stem contains the free 3_and
5 ends of the chain. The three nucleotides composing the anticodon are located at
the center of the middle loop, in an accessible position that facilitates codon-
anticodon base pairing. In all tRNAs, the 3_ end of the unlooped amino acid acceptor
stem has the sequence CCA, which in most cases is added after synthesis and
processing of the tRNA are complete. Several bases in most tRNAs also are modified
after synthesis. Viewed in three dimensions, the folded tRNA molecule has an L
shape withthe anticodon loop and acceptor stem forming the ends ofthe two arms.

Nonstandard base pairing often occurs between codons and anticodons

If perfect Watson-Crick base pairing were demanded between codons and
anticodons, cells would have to contain exactly 61 different tRNA species, one for
each codon that specifies on Basic Molecular Genetic Mechanisms amino acid. As
noted above, however, many cells contain fewer than 61 tRNAs. The explanation for
the smaller number lies in the capability of a single tRNA anticodon to recognize



more than one, but not necessarily every, codon corresponding to a given amino acid.
This broader recognition can occur because of nonstandard pairing between bases in
the so-called wobble position: that is, the third (3_) base in an mMRNA codon and the
corresponding first (5_) base in its tRNA anticodon. The first and second bases of a
codon almost always form standard Watson-Crick base pairs with the third and
second bases, respectively, of the corresponding anticodon, but four nonstandard
interactions can occur between bases in the wobble position. Particularly important is
the G-U base pair, which structurally fits almost as well as the standard G-C pair.
Thus, a given anticodon in tRNA with G in the first (wobble) position can base-pair
with the two corresponding codons that have either pyrimidine (C or U) in the third
position. For example, the phenylalanine codons UUU and UUC (5 n3 ) are both
recognized by the tRNA that has GAA (5 n3 ) as the anticodon. In fact, any two
codons of the type NNPyr (N _ any base; Pyr _ pyrimidine) encode a single amino
acid and are decoded by a single tRNA with G in the first (wobble) position of the

anticodon.
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FIGURE 39 Translation takes a place on the ribosoms due to in iRNA-codon
tRNA-anticodon co-operation

Although adenine rarely is found in the anticodon wobble position, many
tRNAs in plants and animals contain inosine

The Three Roles of RNA in Translation (1), a deaminated product of adenine,
at this position. Inosine can form nonstandard base pairs with A, C, and U. A tRNA
with inosine in the wobble position thus can recognize the corresponding mRNA
codons with A, C, or U in the third (wobble) position (see Figure 39). For this reason,
inosinecontaining tRNAs are heavily employed in translation of the synonymous
codons that specify a single amino acid. For example, four of the six codons for
leucine (CUA, CUC, CUU, and UUA) are all recognized by the same tRNA with the
anticodon 3_-GAI-5_; the inosine in the wobble position forms nonstandard base
pairs with the third base in the four codons. In the case of the UUA codon, a
nonstandard G-U pair also forms between position 3 of the anticodon and position 1
of the codon.

Ribosomes are protein-synthesizing machines

If the many components that participate in translating mRNA had to interact in
free solution, the likelihood of simultaneous collisions occurring would be so low that



thrate of amino acid polymerization would be very slow. The efficiency of translation
Is greatly increased by the binding ofthe mMRNA and the individual aminoacy -HtRNAs
to the mostabundant RNA-protein complex in the cell, the ribosome, which directs
elongation of a polypeptide at a rate of three to five amino acids added per second.
Small proteins 0f100-200 amino acids are therefore made in a minute or less.On the
other hand, it takes 2—3 hours to make the largestknown protein, titin, which is found in
muscle and containsabout 30,000 amino acid residues. The cellular machine
thataccomplishes this task must be precise and persistent.With the aid of the electron
microscope, ribosomes were first discovered as small, discrete, RNA-rich particles in
cellsthat secrete large amounts of protein. However, their role inprotein synthesis was
not recognized until reasonably pureribosome preparations were obtained. In vitro
radiolabelingexperiments with such preparations showed that radioactiveamino acids
first were incorporated into growing polypeptidechains that were associated with
ribosomes before appearing in finished chains.A ribosome is composed of three (in
bacteria) or four (in eukaryotes) different rRNA molecules and as many as 83 proteins,
organized into a large subunit and a small subunit (Figure 39, 40).

Basic Molecular Genetic Mechanism strifuged under standard conditions. The
small ribosomal subunit contains a single rRNA molecule, referred to as small rRNA.
The large subunit contains a molecule of large rRNAand one molecule of 5S rRNA,
plus an additional moleculeof 5.8S rRNA in vertebrates. The lengths of the rRNA
molecules, the quantity of proteins in each subunit, and consequently the sizes of the
subunits differ in bacterial andeukaryotic cells. The assembled ribosome is 70S in
bacteria and 80S in vertebrates. But more interesting than these differences are the
great structural and functional similaritiesbetween ribosomes from all species. This
consistency is anotherreflection of the common evolutionary origin of themost basic
constituents of living cells.The sequences of the small and large rRNAs from
severalthousand organisms are now known. Although the primarynucleotide
sequences of these rRNAs vary considerably, thesame parts of each type of rRNA
theoretically can form basepairedstem-loops, which would generate a similar
threedimensional structure for each rRNA in all organisms. Theactual three-
dimensional structures of bacterial rRNAs from Thermus thermopolis recently have
been determined by xray crystallography of the 70S ribosome. The multiple, much
smaller ribosomal proteins for the most part are associated with the surface of the
rRNAs. Although the number of protein molecules in ribosomes greatly exceeds the
number of RNA molecules, RNA constitutes about 60 percent of the mass of a
ribosome. During translation, a ribosome moves along an mRNA chain, interacting
with various protein factors and tRNAs and very likely undergoing large
conformational changes. Despite the complexity of the ribosome, great progress has
been made in determining the overall structure of bacterial ribosomes and in
identifying various reactive sites. X-ray crystallographic studies on the T.
thermophilus 70S ribosome, for instance, not only have revealed the dimensions and
overall shape of the ribosomal subunits but also have localized the positions of
tRNAs bound to the ribosome during elongation of a growing protein chain. In
addition, powerful chemical techniques such as footprinting, which is described in
Chapter 11, have been used to identify specific nucleotide sequences in rRNAs that
bind to protein or another RNA. Some 40 years after the initial discovery of



ribosomes, their overall structure and functioning during protein synthesis are finally
becoming clear, as we describe in the next section.

Three roles of RNA in translation key concepts:

+ Genetic information is transcribed from DNA into mRNA in the form of a
comma-less, overlapping, degenerate triplet code.

4+ Each amino acid is encoded by one or more threenucleotide sequences
(codons) in mRNA. Each codon specifies one amino acid, but most amino
acids are encoded by multiple codons.

+ The AUG codon for methionine is the most common start codon, specifying
the amino acid at the NH2-terminus of a protein chain. Three codons (UAA,
UAG, UGA) functionas stop codons and specify no amino acids.

+ A reading frame, the uninterrupted sequence of codons in mRNA from a
specific start codon to a stop codon, is translated into the linear sequence of
amino acids in a polypeptide chain.

+ Decoding of the nucleotide sequence in mRNA into the amino acid sequence
of proteins depends on tRNAs and aminoacyl-tRNA synthetases.

+ All tRNAs have a similar three-dimensional structure that includes an acceptor
arm for attachment of a specific amino acid and a stem-loop with a three-base
anticodon sequence at its ends. The anticodon can base-pair with its
corresponding codon in mRNA.

+ Because of nonstandard interactions, a tRNA may base pair with more than one
MRNA codon; conversely, a particular codon may base-pair with multiple
tRNAs. In each Stepwise Synthesis of Proteins on Ribosomes case, however,
only the proper amino acid is inserted into a growing polypeptide chain.

+ Each of the 20 aminoacyl-tRNA synthetases recognizes a single amino acid
and covalently links it to a cognate tRNA, forming an aminoacyl-tRNA. This
reaction activates the amino acid, so it can participate in peptide bond
formation.

+ Both prokaryotic and eukaryotic ribosomes — the large ribonucleoprotein
complexes on which translation occurs — consist of a small and a large subunit/
Each subunit contains numerous different proteins and one major rRNA
molecule (small or large). The large subunit also contains one accessory 5S
rRNA in bacteria and two accessory rRNAs in eukaryotes (5S and 5.8S in
vertebrates).

4+ Analogous rRNAs from many different species fold into quite similar three-
dimensional structures containing numerous stem-loops and binding sites for
proteins, mMRNA, and tRNAs. Much smaller ribosomal proteins are associated
with the periphery of the rRNAs.

Translation Initiation Usually Occurs Near the First AUG Closest to the 5 End
of an mRNA During the first stage of translation, a ribosome assembles, complexed
with an mRNA and an activated initiator tRNA, which is correctly positioned at the
start codon. Large and small ribosomal subunits not actively engaged in translation
are rthn apart by binding of two inition factors.



FIGURE 40 Low-resolution model of E. coli 70S ribosome

Model of a 70S ribosome based on the computer-derived images and on che-
mical cross-linking studies. Three tRNAs are superimposed on the A (pink), P
(green), and E (yellow) sites. The nascent polypeptide chain is buried in a tunnel in
the large ribosomal subunit that begins close to the acceptor stem of the tRNA in the
P site.

Translation is terminated by release factors when a stop codon is reached

The final stage of translation, like initiation and elongation, requires highly
specific molecular signals that decide the fate of the mMRNA-ribosome—tRNA-
peptidyl complex. Two types of specific protein release factors (RFs) have been
discovered.

Eukaryotic eRF1, whose shape is similar to that of tRNAs, apparently acts by
binding to the ribosomal A site and recognizing stop codons directly. Like some of
the initiation and elongation factors discussed previously, the second eukaryotic
release factor, eRF3, is a GTP-binding protein. The eRF3_GTP acts in concert with
eRF1 to promote cleavage of the peptidyl-tRNA, thus releasing the completed protein
chain. Bacteria have two release factors (RF1 and RF2) that are functionally
analogous to eRF1 and a GTP-binding factor (RF3) that is analogous to eRF3. After
its release from the ribosome, a newly synthesized protein folds into its native three-
dimensional conformation, a process facilitated by other proteins called chaperones.
Additional release factors then promote dissociation of the ribosome, freeing the
subunits, mRNA, and terminal tRNA for another round of translation.

We can now see that one or more GTP-binding proteins participate in each
stage of translation. These proteins belong to the GTPase superfamily of switch
proteins that cycle between a GTP-bound active form and GDP-bound inactive form.
Hydrolysis of the bound GTP is thought to cause conformational changes in the
GTPase itself or other associated proteins that are critical to various complex
molecular processes. In translation initiation, for instance, hydrolysis of elF2_GTP to



elF2_GDP prevents further scanning of the mRNA once the start site is encountered
and allows binding of the large ribosomal subunit to the small subunit.
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FIGURE 41 Scopes of read-out
Stepwise synthesis of proteins on ribosomes

+ Of the two methionine tRNAs found in all cells, only one (tRNAi Met)
functions in initiation of translation.

+ FEach stage of translation — initiation, chain elongation, and termination —
requires specific protein factors including GTP-binding proteins that hydrolyze
their bound GTP to GDP when a step has been completed successfully.

+ During initiation, the ribosomal subunits assemble near the translation start
site in an MRNA molecule with the tRNA carrying the amino-terminal
methionine (Met-tRNAI Met) base-paired with the start codon.

4+ Chain elongation entails a repetitive four-step cycle: loose binding of an
incoming aminoacyl-tRNA to the A site on the ribosome; tight binding of the
correct aminoacyl-tRNA to the A site accompanied by release of the previously
used tRNA from the E site; transfer of the growing peptidyl chain to the
incoming amino acid catalyzed by large rRNA; and translocation of the
ribosome to the next codon, thereby moving the peptidyl-tRNA in the A site to
the P site and the now unacylated tRNA in the P site to the E site.

+ In each cycle of chain elongation, the ribosome undergoes two conformational
changes monitored by GTP-binding proteins. The first permits tight binding of
the incoming aminoacyl-tRNA to the A site and ejection of a tRNA from the E
site, and the second leads to translocation.

+ Termination of translation is carried out by two types of termination factors:
those that recognize stop codons and those that promote hydrolysis of peptidyl-
tRNA .

The efficiency of protein synthesis is increased by the simultaneous translation
of a single mMRNA by multiple ribosomes. In eukaryotic cells, protein-mediated
interactions.

Overview Animation: Life Cycle of an mRNA brings two ends of a
polyribosome close together, thereby promoting the rapid recycling of ribosomal
subunits, which further increases the efficiency of protein synthesis.

DNA Replication

Now that we have seen how genetic information encoded in the nucleotide
sequences of DNA is translated into the structures of proteins that perform most cell
functions, we can appreciate the necessity of the precise copying of DNA sequences
during DNA replication.

The regular pairing of bases in the double-helical DNA structure suggested to
Watson and Crick that new DNA strands are synthesized by using the existing



(parental) strands as templates in the formation of new, daughter strands
complementary to the parental strands.

This base-pairing template model theoretically could proceed either by a
conservative or a semiconservative mechanism. In a conservative mechanism, the two
daughter strands would form a new double-stranded (duplex) DNA molecule and the
parental duplex would remain intact. In a semiconservative mechanism, the parental
strands are permanently separated and each forms a duplex molecule with the
daughter strand base-paired to it.

DNA polymerases require a primer to initiate replication

Analogous to RNA, DNA is synthesized from deoxynucleoside 5 -
triphosphate precursors (dNTPs). Also like RNA synthesis, DNA synthesis always
proceeds in the 5 n3_ Basic Molecular Genetic Mechanisms direction because chain
growth results from formation of a phosphoester bond between the 3_ oxygen of a
growing strand and the _ phosphate of a dNTP. As discussed earlier, an RNA
polymerase can find an appropriate transcription start site on duplex DNA and initiate
the synthesis of an RNA complementary to the template DNA strand. In contrast,
DNA polymerases cannot initiate chain synthesis de novo; instead, they require a
short, preexisting RNA or DNA strand, called a primer, to begin chain growth. With
a primer base-paired to the template strand, a DNA polymerase adds
deoxynucleotides to the free hydroxyl group at the 3 end of the primer as directed by
the sequence of the template strand:

Duplex DNA is unwound, and daughter strands are formed at the DNA
replication fork

In order for duplex DNA to function as a template during replication, the two
intertwined strands must be unwound, or melted, to make the bases available for base
pairing with the bases of the dNTPs that are polymerized into the newly synthesized
daughter strands. This unwinding of the parental DNA strands is by specific
helicases, beginning at unique segments in a DNA molecule called replication
origins, or simply origins. The nucleotide sequences of origins from different
organisms vary greatly, although they usually contain A T-rich sequences. Once
helicases have unwound the parental DNA at an origin, a specialized RNA
polymerasecalled primase forms a short RNA primer complementary to the un-
wound template strands. The primer, still base-paired to its complementary DNA
strand, is then elongated by a DNA polymerase, thereby forming a new daughter
strand.

The DNA region at which all these proteins come together to carry out
synthesis of daughter strands is called the replication fork, or growing fork. As
replication proceeds, the growing fork and associated proteins move away from the
origin. As noted earlier, local unwinding of duplex DNA produces torsional stress,
which is relieved by topoisomerase 1. In order for DNA polymerases to move along
and copy a duplex DNA, helicase must sequentially unwind the duplex and
topoisomerase must remove the supercoils that form. A major complication in the
operation of a DNA replication fork arises from two properties: the two strands of the



parental DNA duplex are antiparallel, and DNA polymerases (like RNA
polymerases) can add nucleotides to the growing new strands only in the 5 n3
direction. Synthesis of one daughter strand, called the leading strand, can proceed
continuously from a single RNA primer in the 5 n 3_ direction, the same direction as
movement of the replication fork (Figure 42). The problem comes in synthesis of the
other daughter strand, called the lagging strand.

AT

FIGURE 42 Schematic diagram of leading-strand and lagging-strand DNA
synthesis at a replication fork

Nucleotides are added by a DNA polymerase to each growing daughter strand
in the 5 n3_ direction (indicated by arrowheads). The leading strand is synthesized
continuously from a single RNA primer (red) at its 5 end. The lagging strand is
synthesized discontinuously from multiple RNA primers that are formed periodically
as each new region of the parental duplex is unwound. Elongation of these primers
initially produces Okazaki fragments. As each growing fragment approaches the
previous primer, the primer is removed and the fragments are ligated. Repetition of
this process eventually results in synthesis of the entire lagging strand.

Because growth of the lagging strand must occur in the 5 n3_ direction,
copying of its template strand must somehow occur in the opposite direction from the
movement of the replication fork. A cell accomplishes this feat by synthesizing a new
primer every few hundred bases or so on the second parental strand, as more of the
strand is exposed by unwinding. Each of these primers, base-paired to their template
strand, is elongated in the 5 n3_ direction, forming discontinuous segments called
Okazaki fragments after their discoverer Reiji Okazaki. The RNA primer of each
Okazaki fragment is removed and replaced by DNA chain growth from the
neighboring Okazaki fragment; finally an enzyme called DNA ligase joins the
adjacent fragments.



Helicase, primase, DNA polymerases, and other proteins participate in DNA
replication

These multicomponent complexes permit the cell to carry out an ordered
sequence of events that accomplish essential cell functions. In the molecular machine
that replicates SV40 DNA, a hexamer of a viral protein called large T-antigen
unwinds the parental strands at a replication fork. All other proteins involved in S\VV40
DNA replication are provided by the host cell. Primers for leading and lagging
daughter-strand DNA are synthesized by a complex of primase, which synthesizes a
short RNA primer, and DNA polymerase _ (Pol ), which extends the RNA primer
with deoxynucleotides, forming a mixed RNA-DNA primer.

The primer is extended into daughter-strand DNA by DNA polymerase _ (Pol
), which is less likely to make errors during copying of the template strand than is
Pol . Pol _ forms a complex with Rfc (replication factor C) and PCNA (proliferating
cell nuclear antigen), which displaces the primase—Pol complex following primer
synthesis. PCNA is a homotrimeric protein that has a central hole through which the
daughter duplex DNA passes, thereby preventing the PCNA-Rfc—Pol _ complex from
dissociating from the template.

After parental DNA is separated into single-stranded templates at the
replication fork, it is bound by multiple copies of RPA (replication protein A), a
heterotrimeric protein. Binding of RPA maintains the template in a uniform
conformation optimal for copying by DNA polymerases. Bound RPA proteins are
dislodged from the parental strands by Pol _ and Pol _ as they synthesize the
complementary strands base-paired with the parental strands.

A topoisomerase associates with the parental DNA ahead of the helicase to
remove torsional stress introduced by the unwinding of the parental strands.
Ribonuclease H and FEN | remove the ribonucleotides at the 5 ends of Okazaki
fragments; these are replaced by deoxynucleotides added by DNA polymerase _ as it
extends the upstream Okazaki fragment. Successive Okazaki fragments are coupled
by DNA ligase through standard 5 n 3 phosphoester bonds.

DNA Replication

+ FEach strand in a parental duplex DNA acts as a template for synthesis of a
daughter strand and remains basepaired to the new strand, forming a daughter
duplex (semiconservativ mechanism). New strands are formed in the 5 n 3_
direction.

+ Replication begins at a sequence called an origin. Each eukaryotic
chromosomal DNA molecule contains multiple replication origins.

4+ DNA polymerases, unlike RNA polymerases, cannot unwind the strands of
duplex DNA and cannot initiate synthesis of new strands complementary to the
template strands.

+ At a replication fork, one daughter strand (the leading strand) is elongated
continuously. The other daughter strand (the lagging strand) is formed as a
series of discontinuous Okazaki fragments from primers synthesized every few
hundred nucleotides.



+ The ribonucleotides at the 5 end of each Okazaki fragment are removed and
replaced by elongation of the 3_ end of the next Okazaki fragment. Finally,
adjacent Okazaki fragments are joined by DNA ligase.

+ Helicases use energy from ATP hydrolysis to separate the parental (template)
DNA strands. Primase synthesizesa short RNA primer, which remains base-
paired to the template DNA. This initially is extended at the 3_ end by DNA
polymerase _ (Pol ), resulting in a short (5 )RNA- (3_)DNA daughter strand.

+ Most of the DNA in eukaryotic cells is synthesized by Pol _, which takes over
from Pol _ and continues elongation of the daughter strand in the 5 n 3_
direction. Pol _ remains stably associated with the template by binding to Rfc
protein, which in turn binds to PCNA, a trimeric protein that encircles the
daughter duplex DNA.

+ DNA replication generally occurs by a bidirectional mechanism in which two
replication forks form at an origin and move in opposite directions, with both
template strands being copied at each.

+ Synthesis of eukaryotic DNA in vivo is regulated by controlling the activity of
the MCM helicases that initiate DNA replication at multiple origins spaced
along chromosomal DNA.

Molecular definition of a gene

In molecular terms, a gene commonly is defined as the entire nucleic acid
sequence that is necessary for the synthesis of a functional gene product (polypeptide
or RNA). According to this definition, a gene includes more than the nucleotides
encoding the amino acid sequence of a protein, referred to as the coding region. A
gene also includes all the DNA sequences required for synthesis of a particular RNA
transcript. In eukaryotic genes, transcription-control regions known as enhancers can
lie 50 kb or more from the coding region. Other critical noncoding regions in
eukaryotic genes are the sequences that specify 3 cleavage and polyadenylation,
known as poly(A) sites, and splicing of primary RNA transcripts, known as splice
sites. Mutations in these RNA-processing signals prevent expression of a functional
MRNA and thus of the encoded polypeptide. Although most genes are transcribed
into MRNAs, which encode proteins, clearly some DNA sequences are transcribed
into RNAs that do not encode proteins (e.g., tRNAs and rRNAs). However, because
the DNA that encodes tRNAs and rRNAs can cause specific phenotypes when it is
mutated, these DNA regions generally are referred to as tRNA and rRNA genes, even
though the final products of these genes are RNA molecules and not proteins. Many
other RNA molecules described in later chapters also are transcribed from non-
protein-coding genes.

Most Eukaryotic Genes Produce Monocistronic mMRNAs and Contain Lengthy
Introns

Many bacterial mMRNAs are polycistronic; that is, a single mRNA molecule
(e.g., the mRNA encoded by the trp operon) includes the coding region for several
proteins that function together in a biological process. In contrast, most eukaryotic
mMRNASs are monocistronic; that is, each mMRNA molecule encodes a single protein.
This difference between polycistronic and monocistronic mMRNAs correlates with a



fundamental difference in their translation.Within a bacterial polycistronic mMRNA a
ribosomebinding site is located near the start site for each of the proteincoding
regions, or cistrons, in the mRNA. Translation initiation can begin at any of these
multiple internal sites, producing multiple proteins. In most eukaryotic MRNAS,
however, the 5 -cap structure directs ribosome binding, and translation begins at the
closest AUG start. As a result, translation begins only at this site. In many cases, the
primary transcripts of eukaryotic protein-coding genes are processed into a single
type of mMRNA, which is translated to give a single type of polypeptide.

Simple and complex transcription units are found in eukaryotic genomes

The cluster of genes that form a bacterial operon comprises a single trans-
cription unit, which is transcribed from a particular promoter into a single primary
transcript. In other words, genes and transcription units often are distinguishable in
prokaryotes. In contrast, most eukaryotic genes and transcription units generally are
identical, and the two terms commonly are used interchangeably. Eukaryotic
transcription units, however, are classified into two types, depending on the fate of
the primary transcript. The primary transcript produced from a simple transcription
unit is processed to yield a single type of mRNA, encoding a single protein.
Mutations in exons, introns, and transcription-control regions all may influence
expression of the protein encoded by a simple transcription unit quite common in
multicellular organisms, the primary RNA transcript can be processed in more than
one way, leading to formation of mMRNAs containing different exons. Each mRNA,
however, is monocistronic, being translated into a single polypeptide, with translation
usually initiating at the first AUG in the mRNA. Multiple mRNAs can arise from a
primary transcript in three ways).

1. Use of different splice sites, producing mRNAs with the same 5 and 3_
exons but different internal exons.

2. Use of alternative poly(A) sites, producing mRNAs that share the same 5
exons but have different 3_ exons.

3. Use of alternative promoters, producing mRNAs that have different 5
exons and common 3 exons. A gene expressed selectively in two or more types of
cells is often transcribed from distinct cell-type-specific promoters.

Examples of all three types of alternative RNA processing occur during sexual
differentiation in Drosophila . Commonly, one mRNA is produced from a complex
transcription unit in some cell types, and an alternative mRNA is made in other cell
types. For example, differences in RNA splicing of the primary fibronectin transcript
in fibroblasts and hepatocytes determines whether or not the secreted protein includes
domains that adhere to cell surfaces. The relationship between a mutation and a gene
IS not always straightforward when it comes to complex transcription units. A
mutation in the control region or in an exon shared by alternative mMRNAs will affect
all the alternative proteins encoded by a given complex transcription unit. On the
other hand, mutations in an exon present in only one of the alternative MRNAs will
affect only the protein encoded by that mRNA. The amino acids specified by these
codons.
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FIGURE 43 Genetic cod

The codons are written 5'—3', as they appear in the mRNA. AUG is an initiation
codon; UAA, UAG, and UGA are termination codon.

Molecular definition of a Gene:

#+ In molecular terms, a gene is the entire DNA sequence required for
synthesis of a functional protein or RNA molecule. In addition to the coding
regions (exons), a gene includes control regions and sometimes introns.

% Most bacterial and yeast genes lack introns, whereas most genes in
multicellular organisms contain introns. The total length of intron sequences
often is much longer than that of exon sequences.

% A simple eukaryotic transcription unit produces a single monocistronic
MRNA, which is translated into a single protein.

% A complex eukaryotic transcription unit is transcribed into a primary
transcript that can be processed into two or more different monocistronic
MRNAs depending on the choice of splice sites or polyadenylation sites.

% Many complex transcription units (e.g., the fibronectin gene) express one
MRNA in one cell type and an alternati ve mRNA in a different cell type.

Chromosomal organization of Genes and Noncoding DNA

Having reviewed the relation between transcription units and genes, we now consider
the organization of genes on chromosomes and the relationship of noncoding DNA
sequence to coding sequences.

Genomes of many organisms contain much nonfunctional DNA

Comparisons of the total chromosomal DNA per cell in various species first
suggested that much of the DNA in certain organisms does not encode RNA or have
any apparent regulatory or structural function. For example, yeasts, fruit flies,



chickens, and humans have successively more DNA in their haploid chromosome
sets (12; 180; 1300; and 3300 Mb, respectively), in keeping with what we perceive to
be the increasing complexity of these organisms. Yet the vertebrates with the
greatest amount of DNA per cell are amphibians, which are surely less complex than
humans in their structure and behavior. Even more surprising, the unicellular
protozoal species Amoeba dubia has 200 times more DNA per cell than humans.
Many plant species also have considerably more DNA per cell than humans have. For
example, tulips have 10 times as much DNA per cell as humans. The DNA content
per cell also varies considerably between closely related species. All insects or all
amphibians would appear to be similarly complex, but the amount of haploid DNA in
species within each of these phylogenetic classes varies by a factor of 100.

Detailed sequencing and identification of exons in chromosomal DNA have
provided direct evidence that the genomes of higher eukaryotes contain large
amounts of noncoding DNA. For instance, only a small portion of the -globin gene
cluster of humans, about 80 kb long, encodes protein. Moreover, compared with other
regions of vertebrate DNA, the _-globin gene cluster is unusually rich in protein-
coding sequences, and the introns in globin genes are considerably shorter than those
iIn many human genes. In contrast, a typical 80-kb stretch of DNA from the yeast S.
cerevisiae, a single-celled contains many closely spaced protein-coding sequences
without introns and relatively much less noncoding DNA.

Approximately one-third of human genomic DNA is thought to be transcribed
into pre-mRNA precursors, but some 95 percent of these sequences are in introns,
which are removed by RNA splicing. Different selective pressures during evolution
may account, at least in part, for the remarkable difference in the amount of
nonfunctional DNA in unicellular and multicellular organisms. For example,
microorganisms must compete for limited amounts of nutrients in their environment,
and metabolic economy thus is a critical characteristic.

Protein-coding genes may be solitaryor belong to a gene family

The nucleotide sequences within chromosomal DNA can be classified on the
basis of structure and function. We will examine the properties of each class,
beginning with protein-coding genes, which comprise two groups. In multicellular
organisms, roughly 25-50 percent of the protein-coding genes are represented only
once in the haploid genome and thus are termed solitary genes. A wellstudied
example of a solitary protein-coding gene is the chicken lysozyme gene. The 15-kb
DNA sequence encoding chicken lysozyme constitutes a simple transcription unit
containing four exons and three introns. The flanking regions, extending for about 20
kb upstream and downstream from the transcription unit, do not encode any
detectable mRNAs. Lysozyme, an enzyme that cleaves the polysaccharides in
bacterial cell walls, is an abundant

Chromosomal organization of genes and noncoding DNA key concepts:

4 In the genomes of prokaryotes and most lower eukaryotes, which contain few
nonfunctional sequences, coding regions are densely arrayed along the geno-
mic DNA.



S.

+ In contrast, vertebrate genomes contain many sequences that do not code for
RNAs or have any structural or regulatory function. Much of this nonfunc-
tional DNA is composed of repeated sequences. In humans, only about 1.5
percent of total DNA (the exons) actually encodes proteins or functional
RNAs.

+ Variation in the amount of nonfunctional DNA in the genomes of various
species is largely responsible for the lack of a consistent relationship between
the amount of DNA in the haploid chromosomes of an animal or plant and its
phylogenetic complexity.

+ Eukaryotic genomic DNA consists of three major classes of sequences: genes
encoding proteins and functional RNAs, including gene families and tandemly
repeated genes; repetitious DNA,; and spacer DNA.

+ About half the protein-coding genes in vertebrate genomic DNA are solitary
genes, each occurring only once in the haploid genome. The remainder are
duplicated genes, which arose by duplication of an ancestral gene and
subsequent independent mutations.

+ Duplicated genes encode closely related proteins and generally appear as a
cluster in a particular region of DNA. The proteins encoded by a gene family
have homologous but nonidentical amino acid sequences and exhibit similar
but slightly different properties.

+ In invertebrates and vertebrates, rRNAs are encoded by multiple copies of
genes located in tandem arrays in genomic DNA. Multiple copies of tRNA and
histone genes also occur, often in clusters, but not generally in tandem arrays.

+ Simple-sequence DNA, which consists largely of quite short sequences
repeated in long tandem arrays, is preferentially located in centromeres,
telomeres, and specific locations within the arms of particular chromosomes.

+ The length of a particular simple-sequence tandem array is quite variable
between individuals in a species, probably because of unequal crossing over
during meiosis. Differences in the lengths of some simple-sequence tandem
arrays form the basis for DNA fingerprinting.

Tasks:

. What is the one gene, one enzyme hypothesis? Why was this hypothesis an

important advance in our understanding of genetics?

. What three different methods were used to help break the genetic code? What did

each reveal and what were the advantages and disadvantages of each?

. What are isoaccepting tRNAs?
4.

What is the significance of the fact that many synonymous codons differ only in
the third nucleotide position?
Define the following terms as they apply to the genetic code:

(a)reading frame (f) sense codon
(b)overlapping code  (g) nonsense codon

(c) nonoverlapping code (h) universal code
(d)initiation codon (1) nonuniversal codons
(e) termination codon



6. How is the reading frame of a nucleotide sequence set?
7. How are tRNAs linked to their corresponding amino acids?

8. What role do the initiation factors play in protein synthesis?

9. How does the process of initiation differ in bacterial and eukaryotic cells?

10. Make examples of elongation factors used in bacterial translation and explain the
played role by each factor in translation.

11. What events bring about the termination of translation?

12. Make several examples of RNA—-RNA interactions that take place in protein
synthesis.

13. What are some types of posttranslational modification of proteins?

14. Explain how some antibiotics work is affecting the process of protein synthesis.

15. Compare and contrast the process of protein synthesis in bacterial and eukaryotic
cells, giving similarities and differences in the process of translation in these two
types of cells. Using the genetic code given in Figure 15.14, give the amino acids

specified by the following bacterial MRNA sequences, and indicate the amino and
carboxyl ends of the polypeptide produced.

(@5-AUGUUUAAAUUUAAAUUUUGA-3
(b)5' - AUGUAUAUAUAUAUAUG A-3
(©)5' - AUGGAUGAAAGAUUUCUCGCUUGA - 3
(d)5'-AUGGGUUAGGGGACAUCAUUUUGA-3

16. A nontemplate strand on DNA has the following base sequence. What amino
acid sequence would be encoded by this sequence?

5' - ATGATACTAAGGCCC-3'

17.  The following amino acid sequence is found in a tripeptide: Met-Trp-His. Give
all possible nucleotide sequences on the mRNA, on the template strand of DNA,
and on the nontemplate strand of DNA that could encode this tripeptide.

18 How many different mMRNA sequences can code for a polypeptide chain with the
amino acid sequence Met-Leu-Arg? (Be sure to include the stop codon.)

19 A series of tRNAs have the following anticodons. Consider the wobble rules
given in Table 14.2 and give all possible codons with which each tRNA can pair.

(a)5' —GGC—3'
(b)5'—AAG—3'
(€)5' —IAA—3'

(d)5'—UGG—3'
(€)5' —CAG—3'

20.  Ananticodon on a tRNA has the sequence 5' — GCA — 3.
(@)What amino acid is carried by this tRNA?
(b)What would be the effect if the G in the anticodon was mutated to a U?

21. Which of the following amino acid changes could result from a mutation that
changed a single base? For each change that could result from the alteration of a



single base, determine which position of the codon (first, second, or third nucleotide)
in the mRNA must be altered for the change to result.

(@)Leu — GIn

(b)Phe — Ser

(c) Phe — lle

(d)Pro — Ala

(e) Asn— Lys

(f) lle — Asn
22. A synthetic mRNA added to a cell-free protein-synthesizing system produces a
peptide with the following amino acid sequence: Met-Pro-lle-Ser-Ala. What would
be the effect on translation if the following components were omitted from the cell-
free protein-synthesizing system? What, it any, type of protein would be produced?
Explain your reasoning.

(a)initiation factor 1

(b)initiation factor 2

(c)elongation factor Tu

(d)elongation factor G

(f)release factors Ry, R,, and R;

(9)ATP

(h)GTP

In what ways are spliceosomes and ribosomes similar? In what ways are they
different? Can you suggest some possible reasons for their similarities?

23 Several experiments were conducted to obtain information about how the
eukaryotic ribosome recognizes the AUG start codon. In one experiment, the gene
that codes for methionine initiator tRNA (tRNA;*) was located and changed. The
nucleotides that specify the anticodon on tRNAM® were mutated so that the anticodon
in the tRNA was 5' — CCA —3'" instead of 5' — CAU —3'. When this mutated gene was
placed into a eukaryotic cell, protein synthesis took place, but the proteins produced
were abnormal. Some of the proteins produced contained extra amino acids, and
others contained fewer amino acids.

(@) What do these results indicate about and how the ribosome recognizes the starting
point for translation in eukaryotic cells? Explain your reasoning.

(b) If the same experiment had been conducted on bacterial cells, what results would
you expect?
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English-Ukrainian Dictionary of Key Words:

cap, methylated cap - kemn, meTrIb0BaHMI Kell. MeTUILOBAHHH B IIOJIOXKCHHI
7 (y GaraToKJIITHHHUX OPTaHiBMIB - Ta B MoJioxkeHHi 2°-0) Hykieo3u (T'yaHO3HMH) Ha
5’-xiami O6araro MPHK eykapioTiB; mporiec yrBopeHHS J[0. 3HAXOIWUTHCS TN
KOHTpOJIeM TyaHimmaTpanchepasu (BiacHe MmetwiayBanHs <methylation> karanizye
ryaHid-7-metuarpancdepaszoro); do. (pazom 3 nomaneHiiopum 3’ -kiHiem <poly(A) -
tail>) saxumae MPHK Bin nii ek30Hykiea3 i HEOOXIMHHMH Uid 1X e(EKTUBHOI
TPaHCJIAIIII.

central dogma - nentpanbHa gorma. OCHOBHOW MOCTYJIAT MOJICKYJISIPHOI
TCeHETUKU: TeHeTndHa IHQopmamis nepengaetbess 3 mosekynmm JHK wa MPHK
(Tpanckpumist <transcription>), a motim 3 MPHK (uPHK) no Oinka (TpaHcisiis
<translation>); Il.a. Bucynyta B 1958 ®@.Kpikom, 1110 MOCTYItOBaB OE3MMOBOPOTHICTh
[bOTO JBOCTYIIHYATOTO MPOIIECY; B JaHUK yac OE3MOBOPOTHICTH MEPIIOTO eTaIry
nporecy cnpoctoBana (PHK-3anexunii cunates JTHK).

color blindness - nanpToHiBM. TlopyIleHHS KOJHLOPOBOTO 30PY y JIFOJAUHU B
obnacti 3emeHoro (BIACYTHICTH ab0 pEyKIlis MIrMEHTY XJjopoJiaba), YepBOHOTO
(eputpomad) i curpOro (IHaHOIa0) KOJILOPY; MOPYIICHHS BUPOOIICHHS KOXHOIO 3
MITMEHTIB € Pe3yJbTaTOM IOIIKOKEHHS BIATOBITHUX HEaJCIbHUX T'CHIB 1TI0B'13aHO
3 camocTiinum H3Y.

complementary RNA, cRNA - xommrementapua PHK. Monekyna PHK,
cunre3oBaHa Ha JIHK-martpuii B ymoBax TpaHckpumii In_Vitro <in vitro
transcription>,

diheterozygote = dihybrid (ous.).

dihybrid, diheterozygote - guriopmn, awrereposurora. OcoOuHa,
reTepO3UTrOTHA 3a JBOMA ITapaMH ajIeiB.

dihybrid crossin - JUriOpumHe CcXpe aHHA. ExcnepuMeHTalbHE
. p pciryB P
CXpeIlyBaHHS OCOOUH, IO aHATBYIOTHCS 32 JBOMA O3HAKaMHU ()CHOTHITY.

DNA duplex, double-stranded DNA - asomanirokkoBa JIHK. Monekyna
JIHK, 1110 CKIagaeThCs 3 IBOX KOMIUIEMEHTAPHUX aHTHIIApajIeIbHUX JIAHIIIOTIB,

DNA gyrase - JIHK-ripaza. ®epmenT, mo BigHOCHTBCSA 10 poauan JIHK-
tonoidomepaz II <DNA topoisomerase |I>, 3pmaTtHuii BBOAMTH HEraTHUBHI
CyIMep3aBUTKU B 3aMKHYTY KiblleBy MoJjekyny JJHK; B ontumansanx ymoBax JJHK-
I'. moxe yrtBoptoBatu Omm3bko 100 cymepButkiB MmiH.; Brepiie JHK-I'. omucana
M.I'emtepTom y cmiBaBT. B 1976.

DNA lygase - JIHK-niraza. ®@epmeHrT, mo karanizye yrBopeHHs pocdoauedip-
HOTO 3B's3Ky MDK 3’ -TigpokcwioM 1 5’-pocdaroMm CycimHIX HYKICOTHAIB B
OJTHOJIAHIIFOTOBOMY PO3pHBI MosHyKIeoTuaHOoTO naniora JIHK, Gepe yuacts B
nporecax peruikaiii <replication>, pemapamii <repair> i pekomOiHamii <recom-
bination>; THK-x. Bnepie Oyna BunineHa b.Beficcom i K.Piaapaconom B 1966.



DNA polymerase - JIHK-momimepasza. depmeHT, M0 KaTaai3ye IPOIEC
CUHTE3Y MojiHykiIeoTuHOTo JaHimora JIHK 3 okpemMux HyKICOTHIIB TIPU BUKOPHC -
TaHH1 IHIIOTO JaHIrora sik martpuiy, a Takox JHK-3arpaBku 3 BiutbHOWO 3’-OH-
rpynoro; y E.coli JIHK-IL. I mpeacraBieHa o JHUM MOIMENTHIOM, II0 CKIATAETHCS 3
940 aMIHOKMCJIOTHUX 3aJUIIKIB, BIieplie BoHa Oyna BuauieHa A.KopHOeprom B
1957, JHK-II. II (monekymsipua maca 120 k/I) kpamie BChOTO TMpaloe Ha
naeonaniroxkoBid JIHK; JTHK-IL. T i II 3gificHiorots penapariitamnii cunte3 J(HK;
JHK-IL. III - myapTucyOoauHUYHUN (HEPMEHT, IO CKJIAIAEThCSI 3 CyOO UHUIL 7
TUIIB 3 CYMapHOI MOJIEKYJSIpHOIO Macor Oym3bko 500 kI, y Burisiai xosnodep-
MeHTa 3A1licHIoE perutikaiito xpomocomuoi JIHK; Bci 3 tunu JIHK-II. mMaroTh Taki,
0 KOPEKTYIOTh ek30HyKIea3Hi aktTuBHOCTI, JIHK-II. mpokapioT BUKOPUCTOBY€ETHCS
B METO/I1 TTOJTIMepa3Ho1 JaHITFOroBoi peakinii <polymerase chain reaction>.

DNA polymerase - JIHK-nonimepa3a. @epMeHT KIIITHH CaBIIiB, CKIIA/IAETHCS 3
JIBOX CYOOIMHMUIIb 3 CYMapHOI0 MOJIEKYJISIPHOIO Macoto 6m3bko 150 k], Bosomie 3’ -
EK30HYKJICa3HOI0 aKTHUBHICTIO.

DNA primase - JHK-mpaiimaza. depmeHt, mo 3paiiicHioe cuaTe3 PHK-
3aTpaBKM I MOJaibinoro cuHte3y ¢parmentis Okazaku <Okazaki fragments>, a
takosx cuHte3 PHK-3aTpaBok B mpoiieci cunTe3y permtikatiuBHOi hopmu <Replication
form> JIHK Gaxrepiodaris; y E.coli konyerbcs reHom dnaG, i MoJiekyisipHa Maca
ckiaagae 60 xl; B eykapior JAHK-IL € cybonununero JIHK-nmomimepasu <DNA
polymerase >; ma Bigminy Bin 3Buyaiinnx PHK-momimepas JAHK-II. 3matna
BUKOPHCTOBYBATU SIK cyOcTpar puboO-, TaK 1 IE30KCUPUOOHYKICOTHIH; YTBOPIOE
KOMIUIEKC 3 IHIMMU epMEHTaMH - TipaiiMocoMy <primosome>.

DNA-dependent RNA polymerase - JIHK-3anexxna PHK-mostimepasa. ®ep-
MeHT, 3aiicHiorounii cunres JIHK -3anexunoi PHK <DNA-dependent RNA synthesis>;
y mpokapiotr icaye 2 tumu JHK-3.PHK-n.: JIHK-npaiimaza <DNA primase>
katandye cunTe3 PHK-3atpaBku mms ¢parmentie Okazaku <Okazaki fragments>
npu perutikanii JJHK, toai sk PHK-nonimepasa cuntesye pemry kiruaaux PHK; y
eykapiotiB Bci tunu kmruHHUX PHK (MPHK <mRNA>, TPHK <tRNA>, pPHK
<rRNA>) cuntesytotbcs pisanvu JJHK-3.PHK-n.; Oyna Binkpura y AeKUIBKOX €y- i
NPOKapIOTHIHUX opraHi3dmiB (30kpema, y E.coli) C.Baiicom y cmiBaBT. B 1960.

DNA-DNA hybrid - JHK-AHK riopun. JIBonanitoxkkoBa moiekyia JJHK,
10 yTBOpWJIAcs B pe3ynbTari riopuauzaiii, 3okpema JJHK, mo Bxitouae naxirory, 3
PBHUMH TOCTIAOBHOCTIMH HYKJICOTHAIB (HampHWKIaa, MO TMOXOASATh BiI PI3HHUX
opraunmiB), Toai AHK-AHK-r. - rerepoayruiekc.

exon - ex30H. bynp-ska AUIIHKA reHa, IO MICTUTh IHTPOHH <INtron>, ski
30epirarotbest B 3pimiid MoJiekyn MPHK (iHTpoHW BUpPI3arOThCS TPHU MPOIECHUHTY
<processing>), 3pinka nutsakd MPHK, BinmosinHi E., He TpaHcoroThest; pizHi E.
4acTO KOAYIOTh OKpeMi (YHKIIOHAIbHI JoMeHHM <domain> moJinenTuaHOro
nanurora; tepmid “E.” 3anpononoBanuii Y.I'inbeptom B 1978.

freemartin - ¢pumaptun. besmmigna camka, ogHa 3 mapu PI3HOCTATECBHX
OJIM3HAT y BENMKOI poraroi XynoOu; Oe3rumaasi 00yMOBIIOETHCS TOPMOHAIBHOIO
B32€EMOJIIEIO TJIO/IIB M1 Yac BarirTHOCTL



gene - ren. TpanckpuboBaHa IUITHKA XPOMOCOMH, IO KOJYE IOJIIETITHI,
pPHK a6o TPHK (¢dyHKuioHanbHO HaliMeHIa OJMHUL TE€HETUYHOrO amnapary
opranismy), mii P. BusBnserscs y denorumni <phenotype>; P. moxxe myTyBaTH 3
yIBOpeHHsM anenbHux (Gopm <alleles>, a takox pekoMOiHyBaTH 3 TOMOJIOTIYHUMU
I'.; Tepmin “I'.” BBenenuit B.lorancerom B 1909, BiH 4acTO 3aMIHIOETHCS TTOHSATTSAM
“CnankoBuil YMHHUK a00 MPOCTO “UMHHUK .

gene expression - ekcmpecis rena. [IposiB maHoro reHa B oprauismi y Gpopmi
AKOT-HEOYb cielu(PIHOT JJIsl HbOTO O3HAKH.

genetic code - renernunHmii Koja. BracTuBa BCIM JKMBUM OpraHisMaM €JIuHA
cHCTeMa “3anmucy’ TeHeTHYHOI HGOpMAIil y BUTIII1 MTOCIITOBHOCTI HYKJIICOTH/IB, B
AKIA KOXHI 3 HYKJICOTUIU (KOJOH) BU3HAYAIOTh OJHY MOJIEKYJIy aMIHOKHUCIIOTH;
BJIACTUBOCTI TN€HETHUYHOI1 KOJU: TPUIUIETHICTh (3 HyKJIeoTHAA - | amMIHOKHUCIIOTa),
HEMEepPEeKPUBHICTh (KOJOHM OJHOIO I'€Ha HE MEPEeKPUBAIOTHCS, X04a B JaHUN yac
Bimomi 1 TeHu <overlapping genes>, O MepPEeKPUBAIOTHCS), BUPOKEHICTh
(koyBaHHSI OJHIET aMIHOKHMCJIOTH JEKUTbKOMA TPUILIETAMH), OJHO3HAYHICTH (KOXKEH
KOJIOH KOJAY€E TUIbKH OJIHY aMIHOKHCIIOTY), KOMINakTHICTh (I'.k. He BKiIIOUae ApioHI
MIPOITYCKH MDK KOJOHAMH - “KOMH’”’), YHIBEPCAIBHICTh (X04a € 1 BUKITIOUCHHS ).

genome size - BemuuHa reaoma. Kinbkicts ap ocHoB /IHK 3 po3paxynky Ha
ramioiHANA TeHOM; iHOMA1 (0 HEeBIpHO) MOHATTA “B.r.” BHKOPHCTOBYETHCS IS
nmo3HaueHHs BaroBoro 3micty JIHK (y mikorpamax Ha KimiThHy) abo0 3araibHOT
JOBXUHU CKJIaJOBUX TIeHOMY ab0 KapioTUH XpoMOCcOM (B IbOMY BHUIAJKY
IpaBWIbHILIE - 3arajbHa JOBXKHHA reHoMma, total genome length).

groove - 6opo3enka. Enement Bropunnoi ctpyktypu JJHK - mormmubnenns mix
BUCTYNAIOUMMHU YaCTMHAMU HYKJICOTH]IIB; PO3PBHAIOTH Ti, 10 YEPTyIOThCS Mally
(MDK KOMIUIEMEHTapHUMU MiicTaBaMu, TOOTO “ycepenuni’ mosiekyiu JIHK) 1 Benuky
B.; B ruiockoMy MoI0BXKHBbOMY 3pi31 BenuKa 1 Maia b. cknagarots kpok cripan JJHK.

Hardy-Weinberg’s law - 3akon Xapni-BaitnOepra. [linnopsakyBaHHs
OIHOMIATBHOMY PO3MOJAUTY YacTOT, IO 3yCTPIYAETHCS aleliB AUAIUIETLHOIO I'eHa B
MOITYJIAIIIl, IO BUTBHO CXPEIIY€EThCs (MAaHMIKTHUYHIN); PH 9acTOTI alieNisi A PIBHOIO
p, awens a - piBHO1  (p+q=1) yacToTH Ti€i, MO 3yCTpIUAETLCS TeHOTUTIIB AA, Aa i
aa BU3HA4YalOThCs pIBHSIHHAM p2+2pq+q2=1.

helicase - xenmkasa, rep-Oiutok. Bimok, 110 pos3miiTae MOABIAHY CIipaib
moutexyau JJHK E.coli min gac permikariii <replication>.

helix-destabilizing proteins - Outku, mo AecTabLIBYOTH cripais. Hericto-
HOBI1 sfepHI OUTKM, IO 3B'sA3yi0Thes 3 JaHmoramu JIHK, mo po3auisiroTees, B
permnikaruBHid Bui  <Replication fork>, 3a6e3neuyroun mintpumky JIHK B
JeCIIpaIi30BaHOMY CTaHI.

helix-loop-helix, helix-turn-helix - cmipans-neras-cmipans. CuMeTpHYHUR
€JIEMEHT TPEeTUHHO1 (mpocTopoBoi) cTpykTypu neskux JHK- 3B’s3aHux OUIKIB,
Oarato 3 sAkux Oepe ydyacTb B PEryllii eKcrpecii reHiB - HaNpUKIa, PWITIBUHT -
cbaKTop HpOJIaKTI/IHy <prolactin> ckiamaerbcs 3 56 amMIHOKHCJOT 1 BKJIO4ae 2
“cripanm’” (y KO>HIiH 1o 14 3aMIIKIB), CIIOJIy4€HOI “nieTsiero” 3 4 aMIHOKUCIIOT.



heredity - cnankoBicTh. BracTuBicTh OpraHizmiB 3a0e31euyBaTH CTPYKTYPHY i
(YHKIIOHAJIbHY CMAJKOEMHICTh NOKOJIIHb IUIAXOM Mepenayl O10JOTTYHUX O3HAK Bl
OJIHOTO TIOKOJIIHHS 1HIIOMY; y PsiJil IOKOJIHB y Beix opranimis H. - sBuie cysope,
Oe3nepepBHE, 3a0€3MEUYETHCSI HASIBHICTIO MaTepiabHOI CyOCTaHIIil, 0 IeTepMIHYyE
PO3BUTOK OIOJIOTTYHUX O3HAK, a came reHiB <gene>.

heritability - macmimyBamicTe. fIkiCHa XapakTepHUCTHKA T'€HOTHIIOBOI
00yMOBJICHOCTI MIHJIMBOCTI O3HAKHW MPH HOTO0 TIepenadi Bl TOKOJIHHS 0 TTOKOJIIHHS,
H. (moka3nuk H., ctymins H.), Bupaxena B %, BU3Ha4aeTbCs (GOPMYJIIOHO:

0G2
H? =
0G2 + OF2
qe o©G2 - TOKa3HWK TE€HOTHINYHOI MIHIMBOCTI GE2 - IIOKa3HHUK

MOAU(IKAIIHHOT MIHIMBOCTI, 3Ha4eHH H. KOHKpETHOI 03HaKH, Tpa€ BaXIIMBY POJIb
P BU3HAYCHHI METOJIB NpakTU4IHOI cenekmil (umM Bumie H., TuM edekTuBHIiIIe
Oynme macoBwii BinOip <mass selection>).

homozygote - romosurora. Knirmna abo opraHidm, sSIKOMY BJIacTHBa
TOMO3UTOTHICTb.

intron, intervening sequence - intpoH. TpanckpuOoBaHa AUITHKA reHa, 0 He
MICTUTh KOJOHIB 1 mo BHamsietbcss 3 Mojekyan PHK mpwm i1 mpomecunry, B
OUIbIIIOCTI TEHIB €yKapioTiB (a TakoX Yy apxebakrepii 1 geskux BipyciB), L
PO3IUIIOTh KOAYHOYl YaCTUHU T€HIB - €K30HM <eX0N>; I. MITOXOHApIabHUX T'€HIB
(LMTOXPOMOKCHAA3a 1 1H.) 1HOJI MICTATh BIIKPUTI PaMKU MPOYUTYBAHHS 1 KOJYIOTh
CTPYKTYpHI Outkm - Hampukian, depment PHK-marypa3zy <maturase> 1 mesxi iH.:
AHAJIOTIUHI BITOMI BUIIAJIKH 1 €yKapioTiB (BHYTPIIIHBOTEHHI reHn <intragenic gene>);
yucno ix y reni (Bigx 0 mo 50) 1 ix po3mip (Big 100 mo 10000 1 Ouibiue map
HYKJICOTUIIB) 3HAYHO BAPIIOIOTHCS.

lagging strand - Bincraroumii manigor. Jlanmor novipuboi JIHK, Ha sxii
CUHTE3 KOMIUIEMEHTAPHOT'O JIAHIIora IMiji 4Yac perulKaiii 3IMCHIOEThCS 3a
nonomororo 3'exHanHsa ¢pparmenTiB Okazaku <Okazaki fragments>.

microsatellite DNA - JIHK wmikpocarenira. ®opma JIHK carenita <Satellite
DNA>, cxnanena nesskum yucyioM (n>5) noBTopiB AuHyKIeoTHAIB, - (LIA)n, (All)n,
(I'T)n 1 T.0.; BimOMa B reHomax OararbOX €yKapioTiB, MPUUOMY Yy JAESKHUX 3 HUX
(Hampukiaa, y JIOAWHM, MUIIL, BEIUKOI poraroi XyJoOW 1 IH.) € IHTEHCHUBHUU
noJiMmoppiBM MO iX mapamerpax, a caTu iX JoKami3alil Ha3uBalOTh JIOKyCaMu
Bapiror04oro yncia TaHaeMHnx moBTOpiB (VNTR-mokycH), sSKi MHMPOKO BHKOPHUC-
TOBYIOTBCS SIK MAPKEPU MPHU KapTyBaHHI CTPYKTYPHHUX T'E€HIB.

middle repetitious DNA - JIHK, mo nomipHo moBTOproeTbes. HykneotnaHa
MoCIOBHICTh (3aBH0BXKKH B 100-500 HYKICOTHIHUX Tap), MO MOBTOPIOETHCS B
reromi 10-100 pazie; ¥Y.n. JIHK BusiBiserscst y ckiaai rerepoxpomaruda <hetero-



chromatin>, no uei BimHocsaThcs renr pPHK i TPHK TBapuH, neski iH. MyJbTHICHHI
poauan <Multigene family>, a Ttakok MOOUIbHI TI'€HETHYHI €JIEMEHTH PI3HOI

IPUPOIH.

missense codon - MiceHC-KOJOH. MyTaHTHHMI KOJOH 3 HOBHM KOJYIOUYUM
CEHCOM - B PE3y/IbTaTli B MOJINENTH] y BIIMNOBIZHOMY MICII BKIIIOYAETHCS IHIIA
aMIHOKHCJIOTA, III0 MOYKE IMTPHUBOJIUTH 10 TOPYIICHHS (DYHKIIH JaHOTO TOJIICITHTY.

missense mutation - MiceHc-MmyTaitis. MyTaiis, 0 TNPHU3BOIAUTH 0
YTBOPEHHS MiceHC-KOA0Ha <missense codon>.

missense suppression - micenc-cympecis. @opma cynpecii, npu sAKiii cympe-
COPHOIO MYTAIli€l0 € MIiCEHC-MyTalliss <missense mutation>; npu BHYTpPIIIHbOTCHHIH
cympecii BOHa MOe, 3MIHIOIOYHM KOJIOH, II0 MYTYy€, 3a0e3MeuyBaTH BKIIIOYEHHS B
caT MyTaHTa OUIBIN BIAMOBIIHOI aMIHOKHCJIOTH, HDK Yy ITOYaTKOBHUX MYTaHTIB
(Hampukian, B JoKycl Tpunrodancunrerasu M.-c. 3a0e3meuyeTbCcs 3aMIHOIO
CEPUHOM apTiHIHY, 10 3'ABUBCS B pE3yJbTaTi NPSIMOT MyTallil 3aMICTh TJILUKHY, IO 1
NPU3BOJUTH 0 BIAHOBJIEHHS KaTtamTtuyHOi ¢yHKUi (epmeHTty); MbkrenHa M.-c.
MmoB's13aHa 13 3MiHOIO cTpykTypu TPHK.

motif - moTtuB. XapakTepHa MOCIIIOBHICTh HYKJICOTHIIB B HYKJICIHOBUX
KUCJoTax a0 aMIHOKUCIIOT B MOJINENTHIAX, IO 4acTO BUKOHYE MEBHI (PyHKIIIl
(mampuknan, JIHK- moB’s3yrounii M. B JIEIKHX PErySITOPHUX OUIKax 1 TOMY
noaioHe); mo3HaueHHs “M.” 3a3BUYail BXXMBAETHCS B CJIOBOCIOJNYyYCHHAX -
KoHcepBaTuBHU M. (NIOCHIIOBHICTh, BJACTUBA PI3HUM MAaKpOMOJEKyJIaM abo
opraaizmam), M. (monomep nurtHok JIHK, 110 MOBTOpIOIOTHCS).

MRNA, messenger RNA - marpuuna (indpopmarniina) PHK, MPHK, nuPHK.
Monekyna PHK, mo mictuTh HbOpMaIio Npo NOCIAOBHICT aMIHOKHCIIOT B OUIKY,
ska peansyerbcss; MPHK € TpanckpunTom TeHa, 0 KOIyE BiANMOBITHUN OUIOK;
noiiucTpornHi MPHK MicTaTh iH(pOpMaIiiro oJHOYaCHO MPO JIeKUIbKa OUIKIB.

nascent polypeptide chain - moninentuaauii naHmror, mo pocre. Ioinen-
TAJHAW JIAHIIOT, IO 3HAXOJAUTHCS B TIpoOIeci CUHTE3y, acomioBanuii 3 S0S-
cyouacTuHkor prudbocomu; H.1.Il. 3aBXKI1 MOYMHAETHCS 3 TICBHOI aMIHOKHUCJIOTH, B
pouti sikoi y OakTepii Buctymae dpopmumernoHin <Formyl methionine>, y caBuib -
aretriicepun <acetyl serine>.

nascent RNA - nanmtor, mo pocte, PHK. He3aBepmena monexyna PHK B
MPOIIEC] CUHTE3Y, MPEeJICTaBIeHa 5’ -KIHIIEBOIO 11 YaCTUHOIO B MOJIEKYJ HYKJIETHOBO1
KHUCIJIOTH, TOOTO BIACYTHICTH (hocdoanedipHro 3B's13Ky MDK CYCITHIMU HYKJICOTHIaAMU
B ogHOMY JaHIro31 JJHK.

nick sealing - 3amik (JIiryBaHHS:) po3pusy. YTBOpCHHS (bocq)ozme(blpﬂoro
3B'A3Ky MDK KpailHiMu HykineoTuaamu cycinHix ¢pparmentiB JIHK, mo 3'aBunacs B
HOBOCHHTE30BaHOMY JIAHITIO31, IO BiicTae, 3amicTh pparmentiB Oxazaku <Okazaki
fragments>, 3.p. ciinye 3a eranom 3anoBHeHHs rema <gap filling>; mmpire 3.p.
BITHOBJIEHHS (ocPoauedipHOro 3B'13Ky B Oy/1b-IKOMY OJHOJIAHIIOTOBOMY PO3pHUBI
<nick> 3a yuactio JJHK-nira3m.



nick-closing enzyme = DNA topoisomerase oug

non-repetitious DNA sequences - yHiKaibHI (III0 HE MOBTOPHOIOTHCS)
nocmmoBHocTi [JAIHK]. Jimsakm monekymm JIHK, mpucyTtHs B maHOMy reHOMi B
oAHIA Komii (piIKO B JEKUIbKOX, ane 3a3Buyaidl He Outbine 10); OUIBIICTD
CTPYKTYPHHUX T€HIB (3a BHUHSATKOM THX, $KI CKJIaJal0Th MYJbTUIEHHI POJIMHU
<multigene family>) mpencrasnena Y.n.; B kiHeruii peacormamii JHK V.o,
CKJIAQIAOTh “‘MOBUIBHUNA KOMITOHEHT.

nonsense codon - HOHCEHC-KOIO0H, Oe3rimy3auii KogoH. KoloH, 1Mo He KoIye
aMIHOKHCJIOTY, TEpMIHaTOp TpaHcsmil <terminating codon>; ocTaHHIM 4acoM P
aBT. PEKOMEHIYIOTh YHUKATH BUKOPUCTAHHS TEPMIHY “‘O€3TTy3 1l KOJIOH, OCKUTbKH
HacripaBal H.-K. BUKOHye KOHKpPETHY (PYHKLIIO (Ma€ CEHC) - TEPMIHAII0 CHUHTE3Y
OuKa.

nonsense mutation - HonceHnc-myTaitis. TodykoBa MyTallisi, IO MPU3BOIUTH J10
YTBOPEHHSI HOHCEHCY-Kog0HYy <Nonsense codon> i, BIAMOBIIHO, IO NEpeaYacHOT
3YNUHKHU TPAHCJBALI 3 YTBOPEHHSM aHOMAIILHOTO IMOJIMENTHLY.

nonsense suppressor - Houcenc-cynpecop. Myrantuii ren TPHK, 1o xkoaye
MOJIEKYJTy 13 3MIHEHHMM aHTHKOJOHOM <anticodon>, Buacmiigok yoro myrant TPHK
TIOYHMHAE PO3IM3HABATH HOHCEHC-KO10H <Nonsense codon>, 1o 3amooirae TepMiHaIrii
tpaucsmiiM MPHK.

nucleic acid - HykineiHOBa KHCJIOTa, TOJIHYKICOTH . YHIBEpCATbHUIA
OlomostiMep, IO CKIAIaeThes 3 pubo- abo ne3okcupuboHykieo3uamMoHodocdaris,
criosrydeHux pocdoanedipHumu 3B's13kaMu, yTBOPEHUMHU MK 5’ -hocarom 0HOTO
HYKJICOTH1a 1 3’ -T{IpOKCUIOM HACTYITHOT'0; MOJIeKYyJIsipHa Maca H.k. Moxe mocsaratu
1010; po3pBHAIOTH (3a TUMOM BXiMHUX IYKpiB) 2 ocHOoBHMX Tunu H.k. - JIHK
<DNA> 1 PHK <RNA>, romoBuaa poar H.k. - 30epiranas 1 nepemada reHeTHIHOT
iHopwmartii; Tepmin “H.k.” 3ampomonoBanmii B 1889 (Bmepme H.k. BusBIcHa B
crepmatouurax gococsa d.Mimepom B 1868).

nucleotide - mykneotun. ochopuuii edip HyKIE03UIa, MOHOMEP HYKIICTHO -
Bux kuciot <nucleic acid>; H. Bxomare B ckmag HAJl, HAJI®, kodepmenra A
<Coenzyme A> 1 mH. OiosoriyHo akTuBHUX cnoiyk; H. € pgeski MakpoepriuHi
3'eqHaHHs - Hanpukian, AT <ATP>.

ochre mutation - oxpa-myraris. OgHa 3 TppOX HOHCEeHC-MyTarii <Nonsense
mutation>, mo npuBoAUTH 10 (GOpMYBaHHS OXpa-KOJAOHY YAA, MmO TEpMIHYE,
3a3BHYal 00YMOBITIOE TIOSIBY 3HAYHOT KUTHKOCTI KOPOTKOJIAHIIIOTOBUX OUIKIB; BIIEPIIE
IIp.o.-M. omucana B redi phoA y E.coli; y meskux opranisMmiB KogoH YAA Moxke
KOJyBaTH aMiHOKHCJIOTY - HaPHKJIIAJ, TayTamin y iHdy3opii Stylonychia lemnae.

oligonucleotide - onironykieotna. OniromepHa hopMa HYKICIHOBOT KUCIIOTH,
110 MICTUTh BITHOCHO HEBEIHUKY KUIbKICTh HyKIeoTUaIB (10 20).

oligonucleotide primer - onironykneoTuaHa npuMaHka. KomroiemeHTapHa
MEXI1 aHaJI30BaHOI AUITHKM T'€HOMa IMOCTIIOBHICTh (3aBHOBXKH B 15-25 Hykieo-



THJIIB), BUKOPHCTOBYBaHa B IOJiMepa3Hiil jaHIforoBii peakiii <Polymerase chain
reaction> a6o B cekBenyBanti JJHK 3a meromom Cenmpxepa.

oncogene - oHkoreH. ['eH, ekcrpecis SKOro NPUBOJIUTh 0 HEKOHTPOJIbOBAHO1
npoideparti (Tpanchopmaiiii) kiToK; y Q. MOXKYTh MEPETBOPIOBATUCS MPOTOOH-
KOreHu <proto-oncogene> B pe3ynbTaTi MyTalliil, HaJHOPMATUBHOI €KcHpecii 1
JEAKNX 1H. MEXAHI3MIB.

oncogene theory (hypothesis) - Teopis oHkoreHiB. Teopis, IO TOSCHIOE
MEXaHI3M BUHHMKHEHHS 3JIOSIKICHUX MyXJIMH B PE3yJbTaTl akTUBALl CHEHU(PIIHUX
reHiB (OHKOTEHIB) B HOPMAJIbHIM KJIITHHI ITiI JI€0 OHKOTeHHOTO unHHUKA, T.0. Oyi1a
MIITBEPUKCHA IICAs 3HAXOKEHHS OHKOTEHIB (FOMOJIOTIMHHMX PETPOBIPYCHHUM
OHKOT¢HaMm) 1 mpotuoHkoreHiB; T.o. 3ampomnonoBana P.Xwoo6Hepom i [.Tomapo B

1969.

oncogenic (tumor) virus - oukorenHuil (MyxXJIMHOTBOpHUK) Bipyc. Bipyc, 1o
TpaHc(opMye COMATUYHI KITMHU B Tpoleci iHQeKui, Mo NOPUBOJUTH N0 iX
HEKOHTPOJIbOBaHO1 mpoidepartii; O.B. MOke MaTH HEOHKOT'€HHOTO aHajora, IIo
3'SBIISIETHCS B PE3YJIbTATI BTPATH MO0 TeHOMOM reHa SCI; 10 rpynu O.B. BITHOCATHCS
1 BIpyCH, TEHOM SIKMX HE MICTUTh OHKOTEHa (HaNpWKIa, BIpyC JEHKO3y), ajie siKi
3/1aTHI IHIYKYBaTH TEPETBOPEHHS MPOTOOHKOTEHA KIITUHU-TOCIIOAAPsl HA OHKOTEH;
BipycHa mpupoja Kauieporenesy noseieHa M.Kommerrom 1 P.Epikconom B 1978
(mpumyiieHHss Mpo e poOmmcs Habararo paHilie) - BOHM BHSIBHIM Yy Bipycax
capkomu Paycy oHkoreH SCr (KoJ0BaHH HUM OUIOK € THPO3UHKIHA3010).

one gene - one enzyme theory - Teopis “oamH TeH - onuH (hEepMEHT .
Kownmeninist, 3riiHO SKOT OJHUM T€HOM MOXE KOJIYBaTHCS TUIbKA OJIWH (DEPMEHT;
TOYHIIIIE 1I€ CHIBBITHOIIEHHS BIIOOpaXeHO B TEOPil “OJMH I'€H - OJUH MOJINenTHI ,
OCKUIbKM OJUH (pepMEHT MOXK€ OyTH IeTepOIoIiMEpOM 1 BKIIOUATH MOJINENTH/IHI
JIAHIIIOTH, 10 KOAYIOTHCS PI3BHUMH T'€HAMH.

one gene - one polypeptide hypothesis - Teopis (rimore3a) “oauH reH - OAUH
noJirentuy (0i10k)”. KoHmeniis, mo BUHUKIA Ha 0a3i Teopil “OaWH I'€H - OJHUH
(dhepMeHT”’, MPUIYCKaE, MO KOXKEH T'eH MOKe KOTYBAaTH TUIbKU OJWH ITOJIITCTITHIHAN
JIAHITIOT, SIKM, B CBOIO YEPry, MOJXE BXOJHUTU SK CYOOIHMHUII B CKJIAQTHIIIHA
OuIKoBUM KoMIuleke; Teopis BucyHyta ['.bininom 1 E.Tarymom B 1941 nHa mincrasi
IE€HETUKO-010XIMIMHOTO aHali3y HEWpPOCNOpHU, BOHM BUSBWIM BUKIIOYEHHS B
EKCTICPUMEHTATbHUX YMOBaxX [T €0 PIBHUX MYTaliid KOXXHOTO pa3zy TUIbKH
OJIHOMY SIKOMY-HEOyAb JaHIory Oioximiuynaux peakiid (y 1958 I'.Bign i E.Tarym
Oyimm ynoctoeHi 3a i podotr HobGeniBehkoi mpemii); y 80-x pp. 3'ssBuimcst poOoTH, B
AKUX BUCJIOBIIOBAINACS CYMHIBU B aOCOJIIOTHIM CIPaBEIIMBOCTI AAHOI TEOpH y
3B'SI3KYy 3 BIIKPUTTSIM CUCTEMH ‘‘JIBa T€HH, - OJWH TMOJINEnTHa <0ne enzyme - two
genes theory> (He BuKIIO4Aa€THCA 1 CHCTEMa “OJMH I'eH - JBa HOJIIEOTHAX”), a
TAaKOX 3 ICHyBaHHSAM TeHiB <Overlapping genes, 1o TNepeKpHBAIOTHCI>; 3
(GYHKIIOHAIBHUX TO3MIIM JlaHa Teopii YMOBHA Y 3B'SA3Ky 13 3HAXOKEHHIM
OararodyskmioHanpHUX OUIKIB <multifunctional protein>.



open reading frame, ORF - BinkpuTa pamka 3unuTyBaHHS. [l0CITOBHICTh
nykieotu1iB MPHK, 1m0 He MICTUTh KOAOHIB, IO TEPMIHYIOTh; MOTEHILIITHO MOXKe
OyTH TpaHCJIbOBAaHA B MOJINENTHIHAN JAHLIIOT.

operator - omeparop. Jusiaka JIHK, posnidHana cnenudiyaHUMEU OUIKaMU-
penpecopami, sika HETaTUBHO PETYJIOE TPAHCKPUIIILIO CTPYKTYPHUX T'€HIB, PO3MIp -
JeKUTbKa JMECSITKIB HYKICOTHIIB; sIK mpaBmio, . 6e3mocepeHbo IPUETHYETHCS 10
pPEeryJbOBaHOTO CTPYKTYPHOTO TeHa (3TIHO MOJEIl OIEPOHY); BITOMI TOYKOBI
mytanii O., 1m0 BEAyTh A0 MOCTIMHOI (KOHCTUTYTMBHOI) €KCIPECI BIIMOBITHOTO
reHa.

Operon - omepoH, TPaHCKPUNTOH. J[UITHKAa OaKTepiaTbHOT XpOMOCOMHM, IIIO
MICTUTh JIeKUTbKa CTPYKTypHUX TeHiB (Hampukiaa, Lac-O. <lactose operon> E.coli
BKJIFOYAaE 3 TE€HM), TPAHCKPUOOBAHUX 3 YTBOPEHHSIM OJIHIEI MOJIUUCTPOHHOT
mosiekymu MPHK; koxxer O., sk mpaBwWiio, BKIIOYAE CICMU(DIIHUN TeH-0TIepaTop 1
TeH-PEryJISATOP, SAKI KOHTPOJIOIOTH HOoro TpaHckpumiito; O. dhIaHKoBaHUN CHEIH-
(GMHUMU PEryIsTOPHUMHU TMOCIIIOBHOCTAMHU - MPOMOTOPOM <promoter> i tepmi-
HATOPOM TpaHCKpuilii; koHuentis O. po3pobiena @.)Kakodom 1 K. Moo B 1961.

origin [of replication] - Touka mouartky [pemmikari]. JlUIiHKa peruTiKOHA
(perumikyrouoi airstaku JIHK), B skiii BinOyBaeThCs iHILIAIlS pETLIIKALIII.

orthologic genes - opromoriuni reau. ['eHu, 0 AETEPMIHYIOTh OJHY 1 Ty XK
o3HaKy (OUI0K), TOOTO TOMOJIOTIYHI I'€HH, II0 MOXOIATh Bif reHa, II0 BXOJIUTh B
T'CHOM BUJTY, Bl IKOTO OTPUMAJIU TIOPIBHIOBaH1 BU/IH; TOX0keHHs O.r. (Ha BiMiHY
Bil TapajoriyHux reHiB <paralogic genes>) He moB'sA3aHe 3 IYIUTKAISIMHU
<duplication>.

palindrome - naminapowm. JlursHka aBoJaHIIOkKoBOT MoJtekyn JIHK, o6unBa
JIAHITFOTH SKOT MAIOTh OHAKOBY ITOCITOBHICTh HYKJICOTH/IIB TIPU IIPOYUTAHHI BiT 5’ -
1o 3’-kiHis, T06To Il. € TaHAEeMHUM IHBEPTOBAaHUM MTOBTOPOM, HAITPUKJIIA:

$ - AA_-T-T-O-T-I-A—T T —3
3y - T-T-A-I-I'-I-T'-T—A —A — %

II. rpatoTh BaXXJIMBY poJib B 3a0€3MEUEHHI MPOLECIB TEPMIHAL TPAaHCKPUILIil
(y mpokapiot II. BusiBiEHI y BCIX TEPMIHATOPHUX AUISTHKAX TE€HIB), € calTamu i
pectpukras <Restriction endonucleases>, a Takox OepyTh ydacTb y psai iH.
MIPOIIECIB.

plasmid - mna3zmina. [To3axpoMOCOMHUI T'EHETUYHHIA E€JIEMEHT, 3JaTHUH 10
TPUBAJIOTO aBTOHOMHOTO ICHYBaHHS 1 PEAYIUIIKAIil B IUTOIUIA3MI, € JIBOJIAHITIONK -
koBoto MoJiekynoro JHK 3aBmorxku B 1-200 THC. map HyKJI€OTHAIB, 3a3BUYall
KUTbIIE, X04a y JesKux pociuH i rpubiB Bimomi miHikHi I1. <linear plasmid>; no II.
BITHOCSATBCS Pi3HI creniatizoBani OakrepiitHi ynHaMKH (F-akTop <F factor>, Col-
dbaxTop i TOMy HOIi0HE), a Takok emicoMu <episome>; Il. BUKOHYIOTh pPI3BHOMAHITHI
¢yHKil (cTareBy, JIKapChKOi CTIAKOCTI 1 1H.) 1 MOXKYTh 3a0€3MeuyBaTi KJIITHHAMU,
M0 MICTATh iX, CENEKTHBHY IMepeBary, K MpPaBWIO, BOHH TEPEIIKOKAITh
NpPOHUKHEHHIO B KiIiTuHy iH. II. TOro »x Tumy, BUKOPHCTOBYIOUM MEXaHI3MU



MOBEPXHEBOr0 BHKIIIOYCHHS 1 IuasMinHoi HecymicHocTi <plasmid incompatibility>;
nesiki II. MoxxyTh OyTH yTBOpEHI ABOJaHIIOroBo0 Mosiekynoro PHK, - nanpukian,
gacTHHKH V1 1 V2 npbkaxkis, 1mo € unHHukamu-BouBIgiMu <Killer particle>; tepmin
“INL.” BBemenmit Jx.Jlenepoeprom y 1952,

point mutation - ToukoBa myraitis. ['erna mytariis <Gene mutation>, mo €
3aMiHOI0 (B pe3yabTari TpaH3uiil <transition> abo TpancBepcii <transversion>),
BCTaBKOIO 200 BTPATOIO OJHOI0 HYKJICOTH/IA.

polyadenylation - mnomiageHiTioBaHHS. DepMEHTATMBHE  IPHUETHAHHS
ICKUIPKOX 3ajIMIIKIB aJeHHHY 3 YTBOPEHHSIM ‘“‘TOJiageHUIbHOTO XBocTa” <poly(A)-
tail> mo 3’-kinus eykapiotuudoi MPHK mig wac if mpouecuury mepen BUXOI0M B
nuroriasmy; MPHK  rictoniB  <histones> He 3asnatore Il Buxopucranus
MHOKUHHHUX CalTIB moJiajieHuntoBanHss y nonepenuukis MPHK € nomarkoBum
MEXaHI3MOM PO3IIMPEHHS KOIYIOUOTO MOTEHIIIATY HAWBIAyaIbHUX TCHIB €yKapiOTIB.

poly(A) -tail - momiameniibHMIA XBiCT, XBicT moJji-(A). HekogoBana momi(A) -
nocainoBHiCTh  eykapiotnuHux MPHK  nosxunoro 10-200 HykieoTuaiB, Imio
NpHEIHYEThCA B Ipoilieci nmomanenimoBands <polyadenilation>; nepenbauaerncs,
mo ILx. (pasom 3 posTamoBaHuM 3 5’-KiHIA KermoMm <Cap>) 3a0e3redye BUIILY

polycistronic message - momuuctporana MPHK. Mounekyna MPHK, 1o xomye
MOCJIIOBHOCTI OUTBII HBK OJHOTO OUIKA; YTBOPIOETHCS MPU TPAHCKPHMILi ABOX ab0
JIEKUTbKOX T'€HIB, 1110 € CYCiaMu, BXOJATh 0 CKJIay OJTHOTO OMEpPOHY.

polymer - momiMep. MakpomoJiekyia, moOyaoBaHa 3 HU3bKOMOJICKY/ISIPHHX,
10 TOBTOPIOIOTHCS, 3'€1HAHb (MOHOMEPIB), CHOJYYEHUX KOBAJICHTHUMHU 3B'sI3KaMU;
II. MmoXxyTh OyTH JIHITHUMH, JBOBUMIPHUMHU a00 TPUBHUMIPHHMH, & TaKOXK TOMO-
(xpoxmanp <starch> i iH.) i rerepomoiiMepamu (OUIKHM 1 iH.), TOOTO BKIIIOYATH
IIEHTHYHI a00 TaKi, U0 PO3PIBHAIOTHCS MOHOMEPH.

polymerase - moumimepasza. TpuBiambHa Ha3Ba (QEepMEHTIB, IO KATAT3YIOTh
YTBOPEHHS TMOJIHYKJICOTHIIB 3 MOHOHYKJICOTHAIB; 10 HavBaxumBimmx [l
BinHocsaThess JIHK-momimepaza <DNA polymerase> i PHK-nomimepaza <RNA
polymerase>, mo cuHTe3yI0Th, Binmosinuo, JJHK i PHK.

polymerase chain reaction, PCR - monimepa3Ha JaHIroroBa peaxiis. Meroq
amrnridikamii In_Vvitro 3a nmomomororo JIHK-moniMepa3u HYKICOTHIHUX IOCITi-
JOBHOCTEW 3 BHKOpHUCTaHHSAM oimroHykieotunuux JJHK-nmpumanok, koMruiemeH-
TapHOI MOCHITOBHOCTAM mNpoTwiexkHux naHioris JJHK Ha mexax ammidikoBaHo1
nusiaky; BracHe ILm.p. € cepieto 3 3 peakmiii (20-30 1muKiIiB), MO MUKITYHO
noBTOprOIOTHCs, - jaeHarypauist JHK, sigman JHK-npumanku i cunres JJHK 3
KOXXHOIO 3 MPUMAaHOK Ha3yCTpid OJAWH OJHOMY 3 BUKOPHUCTAHHSM MPOTHICKHUX
manmorie JIHK sk marpuri, micas 3akiHYEHHS KOXKHOTO IHMKIY KUIBKICTB
CHHTE30BaHOTO TMPOJYKTY IIOJIBOIOETHCS 1 BIMOYBAa€ThCS 30UIBIIEHHS KUIBKOCTI
ananizoBaHoto JIHK B reomerpuuniii nporpecii; ILlu.p. 103Bojsie amiunigikyBaTi
OyJb-sK1 TOCIIIOBHOCTI 3aBJIOBKKH J10 5-6 THUC. HYKJIEOTUIB, 1110 POOUTH MOXIJIUBUM



BUKOPHCTOBYBAaTH 1ii JJig CeKkBeHyBaHHs, MoJekymsipHoi JIHK-miarnHoctukwy,
KapTyBaHHs reHiB (K 30H1M 11 Tiopuau3arii in Situ) Ta iH.

posttranscriptional modifications - moaudikamii TpaHcKpwHILii mocta. Beski
3minu ctpykTypu MPHK 1o 11 Buxoay 3 simpa: BKJIFOUae nMporiecuHr <processing>, a
TaKoJXX MomiaaeHunoBants <polyadenylation> i nesxi iH. peaxiiii.

posttranslational modifications — mnocrrpancmamiiai Momudikaiii. 3MiHa
CTPYKTYpH OUIKIB TiCJIA 3aBEpIICHHS X CUHTE3Yy pudbocomamu; 10 IL.M. BigHOCSATRCS
BiIIIETUICHHS (POPMIITLHOT rpymu Bil iHilIaTopHOTO (hopMUIMETIOHIHY (Y npoOKa-
pioT), (bOCQ)opHsyBaHH;I TJIIKO3WIIPYBAHHS, OKHCJICHHS ITUCTEIHY MPHU YTBOPEHHI
AUCYIb()ITHUX 3B'A3KIB, BUIIICIUIEHHS CUTHAIBHUX MOCIIIOBHOCTEH MpPH MEPETBO-
PEHHSAX MPOo- <Pro-sequence> i nepeAnocaioBHOCTENH <pre-sequence> Tta iH.

premature termination - mepemuacHa TepMiHamis. TepMiHAIlsl TPAHCIILIL,
TpaHCKpUIIli abo perumKaiii 10 MOBHOTO 3aBEPIICHHS; 0OyMOBJICHA HAsBHICTIO
HOHceHCy-myTarii  <Nonsence mutation>, nmiero crnenUdiUHUX  IHTIOITOPIB
(mampuknaa, mypoMuiHa <puUromycin>, mae30KCUpHOOHYKICO3UATPUPOChATIB Ta
iH.) Ta iH. MPUIHHAMH.

premessenger RNA - npe-mPHK. Tlonepenank MPHK (wacto myxe Bemmkoro
po3Mipy), cunTe3oBaHuii Ha w™arpuii JHK ctpykrypHOro rena B mporieci
TPAHCKPUII 1 0 BHUXOAY 3 sApa MO 3a3HAE€ TPAHCKPHMINi MocTa Moaudikarii
<posttranscriptional modifications>.

primer DNA - JIHK-3atpaBka. KopoTtka ogHomnanitorosa mosiekyiaa JIHK, 1o
BukopuctoByeThest JIHK-momimepazamu poist mimiarti cuate3y JIHK, - nanpuknan, y
napBOBIpYyCiB <parvoviruses>.

primer RNA - PHK-3arpaBka. OmiropuOOHYKICOTH/, [0 CUHTE3YEThCS 3a
yuacTio PHK-nonimepasu adbo JIHK-mpaiimazu <DNA primase>: 3 5’- kinusg PHK-3.
3a yvactio JHK-nommepaszu Il Hiiroersest cunre3 HoBoi Mojekyan JIHK (abo
¢dparmenta Oxazaku <Okazaki fragment>), micias woro PHK-3. BimmerniroeTses,
pO3pHUB, IO YTBOPIOETHCS, OaHOYacHO 3a0ymoByerbcsa JIHK-momimepazoro I, a
OJIHOJIaHIIOrOBI po3puBH <Nick> pemapyrotses JJHK-mirazoro <DNA ligase>.

protein synthesis - OuikoBuii cuHTe3. CHHTE3 MOJINENTUAHUX JIAHIIOTIB B
KJIITHHI y mpoiieci Tpanciiii <translation>.

proto-oncogene - MNPOTHOHKOTEH. ['€H, KOHTPOJIIOWYUN HOPMAJIBHY
npoJtiepaltiro KIITHH 1 3[aTHUH B pe3yJbTaTi COMAaTHYHOT MyTallii a00 TpaHCTIO3UIIil
MIEPETBOPIOBATUCS Ha OHKOTEH <0ncogene>; y nopwi Il. KoayrOTh MPOTEIHKIHA3H
(HampuKIIaa, TeHH POJUHU C-SIC), TYaHIH-TIOB’sI3yroui OUTKM (CIMEHCTBO c-as),
YUHHUKH 3POCTAHHS 11X PEIENTOPH.

renaturation - penarypariis. BigHoBneHHsI HaTHBHOI (0IOJOTIYHO AKTHBHOT)
IPOCTOPOBOI CTPYKTYpH OlomnoiMepa (OUTka a0 HyKJIETHOBOT KUCJIOTH); 30KpemMa, P.
Jluk (micnmst  AeHaTypariii  HarpiBaHHSM) MOJXE BiIOyBaTtucss TpHU TIOBUILHOMY
oxoJomKyBanHi <annealing>, mo BHKOPHUCTOBYETHCS OIS OTPUMAHHS TIOPUITHHMX
reTepoAyIIeKCIB.



repair replication - pemaparuBHa perurikaiiiss. Etanm ekciusiiHOT pemaparrii
<Dark repair>, B mpotieci sIkoro BiiOyBaeThcst 3a0y10Ba PO3PUBIB, 0 YTBOPUIIUCS,
3MIICHIOBAaHA BIlMOBIMHO J0 mpuHOMMIIB pertikamii <replication> J[HK 3a yuactio
JIHK-mmomimepazu 1.

repetitious DNA - HykJIeOTHHA MOCIITOBHICT, O noBTOpIoeThCs (JITHK).
[TocmimoBHICTP HYKICOTHAIB, IO MICTUThCS B xpomocomuid JIHK y Burmsami
IMEeHTHYHUX KO, Ha TmmiacTaBl KiHeTnkn peaccomiami JHK po3pnHsoTh
HykieotuaHi nociinoBHocti <Highly repetitous DNA> (mumH. kormiif Ha TeHOM), IO
BHUCOKOTIOBTOPIOIOTBCS, a Takok mociinmoBHocti <middle repetitious DNA, mo
MTOMIPHO TTOBTOPIOIOTHCS™> (JICCATKH 1 COTHI KOITiii HAa TEHOM).

replication, reduplication - pemikaris, pemymUlKaimis, ayToperuTikaris,
aytopenpoaykiis. [Ipouiec camMOBIITBOPEHHS MOJEKYJT HYKIETHOBUX KHUCJOT, LIO
CYIPOBOJIKYETHCS Tepeaadero Mo craaky (BT KITHHU IO KIITHHW) TOYHHX KOTIN
reHetuyHoi iHQopmai; P. 37ilicHIOETbCA 3a ywacTio Habopy crneuuraHux
depmenTiB (xemikaza <helicase>, konrtposmoroua po3smiitanHs Mmojekyma JIHK,
JIHK-mosnimepazu <DNA polymerase> 1 i III, JIHK-niraza <DNA ligase>), npoxo-
IUTh 3a HAIIBKOHCEPBATHBHHM THUIIOM 3 YTBOPCHHSM PEIUTIKATUBHOT BUJIKH
<replication fork>; Ha ognomy 3 nmanimrorie <Leading strand> cuHTe3 KOMILIEMEH-
TApHOTO JIaHIIOra Oe3mepepBHUM, a Ha iHmmi <Lagging strand> BinOyBaeThcs 3a
paxyHOK yTBopeHHs (hparmentiB Oxazaku <Okazaki fragments>; P. - BucokoTouHuit
MpoIIeC, YacToTa MOMUJIOK MpH KoMy He mepepuinye 10-9; y eykapuotis P. Moxe
BiIOyBaTHCS Bimpa3zy B JEKUIbKOX Toukax oaHiei mojekynu JIHK; mBunkicts P. y
eykapiotiB 6sm3bko 100, a y 6akrepiit - 0au3bko 1000 HYKI€OTUAIB B CEK.

replicative fork, growing point - pemnikatiBHa (perunikamiifHa) BUIKa, TOUKa
3pocTtanHs. MonekynsipHa (opMma, MO YTBOPIOETHCS MATEPUHCHKOIO 1 JBOMa
JOYIpHIMH ABOJaHLoroumMu Mojekyiaamu J[HK B mpoueci HamiBKOHCEPBATUBHOI
peTUTIKAITii.

replicon - perutikoH. ABTOHOMHA OJMHHUII perutikaiii <replication>, mo
3HAXOJUTHCS MiJ KOHTPOJIEM OJHIET TOYKM IHIAIl perumkalii (perikaropa); y
npokapioT P. mpeactaBieHuii BCiM T€HOMOM, a Y €yKapioTiB TEHOM MOKE BKJIIOUATH
oe3mu P.; Tepmin “P.” 3anpononoBanuii ®.)Kakoo6om 1 C.bpernepom B 1963.

restriction - pectpukmis. [Ipomec po3mEIUTIOBaHHS YYKOPITHOI MOJICKYIH
JHK mig miero crmemubidanx OakTepiiHux (QepMeHTIB - pecTpukra3 <restriction
endonucleases>; tepmia “P.” (ToOTO 00MEKEHHS) YKa3ye Ha Te, IO JaHUI MPOIeC
OOMEXKEHUH 4yXOpiIHOK MoJiekynoto, Ttoal sk JIHK knitku-rocnogapst He
PO3IIEIUTIOETHCS 3aB/ISIKA HASIBHOCTI CIELM(PIYHUX 3aXUCHUX MEXaHI3MIB; Takox P. -
OOMEXKEHHSI MOYJIMBOCTEH BHOOPY HampsMIB JUGEPEHITIIOBAHHS TOTUIIOTEHTHUX
KJIITHH eMOpIOHA.

restriction endonucleases - pecTtpukTaza, pecTpuKIliiHa CHIOHYKJICa3a.
bakrepianpauit dhepment, mo posmemmoe Mojiekyny JJHK B ctporo crmenmudiaamnx
caitax; mpu 1pomy P., MmO AlFOTH HA OJHAKOBI MOCIIIOBHOCTI HYKJICOTHIIB,
HA3UBAIOTHCS 3omm3oMepamu <iSOSChizZOMeres>, aKTHUBHICTh 30MM30MEPIB 4acTo
3QIOKUTh Bil MeTwinyBanHa <methylation> HykieoTHIiB B CalTi peCTpHKILi; Mpu



oMy P. moxe posmemmoBatn JIHK wa ¢parmentu 3 Tymumu <Blunt ends>
(HINDIII) a6o 3 “munkumu’ KiHigiMA <cohesive ends>; naiimenyBanus P. € 3-4-
OyKBeHHUMH abpeBiaTypamMu JJATUHCHKOI HAa3BU OAKTEPIMHOIO HITaMy, 3 SIKOTO BOHU
BuUIeHI (nuB. Jlomarok 6), a puMchKa 1udpa BimoOpaxae XpOHOJOTIO BITKPUTTS
dbepmenty; 3actocyBanHs P. 103BONMMIO PBKO 30UTHIINTH €PEKTUBHICTh aHAIIZY
ctpykrypu [JHK reHomiB pBHHX OpraHiBdMiB (30KpeMa, 3 BUKOPUCTAHHSIM METOMIY
pecTpuKIifHOTO KapTyBaHHs <Restriction mapping> i BusiBiaeHHs moJIMOp(BMY
IOBXKHMH pECTpUKIIHHUX PparmentiB <restriction fragmentlength polymorphism>), a
TaKOk 3pOOMII0O MOKIIMBUM MPOBEJICHHS POOIT 1O TeHHIN 1HXeHepii; 3a BIAKpUtTs P.
1 iX 3acToCyBaHHS B MOJIEKyJsipHId renetuni B.Ap6ep, X.Cwmir 1 J[.Hatanc Oynu
ynocToeHi B 1978 HoGeniBchkoi mpemii.

restriction fragment length polymorphism, RFLP - mosiMopdizm moBxkuH
pectpukuiinux ¢parmentis, I[IJIP®. Minmusicts po3mipiB ¢parmentis IHK,
BUIICTUTIOBAaHUX ~ pecTpukrazamu  <Restriction endonucleases>, o0OymoBiieHa
BUHUKHEHHSAM a00 3MIHOIO B PE3Y/bTaTl MyTalliil CAlTIB PECTPUKILl; y 3B'SI3KY 3 LIUM
ananz I[IJIP®  no3Bosisie  BUKOPHCTOBYBAaTM  OKpemi anem  (BHACHIIOK
MeHaenBChbKOTO XapakTepy iX YCHaayKBaHHS) SIK MapKepiB MOMYJALINA, a TaKoXK
3aCTOCOBYBATH iX B TMPEHATAIbHIA 1 3BUYANHIA TIArHOCTHUINl MyTalid B T'e€HaX, IO
obymoBmoroTh pi3HI H3Y, 1 BM3HayaTH iX JIOKamBalllf0 B TEHOMI METOJOM
PECTPHKIIHOTO KapTyBaHHs <restriction mapping>.

restriction map - pecTpukiiiinas kaprta. Jliarpama po3TallyBaHHS Ha
mouiekyni JIHK caiiTiB mi3HaBaHHs pecTpukTazamu <restriction endonucleases>;
Hailoubin poxknagHi P.k. ckmaneHi nis HeBenmukux Mojekyn JIHK, Takux sk
miroxouapianmeHi <Mitochondrial DNA> Ta iH. reHOMH LUTOIUIA3MH, a TaKOX
MPOKAPIOTHIHI XPOMOCOMH.

restriction mapping - pecTpukiliiine KapTyBaHHS. BU3HAYCHHS TOJIOXKCHHS
reHa Ha TeHeTWYHid (piBUYHINA) KapTi 3a IOMOMOTOI pecTpukra3z <restriction
endonucleases>; moiysirac B OTpUMaHHI (parMeHTIB aHAI30BaHOI MOCIIIOBHOCTI
(reHa), BUpPI3AaHUX PBHUMHU PECTPUKTA3aMU 1 €IEKTPO(OPETUYHO PO3JIUICHUX 3
NOJAJIBIINM 3ICTaBJICHHSAM iX PO3MIPIB 1 BU3HAYEHHSIM BIICTaHEH Ha T'€HETUYHIN
KapTi; Takok P.K. - BU3HAUCHHS 32 JOTIOMOT OO PECTPHUKTA3 CIBBITHOIICHHS €K30HIB
1 [HTPOHIB y CKIaJl TeHa (B I[bOMY BHUIAJAKy OJIWH 3 BapiaHTIB - KapTyBaHHS 3a
meto oM bepka-Illapma <Berk-Shurp method>); po3nuisHa 31aTHICTE P.K. - OJIM3bKO
20 map HyKJIE€OTHIB.

ribonucleotide - putonykneotna. HykneoTua, 1mo MIiCTUTh pub03y, OAHA 3
a30TUCTUX MACTaB (BKJIIOUAKOYM PiNKicHI mincTaBu <rare bases>) i 1 abo mekiibka
3aMIIKIB (POC(POPHOT KUCIIOTH.

ribose - pu6o3a. Monocaxapuy 3 rpymnu niento3; P. y dypaHosHiil (uKiyHii)
¢dopmi Bxoauts B ckiag PHK, geskux kodepmeHTIB 1 0akTepiiHUX MoJicaxapuIiB.
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RNA ligase - PHK-niraza. ®epmeHT, 1o 3AiHCHIOE 3'€JHAHHS ABOX MOJICKYIT
PHK 3 yrBOpenusm docdoanedipuoro 38's13ky (Hanpukian, PHK-JI. gara T4).

RNA polymerase, RNA synthetase - PHK-momimepaza, PHK-cunrerasa.
®depmenT, mo 3aiicHioe Matpuunuii cunre3 PHK 3 pubonykneosuarpudocdaris;
3aJIeKHO Bl BUKopucToBYyBaHOi Marpuii - JIHK a6o PHK - pospiastors JIHK-
sanexny <DNA-dependent RNA polymerase> i PHK-3anexxny PHK-II. <RNA-
dependent RNA polymerase>; y npoxkapiotiB € 2 Turnu PHK-IL.: oiHa 3 HUX cuHTE3Yy€
PHK-3arpaBku nnst pparmentiB Okazaku <Okazaki fragments>, a inma - permra Bcix
tumB PHK; y eykapiotiB - 3 tumu PHK-IL.: PHK-ILI 3xificaroe cuate3 pPHK
<Ribosomal RNA>, PHK-ILII cuntesye MPHK <mRNA>, a PHK-ILIII - TPHK
<Transfer RNA>, 5S-PHK ta in. mesemuki PHK; axktuBmicte PHK-II. Moxe
MOBHICTIO NPUTHIMYBATUCS NEIKUMU aHTHOIOTHKAMH - HANPUKIAJ, pUPaMIIuHOM
<rifamycins> i aktunomitiuaom D <Actinomycin D> (6akrepiiina PHK-IL.), ansda-
amanutrHOM <alpha amanitin> (PHK-ILII npokapior).

RNA replicase = RNA-dependent RNA polymerase (ous.).
RNA synthetase = RNA polymerase (ous.).

RNA transcriptase = RNA-dependent RNA polymerase (ous.).
RNAase = ribonuclease (ous.).

RNA-dependent RNA polymerase, RNA transcriptase, RNA replicase -
PHK-3anexxna PHK-nonimepaza, PHKtpanckpunraza, PHK-pernikaza. ®depment
PHK-BMicHUX BIpyciB, 10 Oepe ydacTb B MpoLEcax peIuliKamii 1 TpaHCKPHUIILL
renoMma BipycHoi PHK; y Bipycis kopy PHK-3.PHK-n. onucana A.Caiidpenom 3
cmiBaBTOpamu. y 1978.

RNA/DNA ratio - cmiBeignomenns PHK//ITHK. KinbkicHe cHiBBiTHOIIEHHS
smicty PHK 1 IHK B xitmi (TkaHuHi), sSIK MpaBUiIo, MO3UTHBHO KOPEIhOBAaHE i3
HIBUKICTIO 3pOCTaHHS opraHizmy; 30utbmieHHs] C.PHK/IHK CBITUUTH NIPO 3pOCTAHHS
AKTUBHOCTI TPAHCKPHIILIL, a TAKOK MPO MOCUIEHHS YTBOPEHHSI pUOOCOM.

Robertsonian translocation (rearrangement), centric fusion - Po6eptco-
HIBCbKa TpaHCJOKAIls, HEHTpUYHE 3'€qHaHHA. OKpeMuil BHMAJOK TpaHCJIOKAIIi,
MOB'SI3aHUN 3 TIEPEHECCHHSIM Ha OJIHY XpOMOCOMY iH. XpOMOCOMH MOBHICTIO (TOOTO
3JIUTTS 2 XpOMOCOM); SIK paBujio, P.T. XapakTepHa i OJTHOTIJICYUX XPOMOCOM abo
XpOMOCOM 3 JOYyXX€ KOPOTKMMH JPYTUMHU TureduMa (mi “Aapyri’ Imiedi 3a3BHYai
YTBOPIOIOTh AIlCHTPUYHI (PparMeHTH 1 MIBUAKO eMMiHyroTCcs); P.T. mpakTudHO HE
3MIHIOIOTh CTPYKTYPHU TPYI 3YEIUICHHS T'€HIB, TOOTO € BITHOCHO ‘‘HEMIKIIJIUBUMM
IUI OpraHi3My, - KIMOBIPHO, TOMY BOHU JOCTaTHbO IIMPOKO MOIIHMPEHi 1, 30Kpema,
MOXYTh OyTH OJHIEIO 3 MPUYHWH BHYTPIIIHBOBUAO0BOI MIHIMBOCTI, P.T. 3BOpOTHS,



X04Ya TPOIEC PO3AUICHHS MABOIIEYOI XPOMOCOMHM Ha aKpOIEHTPUKHA MEHII
BIpOTIMHUM, HDK cama P.T.; KJIacCMYHOIO MOJIEIUTIO, 10 TOSICHIOE MexaHi3M P.T., €
MOJIETb  “pO3pUBY-3'€IHAHHS; OJUH 3 MOXJIMBUX MexaHB3MIB P.T. omucyerbcs
rinote3or0  XombMkBicTa-/{ancuca <Holmquist-Dancis’s  Aypothesis>; sBuiie
onucane Y.Pobeprconom B 1911.

rolling circle model o-type replication - monxenp KiTbIsl, MO KOTHUTHCS,
peruTikailis 3a THIIOM pYJOHY, LIO0 PO3MOTYETbCS, peruikaiis o-tumy. [Iporec
perurikami kutbrieBux MoJiekyn JIHK, xapakrepuuii ajst 6ararbox 6axTepii 1 BIpycis,
a TakoXX BHYTPIKIITUHHOI oOpraHend (MITOXOHIPIA 1 IUIACTUM); TOJIOBKEHHS
JaHiora, mo cunresyerbcs, JJHK BinOyBaeTbcs 3 5° -KiHIIA, 1110 NPUKPIILITIOETHCS 10
KJIITUHHOT MEMOpaHH, a TOYKa peIUIKalli po3TalloBaHa B MICII BIATAITy>KEHHS 5’ -
HUTKHA BiJl TMOYATKOBOTO KUIBIIS; IMCJSA 3aKIHYEHHS JSKUIbKOX PayHIIB peTuTIKarlii
HaBkoJio nouyatkoBoi JIHK yTBoproerbcs HoBa Mosekyia JIHK, 1o MIiCTUTh nekiibka
KOMIiN MOYaTKOBO CIOJYYEHHUX, “TOJ0Ba O XBOCTA”, 1 37aTHA CIYKUTH MaTPHUIICIO
IUISl CUHTE3y KOMIUIeMeHTapHoro Janmiora JJHK.

rRNA = ribosomal RNA (ous.).

RT-PCR, reverse transcription-polymerase chain reaction - mommepa3na
JIQHITFOT'OBA PEAKITSl 13 3BOPOTHOIO TPAHCKPHUIITa3010. BapianT MeToay mojiMepasHoi
naHiroroBoi peakmii <Polymerase chain reaction>, moaudikoBanuii a1 aHamizy
mozsekyn PHK, - Ha nepiiomy erari MeToy Ha MaTpuill TecToBaHo1 MoJieKyar MPHK
3 BUKOPHUCTaHHAIM (EepMEHTyY 3BOPOTHOI TpaHCKpumTasu <Reverse transcriptase>
OTpUMYIOTh OJiHOHOJaHLoropy k/IHK, sky moTiMm amrunidikytoTh cTaHAapTHUM
[TIP-meTon0oM; BipoBamxkeHHss metony RT-PCR no3Bosmno BuBunt MPHK, npu-
CyTHI B KJIITKAaX B AYXe€ HEBEIUKIN KUIbKOCTI, - Hanpukiaa, MPHK OUIkiB YMHHUKIB
3pOCTaHHS B PaHHIX eMOpIOHAX 1 JIp.; B JaHUH Yac I [UX IUICH BUKOPHCTOBYIOTH
tepmocTabutbHy JIHK-momiMepasu, 1m0 BOJIOAIE 3BOPOTHHO-TPAHCKPHUIITA3HOIO
akTUBHICTIO (Harmpukiaa, Thermus thermophilus, mo cunTe3yeTHCS.

satellite DNA, satDNA - JIHK carenita. Hagmipaa JIHK reHoma, six mpasuio,
PBKO BIIpBHAETHCS 3cyBoM cmiBBigHOImEHHS A+T/T+1] (yoik A+T - “nerxa”
cat/IHK; yoix I'+1] - “Baxka” car/IHK) Big . nusHoxk JIHK, mo wmictuthCcsa B
3HauHOMY (105 1 Outbln) ymcil MOBTOPIB 1, BIANOBIIHO, peHaTypyrwoda Habarato
mBuAme 3a yHikameHI nocaigoBHocTl; C.JAHK moxe OyTu BuaUleHA NP HEHTPHU-
dyryBanHi B TpajieHTi mwibHOCTI xjopuay mesito <Cesium chloride equilibrium
density gradient centrifugation> y purisai moaarkoBoi (“‘caremitom’) MO BIIHO-
IIEHHIO 10 OCHOBHUX ¢pakirii; sk mpasuio, C.JJHK nokamizoBana B meHTpoMepax i
piaiie - TelroMepax XpOMOCOM 1 BXOAHUTH 10 CKIaay rerepoxpomarnHa <hetero-
chromatin>; esomomis C.JJHK Moyxe BigOyBaTHCS HUIIXOM CTPUOKOIOIIOHHUX
perutikaniii <Saltatory replication> i HakoIMUEHHST MyTAIlil, 10 YePTYIOThCS.

splicing - cmaiicunr. ®opma nporecunry nonepeanukis MPHK y eykapioTis;
B pe3yibTaTi C. BiIOyBaeThCs BUAAJICHHS 3 MOJIEKYJIM-TIONIEPEIHUKA MOCIIOBHOCTEN
IHTpOHIB <INtron> i KoBaJICHTHE 3'€JHAHHS TOCJIIOBHOCTEH €K30HIB 3 YTBOPEHHSIM
3pimux MoJiekysr MPHK.



telomerase - temomepasza. @epmeHT rpymu TpaHchepas, AKHA KOHTPOIIOE
pPO3MIp, KUIKICTh 1 HYKICOTUIHHN CKIag Teaomep <telomere> xpomocom; Brepiie
T. O6yna BugiteHa y iHdy3opii Tetrahymena thermophila, B sikoi B MakpoHykieyci
<macronucleus> moe MICTUTHCS JeKUIbKA AECATKIB THC. Temomep, T. € CKIagHuM
pubonykieonporeinoBuM komiiekcoM (PHK, mo mictute 159 nykieoTunis, €
Mmatpunero aias cuHresy MotuBy TTITTT, ngo 100 moBTOpiB SIKOrO MICTUTHCS B
KOXHIN TeroMepi) 3 MOJIEKYSIpHOI0 Macoro 0mu3bko 500 k/1.

telomere sequence (repeat) - temomepHa mocainoOBHICTH (moBTOp). Ioci-
JIOBHICTh HYKJICOTUMIB, crienudmna s kiHueBux AuvsiHok JJHK (xpomocom), sik
MIPaBUJIO, TIPEICTABJICHA YHCICHHUMH IIOBTOPAMH OJIIMOHYKJICOTHIIB 1 HEOOXITHA JJIs
3aBEPIIICHHS PEIUTIKaIlil KIHIIEBUX MOCTIOBHOCTEH XpPOMOCOM, a TaKOK, KMOBIPHO,
0 Tpae 3axUCHY pOJib, 30KpeMa, y XpeOeTHUX BHCOKOKOHcepBaTtuBHOIO € T.m.
(TTAI'TT)n, BusiBieHa B TenoMmepax Bcix XpoMocoM Ouibil HBK y 100 BuaiB 3
OCHOBHUX KJaciB - pubu, am@iOii, penTwii, nTaxu, ccasi; Brnepue T.m. Oynu
onmcadi y iHpy30pii Tetrahymena pyriformis (mo 30-70 moBTOpiB TreKCaHyKICOTH A
AAIILLII) E.bne6eprom i [Ix.I"ammom y 1978.

telomeric fusion - Tenomepse 3'eqHanHs. BapiaHT XpoMOCOMHOT 1epe0y10BH,
IO TTOJIATA€E B 3'€THAHHI IBOX XPOMOCOM TEJIOMEPHUMHU 001acTSIMHU (Ha BIAMIHY Bif
PoGeprcoHoBchKkoi mepebymoBu <Robertsonian rearrangement>) 3 yTBOpeHHSM
TUIIEHTPUKA; BBaXKA€ThbCs, 1m0 B eBojtoui T.3. BigOyBamucs Habararo piaiie, HDK
ueHtpudHi (PoOepTcoHOBCHKME) 3'€HAHHSA, MPOTE€ HAgBHICTH, T.3. y eBoJIOIil
XpPOMOCOMH 2 JIFOAWHH (3 BTPATOIO OJIHIET 3 IICHTPOMED) TI0BEICHO.

terminating codon - xog0H, 1110 TepMiHy, CTOM-KO10H. KOIOH, 1110 BU3HAYa€e
3aKiHYEHHS (TepMIHAIlI0) CUHTE3Y MOJIMENTHAHOTO JaHIiora, - YAA, VAL, YT'A;
Ockinbku - 6e3rmy31uii (HOHCEHC-) KOJIOH; KPIM TOTO, KOJOHAMH, 1110 TEPMIHYIOTh,
MOXyThb OyTH (siK BUHATOK) KoJoHU AI'A 1 AI'T; naBnaku, konon YI'A B MPHK,
TPaHCKPUOOBAHUX 3 MITOXOH/IPIAJILHOTO T€HOMA (OKPIM BUILUX POCJIHMH), HE € TAKUM,
IO TEPMIHYE, a KOAYE TPUNTOPaH.

termination - tepmiHamis. 3yImMHKA CHHTE3Yy MOJIMEITHIHOIO JIAHIIOra
BIIOYBa€TbCA TICIS JOCSATHEHHS KOAOHY, mo TtepMminye, B MPHK; takox T. -
3aBepiieHHs1 cuHTesy PHK B mpomeci tpanckpumii <transcription> a6o JIHK B
nporeci perutikari <replication>.

terminator - Tepminarop. IlocnimoBHICT HYKICOTHIIB ONIEPOHY i TPAHCKPH-
6oBanmiit Ha HHoMy MPHK, 1110 00ymoBr0e npunuueHHs (tepminaniro) cuaresy PHK.

transcription - tpanckpumiis. Cuare3 PHK na marpumi IHK - mepimii eran
peanBanii reHeTnyHoi iHGopmMmanii; y mnpokapiorT T. 3IICHIOETBCS 3a YYacTiO
xosa0depmenta PHK-moximepasu <RNA polymerase>, a B 3ykapioT € ImoHaiMeHIe 3
tunu PHK-nonimepas, siki TpaHCKpUOYIOTh T€HH PI3BHUX KJIACIB.

transcription factors - uyuaHWKM TpaHcKpuri. JlomoMDKHI OUIKHM, sKi
nomnomararoth PHK-momimepazam <RNA polymerase> mnpoxomKeHHS OCHOBHHX
€TariB TPAHCKPHUIII (IHIIAII0, 3JIOHTAII0 1 TEPMIHAIII), a TaKOX 3a0e3MeuyIoTh



BUOOpYMH XapakTep TPAHCKPUIILi (HANpUKIaA, TKAaHUHOCIHEHU(IUHY EKCHpPECito
TCHIB IIUIIXOM B3a€MOIIl 3 3HXaHCcepamu <enhancer>).

transfer (soluble) RNA, tRNA - tPHK, tpancnoptua (po3uunna) PHK.
Husskomonekymsipua ™osekyna PHK, mo Buxonye anmanrtophi ¢GyHKIn 110
crenuPiIHOMY TIEPEHECEHHIO aMIHOKHUCJIOT JO MOJIMENTUAHUX JIAHIOTIB, IO
3pocTaroTh, B mpomeci TpaHcimi; TPHK BoiomioTe XapakTepHOO BTOPHHHOIO
CTPYKTYPOIO Y BUTJIAI1 "IMCTa KOHIOIMHK'", aHTHKOOH <anticodon> po3TamoBanuii
B QHTHUKOJIOHOBIN MeTJi, a 5'-KIHIEBOIO MiICTaBOIO 3aBk AU € ryaHiH; y ckiaal TPHK
€ (KpiM OCHOBHHMX TIICTaB) pIiOKiCHI mTiAcTaBu <rare bases>; TtperuHHa
(cmabocmipanbHa) CTPYKTypa Haraaye JATHHCbKY OykBy L; mpuegHaHHS
amiHokucyoTu 1o [A-nmocaimoBHocTi 3'-kini TPHK BinOyBaeThbcs B pe3ynbTari
peakuii amMmiHOoaMIyBaHHs —<aminoacylation>, npuyomy caliT po3mi3HABaHHS
amiHoai-TPHK -cuHTeTa3amMu jokanizoBaHuil Mo0IM3y IUTIPOYPUIUIIOBOT METIIL;
mozaens BropuHHOi cTpykTypu TPHK y Burmsagl "konioummuoBoro mucta"
3anponoHoBana P.Xosi B ciiiBp. y 1965.

translation - TpaHcmsmis. 3aBepIiabHUIA eTam pearizaiii TeHETUYHOT
iHpopMarlii - CHHTE3 MOJIMENTUIHUX JIAHIJIOTIB pUOOCOMAaMH 3 BHUKOPHCTAHHSIM
marpuili MPHK; T. ckmamaerscsi 3 eramiB IHIIIAIM, peakiiiii amiHOAIMITyBaHHS
moJiekys1 TPHK, enonrairii moinenTHaHUX JAHIIOTB 1 TEpMIHAIl CUHTE3Y.

twisting number - koedimieHT 3aKpydeHHOCTL BimTHOIIEHHS 3araapbHOTO
Yyyclia Tap HyKJICOTHIIB B JIBOJIaHIIOTOBIM MoJiekysi JIHK mo map HykieoTuais, 1o
BIIBOJISITHCS HA 1 00epT cripati.

twofold rotational symmetry - naBocTopoHHs cumerpis. HasBHIiCT
IMIEHTUYHUX TOCIHIIOBHOCTEW B JaHIorax ABojaHuioororoi mosexkynmu JIHK mpu
YUTaHHi X B ogHOoMy Hampswmi (5° — 3' abo HaBmaku), T06TO JI.C. - BIACTUBICTH
naniHapoma <palindrome>.



