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INTRODUCTION

Biology is a system ddciencestudying living matter. Thproblemst studes
are the origirandthe development of life aiine Earth, the basic properties of living
matter, the structure and vital processes of living organisms (bacteria, plants, fungi,
animals), transmissioof genetic informatiorirom generatiorto generationstruc-
ture and evolution of the biosphere, the proidef environmental protection.

At the Department ofPreUniversity Training of BSMU,foreign students
study the structuref the human body (Anatomynd vital processgsroceeding
there Physiology; the structure and vital processes of bac{dfiarobiology), pro-
tists and animalsZology); chemical composition, structure, functions, substance
and energy exchange of cells (Cytology); heredity\ardtion Genetics.

Insight into these aspectsBiblogy is hecessary for successful studying many
disciplines of medical university. So, Cytology, Genetics, Ecology, Parasitology
and Comparativdnatomyareconsidered in more details in the course of Biology
delivered in medical universities

The basic knowlegke gained at the puniversitylevelis the basis for studying
Anatomy, Physiology, HistologyHygiene Microbiology and other disciplines,
which are indispensable for tbemprehension ofital functions of healthy and sick
people (preventive and clinicdisciplines). Academician V. Davydovsky called
Biology ¢the theoretical basis ddedicinege. Consequently, the training aktudent
in Biology is necessary not only for admissionamedicaluniversity, but also to
further successful training.

Requirements for applicants during the entry exam:

T to possesshebasic biological concepts, biological laws and theories;
T know and understandbasic patterns that occurtime nature;

T know the structure and vital processe®f bacteria, protistandanimals
includinghumans;

T be able tofind out a causal connections between the structure and functions
of cell organelles, structures and functions of tissues, organ and organ
systems.

i be able tosolve problems on subject€ h a r g ailesf nionohybrid,
dihybrid crossing, genetic linkage and chromosomal crossuey, sex linked in-

heritance, ma&kandanalyzepedigrees.



Section 1.BIOLOGY OF THE CELL

1. BIOLOGY AS A SCIENCE . BASIC PROPERTIES OF LIVING MATTER

The scienceof Biology. The word¢Biologye means science about life. It is
derivad from Greekwordschiose which meandife andclogos which meansci-
ence. But what is lifePhere are many definitions.cording toone of then, life is
form of functioning ofproteinsandnucleic acidsvhich maintain its orderliness at
the expense of the environmeBiology studiesall forms of life The larges groups
living organisms arbacteria protists plants fungiandanimals(includinghumar).
Biology also studies viruses which are not com&deas living organismshen
what differentiates living things from ndiving ones? Unlike inanimate (ndiv-
ing) objects, living organisms have the followiegsential properties:

I Living organisms can create new individuals of their kind this property
called selfreproduction.

I Living organisms can adjust themselves to changes of the environment. This
property is called selfegulation.

I Living organisms camestore injured, lost or worn oparts. This property
Is called seHrenewal.

These propertgeare based on more fundamentaracteristicsf living matter

1. Life that we know is based on functioning @fanic moleculeshe most
important of which arewucleic acidsand proteins They will be described in the
next chapterThough, same as inanimate objects, living organisms have not only
organic, but also inorganic molecules.dddition,organic molecules can lpo-
ducedin nonliving nature.

2. Living organismsconsist of cell§ i microscopic structures covered with
semipermable membrane.

3. Life is not possible without&hange of substancaad energyetween the
environment an@norganism As noticed above, living organism maintains its in-
ternal orderliness at the expense of the environnherginy chemical reactiooc-
curring in the cell, a portioof releasedenergy dissipateand is lost for the cell
That is whycdl needs external sourceew energyLiving organisms feed, drink
and breathe to receive substances they need from the environmesiinandmet-
abolic wasteghey produce

4. Living organisms can multiplylhecreation of new individualsf the same
speciedy already existingrganismss calledreproduction Living organismsage
and die.Young organisns replace themo continuethe existence of the species
Multiplication of living organisms is different from that one of nonliving (e.g. fire)
because ofieredity

5. Heredityis the transmission afharacteristicérom parents t@rogeny Be-
cause of heredity, children are similar to their parents

6. Variation is ability of organism to acquiraew traits(ability to change)
Duse to this, children are never identical to their parents. Such changeshance
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to make the new organismdaptedo theenvironmental conditionsetter (or worse)
than others

7. Reproduction, heredity and variation caeselution The evolutionalhis-
tory of specieslevelopmenits its phylogenesis

8. Living organisms camrow. The individual development of an organism
from the moment when its first cell is created to the deatheobthanism is called
ontogenesis

9. Irritability is capability of living matteto respond tetheenvironmenrgal stim-
uli. For examplethe nervous system caugail to become smallewhen eye is
exposed tdoright light. Suchresponse of organisms that hawervous system is
calledreflex Another example of irritability is movement of bacteridrtm a stim-
ulus such as higher concentratiorpafticular substanc&uchresponse afinicellu-
lar (i. e. consisting of a single cetiyganisms i€alledtaxs.

10.Homeostasissdynami ¢ constancy of organ
(constant concentration of solutes in the blood, pH and etc.)

11. Integrity means thathe organism is functionally indivisible asthould be
considereas asolid functioningunit. Discretionmeans that any organisscomposed
of various partand can be consideredagroup oftructural and functional usit

Organization levels of living matter:

1. Level of moleculesProcesses occurring inside living organism are chemical
reaction®d interactions and changes of differembleculesMolecules forncells

2. Level of cell. As mentioned above, all living organisms are composed of
one or more cell. Cell is the smallest unit of life.

3. Level of tissueThe organisms consisting of more thareaell, have tis-
suesd groups of cellsand extracellular substance that are structurally and func-
tionally related

4. Level of organs. Tissues form organsthe body structures performing spe-
cific functions. Organs participating in performance of the samerrhaction are
united into organ systems.

5. Level of organismAll the organ systems form an organishine organism
Is an elementary unit of life.

6. Level of populationA group of individuals of one species, occupying a def-
inite territory for a long timefreely crossing and relatively isolated from other
groups of individuals of the same species, form a population. The population is an
elementary unit of evolution.

7. Level of biogeocenosis (community) and biosph&rigiogeocenosigor com-
munity) includes all populations of different specidsich live on definite residential
territory and arenistorically related with each other. Alecommunitiescompose the
biospheréd an area of the planet occupied by living organisms

Cytology is defined ashe science studying structure and functioning of cells.

Components of cellgig. 1) are:

1. Plasme membrangsthe covering of the cell consisting of lipids (theyl be
considered in the next chapter)



2.Nucleusst he cel | 6s compart ment thathelpc h c on
to produce protein® the molecules very necessary for life. Proteins will be
considered in the next chapter. Nucleus is present in cells of animals, plants, fungi
and protist{these orgasim ae cellecdukaryote} but not bacteriéthey belong to
prokaryote$.

3. Cytoplasmd all the contents of the cell between the membrane and the
nucleus. Cytoplasm contairerganellesd differentiated structures performing
particular functions. The rest tife cytoplasm is cytosél viscous water solution of
organic and inorganic molecules.

All basic knowledge about cellgasexpressed in th€ell Theoryin 1839

1. Cell is thesmallest living unit of all living organisms

2. Cells of animals, plants and other angsmsaresimilar in structure, chem-
ical compositiorandfunctioning

3. Growth and development of organisms occur due to multiplication and de-
velopmentof cells.

4. New cellsappear only by means division ofalready existingells.

membrane ————

nucleus

cytoplasm

Fig. 1. Basicstructure of animal cell

2. CHEMISTRY OF LIFE

Organic and inorganic moleculesAll cells contain various organic and inor-
ganic substance®nsisting otifferent chemical elements.

Organic moleculesre carborcontaining moleculegvhich, in most of cases,
produced by living organisms. Examples: sugars, proteins, oils and many others.

All other substances amgorganic(and even some carbon containing molecules
are not organic).

Macro- and microelements.Both organic and inorganic molecules are com-
posed ofatoms of differenthemical elementdhe dements that areontained in
organismsn large amountgmore than M1%)in the cell areealledmacrcelements

i Oxygen(O)d more than 65% of organismdés m
most of organic molecules amdwater the amount of which in a cell is very high.

i Carbon (C)d present in organic molecules.
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i Hydrogen (H)d present in organic molecules, in water.

I Nitrogen (N)d present in many organic molecules.

I Phosphorus (Pandsulfur (S)d present in many organ@&nd inorganic
molecules.

i Sodium (Na), potassium (K), magnesigktg), calcium (Ca), chlorine
(Cl) 0 present in organism as ions dissolved in water.

The elements contained the organismn smallamounts(less than 0.01%)
are calledmicroelementgcopper (Cu), iodine (1), zinc (Zn), cobalt (Co), fluo-
rine (F) and many others).

Water and minerals. The most ofinorganicsubstances the cell are water
and minerals. Water @) is vital for all living organisms, and life could not exist
without it.

1. Allthecontent of the cell is water solutiowater forms the medium inside
the cell and is commonly on the outside of the cell.

2. All biochemical reactions of living take place in water solution. Water it-
self participates in many chemical reactiomghe cell

3. Water is polar (ie. have regions with slight positive and negative charges)
and candissolvecharged parts of molecules calleds €.g. H or HCOO) and
otherpolarmoleculeqe. g. sugars) whildarge norpolar moleculesd. g. fats) do
not interact with water anarenot dissolve in i(fig. 2).

[Hydration | O ’ ‘o

Fig. 2. Polar molecules of water interact with ions

Amount of water vaesin living organisms from 60 to 9% and depends on
type of the cell (1866 teeth, 20000 bone, 70%6 0 nerve tissue, 9% & em-
bryo).

Minerals in the cellare dissolved in wat@n the form of positivechargedons
calledcations(K*, Na', C&*, Mg?*, NH;") and negativehargedons calledanions
(Cl, H,PQy, HCOs, SO2).



The ontent of cation Hand(which is in balance witthe anion OH) deter-
mnes acidity ofmeasuibe mebdc al pHdfdhepH i di t y
Is 7 than the contef H" and OHis in equilibrium. The pH less than 7 means that
the solution is acidic: the concentration dfisimore than that of OHThe pH more
than 7 means that the solution is alkaline: the concentrationisfiéss than that of
OH-.

Organic substincesof thecell are proteins, carbohydrates, lipids, nucleic ac-
ids, ATP, hormones, vitamin®lany organic substances of cells are made of many
repeatingstructuralunits Such molecules are callpdlymerswhile theseepeating
structural elements atbeir monomers.

Proteins areone of the main biomolecules lifie as they are the molecules
which cancworké. Proteins are responsible for almost all functions oscé&he
information about the structure of all proteins required by the cell is stoitbé in
nucleus of eukaryotic cell in long molecules calldA. All proteins are polymers
as they are long chains of differemhino acidsconnected to one another wibp-
tide bondsso they are also callgmblypeptidegfig. 3).

H A ST I AR
I 2 | y/
H H 0 \N—C—C/ \N—C—C/
Nl I 1~/ WO Now H 1 Mok
H H
N—C C
/ \ Y R O H R o
I | O V7
H OH “Ne—C—C—N—C—C~
HO N OH
Amine  Functional Carboxyl H H
Group Group Group Peptide Bond
a b

Fig. 3. The gructure of amino acida] andformation of peptiddond(b)

The chain of amino acidsself is not a functional protein yet. Amino acid
chains of proteins must acquire their specific tridimensional structsmebey be-
come able to interagtith certain molecules but no other molecules.

There are four levels of protein structure

T Primarystructure of proteins a linear chainof amino acids linkedo one
anothemwith peptide bond¢fig. 4, a).

T Secondarystructure formsdue to hydrogeronds betweemegions from
amino groups and carboxyl groupsamhino acidsThelinearchainmaycoil into a
spiral( {Belix) or forms wrinkled loop$ fsheet)fig. 4, b);

1 Tertiary structure isthe threedimensionalglobe of a single polypeptide
chain maintained by disulfide, ionic, hydrogen bobhésween radicals of amino
acids and byydrophobiehydrophilic interactiongfig. 4, c);

T Quaternangtructuremeans thatwvo or more polypeptiddsind to each other
due toionic, hydrogen bonds and hydropholtigdrophilic interactiongfig. 4, d).
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Functions of proteins:

1. Catalyticfunctiond thework of many proteins is accelerationsecific
chemical reactiongsatalysig required by the celSuch proteingatalystsare called
enzymes

2. Structurafunctiond proteinsare structural parts ohanycellb s and b o
structures For example, cartilagesendons, hairs, nailsontain large amounts of
proteinskeratinand collagen.

3. Regulatoryfunction 8 many hormones(chemical signals recognized by
cells) are proteins

4. Transporfunctiond manyproteins can hold and transport other substances.
For examplehemoglobirof erythrocytes carries oxygen and carbon dioxide.

5. Motor, or contractiléunctiond myosinandactinarethe proteingnvolved in
muscle contraction.

6. Energeticfunctiond proteinscan bebroken down so the cell can release
their chemical energy and use it

Carbohydrates are also known as sugars. Thensist of carbon, hydrogen,
and oxygenThere are simplsugarsand complex sugaigolymers.

i Simple nonpolymer sugars are callethonosaccharidedDifferent mono-
saccharides malgave various number of carbon atoms. Sugars with farban
atoms arealledpentosesthosewith six carbons arbexoses

T Pentosegribose and deoxyribosg are par$ of nucleic acids (DNA,

RNA) and ATP(the moleculevhich carries energy in the cell)

I Hexoses @lucose fructose galactos¢ are contained in the cells of
plants, blood of animals and other locations.
Monosaccharides are walbluble in water and hawsveet taste.



I Disaccharidesre sugars composed of two monosacchafides). Exam-
ples:maltose(malt sugar)lactose(milk sugar) anducrosegcane sugar).

I Polysaccharidesare long chains afimple sugargpolymers) They are not
soluble in waterExamplef polysaccharides: starch, glycogealuloseand chitin.
Starchand glycogen are energtorages of plants and amalsrespectively.

CH,OH CH,0H CH,0OH
H O H H O oH PR TR CH,0H
H H CH,0H H Q O OH
OH H OH H = OH
HO 5 H OH o OH H H HO
OH o CH,0H
H OH H OH OH
glucose glucose glucose H OH OH H

maltose galactose |, lactose glucose sucrose fructose

Fig. 5. Disaccharide® molecules consisting of two monosaccharides

Functions of carbohydrates:

1. Energeticfunction d carbohydratesre often the firstenergy sourcdor
cells.

2. Storage of energy starch ad glycogen are the polysaccharides consisting
of glucoses, they angsed by the cell as the storage of glucoses.

3. Structuralfunctiond carbohydrateare parts of cell membranes awttier
c e |strudtgres

Lipids are various waterinsoluble organic compounds. Their most known
groups of them are fats, steroids, phosphaolpi

Fats consist of one molecule of an alcolyhyceroland3 molecules ofatty
acids(fig. 6).

Some fatty aicls containdouble bondbetween carbon$ CH=CHi ). They are
called unsaturated fatty acids Fatty acids that have no double bonds
(T CH2i CHai ) arecalledsaturated

Fats of animal origiife.g. butter) contairmanyresidues of saturated fatty acids
and due to thiso they are solidt room temperaturé.ipids of vegetable oilse(g.
olive oil) containmanyresidues of unsaturated fattyidg andare liquidat room
temperature

Lipids may form complex chemical compounds with proteins (lipoproteins),
carbohydrates (glycolipids) amésidues ophosphoric acid (phospholipids).

Three fatty acid chains are bound to glycerol by dehydration synthesis.
3 water

glycerol 3 fatty acid chains triglyceride, or neutral fat molecules
[ I 1 [ I 1
I B i b
H-C—-O— H HO — C—CH;—CHj***CH,—CH,—CHj; H—C—0 — C—CH,—CH;***CH,—CH,—CHg
| 5 N §
Il = Il
H-C—-O—- H + HO — C—CH,;—CHj*:*CH,—CH,—CHj; H—C—0 — C—CH,—CH,***CH;—CH,—CH3 + 3H,0
| 1l | 1]
H—CII—O — H HO - C—CH;—CHj**CH,—CH,—CHj H—CI:—O — C—CHy—CH;***CH,—CH,—CH3
H H

Fig. 6. Formation ofafat from glycerol and fatty acids: hydeg (1 OH) grougs of
glycerol interact with carboxyl COOH) groups othefatty acids
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Functions of lipids:

1. Structuralfunctiond lipids are basic elements of e | nlerdbsanes.

2. Energetidunctiond breakdown ofipids is a goodsource of energfor the
cell.

3. Thermoregulatoryunctiond fats may help to thesetain heaaind prevent
cooling of the body

4. Storagefunctiond breakdown of 1 gram of fats produces near two times
more energy than the breakdown of the same mass of carbohydrates or proteins
That is why fat is the best molecule for energy starage

3. THE STRUCTURE OF PLASMA MEMBRANE . TRANSPORT ACROSS
THE PLASMA MEMBRANE

Plasma membraneAs noted in the chaptér the basicell parts ar@ucleus cy-
toplasm angblasma membran€ytoplasm consists ofganellesandcytosold colloi-
dal solution of proteins and otharbstances

All cells are covered witplasma membrandhe thickness of such membrane is
near7i 10 nm.The basic components of the membranghospholipidsthough other
lipids such agdecithin and cholesterchre present therdlost common of them are
phospholipids

Each phospholipitdaspolar(or hydrophilig headandtwo non-polar(hydropho-
bic) tails(fig. 7). When many phospholipids are mixed with wakey arrange them-
selves into a bilayer (double layer). This occurs because the heads interact with watel
and the tails do not. For this reason, the tails of phospholipids are turned to the inside
of the membrane (where water is absent) and the heads ¢oitfide. There are no
bonds between lipidSuch bilayer of lipids is the basis of the membrane.

WATER

Hydrophitic —= | (1O

Hydrophobic o Vo ateatsals abs oty aveete of
tail DY)

,,,,,
Y

& a 8

Fig. 7.Bilayer of phospholipids in water
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Apart from lipids, membrane contains proteffig. 8). Such proteins can also
have polar and nonpolar regions, so their nonpolar regions are immersed into the
membrane.

outer face

cholesterol

hydrophillic (polar)
head of phospholipid

integral (intrinsic) proteins peripheral (extrinsic) protein

hydrophobic (nonpolar)
fatty acid tail
of phospholipid

inner face

Fig. 8. The structure of plasma membrane

According to their position, proteins can be:

Peripherald such proteins are attached to thdaxa of the membrane.

Integral monotopi® such proteins are immersed into the membrane and project
above its surface on only one side.

Integral bitopicd such proteins are immersed into the membrane and project
above its surface on two sides.

Other compnents of plasma membrane are carbohydrate chains. The carbo-
hydrates attached to proteins are cafigatoproteins those attached to lipids are
calledglycolipids Such carbohydrates take part in recognition of one cell by another
one. Plant cells are cexed with thick layers of polysaccharide fibers which are
calledcell wall.

Functions of thgplasma membrane

I barrierd separation the inside of the cell from environment and protection
from external factors;

I structurald membranes arstructural partsof most of cell organelles
(exceptribosomes and centrosomamnsidered in the next chapter

I transpor®® cell receives essential substance through thebrene;

I recepto® some proteins and carbohydrates of the membrane participate in
transmission of chemét signals from the environment

i metabolicd manyenzymesre attached to membranes

i compartmentalizatiod thedivision of cell cytoplasninto compartments
where different chemical reactions take place

12



Properties of the plasma membrane:

i plasticityd themembrane stretches and constricts in cellular movements;

I selflocking & the membrane is able to restore immediately after impair-
ment; this property is necessary to form vesicles and vacuoles;

i selectivepermeabilityd the membrane selectively passes mdiesu

Active and passive transport across the membrandg. 9). The plasma mem-
brane is selectively permeable. B&dective permeabilitig the property of biological
membranes which allows some substances to cross more easily than others. This allow
reguatingthe type and rate of molecular traffic into and out of the cell.

HIGH CONCENTRATIO}L

LOW CONCENTRATIC

PASSIVE ACTIVE
TRANSPORT TRANSPORT

Fig. 9. Directions of the active and passive transports dependicgrarentration of a solute

Due to selective permeability the concentration of particular substance on the
different sides of the membrane can be different. Such difference in substance con-
centration is calledoncentration gradient

1 If molecules of asubstance move from the area of their high concentration to
the area of their low concentrationdi.they movelown the gradient the concentra-
tion gradient decreases. This occurs because molecules just move in random directions
collide and change thatlirections all the tim€fig. 10). Ultimately, such random mo-
tionslead to equalize the concentrations on different sides of the membrane.

")

@
.
J

e/.\

. e

Fig. 10.Random motions and collisions of molecules
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1 If molecules of a substance move from the area of theirclmveentration
to the area of their high concentrationgi.they moveagainst the gradient the
concentration gradient I ncreases. Thi s
pump these molecules.

Based on these mechanisms, the transport across the membranpassivae
or active

An example of passive transport is diffusi@nffusionis the passive transport
of solutes across the membrane down their concentration gradient. Cell does not
need tause its energy for such transport.

1 Simple diffusioroccurs when molecules pass directly through the lipid bi-
layer by themselves (between lipid molecules). This is possible fordgiuble and
small nonpolar molecules such as hydrocarbonsCQO,. Thisis also possible for
small, polar uncharged molecules such &3 Hr ethanol.

1 Allions (e.g., N&, H"), larger, polar uncharged moleculesdg.glucose)
will not easily pass through membranes. The diffusion of such molecules across the
membrane may occ through transport proteins. Such passive transport is called
facilitated diffusion

Another example of passive transport is osma@3ssnosiss diffusion of water
across a selectively permeable membrane. If two solutions of different concentra-
tions are separated by a selectively permeable membrane that is permeable to water
but not to solute, water will diffuse from the solution with the los@ute concen-
tration to the solution with the higher solute concentration.

1 If a solution has an equal solute concentration compared to that inside a cell,
it is calledisotonic solution.

1 Hypertonic solutions the solution with greater solute concentration than
that inside aell. The cells placed in such solution passively lose their water.

1 Hypotonic solutions a solution with a lower solute concentration compared
to that inside a cell. Cells placed in Busplution passively uptake water from the
outside.

Active transporbccurs when transport proteins in a membrane pump a solute
through the membrane against its concentration gradient. This process requires
source of energy (common energy source in tHéceholecules of ATP). Example
of active transport is the work of the protein calkedliumpotassium pumprhis
transport protein uses ATP to pump 3'Mms to the outside and take 2 ikins into
the cell. This is associated with normal physiology of yraglls (e.g. human cells):

Na" on the outside must be much more concentrated than in the cytoplasm, while
the K" ions must be more concentrated inside the cell than on the outside.

Endocytosis and exocytosisExocytosiss the process of exporting macro-
molecules from a cell by fusion of vesicles with the plasma membrane. Vesicles
usually bud fromrsome organelles of the calhd merge with plasma membraBg.
this mechanis)many cel | products can be secret
ronment.

14



Endocytosiss the process of importing macromolecules into a cell by forming
vesicles derived from the plasma membrfige 11). Vesicle forms from a local-
ized region of plasma membrane that sinks inward and pinches off into the cyto-
plasm.

D s -°' AR RO GRR RN
e JA¥IFIINIY.

Bty

- ::u&&. DRSO RERAR S

}} Vesicle forming
Y

Fig. 11.Endocytosis

The endocytosis of solid particles or other cells is callembocytosisthe en-
docytosis of liquids is callgginocytosisThe produced vesicle is called phagosome.
Phagosomes may fuse witither vesicles in the cell which are callgdosomes
(organelles containing enzymes for breakdown of various macromolecutgs, e.
proteins). The vesicle formed from a phagosome and lysosome is called phagolyso-
some. The substances engulfed by endocytosis are digested there.

4. ORGANELLES OF THE CEL L AND THEIR ROLE IN METABOLISM

As you learn from the previous chapters, the cell has plasma membrane and
nucleus (excegtrokaryoticand some other cells). All other contents of the cell are
calledcytoplasm Cytoplasm consists of viscous solution called cytosobisutete
macromolecular structusespecialized for particular functions. Such structures are
called organelleffig. 12).

Organelles can be big or small, many organelles are covered with membranes
(they are cellednembraneboundorganelles), some orgaredl are present in all
cells, other® only in specific cells.

RibosomesRibosomes are small organellesi(20 nanometers in size) mem-
branel ess that synthesi z ecworlkeielofdheceppr ot
(each protein does its specific works), and there is no life without them. Hence, all
types of cells of all organisms have ribosomes.

A ribosome consists of two parts (large and small subunits) which, in turn,
consist of many proteins and RNA is another important type of molecule which
will be considered in next chapters).

Most ribosomes are bound with the membranes of another organetiegh
endoplasmic reticulurand outer membrane of the nuclelbisynd ribosomgsvhen

work. Other ribosmes are not bound to that organefted ribosomes
15



Chromatin Nuclear envelope

Nucleolus

Nucleus

Smooth endoplasmic
reticulum

Cytosol
Mitocho& |
drion s

Lysosome N / ;
Centrioles\"m

Centro- — Z € SO\ 4 endoplasmic
some e ‘ reticulum
matrix § — &

Ribosomes
Golgi apparatus

*+t———— Secretion being released
: from cell by exocytosis
Cytoskeletal
elements

* Microtubule
* Intermediate - -
filaments - Peroxisome

Fig. 12. Organelles of the cell

Ribosome ¢
mRNA

Fig. 13.Ribosomes in the process of their work. RNA is the molestiieh contains the
instructionfor making particular protein

Endoplasmic reticulum. Endoplasmic reticulum (ER) is membranous net-
work of tubules and sacs (cisternae) in the cytoplasm. These membranes separate
internal lumen (cisternal space) from the rest of cytosol. ER is connected to the outer
membrane of the nucleus.

Thereare two distinct regions of ER that differ in structure and function:
smooth ER and rough Effg. 14).
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Fig. 14. A fragment of endoplasmic reticulum

Smooth ER has no ribosomes amdtgipates in the synthesis of lipids includ-
ing phospholipidgor new menbranesit also farticipates inchemical changes of
carbohydrates, detoxifiggisons and drugs (especially in the liver cells) by making
them solublan water In muscle cel it storescalciumions necessary for muscle
contraction.

Rough ER looksoughunder an electron microscope due to sitames on its
surface. It is annected with outer membrane of the nucldub.e r ough ER
somesmmediatdy transportproteins they mak® theinside ofER where proteis
are processed hen the protemare delvered to another organelie Golgi appa-
ratusin a transport vesicépinched off from ER.

Golgi apparatus (fig. 15). Golgi apparatus is an organelle made of stacked,
flattened membranous sacs (cisternae). It modifies, stores and routes products de
livered in vesiclesfrom the endoplasmic reticulum. One side of Golgi apparatus
receives vesicewith the products from the ER and the other one expesisles
containing processed products

Each cisterna between tegles of the Golgi apparatasntains unigueom-
binations of enzymes. Those enzymes modify products of the ER as they move
through the stack of cisternae
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Fig. 15.Golgi body
Lysosomegqfig. 16). Lysosomes are the vesitilee organelles which contain

hydrolytic enzymes that digest all majdasses of macromolecules e.g. lipids, car-
bohydrates, proteins, nucleic acids. Lysosomes bud from the Golgi apparatus.
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AN (containing in-
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Food™ & \_ enzymes)
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Fig. 16.Origination and functioning of lysosomes
These organelles perform digestion of products contained in phagosomes when
fusewith them as described in the previous chapter. This mechanism is used for

feeding of many singteell organisms (eg. amoeba) and for the destruction of
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pathogenic bacteria in specialized cells of the immune system. Lysosomes may also
engulf damaged oravn out organelles or part of the cytosol and digest them.
Mitochondria (fig. 17). Mitochondria are the organelles which perform final
steps in breakdown of organic macromolecules intg &@ HO in order topro-
duce ATP (ATP is a moleculein
which cell can store energy re® § ~ = = =
quired for other chemical reaci ™.
tions). Suchconversion requires™s
oxygen. Mitochondria are preser| §
in almostall eukaryotic cells. 3 o 55
Mitochondria are encloserj!; 200 nm A
by two membranes (the inner anc——— 3 :
outerones). The inner membrane Mitochondrial DNA
has multiple folds calledristae
The space between the membranes ;..
Is called intermembrane space
The compartment enclosed by the
inner mitochondrial membrane is
called mitochondrial matrix In
addition mitochondria have own
DNA and ribosomesThis is be-
cause of their origid ribosomes
were bacteriscdomesticategl by
the ancient eukaryotic cell. Fig. 17. The structure of a mitochondrion
Plastids are other organelles which originate from bactértey are present
only in the cells of plantsThe most importanplastidsare chloroplasts (fig. 18).
A chloroplast is covered with outer and inner membranes and contains liquid mate-
rial calledstroma There is a network of flattened membranes caligthkoidsthat
stack on one another to form structures calieshain the chloroplasts.

— Mitochondrial
matrix

Cristae

Quter membrane
Inner membrane

Intermembrane space

Cristae
Outer membrane

Outer Granum

=
o

Membrane Stroma Thylakoids

Fig. 18.The structure ofldoroplast

Chloroplasts contain the grekght-sensitivepigmentchlorophyllto perform
photosynthesi Photosynthesis issageoft h e s snergy@hich ultimately helps
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to produce new organic molecules@esugarsjrom inorganiccarbon doxide and
water.

Cytoskeleton.Cytoskeleton is the network @ng proteinchainsin the cyto-
plasm that controls cell shape, maintains intracellulgamization, and is involved
in cell movementOne type of these protein chains, microtubules, participate in
transport of different structures @.vesicles) within the cell.

Centrioles (fig. 19) are organelles of animal cells whidook like barret
shaped ringgonsistingof nine microtubule tripletsThe two centrioles together
with the cytoplasm surrounding them are knoweegrosomer cell center. Cen-
trosome is the structure which helps to organize microtubules in animal cell.

Centrosome

Two Centrioles

Fig. 19. Centrosome

Metabolism. All organelles have specific functions in the cell. However,
all of themto some extenparticipate in numerous chains or cycles of chemical
reactions occurring in the cell. All the chemical reactions of the cell are caded
tabolism It consists of anabolism and catabolism.

Anabolism(or assimilation) is the constructive part of metabolism which in-
cludes synthesis of macromolecules from simpietecules For example: synthe-
sis of glucose (6H1206) from H,O and CQ (photosythesis) or synthesis of pro-
teins from amino acid$Such reactions require energy.

Catabolism(or dissimilation) is the part of metabolism including breakdown
of complex organic compounds into simpler substances, so energy is refaased.
exampleof catabdism is the set of reactions in which glucose is broken doten
H,O and CQ.

According to the type of assimilation, organisms auétrophsand hetero-
trophs Autotrophic organismsanuse inorganic carbon of G@ synthesizenew
organic compounds sud@s glucosePlants many protistsand manybacteriaare
autotrophs

Heterotrophic organisms usaly readymade organic compounds as a source
of carbon (for example the material of fats can be used for synthesis of carbohy-
drates) Animals, including huma fungi, manyprotistsandmany bacteriare het-
erotrophs
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According to the type of dissimilation all organismsamaerobicandaerobic
Cells of aerobic organisms require fOor breakdown of organic substances. Anaer-
obic organisms break down organic compounds without oxygen.

Assimilation and dissimilation are closely related. Synthesis reaction usually
require energy, and the energy is released when organic compounds & brok
down. Cell uses energy not only for making new molecules,absa for active
transport of substancexrossthe membranemovements angd hanges of
shape, division and other processes.

The energyeceived by the cell from available chemical ghgisical processes
Is stored iPATP molecules (fig20).

Adenosine

High-energy
bond

{ \ \ ‘.'
000
| ver J /

t ) i )

</ < <

Fig. 20.ATP 0 the molecule which stores and releases energy when it is needed

ATP can easily break and release its energy when it is required. Such source
of energy is used in many reactionswtcmg in the cellThey can be created during
catabolic reactions when energy is released, and then their energy is used in othe
reactions in the cell.

5. THE STRUCTURE OF THE NUCLEUS AND CHROMOSOMES

Nucleus. Nucleus is a membrarenclosed compartment of eukaryotic cell
where genetic information storefis you learned from the chapter 2ngtic infor-
mation is mainly the instructions for synthesis of different profemsecules re-
sponsible for almost all aetties of the cell Such instructions are callggnesThe
molecules whergenesarecwrittené is calledDNA

Nucleus isenclosed by nuclear envelope whishcomposed of two mem-
branedfig. 21). Each membrane is a lipid bilayer which has its own sieguib-
teins The gap between the membranes is call@drmembrangor perinuclear)
space The outer membrane of the nucleus proceeds into the membranes of the
rough endoplasmic reticulum. It also carries ribosomes on the outer suitece.
exchange omaterials between the nucleus and cytoplasm occurs through pores. Nu-
clearporesareaprotdni ned channels i n the nucl ea
and outer membranes are fused at each pore.
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Fig. 21. Nucleus and the structure of the nucleavelope

Nucleolusis a roughly spherical region in the nucleus of nondividing cells
where ribosomal subunits are created. Ribosomal subunits then pass through nuclear
pores to the cytoplasm, where their protein synthesis occurs.

Chromatin and chromosomesChromatin is a complex of DNA and pro-
teins. Chromatin makes up most of the content inside the nucleus. Chromatin is also
T material ofchromosomesdn nondividing cells chro-

: matin appears as a mass of loose material filling the
P @ satellite nucleus. Separate chromosomes are undistinguishable
secondary  under the microscop&hromosomes, commonly fa-
miliar as Xshaped structures, appear only in dividing
cgr';gfprf;‘gt\gon cell when chromatin condenses and becomes tightly
(centromere) packaged. After division, chromosomes lose their

clear oudlines as their chromatin becomes loose and

Short
arm

L:r?r% less tightly packaged. Separate chromosomes become
Telomeres  UNdistinguishable agaitience, chromosomes can be
observed only in dividing eukaryotic cell, and when
goister the cell is not dividing, chromosomes exist as regions

of nuclear chromatin the borders between which are
Fig. 22. Chromosome  not visually distinguishable.

In the beginning of cell division, each chromo-
some consists of tweister chromatidgfig. 22). The sister chromatids contain per
one copy of the samBNA molecule In other word, they contain same genetic
information. The sister chromatids will be separated and delivered to different
daughter cells during division. Hence, both daughter cells will have same DNA.

The sister chromatids are linked together in the region whichlelcantro-
mere(or primary constriction. The centromere is the region where microtubules
link to the chromosomand pull the chromatids apart during division

The chromosome regions on the sides of centromere are called arms. Each
sister chromatid has &ms, so a chromosome in the beginning of division must
have 4 armsThe arms of a chromosome may have different length. Hence the arms
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are callecshort(or p arm) andlong (or g arm). Based on the length, chromosomes
can be of 3 basic typé€sg. 23).

i Acrocentric chomosomes are those in which p arm is very short compared
to the g arm.

I Submetacentric chromosomes are those in which the length of arms is
slightly unequal.

I Metacentric chromosomémve g and p arms of almost same length.
U V) F

i |
o

- (
n N

Metacentric Submetacentric Acrocentric

Fig. 23. Classifcation of chromosomaesith different centromere position

Terminal regions of arms are callBdlomeresThey do not let chromosomes
stick to one another by their endsrms of some chromosomes may have narrow
region which is called secondary constrictiBome parts of these constrictions in-
dicate sites of nucleolus formatién nucleolar organizing regions.

Functions of chromosomesThe main function of chromosomes is storage of
genetic information and its equal distribution to glater cells when cell diges.

All species have their unigugenetic informatior{instructions for creation of
their proteins). For example, all genes of human are contained chraghosomes
(in other species it is differer89 in dogs, 4 in fruit fly. Each of thosehromosome
IS unique, has own length and informatielumans have double set of @firomo-
somesi. e. 23 chromosomes + 23 same chromosomes. Cells with such double chro-
mosome set are calleliploid and denoted a&n. Hence, every chromosome has a
paird another chmmosome with same genes. Such chromosoméd®areloggor
homologous chromosomeBvery cell of the body hasame set 046 chromosomes.

All individuals of the same species have same chromosomes. The only exception
Is the last pair of chromosomes in ma@amimals (including humans): women have two
X chromosomes while men have one X and one Y chromosomes.

There are 4 ruleof chromosomes of all organisms:

1. The rule of a constant numbéetll specieshaveconstanmumber é chro-
mosomesn every cell (46 inhuman,78 indogs, 8 inDrosophila).

2. The rule of pairing Every chromosome in a diploidet has a pa 0
the other chromosome ofdentical shape and size&uch chromosomes are
homologous

3. The rule of individuality Chromosomes of different pailave diferent
shape, structure and size.

4. The rule of continuityNew chromosomes are made as result of copying of
other chromosomes
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6. CELL CYCLE AND MITOSIS

Cell cycle.Cell cycle (mitotic cell cycle) is the complete sequence of cellular
events from one cell division to the next. Cell cycle consists of four successive
phasesGiphase Y S,;phase Y (M28)hase

=

Two
daughter
cells

/

=)
‘\Jk/)

\Q@

Fig. 24.Cell cycle

The G, S, and Gphases are together referred tor@srphase During inter-
phase cell prepares itself for division. Division occurs at the M phase. The M phase
inacell is folowed by gphase starting in two daughti
mitosis Mitosis is the divisia of the nucleus in eukaryotes. The division of cyto-
plasm also occurs during M phase and is called cytokinesis.

During all the cell cycle, diploid cells stay diploid (2n). If the cell is going to
divide, chromosomes double their DNA. That is why a chramasof a dividing
cell consists of two sister chromatids (2chr). The sister chromatids of each chromo-
some separate and move to different daughter cells. That is why daughter cells have
the same number of chromosomes as their mother cell had, but eachtbeio-
some consists of only one chromatid (1chr).

Interphase. Interphase stars fro@; phase T he mé&ans fir st geé
growth phase. In this phase cell determines whether it will divide or not. During G
phase, the cell grows and synthesizefeddht proteins, including those required for
successful doubling the genetic information. At this stage, cell is diploid (and it will
stay diploid during all the cycle) and each chromosome has only one copy of DNA:
2nlchr.

The S phasdsynthesis phasepllows the G phaselt is the phase of the cell
cycle in which DNA idoubled. This process of DNA doubling is calteglicaton.

The set of genetic material changes from 2nlchr to 2n@eftircontinues to grow.
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The S phase is followed Wy, phase The¢c @ means second g
growth phase. During this phase, cell grows more and completes preparations for
cell division.The set of genetic material does not change.

Mitosis. Mitosis of the nucleus is usually divided irftmur stages: prophase,
metapase, anaphase, and teloph§ige 25). Cytokinesis usually occurs at approx-
imately the same time with telophase.

Prophase Metaphase

Anaphase Telophase

Fig. 25. Stages of mitosis

Before mitosis starts, cell has nucleus with loose chromatin and nucleolus, and
two centrosomes adjacent to the nucleus. The centrosomes were formed earlier by
replication of a single centrosome.

1. Prophase:Nucleoli disappearand theloosefibers of chomatin condense
into observable chromosomes composed of two identical sister chronvitmtsc
spindleforms. It is composed of microtubules which extend from two centrosomes
Centrosomes move apart, propelled by lengthening of the microtubule bundles be-
tween themNuclear envelope breaks into membrane vesi8gisidle microtubules
extend from each pole (because centrosantenately reactopposite cell poles)

t owar d t he Somelmicrotabulesattachkowtochores protein struc-
tures boundwith centromeres. By this such microtubules connect with chromo-
somesAs microtubules change their lengthe chromosomes start to move.

2. MetaphaseDuring metaphase, chromosomes move torte@aphase plate
the plane at the equator of the cell betwiw poles where centrosomes are situated.
The two kinetochore of the twohromatid of every chromosonage attached to
microtubuleggrowing from different poles of the cell

3. Anaphaselt begins when paired centromeres of each chromosome move
apart.Microtubules attached to kinetochore shorten and pull sister chromatids of
each chromosome to different cell poles. Sister chromatids split apart into separate
chromosomes and move towards opposite poles of theSieiultaneously, the
poles of the cell mve farther apart, elongating the céit.the end of anaphase, the
two poles have identical collections of chromosoriiée. set of genetic material of
dividing cell (it was 2n2chr from the S phase) becomes 2nl1chr at each cellular pole

4. TelophaseDauglter nuclei begin to form at the two polééuclear enve-
lopes form around the chromosomes from fragments of the parent cell's nuclear en-
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velope and portions of the ERucleoli reappeatChromosomes become less con-

densed and form loose chromatin mass ohtlndeus. This occurs at every pole of

the dividing cell Cytokinesis occurs and the cytoplasm of the mother cell is divided

(fig. 26).1 n ani mal cells i1t is done by a pr
contracts and cleaves the cytoplasm into ffweo new cells are formed.

Nucleolus
\

\‘\

=
N g

TS
%

N\
N

™ Contractile ring
Fig. 26. Cytokinesis

Cleavage
furrow

7.MEIOSIS

Meiosis. Unlike mitosis, meiosis is not used for common reproduction of cells.
Meiosis is the first step isexual reproductionUnlike mitosis, producing two dip-
loid cells (2n) form oneliploid cell, meiosis produces 4 haploid (n) cells from one
diploid cell. Unlike diploid cells (2n) having two same sets of chromosomes
(23+ 23=46 for human)haploid cells(n) have only one set of unique chromosomes
(23 for human). The second set afngeachromosomes is absent in thé&mnthe next
step of sexual reproduction, two haploid cells (usually from different organisms)
fuse together into a single diploid cellm = 2n). Such diploid cell is callery/gote
Haploid cells that fuse into zygoteeacalledgametes.

Every human (or almost all other arals), develops from a zygotéygote
forms when fatherods sperm Spermdandpvadqre f us e s
formed by meiosis.

Asyou learned from previous chapters, homologous chromasbave same
genes(a gene is the instruction for making cetin protein). Though even the same
gene can be slightly different in different chromosomes. Because of difference in
gene variants, one person is not same as another one. As different people or even
homologous chromosomes of the same organism may have different variants of the
same genesexual reproduction creates nieividualswith newrandomcombina-
tions of gene variants. This is the maidvantagef sexual reprduction.Hence,
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mitosis isacommon division producing same cells. Meiosis is specialized division
producinggametes for sexual reproduction, which, in turn produces cells with new
combinations of genes.

The mechanism of meiosigMeiosis consists of two divisions called meiosis
| andmeiosis lI(fig. 27). Both divisions have four phases: prophase I, metaphase I,
anaphase |, telophase | and prophase Il, metaphase I, anaphase Il telop®ase II.
fore meiosis cell preparsitself and has the set ohromosome&n2chr.

Meiosis I
interphase I prophase I metaphase I anaphase I
Centrosomes Chiasmata Microtubule Sister chromatids

(with centriole attached to  Metaphase .. .in attached
pairs) Spindle kinetochore plate

4

Tetrad Centromere Hnmnlngs
envelope chromatids {with kinetochore) chromosomes separate
Homologous
Chromosomes chromosomes Tetrads line up Pairs of homologous
duplicate pair and exchange chromosomes
segments split up

Synapsis - pairing of
homologs to form

tetrad
Meiosis I Meisois Il
telophase & prophase 11 metaphase II anaphase II telophase 11
cytokinesis ) —

Cleavage
furrow

Sister chromatids Haploid daughter

cells forming

) =p g

-3 = 3
i

Two haploid cells b - e el e
:“r:'ﬁt;:‘mmm“ During another round of cell division, the sister chromatids finally

separate; four haploid daughter cells result, containing single
chromosomes

Copyright © Pearson Education, Inc.. publishing as Banjfamin Cummings.

Fig. 27. Meiosis
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Meiosis I:

1. Prophase Is complicated. There occur processesyfapsisandcrossing
overof homologous chromosomes. Synapsis is a connection of homologous chro-
mosomes. Regions of one homologous chromosome connect to the same regions of
theother homolog. Two connected homologs are cdiledlents( ¢ bi € tet- 2) o
radsof chromatids (¢ctetrae = 4). Crossing
of homologous chromosomes. The sites where it occurs are relatively random. This
process increasdle diversity of gene variants from one parent in a gamete. Cen-
trosome movement, spindle formation, and nuclear envelope breakdown also occur
as in mitosis.

2.At metaphase bivalents are located along the equator of the cell.

3. At anaphase the micrdubules of the spindle apparatus pull homologous
chromosomes (not sister chromatids as in mitosis!) from every bivalent to different
sides of the cell. Each chromosome still contains 2 sister chromatids. Each cell pole
has the set of genetic material 1n2ictstead 2n2chr that was previously present in
the mother cell.

4.At telophase hew nuclei appear, cytokinesis occurs andhaploid daugh-
ter celk are formed.

Theperiodbetween the two divisions of meiosis is interkinesis.

Meiosis Il is more similato mitosis.

6. Prophase Il: a spindle apparatus forms, chromosoeae$ still composed
of two chromatids associated at the centromere, are moved by microtubules toward
the metaphase Il plate.

7. Metaphasdl: chromosomesire on the equator of the cell.

8. Anaphase II: chromatidsre pulled apart as in mitosis. Chromosome set at
each cell pole becomes 1nichr.

9. Telophase tinucleiform, the chromosomes begin decondensing, and cyto-
kinesis occursi-our daughter cells are formed.



Section2. GENETICS

1. GENETICS AS A SCIENCE. NUCLEIC ACIDS. SYNTHESIS OF PROTEINS

Geneticsis the biological discipline studying heredity and variation.

Heredity istransmission of characteristics from ancestor to desce(itaumt
parents to childrenVariationis the changes which occur in descendantauss
species to evolve.

The characteristicinherited from parents are encoded in their DNA. This in-
formation is genetic information. More exactly, DNA carries the information about
the structure of varioysroteins. A DNA segment carrying the instructions for cre-
ation of a protein is callegene

Genetics studies the molecular structure and functions of genes, gene behavior
in context of a cell or organism, patterns of inheritance from parent to offspring.

Nucleic acidsare DNA (deoxyribonucleic acid) and RNA (ribonucleic acid).
These acids were first described 1870 by Friderich Misher as macromolecules in
nucleus. He named them nucleic acids.

The structure of a DNA molecule was decoded in 1953 by Jamesolyat
Francis Krik and Maurice Wilkinson.

The nucleic acids are biopoly-

Phosphate Group mers. Their monomers aneicleotides
(fig. 28). Nucleotide consists of 3
parts:nitrogenous base;&rbon sugar
(i. e. pentosepnd residue of the phos-
phoric acid (phosphate) Five-carbon
Pentose Sugar sugars are deoxyribose (in DNA) and
ribose (in RNA). Nucleotides may
have one of 5 nitrogenous basade-
nine (A), guanine (G), cytosine (C), thymine (T), ukdt)). They are of 2 types:
purines (adenine and guanine) apgrimidines (cytosine, thymine and uraciuch
nucleotides are connected into chains (strands).

DNA consists of two strands which are coiletbia double helixA DNA
nucleotideconsistsof four nitrogenous bases (adenine, guanine, cytosine or thy-
mine, but not uracil, deoxyribose and a residue of phosphoric acid 2.

The nucleotids are linked by phosphodiester bonds between deoxyribose of
one nucleotide and the phosphoric ac&ldee of the other one.

Opposite nitrogenous bases of two strands are bound according to the principle
of complementarity

I adenine is boundnly with thymine(with two hydrogen bondd A=T)

I guanines bound only witlcytosine(with 3 hydrogen bondd GI C) .

The complementaritpf nitrogenous basesas understood due to works of
Ervin Chargaft.

Nitrogenous Base

Fig. 28. Scheme of nucleotide
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Chargaffo s r ul es:

1. The number of purine basdaa DNA is always equal to the number of
pyrimidine bases: A+ G=C + T,

2. Theamount of adenin@ DNA is equal tahe amount of thymine (A =T),
the amount of guanine is equal to the amount of cytosine (G = C).
@ (b)

Nitrogenous bases: Thymine

- mmm Adenine o~ N\ OH
&\*ﬂ == Thymine Oy O~ / / \ 7
\?ﬁ"‘ E== Guanine O'P‘O NH N\ ; o )
O,

Adenine

Ot ( <N\ o SEY
Sugar e)O' o Nl N o . nemt,
phosphate kﬁ N . o nnlBRt
backbone N—'——< ..-0 . |
NHy " Eytasine ©5  Major Minor

groove groove

Fig. 29. Models ofDNA

Apart from the nucleus, DNA gresenin mitochondria and plastids. DN&A
capable ofreplication (seHdoubling and repairrestoration of the structure after
impairment of the moleculeYhis is done by many different proteins associated
with DNA.

Replication occurs in theS-phase of the cell cycldt is the process which
copies genetic information for further cell divisidINA polymerases the enzyme
that play main role in this process
The segment of DNA whenep-
lication occurs is calledeplica-
tion fork Enzymes break the hy
drogen bonds betweehe nitrog-
enous bases of the two straadsl
separate theriig. 30). DNA pol-
ymerases assemblehains of
complementary nucleotides o Fig. 30. Principle of replication
each strand. That is howo new
DNA molecules are formed. After replication, each DNA molecule contains one
maternal chia and the second newly synthesized daughter chain.niégactianism
of DNA doublingis calledsemiconservativesynthesis.

DNA functions are storing and transmitting genetic information during multi-
plication of cells and organisms.

RNA is a polynucleotidevhich is similar to DNA. Though itonsiss of only
onestrand its nucleotidecontainsugar ribose instead of deoxyribose amdcil
instead of thymine. In some viruses, RN&n be doublstranded

daughter
molecule

old strand new strand

daughter
molecule
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S Cells have 3 maintypes of RNA. They are
in the nucleus, cytoplasm, mitochondria and
plastids.About 3i 4% of the whole RNAis the

~J0—C—+CHR—— Amino acid

Ester bond~" NH3

. |
g

__ messenger RNAN{RNA) . 't ¢record
cHs netic information from DNA and transmiit

- - tRNA into ribosomes where protein molecules are as-
5B molecule sembled. Theibosomal RNA (RNA) composes

80i 85% of the whole RNA. It igrucial func-
tional partribosomes and provides especial spa-
tial relations between mRNA and rRNA. The
trander RNA (tRNA) comprises 120% of the
whole RNA (fig.31). Such tRNAgleliveramino
acids to ribosomes.
mRNA & St . Genetic codeThe unt of heredity and var-
Codon lation isgene. Genels DNA segmenthat carries

Fig. 31 Structure of tRNA the information about the structureagbolypep-

tide (proten).

The recording of genetic information as a nucleotide sequence in DNA and
MRNA is genetic code. Each nucleotidelet (3 adjacent nucleotidespdes for a
definite amino acid. Such coding triplet is callecbaon

Properties of the genetic code:

I triplethessd one amineacid is coded by three nucleotid®scodon (e. g.
AUG 8 methionine, CC@ proline),

I universalityd acodon codgfor thesame amino acid in adpecies

i no overlapping one nucleotide cannot be re@dce. |. e. it cannot b&n
two adjacent codnsat the same time

i degeneracyor redundancy someamino acidare encoded by several dif-
ferent codongthere are 20 amino acid=)d64 possible triplets);

i continuityd there are no disjunctive symbols between codons;

i single direction rfbosome moves n t he directi ooh fr
MRNA);

i presence of codofterminators (theyd o n 0 t specify any
only determine the end of protein biosynthesis).

I colinearity @ nucleotide sequence in nucleic acids corresponds to amino
acid sequence iproteins

Protein biosynthesisbegins from making complementary RNA copy of a
gene (it is called mRNA). The enzyme doing this is caf®tA-polymeraseand
MRNA synthesis is callemlanscription. The nucleotide sequence of such RNA (or
the sequence of itsodons) defines the sequence of amino acids in a proten.
the mRNA is transported from the nucleus to the cytoplagrhereribosomes
creack the codons and synthesize proteins

Intramaolecular
base-pairing

Anticodon
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Synthesis of protein on the mRNA matisxcalledtranslation (fig. 32).
T The start of translation isinitiation
O@‘ arrino acld (small subunit connects to mRNA, first
' tRNA with amino acid attaches to the first
codon and large subunit come$he for-
mation of peptide bonds between amino ac-
ids which are continuously brought to the ri-

1RNA

‘"ag\ bosome by tRNAs iglongation.Theend of
ATt 01 T translatiorwhen protein is assembled and ri-
Wbosome dissociatestisrmination.
. Ribosome has two sites (aminoacyl
e movement of ribosome and peptilyl or A and B where two mRNA
Fig. 32 Protein synthesis codons are placed simultanelyuhe tran
in the ribosome sport RNA (tRNA) has a specific structure:

one end of the molecule contains a nucleo-

tide triplet whichis called an antcodon It definesthe amino acidwhich can be
carried by thdRNA. An amino acidoins thepropertRNA due toenzyme amino
acyFtRNA-synthetase and ATP. The amino acid with its tRNA forms a complex
amincacyHRNA. Recognition (recognizing of its own amino acid by tRNA) oc-
curs in the cytoplasm.

Elongationbeginsafter initiation An amincacyHRNA comes to the Aite
and if itsanticodonmatches to thenRNA codon then aminacyHtRNA forms a
temporary bond witthe mMRNA codon A peptide bond sets between the first and
second amino acids, tmdosome moves by oréplet, and the aminacy-HtRNA
passes into thie-site. The second tRNA with the amino acian comedo theA-site
The ribosome moves by one triplet, the released tRNA leaves the ribosome. The
second tRNA passes into the peptisije The process repsamany times.

Termination of polypeptide synthesis is determinedbyg of threestop-co-
dons: UAA, UAG, UGA.When ribosome reaches them its subunits dissociate,
MRNA and protein are released.

Several ribosomes may work on the same mRNAhSQomplex of sveral
ribosomes united by one mRNA, is called pilgsome.

2. MONOHYBRID CROSS. THE LAW OF HYBRID UNIFORMITY . THE LAW OF
SEGREGATION

Basic regularities of heredity were discovered by Gréggmdel in 1865 year.
He carried out experiment on pea plants with different traits: red or white flowers,
yellow or green seedmd etc

Traits (Characteristigsthat exclude each other (cannot exist together in one
individual) are called alternative tts(i. g. seeds cannot have two colors at the same
time). Theydevelop under the action dffferent variants of the same gei®gich
gene variants responsidier differentalternativecharacteristicare calledhlleles
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(allelic genek Genes have constidocation in chromosome$hereforeallelesare
situated in the same loci of homologous chromosomes. The sumvatialhts of
allelesin anindividual that werenheritedfrom parents igenotype

Diploid organisms have two alleles eferygene because as they have pairs
of chromosomes. Homologous chromosomes are inherited from different parents.
The organism thahheritedsameallelesfrom both parentsand has thgenotype
¢ ¢ or ©YXds homozygote

As soon as homozygs organismshave ame alleles, all their gametes may
contain only that alleld.e. theyform only one type of gamete€onsequentlyall
the children of homozygous parents haenticalgenotype

Heterozygas organism ha different alleles(¢ Q@ Heterozygotes forntwo
types of gametes. There is segregatiochafracteristicen their descendants.

The number of types of gametes is calculated by formila:2". N & the
number of types of gametesdnthe number oéllele pairghat are in heterozygous
state. For examplea homazygote ¢ ¢ form only one type of gameted
¢ (2° = 1); a heterozygot¢ Gorm two types of gametes ¢ andO(2: = 2).

Alleles are situated in homologous chromosomes. Chromosdivege dur-
ing meiosis and only one gene of a pair gets to the gamete. The sum of all traits and
properties of an organism that are determined by the genotype and the environment
Is calledphenotype

Alleles of heterozygote§) Pmaynot causalevelopment bboth their traits
Only one trait developandsuppresssthe effect of theotherallele Such allelas
calleddominantand denoted with capital letter (AS0, the trait of the dominant
allele develops both in homozygo(gs ¢) and heterozygousp (P organisms (for
example, yellow seeds of pea).

The trait which developsonly in homozygous stat€®(and is always sup-
pressed by the dominaalleleis calledrecessivdgreen seeds).

G. Mendel crossepea plants. The method of crossamgl analysis of descend-
antsis called hybridological method.

If the organisms are analyzég only one pair of trait¢only color of seeds)
the cross is called monohybri@. Mendel denoted the traits of pea:

¢ 0 the alleleof yellow seeds@d the allek of green seedg$, d parents,

Gd gametes| & crossing, iEd filial generation 1.

G. Mendel used pure lines of peadi.homozygotes) which had alternative
traits. He crossed homozygous plants of pea which had yellow seeds with plants
having green seks.

P: o ¢ (yellow) I © Qgreen); . 'J _
- AA .aa Ag allyellow
Fi ¢ G 100 %yellow

The result of the first experiment is heterozygous plants with yellow seeds.
According to the results of the cross, Mendel formulated his first lavd
the Law of HybridUniformity: if homozygous individuals differing in one pair of
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alternativecharacteristicare crossed and analyzédeir descendants are uniform
(havesame phenotype and genotype

ThenG. Mendel crossed tbse hybrids. AA  Aa
P: (Fy) ¢ yellow)T ¢ yellow); ” 0

G Aa Aa '\J
Fao 00 20000 -

Phenotypic segregation ratias3: 1 (75 % : 25 %) (3 yellow : 1 green)

Genotypic segregation ratiwasl : 2: 1 (25 % AA : 50 % Aa : 25 % aa).

G. Mendel gotlJ of plantswith yellow seeds and with green ones. There
was home and heterozygotes among the plants with yellow seeds. On the ground
of the experimenG. Mendel formulated his second l@&wthe Law ofSegregation:
if heterozygoteare crossed and analyzieglone pair of alterativecharacteristics
segregatiomatio of phenotypes8 : 1 andthe ratio of genotypek: 2 : 1 are observed
in descendants

3.DIHYBRID CROSS. THE LAW OF INDEPENDENT ASSORTMENT

A cross when organisms are analybgdwo pairs of alternative traits czalled
dihybrid. If more than two pairs of traits are analyzed, then the cross is called poly-
hybrid.

G. Mendel crossed homozygous plants with yellow smooth (dominant traits)
and green wrinkled seeds (recessive traits).

¢ 0 yellow seedsPd green seeds 9/16 A-B-

1 & smooth seeds,® wrinkled seeds

PP ¢0lJ T OB ;
o ) _ 41 3 Abb

Fi. ¢ Obd& 100% yellow smooth, AaBP  AaBb ':"-J 3/16 aaB-
ThenG. Mendel crossed the hybrids A
P.(F).0 Ob =7 ¢ Ob GJ 1116 aabb

G. @)D @)ep
> Thelaw of hybrid uniformity still works
& 4B | a i in the first \(,:vross:yalllh;brlids alrg ur:if(\)A:m het-

AB} |AAEE: | AABL) 1AaBE (AaBh erozygotes with yellow smooth seeds. Cross-
AABb |AAbb |AaBb |Aabb | ingthese hybrids confirmed the law of segre-
AaBB |AaBb |aaBB |aaBb | gation.

AaBb |Aabb |aaBb |aabb To write genotypes of all hybrids of the
cross, Punnett square is used.

& & &
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In thesecond generation, there are 9 groups of individuals with yellow smooth
seeds (AB71), 3 groups with yellow wrinkled ones (Ab), 3 groups with green
smooth ones (adB, and 1 group of plants with green wrinkled seeds (aabb).

Phenotypic segregation ratio > is 9: 3:3:1=(3: 1)%

If we count all phenotypes in the square considering only one trait, the segre-
gation ratio would be:

12 yellow : 4 greed 3:1. 12 smooth : 4 wrinkled 3: 1.

In this cross, random combination of gewoesurredand, consequently, indi-
viduals with new combination of traits appeared (green smooth and yellow wrinkled
seeds).

On the ground of these ddBa Mendel formulated his third la@¢ the Law of
Independent Assortmeritt:heterozygoteare crossed and analyzeylseveral pairs
of alternativecharacteristicsindependent assortment gdmetes andeness ob-
servedandconsequently independent inheritancéraits.

Independent assortment of traits is possible due to:

i random divergeceand combination of chromosomes during meiosis;

i random combination of gametes in fertilization.

Cytogenetic basis of thé. Me n dsdalvdis explained by theypothesis of
purity of gametesiGenes of a hybrid do not mix and are in pure allelic state. Burin
meiosis, chromosomes diverge and only allele of agenepasses$o eachgamete.
Each chromosome carries its own genes to the gamete. Chromosomes are combine
randomly during meiosis.

Significance ofG.Me n dsdalvsd

I Thelaws are universal. They explanechanisms of inheritance for dlp-
loid organisms.

i Thelaws are statistad: they are shown up in large groups of individuals and
allow to predict the probability of a definite trait in offspring.

4.GENETIC LINKAGE . THE CHROMOSOME THEORY OF INHERITANCE

According to genetic investigations, the numbeir of d i sigahes & Imany
times more thathe number of its chromosomes. Consequently, each chromosome
contains many genes. The group of genes which are in one and the same chromo
some arenherited together and called linked genes. The group of ginesed in
the same chromosoncalled a linkage group.

In 1911 year Thmas Morgardescribed the genetic linkade joint transmis-
sion of several genes from parents to offspring. He carriediengas on fruit flies
(Drosophilg. They are convenient for experiments because:

I they have just a few chromosomes (8);

i theyproducemanydescendanis

i they early reach sexual maturity, so many generations can be analyzed during
relatively shoriperiod of time

T it is possible to use hybridological method (crossing).
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T. Morgananalyzed inheritance of such traitstaly color and the length of
wings:B 0 grey body, b3 black body, V& normal (long) wings, @ vestigial
(short) wingg(fig. 33).

Long wings Vestigial wings  Vestigial wings Long wings

Gray body Black body Gray body Black body
vegt b vg b vg b* vg* b
Cohr 1T =11 ] | =1 | E20 [ (| 111
| il || . [E==11 fle=i ! il 1l | =i} =5
vg b vg b vg b vg b
415 405 92 88
| Y ] | v |
820 Parentals 180 Recombinants

woae = 180 —~
Frequency of recombination 1000 0.18

Fig. 33. Phenotypes and genotypes of fruit fiesfremMor gandés experi ment :

In the first experimenT. Morgan crossed homozygous flies whicld lggey
body and normal wings (dominant traits) with black vestigiasiged flies (reces-
sive traits). All hybrids of the firgieneration were uniform and hddminant traits:

P. BBVV I bbvv

G.

Fi. BbVv 8 100 % grey long-winged.

Thatcorrespondedto he f i rslaw. Mend el 6

In the second experimenthomasMorgan crossed recessive female and
diheterozygous male Drosophildewas reasonable to expgitenotypic segrega-
tion with the ratiol:1:1:1, i.e. per 25 % of differ& phenotypes. However, he got
two types of flies (50/506) which hal parental traits. There were no individuals
with new combinations of the traits

t . bbvw T  BbVv
G
Fi. bbvv BbVv

50% 50%

T. Morgan supposed that genes of the body color and the length of wings are
situated in the one and the same chromosome and are inherite@itogeth
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During the meiosis the chromosome containing the gBvepassedo one
gamete while the chromosome carrying gelmeso the other one. That explains
why diheterozygous male Drosophitams not 4, but only 2 type of gametes.

That is how Thomas Morgan discovered tgenetic linkage & joint
inheritance of traits which are determined by genes situated in the same chromo-
some. Genetic linkage in the male Drosophila is completechadaceristicsare
always inherited together.

Though in one of otheexperimend T. Morgan crossed eheterozygous
female and recessive male Drosophdad observed different result:

P. BbVv I bbvv

G.

F1.BbVv, Bbvv, bbVv, bbvv
415% 85% 85% 415%

According to theG. Me n dsdalvsdthe number of flies with different pheno-
types should be equal: per 25 %. But there were only 83 % of flies with 2 types of
parental traits and 17 % with 2 new combinationsharacteristics

There was partial combining of parental traits. Geretikage wagartial (in-
complet® due tocrossingover. Crossing over is the process when homologous
chromosome exchange their same segments. It occurs in the prophase of
meiosisl.

Mor g axpé&risenta gr eed wi t h Bo€heomosonse Tlen d S
ory of Inheritance and completed it:

1.Genes are situated in chromosomes in a linear order in definite loci.
Alleles of the same geraee in identical loci of homologous chromosomes.

2. All genes of one chromosonmmpose a linkage group aade inherited
together. The number of linkage groups is equal to the number of pairs of homolo-
gous chromosomes.

3. Crossingover (exchange ofidentical segmenjsis possible between
homologous chromosomes.

4.The frequency of crossingover between two genes depds on the
distance between these genes in the chromosome.

5.1 % of crossingover is equal to 1 centimorgan a unit of the distance
between gendahat was named inonorof T. Morgan.

5. GENETICS OF SEX

Sexis the complex of Aimorphological, physiological anothercharacteris-
tics of anorganismwhich determine its reproductive roReproduction is the abil-
ity of organisms to create new individuals of their kind.

Sexal dimorphismis the sum of all morphological, physiolodichiochemi-
cal and other differencgsexual characteristichetweemmales and females of the
samespecies.
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Primary sexual characteristicsare the organtakingdirect part in reprauc-
tion. Theydevelopduring the embryonic developme®econdary semal charac-
teristics develop under the action of sex hormones andaheing puberty (facial
hair, peculiarities ofvoice andconstitution and etc.).

Human karyotypeconsists of 46 chromosomea3(pairs).Most of them are
autosome$22 pairs), the last, 23pair is calledsexchromosomesAutosomes are
thechromosomes which are samenien and womefhuman has 22 pairs of auto-
somes).They do not determine the sex of the pergarntosomal genes determine
most ofhuman characteristig¢gair color, skin colorheight and othei).

Unlike autosomesex chromosomes (also known as heterochromos@ares)
differentin men and women. They determine the sex of the person.

The sex chromosomes wiomen are two homologous\-chromosomes. In a
manthey are nofhomologousw-chromosome and -~¢hromosome (fig.34). Such
sex determination is typical not for all animdtsbirds, males have same sex chro-
mosomes (ZZ) and females have different sex chromosomes (ZW).

The sex whicthas same sex chromosomes (XX)
Is calledhomogameticthe sex with different hetero-
chromosomes iBeterogameti¢XY).

Differential The X and Y chromosomes of human have small
goon H homologous regions containing alleles of same genes.
Though these chromosomes mostly hawe-homol-
6} pifferential  0gous(or differential)regions which contaidifferent
region of the Y . . . . .
genes The genes situated in thdifferential region of
DU {\; Y} Homologous sex chromosomes acalled sexlinked. Thegenes in
differentialregion of the Xchromosomere calledX-
Fig. 34. Diagramsof the X |inked (i. g. genessome alleles of which causemo-
and Y chromosomes  yhjlig and color blindnessYhe genes in differential
region of the ¥chromosome are callédlinked (holandric) The alleles of some
holandric genes are known to casken membranebetween fingers, hairs in ears

Mendeldemonstrated that sex of the organism is inherited in the same way as
the other traits. If we denote male and female genotypes with sex chromosomes
(X and Y) then we can see that the sex is iidewith segregation ratio:11.

Sex of a baby is determad at the moment of fertilization. If an ovum is ferti-
lized by a sperm containing thechiromosome, the sex of future baby is female.

If the sperm that fertilize the ovum carries thehfomosome, then the sex of
the baby would be male.

A

P. mm I XY

. 0 O

Fi. XX XY
50 % 50 %

Probabilities of formation of male and female zygotes are équad/50%.
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6.VARIATION

Variation is the property of livingnatter to changell the diversity of living
organisms is possible only due to variation. This property Ipelpslationdo adapt
to changes in their environments and survive.

Thephenotypeof any organisnis the results from the work of genes which is
under the actioof the environmentn other words, phenotype depends on geno-
type and environmental factorgarious environmental factotsave effect on the
work of different genes and therefaitee samerganismcould havedifferent phe-
notypes in different environmentsew characteristicenay also develop when the
environment affects genetic material of the individual.

There are two types of variatiophenotypic(nonthereditary) variatiorand
genotypic(hereditary) variation.

Phenotypic variationalso known aphenotypic plasticityis the changef the
phenotypériggered by the environmewithout changes of the genotysich phe-
notypic nodifications are organism's adaptations to the environment. For example,
animals which live in cold climate have thickematthan animals of the same spe-
cies living in warm climatdeaves of many watg@lant growingin waterand above
water have different shap@henotypic plasticitgoes not affect thgenotypecon-
sequentlythe changeare not inheritedProperties ophenotypicmodifications:

T not inherited,;

T reversibled can disappeaafterchanges of the environmental conditions;
T massive involvemerd similar modifications appear in all organisms that
are exposed to the same facw@rgy suntan);

1 adaptabilityd modificationsgadjuse the organism to some environmental
conditions and areommonlyuseful for the organism;

T not matter for the natural selectias they are not inherited

T predictable.
The rangeof possible changeas calledreaction norm(reaction range). It is
wide if the character changestwh i n wi de | i mismil&, bddywnmssy me

and narrow if it changes insignificantly (fat content of milk).

Hereditary variation is also called genotypic. Genotypic variation consists in
changs of the phenotype caused by changes of the genotype. There are two types
of this variation: combinative and mutational.

Combinative variation is the result ofecombining parental genes in children.
New gene combinations cause appearance of organismsevit phenotypes. For
example G. Mendelgrown plants with yellow wrinkled seeds from the plants with
yellow round and green wrinkled seeds

Mechanisms of combinative variation:

1. Independent assortment of chromosomes and chromatids during meiosis;

2. Gene recmbination during crossingver;

3. Random combination of gametes in fertilization.

By making many different phenotypegnebinative variation provides adap-

tation ofpopulationgo changing environmental conditions.
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Mutations (mutational variatiohare thesudden heritable changes of genetic
material Properties of mutations:

1 are inheritedas they change the genotype

T irreversible (constant);

T nonadaptiveas they make random changes in genes, withougatinee of
adaptation

T individualas they are random atftk same mutation seldom happens in two
different organisms

T the matter for the natural selectias they are inherited

Environmental factorsausingmutations are callechutagensThey are:

1. Physicald ultraviold rays, radiation, temperature

2.Chemicald chemicals, hormones, enzymes, conserving agents, drugs.

3. Biological 8 viruses, metabolic products of bacteria, protisédminthes

Mutationsmay affect the genetic material at different levels (fig: 35)

1. Mutagens can change the structofra gene. Such mutations are caljete
mutations They result in metabolic diseases such as hemophilia, phenylketonuria,
daltonism (coloblindnes$, albinism.

2. The structure of a chromosoran alter Such mutations are callethro-
mosome mutation3hey lead to malformationsdevelopmerdl defects of organs
and organ systems.(., underdevelopment of a larynx, heart defects).

3. Mutagens can change the number of chromosomes. Such mutations are ge-
nome mutations. They cause chromosomal diseaseasudbwn syndrome (extra
215t chromosome).

Mutation: Substitute T instead of
PRt Wm‘ l
-
-
-
-
-
-
-

Ujujujujaje AJAJGIARGIGJUJUICRURA
mRNA ]

Amino acids 'Phe‘—' Tyr —@— Glu = Val Jo={Leu '

Polypeptide chain with wrong amino acid A B
¢ 2 N/ #
- ? 2 £~ ﬁ' } i = 3
1§ » 3 73 CR
1 :q g4 - .
it ¢ G4 § 22 %) &F
2 \ i é g g B B 88 B
- - L
» 2 - 2 e
i‘i g8 é}’-‘* € N 35

Fig. 35. Mutations:A d gene mutationB 8 chromosome mutatioil§ 8 genome mutation
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7. THE GENETICS OF HUMAN

Human as well as another organisms is the study objéxtmétics

Human Geneticsstudes normal hunan genotype andkaryotype and its
changes irtase ofvariousgenetic disordersauses of the disorders, their prophy-
laxis and treatmentHuman is complicated genetic object.

There are difficulties of studying human genetics:

T some methods are napplicable for humaxi. g. hybridological methoy
experments on human are not possjble

T many chromosomes (46) and genes (aBOU25 000);

T late sexual maturityong alternation of generations (usually just a few gen-
erations are available for analysis)

T small number of childrenomplicates statistical analysis

T itis not possible to make same environment for all people.

Nevertheless, there are some advantages of studying human genetics:

T human is the most explored genetic object;

T internationako-operation of scientists;

T great number of individuals

Somemethods of humaGeneticsare:

1. Genealogicahnalysis

2. Karyotyping (cytogenetic method)

3. Biochemicaltests

Genealogical analysis is based on drawing up pedigrees (family tree,
genealogy)lt is analysis of a family witiparticular characteristic (g. genetic dis-
orde in order to revegbatternsof its inheritanceThis method allows to reveal:

1. Whether or not the character is hereditary.

2. The inheritance type (dominant or recesssexlinked or autosomal).

3. Genotypes of family members.

4. Probability of giving birth to a sick child in a family

The key for drawing pedigreés shown in the fig36.

Autosomal dominant inheritance:

i sick children are born by only parent (or bp#rents are sick) sick;

i both men and women fall ill with equal probability;

T if one of the parents is dominant homozygote then the probability that the char-
acteristic will be inherited by a child is 100 %; if both parents are heterozggous
75%, if oneparent is heterozygous and the other is recessive homosydadeo.

Autosomal recessive inheritance:

i sick children can be born by healthy paréntst always, but it is possible)

I both men and womeralf ill with equal probability;

i if both parents are heterozygous then the probaltiiay the characteristic
will be inherited by a chilas 25 %; if one parent is heterozygous and the other is a
recessive homozygote it is 50 %; if both parents are recessive hongutgsd
100 %.
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X-linked dominant inheritance has the same signs as autosedwhinant
one. The key feature is the fact that a man having thek¥d dominant character
can transmit the gene only to daughters (sons get-blsddmosome).

X-linked recessive inheritance:

I mostly/only men fall ill;

I sick children can be born by healthy parents;

I if parents are healthy then probability giving birth to a sick child is 50 % for
boys, and 0 % for girls (. 25%).

Holandric (Y -linked) inheritance:

I only men can have the claater;

I such men are in all generations;

i if a father is sick then all his sons are sick and vice versa.

Ear hairs, skin membranes between toes are inherited in this type.

[0 wormaLmaLe O wmannince

O MNOPRMAL FEMALE DZO COMNSANGUINEQUS MARRTAGE
(marriage between close relatives)

<> UNSPECTFIED GENDER [ ~O owonce

B ® :ccieomoviovar [ F--«0) ExTRAMARITAL UNTON

111

I © ~vrosovacarrier MULTIPLE MARRIAGES
I
(&) X-LINKED CARRIER

D ADORTED QFFSPRING

{male and female with son and
(!Llug[ztr_‘r, where son was born
STILL BIRTH QR ABORTION fiesh)

DEATH DIZYGOTIC TWINS
(fraternal twins)
PROPOSITA

(female person of reference)

MOMNOIYGOTIC TWINS
PROPOSITUS {identical twins)

(male person of reference)

Fig. 36.Pedigree nomenclature

Karyotyping (cytogenetic method) is the technique allowing to séeman
chromosomegfig. 37) extracted from theells of blood or epitheliunander the
microscope This method reveals the numb=r

ié .
of chromosomestheir structurgthe genetic ﬁ‘, }; 5@ ﬁi i8
sex of theanalyzed individuaKaryotypingis ," 4% F ST
used for making the diagnosis of genome ¢ E §7 3§ %% gp aE e
chromosomenutations. ‘R B F T8 T
Biochemical tests can reveal the con g g B3 52 sg 8¢

ad
centration of enzymes, amino acids and v
ous metabolic products ispecimens taker =& == 25 B2 fiﬁ
from healthy and sick personshdy help to _’ o "
confirm the diagnoses of metabolic diseases. T'9- 37 The karyotype of human
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8. THE HEREDITARY DISORD ERS OF HUMAN

More than 4000 hereditary disorders are known at the present day. Medical
genetics is the discipline that deals with hereditary disorders. These disorders are
caused by changes of the genotype (mutations).

Genomeand chromosome mutationscause human chromosome disorders
such as Down, Shereshevskyrner, Klinefelter, Xt r i somy, catds ¢

Down syndromg47,m vy 21+; 47, XY, 21+) is trisomy of the 2thromo-
some (fig. 38a). Trisomy is a genome mutation when 3 homologous chromosomes
are present instead of 2 (47 chromosomes in a diploid set). Symptoms of the Down
syndrome: intellectual disability (mental retardation), inward slant of the eyes, low
setears, open mouth. The life span is usually shorter than that of healthy people.

Medical genetic counseling is a medical discipline that strive to prevent birth
of children with hereditary diseases.

ShereshevskylTurner syndrome(45, m0) is caused by a mosomyd the
absence of the second sex chromosome (fidn)3Bhenotype is female. Symptoms:
low height, short neck, underdeveloped primary and secondary sexual characteris-
tics, sterility. Intellect is not affected.
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Fig. 38.Karyotypes at syndromes caused by monosomies and trisdxdefown syndrome;
Bd Shereshevskyfurner syndromeC 0 Klinefelter syndromepD & m-trisomy syndrome
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Klinefelter syndrome(47, m AY) is caused by presence of extrackromo-
some in male genotype K¥ instead XY, fig. 38c). Such people have female body
constitution, tall height, long extremities, underdeveloped primary and secondary
sexual characteristics, usually lower intellectual abilities than healthy people.

m-trisomy syndromeg47, m m is caused by the increase of the number of X
chromosomes in females (additionakcKromosome, fig. 3&1). Such women usu-
ally do not have considerable physical features. Intellect is usually not affected.
Such children have higher risk of speech and langualggsdand the delays of
motor skKills.

Cat's cry (cri du chat) syndrom@l6,m m 5@ ; 46, XY, 5@) is caused by loss
of the segmentof5c hr omosomeds short arm. Due to
l arynx, newborns have specific sound of
symptoms are arrested mental and physical development, deformegti@ars,
muscle hypotone.

Gene mutationscausemetabolic diseases. Hereditary diseases caused by mu-
tations of autosomal genes are albinism and phenylketonuria.

Albinism is caused by disturbance of amino acid exchange. Transformation of
the amino acid tyrosine into a pigment melanin is impaired. Symgptd albinism
are milky-white skin, white hair and red pupils (due to absence of the pigment in
the retina). Such people are very sensitive to ultraviolet rays.

Phenylketonuriais also caused by disturbance of amino acid exchange. The
amino acid phenylafane is not transformed into tyrosine and is transformed into
phenylpyruvic acid. Sick children get increased neural irritability, muscle tone,
mental retardation.

The disorders caused by gene mutation in the X chromosome are hemophilia
and daltonism,

Hemophilia is the impairment of blood clotting. Daltonism (color blindness)
is disturbance of color distinguishing. These diseases usually affect boys.

Aims of genetic counselin@reprophylaxis of hereditary diseases, consulting
families and sick persongith hereditary disorders, defining the genetic risk (prob-
ability to give birth to a sick child) in a family, prenatal diagnostics of hereditary
disorders and congenital malformations.
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Section 3THE ANATOMY AND PHYSIOLOGY OF HUMAN

1. OVERVIEW OF THE HUMAN BODY . TISSUES ORGANS AND ORGAN SYSTEMS

There are several medical sciences of human:

Anatomy is the science that studies the external and internal structure of the
human body, its organs and organ systems.

Physiologyis the science that studies thm¢tioning and its regulation of the
human organism, various tissues, organs and organ systems.

Hygieneis the medical science that studies conditions of human life and work
to maintain human health and prevent diseases.

The human body consists of cellsialinform tissues. Tissue is a group of cells
andthe substance between thesmich are specialized for performisgecificfunc-
tions. The human body is composedair types of tissuespithelial, connective,
muscle and nervefig. 39).

LRSI 3>

E i?he

lial tissue Nervous tissue

Rec . VR, s N -'
Connective tissue

4 ‘ Y
Muscle tissue
Fig. 39. Tissuesf the human body

1. Epithelial tissue (epithelium)covers the body, internal organs, majority of
glands; it lines the cavities of the body. It has high level of regeneration due to
mitosis. Epithelial cells are always attached to underlying layer okextine tissue.

The cells are tightly packedl there are little volumextracellular matriyor it is
absent

Types of epitheliumaccording to the number of layesmple(singlelayer)
andstratified (multilayer). According to theshapeof cells in the superficial layer
epithelium can bequamouscuboidal andcolumnar(fig. 40).
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Functions of epithelial tissue are:

I protective (barrier);

I metabolic (absorption and excretion of substances);
I secretory (gland cells of skin).

Simple squamous
- epithelial cell

Simple columnar eplthellum
(Intestines)

Simple squamous eplthellum
(In lungs, blood vessels)

Cuboidal epithelium .
(Respiratory tract) (In kidneys)

Pseudostratifed columnar eplthellum

— <
— S ——

Stratified eplthellum o
(Outer layer of skin)

Fig. 40.Examples of epithelial tissue

2. Connective tissuegorms skeleton, subcutaneous fat, blood, lymph. It is an
important element of all internal orgafigy. 41). The ability to regenerate is high.
The cells of the tissue are widely spaced and thus leave spacke for a high vol-
ume ofextracellular matrix

There are several types of connective tissue:

I hard (bone, cartilage);

I dense fibrous (ligaments, tendons);

I loose fibrous (the dermis of the skin);

I adipose (subcutaneous fat);

i liquid (blood, lymph).

Functionsof connective tissue are:

I trophic (nutritional) participates in exchange of substances and energy;

I protectived participates in immune reactions and phagocytosis;

I mechanicabd forms bones, cartilage, ligaments and tendons;
I hematopoietic (red bone marrogroduceslood cells);
I regenerative.
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Fig. 41.Examples of connective tissue

3. Muscle tissueforms skeletal (striated) muscles and muscles of internal or-
gans (such as wall of blood vessels). There are two essential propitiEsuscle
tissue: excithility and contractility. Excitability is the ability to perceive stimuli
and respond to them. Contractility is the ability to change the length.

There are three types of muscle tissue:

I smooth muscles work involuntargontractslowy and presenin intemal
organgwalls of blood vessels, alimentary tract, urinary bladder and others)

i striated muscles are multinucleate, voluntarily controlled; form skeletal
muscles;

i cardiac cells are not multinucleate, but are striated.

Muscle tissue performs motéunction.

4. Nervous tissugorms the brain and spinal corgianglions nerves. It con-
sists of nerve cell8 neurons which have two types of cytoplasmic processes (
tensions): dendrites and axorCells of neuroglia are in between of neurons. Neu-
roglia peforms nutritional, suppate and protective functions.

Nervous tissue has tvassential propertiesexcitability and conductivity. Ex-
citability is the ability to perceive stimuli and respond to them. Conductivity is the
ability to transmit nerve impuls&@he space or gap between preges of two neu-
rons is calledynapse

Functions of the nervous tissue are:

I receptord perceptstimuli;

I conductived transmisnerve impulss.
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Tissues form organs. Thargan is a body part which hgsarticularshape,
structure, location and performs a specific functiog.( heart, lungs, stomach).

Organs have many various forms and are composed of several tissues.
The stomach contains epithelial, connective, smooth muscle and even elements of
nervous tissug Bones are mostly composed of hard connective tissue though they
have nerves, other types of connective tissue in their cavities, smooth muscles and
epithelial cells in their blood vessels.

Organs that are responsible for the same functions are groupe@dtgan sys-
tems(fig. 42). These systems are widely studied by Anatomy. An organ system is a
group of organs that have common origin and work together to perform a certain task.

Nervous System Respiratory System Circulatory System Digestive System

Brain

Nasal passage —lf

Stomach

Heart
Liver

Gall
bladder

Large
intestine

Blood
vessels

Small
intestine

Excretory System Muscular System Skeletal System Integumentary System

) Hair

Kidneys
Skeletal
muscles
Urinary
bladder
Tendons*\\( 77 Jo‘ms< -
[
1 |

|
i
& e

Skin

Immune System Endocrine System Reproductive Systems
Plllm‘ljary —g @ =%
glan
g oy \

Pancreas ————€—

/‘4 Epididymis Ovaries
Adrenal {
glands /
Testes S Uterus

Teste:

vessels

Ovaries

Fig. 42.0rgan systems of the human body
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There are:

1. Skeletal systemSkeleton (together with cartilage, ligaments and tendons)
supports and protects the body and its organs.

2. Muscular system It includes skeletal muscles and allows the body to ma-
nipulate the environment, provides locomotion, maintains posture, and produces
heat.

Skeletal and muscular systems are often referred rimuasuleskeletalor lo-
comotorsystem.

3. Integumentary systemincludes skin, hair, fat, nails and exocrine glands of
the skin.

4. Nervous system (NS)Includes the brain, spinal cord, nerves, and trang
ons. The nervous system allows perceiving, comprehending, and responding to the
environmental signals.

5. Circulatory system (cardiovascular system, CVS)Its organs are heart
and blood vessels. The function is pumping blood through the body to supgly it wi
oxygen and nutrition and remove metabolic wastes.

6. Respiratory system.Includes the pharynx, larynx, bronchi and lungs.

7. Digestive (gastrointestinal) systemlt includes digestive glands, mouth,
esophagus, stomach, intestines. The system performs mechanical and chemical pro
cessing of food.

8. Reproductive systemincludes the female (ovaries, fallopian tubes, uterus,
vagina, mammary glands) and male (testesgeferens, seminal vesicles and pros-
tate) sex organs that provide human reproduction.

9. Urinary system.Its organs are kidneys, ureters, urinary bladder and urethra.
The system is necessary for the fluid and electrolyte balance and excretion of urine.
Reproduetive and urinary systems referred sometimes to as genitourinary system.

10. Endocrine systemProvides chemical communication within the body us-
ing hormones made by endocrine glands such as the hypothalamus, pituitary gland,
pineal body or pineal gland, thyroid, parathyroid and adrenal glands.

11.Lymphatic system. It is a network of lymphatic vessetsd nodes in-
volved in the transfer of lymph between tissues and the blood stream.

These systems form theiman body. The body consists of body parts: head,
neck, trunk, upper limbs (arms), lower limbs (legs).

The human body has thoracic and abdominaltiesvivhich are separated by
the diaphragm. Abdominal cavity contains stomach, intestines, liver, kidneys and
reproductive organs. The heart, largest vessels, lungs, trachea and esophagus al
located in the thoracic cavity.

2.BONE TISSUE. THE STRUCTURE OF BONES

Bones together with muscles comprise the human musculoskeletal system.
Chemical composition of bone: 30 water, 12.%946 proteirs, 21.8% of inorganic
saltsand 15.7%6 of carbohydrates and fats.
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Bones arenade of bone tissue (hard connective tissue) which consists of bone
cells andextracellular matrixThe etracellular matrixof bonescontainsorganic
and inorganic componentBhe organic components incluégge number ofibers
consisting of proteirolagen This protein provides elasticity of bones. The main
inorganic componerdf bone extracellular matrix is crystals of the $gitiroxyap-
atite (Caio(PQy)s(OH),). It gives bones their strength

Bone cells are of 3 types:

I Osteocytesre mature bone dslwhichproduce extracellular matrix

I Osteoblastaire bone cells that divide to form new osteocytes;

I Osteoclastare cells of the bone that break down old osteocytes.

Bone tissue can be organized differently

I Spongy bondooks similar to spongeit consists ofstructures called
trabeculaeand spacebetween themlhese spaces are not empty: they corrin

bonemarromwhi ch creates bl ood c ansileandisi®pongy

exposed to the surface of bones

I Compact bone is dense anohfogenous. It formpredominantly the outer
surfaceof bonesCompact bones consist of structural units callsigonsOsteon
Is a multilayer cylinder surroundirtgaversian canatontaining small blood vessels
(fig. 43). Osteons contain osteocytes which are enclosed by extracellular matrix they
produce.

Lamella
Osteon

(Haversian system)  Osteocyte —— S

: Sl N4 “\3
/ X > Ar
Lamellae / " [ | o=
p e (===
- — fo"i b
=~ T ) £
= v HEL 2 ¢
ASY | )
s | : S
X
2

Lacuna
Canaliculus
Central

(Haversian)
canal

Matrix

Sharpey’s
fibers

Blood vessel continues
into medullary cavity

containing marrow
Compact 9

horie Spongy bone
Blood vessel

= Central (Haversian) canal

Periosteum Perforating (Volkmann’s) canal

Blood vessel

Fig. 43.0steons in the compact bone

According to the shape, bones are:

i Long bones: thighbone, humeral bone (upper arm), phalanges and etc.

I Short bones: carpalsgrsals.

i Flat bones: bones of the skull, sternum (breastbone), scapula (shoulder
blade), ribs and etc.

i Irregular bones: zygomatic bone, mandible and etc. Such bones have char-
acteristics of all previous groups.
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Long bone (fig. 44) consists of elongated diedregion calledliaphysisand
two terminal regions calledpiphysesGrowth of bones in length is provided by
cartilage that between the diaphysis and epiphysis. In adults it ossified (turned into
bone tissue) and the bones of adults do not grow.

Each efphysis consists of spongy bone and contains red bone marrow which
produces blood cells. An epiphysis has the region that is jointed with other bones
and covered with smooth hyaline cartilage.

The diaphysis has a cavity which is filled with adipose tigsugellow bone
marrow. The surface of the diaphysis is covered p&hosteumPeriosteum con-
tains nerves and blood vessels; it is connective tissue. Periosteum provides bone
grows in thickness due to division of its cells.

- gg::gy . _____——Spongy bone
) /ox el 2o ¢ _,/3'/::_ ___——Compact bone
Proximal — /.- R . . N, - Articular
epiphysis ¢ 5072 - Articular \ s Y | cartilage
L X \ cartilage Dla JAS ‘
[ | fsbies — Epiphyseal S
| ' line ; A
| { |— Periosteum
5 - Compact bone -
Z’,‘"—L——Medullary
BT cavity
. ; RN Yellow
Diaphysis — LT ) bone marrow
i'\A/ 5 Compact bone ———
‘ | Periosteum ‘
| Perforating
U fibers
Nutrient
L ( \ arteries
Distal (=
epiphysis | |

Fig. 44. Thestructure of log bone

Most of bonesn the human bodwre comected to other bone$here are3
types of bone connections:

i Immovablgsynarthrosikis a connection that allows very little or no move-
ment It occursin two ways:bones may interlock viautures(e.g.connection of
skull bonesjhandaccretiond fusion of bonesd.g.sacral vertebrae).

i Semi movabl¢éamphiarthrosisis a connection that allows slight mobility.
In case of suchonnectiortwo or more bones are fused with cartilage between them
(connection othesternunto ribs, vertebraén the spine)

I Movable(diarthrosi3. Movable conne@n of bones is callesynovialjoint
(or articulation).

A synovialjoint consists ofarticular surfaces of bonegoint capsule joint
cavityandsynovial fluid(fig. 45). Such pint connects several bon@hesurface of
one bonanight beconvex(ball) and that of the othemneis thenconcave(socke}.
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Articular surfaces of bones are covered
with cartilage which facilitates the
movement of the bones.
Synovial jointis enclosedvith the
(filled with joint capsule The cavity inside the cap-
mxcﬁvial 4 2B\ synovial sule is called thgoint cavity. It is filled
NS membraniJolnt with synovial fluidthat reduces friction

Bursa

Joint cavity\

capsule
&'ﬁiﬁ‘;'éé betweerpof bones.

Tendon Synovial pints are between the

'('Fibrous ] thigh bone and shin, between the bones
S

~ Mombranous| Periosteum Of theupper armand forearm. Examples
= layer of joints: knee, hip, shoulder, eloow and

others.Synovial pints are fixed with lig-
aments.

Bone

Fig. 45. The anatomy of synovial joint

3. THE SKELETON OF HUMAN

Skeletonis the passive part of the tmmotoy system. The human skeleton
consists of more than 200 bon&ke bone®sf the skeleton are grouped ime}jions
head skeletofskull), axial skeletor{skeleton of the trunkappendicular skeleton
(skeleton of limbswith their girdles.

The skeleton of the head is skull. It has i@gions the neurocranium(cere-
bral cranium) which encloses the brandviscerocraniun{facial craniun). Eight
bones comprise theeurocraniun(fig. 46, a):

I 2 parietal bones;
I 2 temporal bones;
i frontal bone;

I occipital bone;

i ethmoid bone

i sphenoid bone.

Frontal (1) (Parietal (2) Nasal (2)

Sphenoid ' \
(1) / _ Temporal Lacrimal (2)
\ (2) Palatine (2)
Ethmoid \§ .
Wyl e ‘ Inferi |
g i,
4 ~Zygomatic (2)
Occipital
(1) Maxilla (2)
P S Mandible (1) Vomer (1)
a b

Fig. 46.Bones of the neurocraniura) @nd visceral craniunio)
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Fourteen bones and the hyoid bone formvikeerocraniunifig. 46, b):
i 2 maxillae (bones of the upper jaw);
I 2 zygomatic bones (cheekbones);
I 2 nasal bones;
i 2 lacrimal bones;
I 2 palate bones;
I 2 inferior nasal conchae;
I mandible (lower jaw);
T vomer,
T hyoid (sublingual) bone.
All bones of the skull are connected via interlocking sutures (except the ma
dible which is connected with synoviaints).
The axial skeletonforms thespineandthorax The spingor vertebral col-
umn is composed of 334 vertebrae and has 5 regions (fig):
I cervicalregion (7 vertebrae);
I thoracic region (12 vertebrae);
i lumbar region (5 vertebrae);
i sacrum thebone composed of 5 vertebrae which are fused together);
T coccyx(the bone composed df 5 vertebrae which are fused together

Vertebral
body

Vertebral
arch

Spinous Transverse
process process
\ Sacrum (5, fused)
Coccyx (4, fused)
a b c

Fig. 47. The structure of human vertebe éndvertebral columrib, ¢

Each vertebra consisté body, arch, and severgbrocessesBetween the ver-
tebral bodiesareintervertebral discsThey consist of fibrous cartilag&here is a
hole between the vertebral body and vertebral #&ltithoseholes of vertelal col-
umnform vertebral canawherespinal cords situated
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The first cervical vertebra is also known as dfias. It has no body. The sec-
ond one is thaxis. It extends up into the atlas and allows the head to rotate from
side to side on its axisluman spine forms four physiological curves.

I Lordosisis ananterorly convex region of the spine. Human spine has cer-
vical and lumbar lordoses.

I Kyphosisis theanteriorly concave regioaf the spine Human spine has
thoracic and sacral kyphoses.

These physiological curves reduce shockgewalking, jumping and ruring
and increase theolumeof the chest and pelvis.

Each of twelve thoracic vertebrae has a pair of riles,human h&l12 pairs of
ribs. Thoracic vertebrae, ribs and sternum fornctiest(or thoraxthoracic cagé.
There are 3 groups of ribs (fig8):

o i True (vertebrosternal) ribg1i7 pairs)d
their anterior ends are attached to the sternum
through cartilage.

i False (vertebrochondral) ribg8i 10 pairs)
their front end joins the cartilage of the previous rib.

i Floating ribs(11i 12) pairs are not connected
with the sternum and other ribs. Thainteriorends
freely lay in the tissues.

Chest contains the heart, great vessels, lungs,
trachea, and esophagus. It is involved in the respira-
tory movements.

The appendicular skeletonincludes bones of
girdlesandlimbs

The pectoral girdleconsists oftwo scapulae

Fig. 48 Thorax and twoclavicles

The upperimb consists of the upper arm, forearm and palm. The bone of
the upper arm is thieumerus the forearm includesadius andulna. The bones of
the palm are divided into 3 groups. Eight bones of the waatpélg form
thecarpus Distal to the carpals are the fineetacarpalsDistal to the metacarpals
are the fourteen bones jgiialanges

The pelvic girdleconsists of two pelvic (coxal) bongsown to the sacrum.

The lower extremitgonsists of the upper leg, lower leg and foot. The bone of
the upper leg i¢emur, thoseof the lower leg argibia andfibula. The groups of
bones in the fooaretarsals(compose tarsusinetatarsalycomposemetatarsus
andphalanges

The functions of the skeleton: it supports the body, protects underlying or-
gans, and provides mobility dhe body. In addition, blood cells are formed in
bones skeletorand takes part in calcium balance.
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4. MUSCLE TISSUE

The other part of musculoskeletal system is musdiésscles ardehe active
part of the system. Human have more than 600 skeletal muBolgsther they may
accountbout 40%of abodyweight. Muscles are composed of muscle tissue. There
are3 major types omuscle tissue:

1. Smooth muscle tissueonsists of small elongated celsach cell has a
single nucleus and contractpeoteinfibersd myofibrils The length of such cell
Is on average 0.1 millimeter. Smooth muscle tissue is situated in walls of almost
regions of digestive system (from esophagus to large intestine) urinary bladder,
bronchioles, bile ducts, uterus and blood ves3die. muscles which elevate hair,
change the size of pupil and the shape of lens in eyes are also smooth. The contrac
tions and relaxations of smooth musclesiav®luntarly. The contraction of such
muscles is slower than that of other muscles, but theyrtare slowly.

2. Striated skeletal muscle tissueonsists of cells called muscle fibers. A
muscle fiber is several centimeters in length (may reath21.6m) and 501000 m
in thickness. Such cells have many nuclei and many myofibrils. Myofibrils are long
and consist of repeating regions with thin and thick fibers of proéeinsandmy-
osin The alignment of myofibrils in striated musclgsit not in the smooth ones)

Is very accurate: the regions of thick and thin fibers of one myofibril are near same
regions of the otheBecause of this all the cell looks bandedtiated This ap-
pearance of cells gave the name to the tisStreated muscles work voluntarily,
contract and tire more quickly than smooth muscles.

3. Cardiac muscle tissuas a specialized form of striated muscle tissue. The
word ¢cardia@ meang;of the heag. Cardiac muscle is named so because it is pre-
sent only in the heart. The length of a cardiac muscle cell is approximately 0.1 mil-
limeter, but the chains they form domg. Each cell has one nucleus. Cardiac mus-
cles workinvoluntarily. This muscle works all the life but does not tire as periods
of contraction alternate with relaxations.

-
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Fig. 49.Photographs and diagrams ai@oth @), skeletal k) and cardiacd) muscles
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Muscle fibers ofstriated muscles fornbundles
called fascicles A group of fasciclesforms a skeletal
L-Tendon muscle. There are thin layers of connective tisaver-
ing fascicules. A muscle is alsmvered withcapsule
consisting oftonnective tissue

A muscle consists of thebelly and tendors
(fig. 50). Belly consists of muscle tissue while tendon is
connective tissueThe tendonsatach muscle bellyo
bones.All ends of muscles are commondftached to

W feoan bonesthough thereare exceptionsmimic muscls (re-
‘ sponsible for facial expressiongje alsoattached to
Fig. 50. Skeletaimuscle  skin.
According to the shape, the skeletal muscles are:
I long (muscles of limbs) and short (intercostal muscles);
I wide (muscles of abdomgn
I thick and thin (deep muscles of the back);
I biceps, triceps.
According to the function, skeletal muscles are:
I flexorsd located in front of joint (biceps);
I extensor® located behind the joint (triceps);
I adductor® located medially from the joint;
i abdudorsd located outside from the joint;
I rotators aresituated inwardlyand outwardly.
According to the location, skel-

Fusiform

.

Belly

{

etal muscles are: termeuron Receptors (§ 47
i muscles of the head (chewin iy = in skin %j@

or massetgmimic); y K 7 ’\T\\ \f\’rﬁt
i muscles of the neck; A S | - H\\‘ﬁ e )

i muscles of thehest; AP W\ neuron [
i abdominal muscles; ) SIVE— .\
i muscles of th@ack(or dorsal =~
muscles)
I muscles of the limbs and gir
dles

Muscles contain blood vesse Fig. 51 Reflex arc providing muscle contractio
which feed them, nerves and nerve
terminations (receptors).

The work of muscles is their contraction It requires energyATP). Muscle
work has a reflex characté&teflexis an automaticesponse of the body &stimulus
with participation of the nervous systefrhe environmental stimulus causes exci-
tation ofreceptors This excitatior{impulse)is transnitted through theensory neu-
ronsto intercalary neuronsof the spnal cord and thethrough themotor neurons
to themuscle(fig. 51). Thiscausesontraction of the muscle
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The path of the nerve impulse during this process is called a reflex arc. Reflex
arc consists of receptor, sensory (afferent) nguntercalary neuronterneuroiy,
motor (efferentneuron, and muscle (effector).

Skeletal muscles are innervated by the somatic nervous sitgteoaides vol-
untary control of muscles$n addition, tle muscles armnervated by the autonomic
nervous systelitmatregulates their metabolism and contractility

The central nervous system (CNS}mportant role in the regulation of mus-
cle activity: the midbrain regulates tonus of muscles and cerebellundesdoal-
ance and coordination.

Functions of muscles:

i shape the body (together with the skeleton);

i provide posture and movemaeaftthe body;

i provide breathing, eye movements, chewing, swallowing, facial expres-
sions;

I participate in the formation of speech;

I provide joint stability and heat production.

5.INTERSTITIAL FLUID , LYMPH AND BLOOD

In 1878, a French physiologist Claude Bernard introduced the concept of the
internal environment of the body.

All cells of the body require the supply of nutrients an@ the removal of
waste products. The connection between the respiratory, digestive, urinary organ
systems and all the cells of the body is provided by means of internal
environment of the body (blood, interstitial fluid, lymph).

Interstitial fluid is the fluid foundbetween cells outside vessdtoriginates
from blood plasma after filtration through capillaries. It contauader, salts, all
major groups of organic substanceserzymes, hormone<ellular productand
etc. In the organism of aadult its volume is approximately 20 liters. The fluid
bathes and surrounds the cells of the body and provides a means of delivering ma-
terials to the cells, intercellular communication, and removal of metabolic wastes.

Lymph is transparenliquid in lymphatic vesseldts chemical composition is
similar to blood plasma, biitcontairs less proteindt does not contain cells except
lymphocytes Lymph originatesfrom interstitial fluid and moves through the lym-
phatic vessels (figg2). Numerous Iynph nodes are located along lymphatic vessels
Lymphocytes are arrived into the lymph from lyraphatic nodes. Thiargest lymph
vesseldguse into thehoracic and right lymphatic ducts that empty weesels joining
thesuperior vena cava.bdut 1 3 liters of lymph returto blood per day.

Functions of lymph are distribution of water in the body (prevent edema) pro-
tection of the organism (immune response).
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Cervical lymph nodes

Right jugular trunk Left jugular trunk

Right lymphatic duct
Right subclavian trunk

Left subclavian trunk

Right subclavian vein Left subclavian vein

Axillary lymph
nodes

Thoracic duct

Cisterna chyli
Left lumbar trunk

Intestinal trunk —; : ‘ Jﬁ Inguinallymph nodes

Fig. 52. Lymphatic system

Blood is a liquid connective tissue which is the main part of human internal
environment. Its volume in the boady an adultis approximately 66 liters so it

constitutes 78 % of body weight.
Blood consists of the liquid intercellularaterial that is calledlasna (fig. 53)

and formed e@ments (ie. blood cells)

7% proteins (albumin,
globulins, fibrinogen)

' Water 92%

1% salts, wastes,
nutrients, hormones,

Plasma L

E5% dissolved gases
4.8% platelets
0.1% white

Farmed

aelements blood cells

45%

Fig. 53.The composition of blood

Plasmais colorless liquid which contains water (9@ %), minerals (calcium,
potassium, sodium) and organic substances (fats, proteins, carbohydrates).
There are 3 main types of blood ce#isythrocytesleukocyteandplatelets
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Erythrocytes have a shape of biconcave dis &
Om i n di ad.eThey have(nd nugeud
asit is extruded from the cells as they matura

All the erythrocyte is filled withron-contacting ’Q
proteinhemoglobin which is able to hold oxyge Q,C\‘ )
and carry it to cells. Due to hemogloland its
iron, blood is red.Red blood cellshave high & P Sy S
plasticity alowing them to squeeze through the Fig. 54. Red blood cells

capillaries without breaking.

As all blood cells, erythrocytesre produced in the red bone marraey
circulate in bloodapproximately 120 days before being destroyed in the liver, bone
marrow, or spleen. The iron from hemoglobin is recycled. lidereof blood con-
tains 451 10" erythrocytes.

The function of red blood cells is transpditheybring O, from lungs to tissue
and organs and take Gfdom tissues and organs to the lun@gygen is transported
by binding tohemoglobin, carbon dioxide can also bind with hemoglobin, but it also
interacts with water forming HCfions.

I Hemoglobin bound with @s calledoxyhemoglbin.

I Hemoglobin bound with C£s calledcarbhemoglobiror carbaminohemo-
globin.

i Carbon monoxide (CQjantightly bind withhemoglobirandform carbox-
yhemoglobinAs the connection of CO with hemoglobin is very strong it is not eas-
ily released and does not let hemoglobin bind with oxygecumulation of car-
boxyhemoglobirmay cause gradual suffocati©O has no color or smell and even
low concentrations of this gaare life threatening.

Leukocytesor white blood cellgfig. 55) are of several type&asophils eo-
sinophils neutrophils(they are callegranulocytesdecause of their appearance),
monocyteslymphocyteqthey areagranulocytes Leukocyteshave norconstant
shapeUnlike erythrocytes, they have nucle@es of differentwhite blood cells
vary from 6 to 25 micrometerkeukocytes can move due ¢atensions of the cy-
toplasm calledpseudopodiaThere are approximate/5 91 10° of white blood
cellsin one liter of blood of a healtdultman(most of them are neutrophils)

Granulocytes Agranulocytes

Basophil Eosinophil Neutrophil Lymphocyte Monocyte
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Fig. 55.White blood cells
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Leukocytes are produced in the red bone marrow and maturate in spleen,
lymph nodes.Granulocytes live2i 4 days agranulocytes can live much longer
These cells ardestroyed in the spleen and lymph nodes.

White blood cells are components of thenune systerwhich protects the
body from bacteria, viruses, foreign macromolecules, foreign bodies, tumors. Dif-
ferent white blood cells can engulf foreighjects by phagcytosis or release en-
zymes from granules in their cytoplasm. One type of lymphocitesl(g produce
protective proteins called antibodies. Antibodies bind to foreign molecules to neu-
tralize them and facilitate their phagocytosis.

_ Thrombocytes (platelets).One liter of

Agiivatec platclets blood contains 80i 4501 10° platelets. Like
erythrocytes, they doat havenucleus. Their
shape isrregular;sizes are of I5 microme-
ters (fig.56). Thrombocytes are formed in the
bone marrow by special cells. Life spanis 8
11 days. Destruction of platelets occurs in the
spleen.

Function of thrombocytes is participat-
ing in blood coagulation (clotting) to protect
the body from blood loss during lel@ings.

Functions of blood are transport, protec-
tion and regulation.

Transport function consists in carrying
the following:

i oxygen (Q) and carbon dioxide (C) between the lungs and rest of the

Fig. 56. Thrombocytes

I nutrients from the digestive tract and storages todbkieof the body;

I waste products to be detoxified or removed by the liver and kidneys;

I hormones from the glands in which they are produced to their target cells;

i heat to the skin to help regulate body temperature.

Protective function is the role of theobld in inflammation:

I leukocytes (white blood cells) destroy invading microorganisms and cancer
cells;

I antibodies and other proteins destroy pathogenic substances;

I platelet factors initiate blood clotting and help minimize blood loss.

Regulative function ofhe blood is its control of:

I pH by interacting with acids and bases;

i water balance by transferring water to and from tissues

6. CIRCULATORY SYSTEM . THE STRUCTURE AND FUNCTIO NING OF THE HEART

Circulatory (cardiovascular) systemis the system which circales blood. Its
structural components are the heart and blood vessels.

60



The heart is a muscular organ which is the central organ of the circulatory
system. It is located in the thoracic cavi&g the left) in a sac which is call@eri-
cardium The pericartim consists of connective and epithelial tissues. It secretes a
fluid that reduces friction during heart beating. Therefore, the function of the peri-
cardium is to protect the heart.

Weight of the hearts 200/ 300 grams. The wall of the heart consists of
3 layers:

T endocardiums the inner layer made of epithelial tissue;

I myocardiumis the thickest middle layer which consists of cardiac
striated muscle tissue;

I epicardiumis the outer layer that consists of connective tissue covered with
epithelium.

The hunan heart ha®ur chamberdeft and right atria and left and right ven-
tricles (fig. 57). There are openings with cuspid valves between the atria and ven-
tricles. The valve between the left atrium and the left ventisdbecuspid (has two
cusps)l t abosher name isitral valve.Between the right atrium and right ventri-
cle isthe tricuspid valvéhas three cusps).

Aorta

Left Pulmonary Artery

Superior Vena Cava
Left Artrium

Right Pulmonary Artery ==
Left Pulmonary Veins

Pulmonary Trunk
Right Atrium

Mitral (Bicuspid) Valve
Right Pulmonary
Veins

Fossa Ovalis

Pectinate Muscles
(Horizontal Muscle Ridges)

Tricuspid Valve

Right Ventricle

Chordae Tendineae
(Held by Papillary Muscles)

Aortic Semilunar Valve
Pulmonary Semilunar Valve

3 Left Ventricle
Q Papillary Muscles
— —Interventricular Septum

\ ,\J:Epicardium
' -\ ——Myocardium

Endocardium

Trabeculae Carneae
(Irregular Muscle Ridges)

Inferior Vena Cava

Fig. 57. The amatomy oftheheart

Blood is alwayspumpedfrom atriato the ventricle and tendon threads that
keepthevalvespreventeverse movement of blood from ventrigte the atra. Due
to these tendons the valveanoopen only to the ventricles.

Each chamber is connected with large blood vessels:

i superior and inferiovena cavgoin the right atrium;

i 4 pulmonary veingeliverbloodto the left atrium;
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I pulmonary trunkbegins from the right ventrickend then divideinto 2 pul-
monary arteries

i aortacarries bloodrom the left ventricle.

The heart muscle is fed with blood due 2ocoronary arteries which
branchfrom the aorta.

There are semilunar valvdsetweenthe pulmonary trunkpulmonary valve
andright ventricle and between left ventricdad aorta(aortic valvg. Semilunar
valves do not allow blood return from these vessels back to the ventricles.

The work of the hearis its contraction. It works rhythmically and e®
70i 75 beats per minutéat rest). Consequently, one cardiac cycle lagisroxi-
mately 60/75= 0.8 secondsCardiac cycle consists of three phases:

1. Atrial systole(contraction of the atria) 0.1 sec Both atria contract and
blood they contained is pumped to the ventricles.

2. Ventricular systolécontraction of the ventricle§) 0.3 secVentricles con-
tract and eject their blood to the vessels (aorta and pulmonary trunk).

3. Diastole(total relaxation)d 0.4 secDuring this period, atrium and ventri-
cles are relaxednd blood from atria fills the ventriclégg. 58).

- | - ; '-\
Left atrium —;;i—;: \’f\'—,. ,',‘ N/ )
Right atrium f=¢ PN f\ | g s

Left ventricle

|
5 2 7 ‘h. \ \) / \ J
Right ventricle _&\‘\-‘é,/ /r\\ W, D

Ventricular Atrial Isovolumetric Ventricular Isovolumetric

filling contraction contraction phase  ejection phase relaxation

L J L 3R ]
(Ventricular filling) Ventricular systole Early diastole
mid-to-late diastole (atria in diastole)

Fig. 58. The sages of the cardiac cycle

Period including systolef the atria and ventriclgslus the overall pauseis
cardiac cycleDuring the cardiac cycle, the atria work 0.1 seconds and aredelax
0.7 seconds. Ventricles wotk3 seconds anest0.5 seconds. Therefore, the heart
does not get tired and works all life.

The work of the heart is regulated thye autonomic (vegetativagrvous sys-
tem.The sympathetic nervous system enhances and accelerates the heartbeat. The
parasympathetic nervous system slows the h€haete are biologically active sub-
stances such as hormones and ions which regulate heart functioning.

Regulation otthe heart with participation dformones is calledumoral reg-
ulation. Epinephrine (adrenal hormone) and calcium ions enhance the heart func-
tioning. Acetylcholine and potassium iodspress the heart activity.
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7. THE STRUCTURE OF BLOOD VESSELS. CIRCULATION OF BLOOD IN THE BOD Y

Heart contracts to pump the blood to the blood vessels. There are three types
of blood vessels (figh9) in the circulatory system: arteries, capillaries and veins.

arteriole

inner layer

middle laye

outer layer

Fig. 59. Blood vessels

Arteries are the vessels that carry blomdm the heart to organs and tissues.
The largest artery in the human body is the aortadqi@. 8liameter). In arteries, the
blood moves undehigh pressure. Arterial wall has three layers: the outer one is
made of the connective tissue; the middle layersis of smooth muscles and
elastic fibers; the inner one is epithelial tissue. Such vealistrong and elastic.
Large arteriebranch ouinto smallerarteries;they branch out intarteriolesand
the arteriolesnto capillaries.

Capillaries are thesmallest blood vessels which connect the small arteries and
veins. Their wall consists of a single layer of epithelial cells. Diameter of capillaries
Is about 7 micrometers and wall thickness is about 1 micrometer, length7.2
mm. The total crossectio area of all capillaries of the body is 6308. m

Exchange of substances and gases occurs through the capillary walls:

i Oz and nutrientgliffusefrom blood to tissug

i various metabolites (including metabolic wastes) andf@n tissus enter
the capillares.

Veins are the vessels that carry blood from the organs and tissues to
the heart. On the analogy of arteries, the wall of veins has three layers: the layer of
connective tissue, of muscle tissue, of epithelial tissue. Vein wall is thinner than the
artaial wall. The blood pressure in the veins is mutdwer than in
arteries and even negative in the vena cava. To prevent reverse blood flow, veins
have semilunar valves.

The movement of blood through the vessels is called circulaiibthe ves-
sels inthe human bodpelong tosystemic (greater) and pulmonary (lesser) circula-
tions.

The systemic circulation(fig. 60) begins in the left ventricle and ends in the
right atrium. The left side of the heart contains arterial (oxygenated) blood.
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Capillary beds

- PV \
of lungs where
/r{ “if& ‘,\\\ gas exchange
<= occurs
Pulmonary
Circuit

Pulmona N — Pulmonary veins
arteries

- , . Aorta and branches
Venae cavae f

( ) = Left atrium
Right atrium~ J \

Left ventricle
e Heart

Right ventricle
Systemlc Circuit
J’« "
‘( V}

A (g .
[l Oxygen-ich, \F % Capllla_ry beds of all
CO,-poor blood body tissues where
gas exchange occurs

[l ©xygen-poor,
CO,-rich blood

Fig. 60. Pulmonary and systemic circulations

Arterial blood contains nutrients and a lot of oxygen. During the contraction
of the left ventriclearterialblood is pumped into the aorta and then through arteries
to organs. Arteries of the orgabsanchoutinto capillaies. Oxygen and nutrients
pass into the tissue through the capillary walls while metabolites and carbon dioxide
are absorbed.

Capillary blood is collected in small veins which unite into two large \&ins
the superior vena cava and inferior vena caese veins carry venous blood into
the right atrium. The right side of the heart contassous (deoxygenated) blood.
Venous blood contains a lot of metabolites and.C®ere is arterial blood in all
the arteries of the systemic circulation, and vermaoasd in all the veins.

The pulmonary circulation starts from the right ventricle and ends in the left
atrium. From the right ventricle, venous blood is pumped in the pulmonary trunk
which split into two pulmonary arteries carrying blood to two lungs. In the lungs,
arteriesbranchinto smaller arteriesghen into capillaries. Capillaries surround the
alveoli, where gas exchange takes place: exit of carbon dioxide and absorption of
oxygen.

Arterial blood comes back to the hearttbg four pulmonary veins and gets to
the left atrium. There is venous btbin all arteries of the pulmonary circulation
and arterial blood in the veins.

8. RESPIRATORY SYSTEM

Breath (respiration) is a process that provides the gas exchange between the

organism and the environment. As a result, oxygen enters into the cellarbod c
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dioxide is removedThe respiratory system is the orgarstem which providethe
exchange of gases between the organism and the environment. It congispsrof
atory tract (airways) and respiratory organs (lungs).

The respiratory tract includes thenasal cavity pharynx larynx, tracheag
bronchiandbronchioles

Air passes through the nostrils and enterstisal cavity The nasal cavity is
divided into the right and left halves by an osteochondral partition. Each half has
three nasghassages (meatuses). The canal of lacrimal gipads to théower na-
sal passage. Epithelial membrane of the nasal cavity contains cilia, glands and many
blood vessels. Epithelial cilia and mucus of the glands clean the air of dust and hold
microbes; blodwarms air. The nasal cavitpntains olfactory receptors perceiving
various odors

Air passed$rom the nasal cavity into thgharynx (nasopharynxoropharynx,
laryngopharynxjand other parts of the pharynx, then into the larynx. Openings be-
tween the nasal cavity and the nasopharynx are called choanae

The larynx consists of cartilage and muscles (6@) and its cavity is covered
by mucous membrane (mucosa).

' Epiglottis Epiglottis

"8 Hyoid bone —__ \ i Hyoid bone

Epiglottic cartilage
Fat pad

Thyroid cartilage

Laryngeal
prominence

Cuneiform cartilage
Corniculate cartilage
Vestibular fold

Thyroid cartilage _\F »

Arytenoid
cartilage

Shcokd cartinge U Arytenoid cartilage

— ' Arytenoid muscle —

#\‘4 - Cricoid cartilage/

1
!\ ‘._:_.*"r/ k\)‘ :
\ B [ \J ] @—Tracheal cartilage
1 e
\_—/ _ — \J-‘._/ |
(a) Anterior (b) Posterior (c) Midsagittal

Fig. 61. The amatomy oflarynx

The epiglottic cartilage (epiglottis) closes thetrance tahe larynx during
swallowing. There are 9 cartilages in the larynx:

i thyroid cartilage, cricoid cartilage and epiglotsm@lecartilages);

I 2 arytenoid, 2 corniculatend2 cuneiformcartilages (paired cartilages).

There is a vocal apparatimsthe larynx. It consists ofocal cords and glottis.
The vocal cords are stretched from the arytenoid carsifagene thyroid cartilage.
Hole between the vocal cords is the glotiice occurss a result of vibrations of
the vocal cords during expiration.
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At the level VI VII cervical vertebrae, the larynx proceeds intotthhehea d
a tube which consists of MBO cartilaginous semirings. Its length is
approximately 1013 centimetes.

The end of the trachea divides ima bronchi which consist of cartilagious
rings. The bronchi enténe right and left lungs. In the lungs, the bronchi branch out
to form the bronchial tree. These smsalléronchi branclnto bronchioles. The
walls of the bronchioles have muscle fibers. At the ends of the bronchioles are the
alveoli. Alveolar diameter i9.210.3 mm.

Lungs Their walls consist of a single layer of epi-
i e thelial cells. Lungs cadain 300'400 mil-
e s lion aveoli. In the alveoli gas exchange oc

o =2 | lion : -
Right bronchl_/ SDL | 7N ft bronchi 0 9 9

V- VS O : cursd they are surrounded by blood capil-
Secondary ‘.g\_ >3 e 3 Iaries.
“ L Lungs (fig. 62) are in thehoraciccav-
ity. Each lung haapexandbase Bronchi,
blood vessels and nervesiterthe lungs
- N throughthe roots oflungs on themedial
y surface.Lungs consisof lobes the right
lung has three lobes, the lefted 2 lobes.

A serous membrang@leura covers
lungs The pleura consists of two layers: the external (parietal), which lines the
chest, and internal (visceral) covering the luidgween the layers is a pleural cav-
ity filled with pleural fluid.

Inhaled air with Q enters the alveoli. Gas exchange occurs according to the
diffusion law. Gases go from the region of higher pressure to the region of lower
pressure. Oxygen from the ableenters the blood and bind with the protein hemo-
globin while carbon dioxide come out of blood to the alveoli and then removed from
the body with exhaled air through the bronchioles, bronchi, éatarynx, pharynx
and nasal cavityDuring the gas exemge taking place in the lungs blood becomes
arterial (oxygenated).

Arterial blood leaves lungs and through the pulmonary veins enters left atrium
of the heart. It is then pumped into the left ventricle and then into the aorta. Through
the arteries of thgystemic circulation, blood goes to the internal organs and tissues.
Gas exchange occurs between arterial blood and cells of internal organs: oxygen
goes from the blood to the cells while carbon dioxide goes from the cells to the
blood and bid with hemoglobin to form carbhemoglol{icarbaminohemoglobin).
Blood becomes venous (deoxygenated).

Venous blood is collected into upper and lower cava veins from the veins of
the systemic circulation and then flows into the right atrium, right ventiidie.
ventricle pumps the blood into the pulmonary trunk, pulmonary arteries and alveolar
capillaries of the lungs.

Bronchiolé}r‘, N
e A

Pleura —.

Fig. 62. The anatomy of lungs
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Gas exchange in the lungs is possible due to breathing movednentsla-
tion and exhalation. An adult makesi 18 breaths per minute. Intexstal muscles,
chest muscles and diaphragm are involved in the respiratory movements.

During the inhalation contraction of external intercostal muscles and
diaphragm occurs. Intercostal muscles lift the ribs to increase the volume of
the chest and thuke volume of the lungs. The pressure in the lungs becomes lower
than the atmospheric pressure. This makes the air go to the lungs through the air-
ways. During exhalation external intercostal muscles and diaphragm
relax. The ribs are omitted and the voluaidhe thorax and lungs decreasgsis
increaseshe pressure in alveoli and makes the air leave the lungs.

The medulla oblongata provides tiervous regulatiomf respiration (the res-
piratory center issituatedthere). Inhalation reflexly causes exhma and vice
versaHumoral regulatiorof respiration is associated with the concentration of car-
bon dioxide in the blood. Increasing the concentration of carbon dioxide increases
the excitability of the respiratory center and causes rapid breathing.

The main function of the respiratory system is a gas exchange between
the organism and environment

9. DIGESTIVE SYSTEM

Digestive systems the system which breaks food mechanically and chemi-
cally, performs further absorption of useful substances and removal of undigested
material. The chemical processing of
food occurs under the action of e
zymes made by digestive glands. M C.
chanical procssing is performed by ¥ .

Mouth }Salivary

teeth and muscles of the digestr : 1 Sublingual
: Submandibular
tract.

The digestive system consis il
of digestive tract (alimentary cana
and digestive glands (fig. 63). A Esophagus

The regions of the alimentar
tract aremouth oral cavity, pharynx L B il
esophagusstomach small intestine roricdh )
and thelarge intestinewhich ends Gcaibiaddger LANP Spie
with anus The digestive glands ar  Budenm — %2 (gads —
salivary gland, pancreas, liver, glan ™"« S| (ransverse coon)
of the stomach and intestine.

The oral cavity is bordered by
lips, cheeks, palate, tongue and mt - —
cles of the mouth bottom. Thereea Appendis-
teeth on the upper and lower jaw

Small intestine

Sigmoid colon

Fig. 63. The anatomy of the digestive systel
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Adult humans have 32 teeth:icisors 4 canines 8 premolarsand 12molars
(fig. 64). Atooth consists of 3 regiongrown, neckandroot. Teeth are laid down
during embryonic development, but commonly absent in newborns. First baby teeth
(or milk teeth) usually appear in & month after the birth. From the age of 6 years,
they start to replace by permanent (secondary) teeth.

There is a cdaty inside of the tooth. Its content is calle@@p. Pulp consists
of loose connective tissue, blood vessels and nerves. Other parts of the tooth consist
of dentin which is covered bgnamebn the crown. On the neck and root, dentin is
covered withcementum The shape of teeth of different types corresponds to their
role in food mastication.

Central Incisor 7-8 yrs.
Lateral Incisor \ / 8-9 yrs.
Canine s / 11-13 yrs.
’ . 10-12 yrs.

11-13 yrs.
6-7 yrs.

12 -14 yrs.
17 - 25 yrs.

First Premolar
Second Premolar
First Molar
Second Molar
Third Molar

17 - 25 yrs.
12-14 yrs.
6-7 yrs.

11-13 yrs.
10-12 yrs.

Molars

Premolars

Canine — % ___ 9-11 yrs.
7-8 yrs.
6-7 yrs.

e /?7 \

Fig. 64.Human teeth

In the oral cavity isongued a muscular organ covered with a mucous mem-
brane. The tongue regions ao®t, bodyandapex.The mucosa ofhe tongue has
taste bud® groups of cells including taste receptors. Humans can feel five tastes:
sweetness, sourness, bitterness, saltiness and umami (the taste of glutamic acid).
The tongue manipulates food in the mouth, determines the taste anddherfe
perature, participates in the swallowing and formation of speech.

There are three pairs sélivary glandsparotid, submandibularand sublin-
gual. Their ducts open in the oral cavity. They secrete saliva which moistens food
and contains digestive gnnes.

Functions of the oral cavity are:

i breaking food into small particles by mastication, mixing it with saliva,;

I beginning chemical processing;

i determining the taste of food;

i formation ofbolus(ball-like mixture of food and saliva) and swallowing.
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Ingestion(swallowing is a reflex act which propels bolus to the esophagus.
During swallowing, muscles of the pharynx contract, the epiglottis closes the en-
trance to the larynx and food bolus moves into the esophagus. The center of swal-
lowing is situatedn the medulla oblongata.

Esophagusis a muscular tube that links the pharynx with the stomach. Its
length is about 25 centimeters. Contraction of esophageal muscles pushes bolus intc

the stomach.

Stomach(fig. 65) is a muscular organ located in the upgpgrquadrant of the
abdomen below the diaphragm. Its volume i3 2. kers. The regions of the stom-
ach ardundus cardia, body, andpylorus

There are lesser and greater curvatures are on the right and left sides, respec
tively, of the stomach.

The wdl of the stomach consists of three layers: connective tissue (outer), mus-
cle tissue (middle), epithelial tissue (internal).

The gastric mucosa (inner layer) forms folds (rugae). The muscles of the stom-
ach wall are composed of three layers: longitudiciedular and oblique.

There are glands produciggstric juicein the gastric mucosa:
i chief cellssecrete enzymegsepsinandchymosin

I parietal cellssecreténydrochloric aciq

i the cells of thenucousmecksecretanucus

Lower esophageal sphincter

Fundic region
of stomach

Esophagus

Cardiac region
of stomach

Duodenum Pyloric sphincter! Body region
, ‘ of stomach

Rugae
Pyloric canal~/

Pyloric region
of stomach

Fig. 65.Longitudinalcrosssection of stomach

Small intestine (fig. 66) consists of 3 regionduodenumjejunumandileum
Its total length is 67 meters. The length of the duodenum i$ 3bcentimeters.
Ducts of two digestive gland$s pancreas and livéy open into the duoaeim to
release their secretion.

The wall of the small intestine has three layers: mucous, muscular and serous.
To increase the surface of the intestinal wall, mucosa forms about 30 million small
finger-like projections calledilli.
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Each villus containdlood and lymph vessels and is covered with a simple
epithelium. Its function is absorption of nutrients.

Stomach Large intestine
(colon)

Small intestine

Fig. 66. Regions of the small intestine

The mucosa contains glands that secigiestinal juice Smooth muscles of
the intestinal wall have twlayers: the inner (circular) and external (longitudinal).
Their contraction propels food through the intestine.

Liver (fig. 67) is the largest gland in the bodyits weight is about 112 kg.
It is located in the upper right quadrant of the abdominal cavity below the dia-
phragm. The liver consists of four lobes.

Aportahepatif Lat i n ¢l i ver gatomefjhelivesintheoc at ec
center. Vessels, nerves and bile ducts enter the liver here.

Coronary ligament

‘ alciform

ligament

N Round ligament
Gallbladder

Fig. 67. Liver

Gallbladder (biliary vesicle, cholecyst) is a pesinaped sac attached to the bot-
tom surface of the liver which is a storage reservoir for bile. timaelis 4070 ml.

Bile is a yellowishgreen fluid produced by liver cells. Main components of
bile are water, bile salts, bile pigments, and cholesterol.

Bile salts act as emulsifying agents in the digestion and absorption of fats. The
liver of an adult produces approximately 50200 ml of bile per day.

Bile is produced continuously and stored in the gallbladder.
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When eating, it is released to the duagtarthrough the bile duct and enters
the small intestine.

Functions of the liver are:

i protective (barrierp cleaning the blood of toxic substances;

i production of bile;

I synthesis of blood proteins;

I storage of glycogen;

I participation in metabolism gdroteins, fats and carbohydrates.

Pancreasis the digestive gland which produces pancreatic juice. It is situated
in the abdominal cavity behind stomach. Its length isLl5Zm (fig. 68).

Head of Pancreatic

Common bile duct pancreas duct Lobule

Small intestine
(duodenum)

Fig. 68.The anatomy of pancreas

The pancreas consists of a hdaally, and tailPancreatic juiceproduced by
pancreatic cells contains digestive enzymes. It is released into the duodenum while
eating.

Large intestineis theterminal region of the intestine. The length of the large
intestine is 1.62 m, diameter of ¥8 cm. Its regions areecum ascending colon
transverse colojdescendingolon,sig-
moid colon, rectumandanal canal(fig.

69). Muscular layer of the large istene

is bigger than that of the small intestin  Ascending

There cecum has a small outgrow

which is callecappendix The mucosa of

the large intestine has a large number

goblet cells but does not have any Villi  sppengix
Functions of the large intestinare

Transverse

Descending
colon

Cecum

Sigmoid colon

the absorpion of water and electrolyte: Rectum
and the elimination of feces from the c. AR
ganism. Fig. 69. Regions of the large intestine
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10.DIGESTIVE ENZYMES . SECRETIONS OF DIGESTIVE GLANDS

Enzymes are proteirsatalysts: theygpeed updatalyz¢ chemical reactions.
Digestive enzymes catalyze reactions of food breakdown idigi@stivetract. Di-
gestive enzymes are produced by the salivary glands, stomach, pancreas, and intes-
tine.

Properties of digestive enzymes:

1. Specificity. Each enzyme breaks down certain nutri€figs 70).

I Proteasessuch as pepsin, chymosin, trypsin, chymotrypsin, enterokinase,
aminopeptidase, carboxypeptidase can break down only proteins.

I Lipasesare enzymes that break dovVipids.

I Glycosidasesuch as amylase, maltased lactase break dowcarbohy-
drates.

I Nucleasedreakdowmucleicacids

2. Sensitivity tochemical environmeat Many amino acids of proteins have
positively and negatively charges chemical groups. ChangesandHOH balance
may neutralize that <charge whi chAncan
enzyme of gastric juice pepsin is active only in acidic environsnértestinal en-
zymes require alkalinenvironmer.

3. Sensitivity to temperaturd.temperature chages, enzymes become less ac-
tive. Increase in temperatureay cause denaturation of proteins. This means that
proteins lose their normal tridimensional structure necessary for their
functioning.

4. High reactivity. A small amount of enzymesan brealarge amountsof
compound.

Proteases / Endopeptidases Amylase Nuclease Lipase Bile Salts
(digest proteins / polypeptides)  (digest sugars) (digest DNA / RNA) (digest fats) (emulsify fats)
L ]

Proteins — Peptides — Amino acids ~ Starch — Maltose  Nucleic acid — Nucleosides =~ Dietaryfat —  Monoglycerides
Triglycerides Fatty acids

Fig. 70.Groups of digestive enzymes and their effects

Digestion begins in the mouthSaliva theliquid secretion okalivary glands
consists ofvater(99%)minerak and organic substances. The volume of saliva pro-
duced by an aduttepends on the food and is 5Q@800ml per day

Salivary enzymes are:

i ptyalin (amylase);

I maltase.

These enzymes break starch into monosaccharaides (ptyalin into maltose and
maltase into glucose). Salivary enzymes require weakly alkaline environment.
Apart from digestive enzymes, saliva contains the bactericidal enzyme lysozyme.
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In the stomach digestion occurs under the action of gastric juice. This juice
contains hydrochloric acid (HCI) amthzymes:

i pepsin that breaks down complex proteins into Empeptides

i chymosin that curdemilk proteins;

i lipase that acts on the emulsified fats (milk).

These enzymes are active only in the acidic environment. Digestion in the
stomach lasts approximately&hours.

Gastric secretion is controlled meural and humoral regulationHumoral
regulation of gastric juice is provided by hormone gastrin, which is released into the
blood by the gastric mucosa. The cemggulatingdigegion is situatedn the me-
dulla oblongata.

Substances that are absorbed in tmach are glucose, water, dissolved salts,
and somemedicine

Further digestion of nutrients occurs in the small intestine.

Pancreatic juiceand bile are secreted into the duodenum. Pancreatic juice is
alkaline. It containgnzymes:

I trypsin andchymotrypsin that breattown proteins into smaller peptides

i lipase that breaks down fats into glycerol and fatty acids;

I amylase and maltase that brestikrch

I nucleases break down nucleic acid into nucleotides.

Bile does not contain enzymes. Function$itd:

I emulsifesfatsd breaks them up into small drops;

I activates intestinal enzymes;

i facilitates the absorption of fats and fabluble vitamins;

i stimulates the contraction of the smooth muscle of the intestinal wall;

i kills microorganisms.

Intestinal juice is secreted by the glands of mucosa of the small intestine. It is
alkaline. The volume of the juice released per day is 2 about liters.

Intestinal juicecontains 22 enzymes

I proteases such as aminopeptidase, carboxypeptidase break down proteins
into amino acids; enterokinase activates trypsin

i glycosidases such asnylase, maltase, lactase break down carbohydrates;

i lipases breakdown fats;

I nucleass digeshucleic acids.

In this region of the intestine digestion is finished.

Various substances are absorbed in the small intestine. Glucose and amino ac-
ids are absorbedto the blood vessels of villelycerol and fatty acid are absorbed
by villi, transformed into fatandthenenterthe lymphatic vesseldbsorption con-
tinues inthe large intestine Water, mineral salts angbmetoxins are absorbed
there. Toxic substancesedetoxified in the liverThere are numerous bacteria in
the large intestine. They break dowaome compoundand synthesize vitamins
(such as B By, B12, K). The large intestine forms stool that is excreted through the
anus.
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11.EXCRETORY SYSTEM. INTEGUMENTARY SYSTEM

The prior function of the excretory system is maintaining normal volume and
composition of body fluids. To perform it, body excretes wastelyets such as
ammonia, uric acid, urea, water, various salts. This is done mostly by
the urinary system. Apart from the urinary system, excretion of metabolic wastes is
performed by skin, respiratory and digestive systems.

The organs of the urinary systen are two kidneys, two ureters, urinary blad-
der and urethra (figi ).

i Kidneys are the organs that filter
inmeviewy  DlOOd, remove the wastes and excrete

Calyx them with urine. They are the primary
organs of the urinary system.
REfal pekis Kidneys are located one on each

side of the vertebral column. Each kid-
ney of an adult has length about 10 cm
and weight of 150 grams. It is roughly
beanshaped with an indentation called
hilum on the medial side. A ureter, renal
Opening of ureter & arteries and veinsperves, lymphat
(ureteraloriﬁce)__; Internal sphincter vessels entethe kidney in this region
Urethra N7

Bladder

External sphincter Each kidney is coveredlith a capsule of
connective tissue.
Fig. 71. Female urinary system The outer reddish region next to the
capsule is the renal cortex. It surrounds a
darker reddistbrown region called the renal medulla. There are resrauscles of
nephrons in the renal cortex and tubules of the nephron in the renal medufgd)(fig.

Cortical }
blood vessels fs ~ Arcuate
i blood vessels

Interlobar ————————— [\ > Minor calyx

Renal vein —4AR e | Major calyx

— Renal pelvis
Renal Renal i
hilum n=e Pyramid
Renal artery ”
Papilla
Medulla
Renal column
Ureter
i
Capsule Gortex

Fig. 72. The anatomy ofkidney
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The renal medulla consists of iZD renal pyramids, which look striated be-
cause they contain straight tubular structaes blood vessels. Pyramids are open
into the renal pelvi® the central region of the kidney.

The structural and functional unit of the kidney isephron(fig. 73).

EaCh kldney Contain‘c Afferent arteriole  Glomerulus
over a million nephrons. The¢oem, ol JemaL oy
nephron consists of two part s
a renal corpuscle and a ren. &75
tubule. The tubule consists ¢
one layer of epithelial cells
The renal corpuscle consists !
a cluster of capillaries, calle
the glomerulus, suounded by /
a doublelayered epithelial e o
cup, called the glomerular cay
sule. The capsule is situated

. Loop of
the renal cortex. The proxime Henle
convoluted tubule comes fror
the capsule and goes to the 1
nal medulla. In the medulla, it
forms a loop of Henle (the
midde part of the tubule). The loop turns to the renal cortex, and there forms a distal
convoluted tubule which runs into collecting ducts. The collecting ducts are open
into a renal pelvis.

Urine containing metabolites is produced by the kidney$otitsationoccurs
at 2 stages and based on 3 processes

1. Filtration (formation of primary urine) goes in the capsule of the nephron.
Primary urine is formed during filtration of blood plasma of blood capillaries in the
capsule. Approximately 15A80 liters of primary urine is formed in the organism
per day. Composition of the primary urine is similar to blood plasma, but has no
proteins. Primary urine contains waste productsraadysubstances essential for
thebody (glucose, amino acids, and mineralsyal

2. Reabsorption (formation of secondary urine) occurs in the tubules of the
nephron. From the capsule of the nephron, primary urine flows into convoluted tu-
bule where reabsorption of water, glucose, amino acids, ions, sodium, and potas-
sium into the blooaccurs. Due to reabsorption, the volume of secondary urine per
day is 1.5 litersSecondary urine contains water, urea (main nitrageraining
product of urine), ammonia, uric acid, ions of sodium, potassium, calcium, magne-
sium.

3. Tubular secretionis the transport of substances from peritubular capillaries
to the renal tubules. The direction of this transport is opposite to reabsorption.

Urine formation is regulated by the nervous system and hormones. Micturition
center is located in the spinal dor

Bowman’s capsule
Proximal tubule
Peritubular capillaries

arteriole from
glomerulus -
2 I tubule
!
— Collecting
duct

Fig. 73. The gructure ofnephron
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Ureters are small tubes that carry urine from the renal pelvises to the urinary
bladder.Theirlength is about 25 cm.

Urinary bladder is a hollow muscular sac collecting urine. Its volume is about
700 750 ml.

Urethra is a thirwalled tube througlwvhichurine is excreted from the urinary
bladder to the outside.

Functions of kidneys:

I maintaining the volume of body fluids;

I maintaining haneostasis;

I participating in control of the acidlkaline balance;

I regulating the blood pressure;

I regulating the metabolisof carbohydrates and proteins;

I secretion of biologically active substances (angiotensin, epdigtn,
prostaglandins, renin).

Skin is the integument of the human body. The area of the skin of an adult is
1.5/ 1.6 nt. Skin consists of three layergfig. 74):

1. Epidermisis the outermost layer of the skin composed of squamous cells.
This layercan be of twalistinct types: thick skigpalms, feetand thin skinlmost
of the body)

2.Dermis is the thickest layer of skin that lies beneath and supports
the epidemis.

3. Hypodermigsubcutaneous tissue) lowermost layer of the body integument
that helps to insulate the body and cushion internal organs.

Other components of the skin are hair, nails, sweat glands, oil glands, blood
vessels, lymph vessels, nerves andcles.

Stratum corneum
Stratum granulosum
Stratum spinosum
Stratum basale

Eoldermls_[ - e

Arrector

Cermis — pili muscle

Sweat gland

Hypodermis —]

Fig. 74. The dructure of the skin

76



Epidermis is epithelial tissue. Its thickness is 0.2/ mm. There are 5 layers
in the epidermis. The outer layersisatum corneuniconsists of keratinocytes), the
lowermost one is thstratum basaléconsists of basal cells and melanocytes). The
stratum corneum consists of dead cells. Basal layer consists of living cells. These
cells constantly divide to produce new cells that are pushed upward to form the
layers above. Basal cells ultimately tramafonto new keratinocytes, which replace
the older ones that die and are shed off. Within the basal layer are mmiadirc-
ing cells known as melanocytes. Melanin is a pigment that helps to protect the skin
from harmful ultraviolet solar radiation. Theidgrmis has sensory nerve terminals
(receptors). Derivatives of stratum corneum are nails.

Dermis is the thickest layer of skin (0.5 to 5 mm). It consists of papillary and
reticular layers. The papillary layer is of loose fibrous connective tissue ansgl form
protrusions into the epidermis. It contains blood and lymph vessels, receptors, fibers
providing strength and elasticity to the skin. Under the papillary layer is the reticular
layer. It contains sebaceous and sweat glands, hair follicles.

Sweat glandsegulate body temperature by transporting water to the surface
of skin where it evaporates to cool down the skin. Such gland consists of a body and
excretory duct. The human organism ha8 hillion sweat glands. A lot of them
are on the face and hands. @tvglands secrete sweat. Sweat contap3, ldmmao-
nia, urea, mineral salts.

Sebaceous (oil) gland®cret oisebum)hat helps to waterproof the skin and
protecs it against microbes. They are attached to hair follicles.

Hairs are derivatives of skin. Aair consists of a hair bulb, root and stem. Hair
follicles are tubeshaped cavities that enclose the hair root and provide nourishment
to thehair. Vessels and nerves entlee hair follicle. Muscles atthed to the hair
follicle raisethe hair.

The hypodeamis is composed of fat and loose connective tissues; this layer of
the skin insulates the body and cushions and protects internal organs from injury.

Functions of skin:

i protection of the organism from the harmful mechanical, chemical, micro-
biologicalexternal factors;

I thermoregulation;

i metabolic (involved in metabolism of vitamin D, urea, water and salt bal-
ance);

i itis the organ responsible for the sense of touch (due to tactile, thermal and
pain receptors).

12.NERVOUS SYSTEM. SPINAL CORD

Nervous sysemregulates the body's responses to internal and external stimuli.
Functions of the nervous system are:

i regulates the functioning of all organs and systems;

i connects the body with the environment;
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I unites parts of the body into a single unit;

I it is the center of all mental activity including thought, learning, and
memory.

The nervous system is formed by nerve tissue. Nerve tissue is congiosed
neurons and neuroglidNeuron (fig.75) is a nerve cell.

Cell body

Synaptic terminals

v
Axon 19@%4]

Dendrites

Fig. 75. Neuron

It has processes that project from the cell bédgendrites and axons. Den-
drites are usually (but not always), short and branching. This increases their area to
receive signals from other neurons. Dendrites are afferent processes because they

transmit impulses to the cell body. The number of dendrites of the neuron varies.

There is only one axon that projects from each cell body. It is usually elongated and

it is called an efferent process because it carries impulses away from the cell body.
Anatomically, the nervous system is divided ithe central (CNS) and pe-

Spinal cord

SPINAL
MENINGES

Pia mater
_ . (inner)

Denticulate
ligament

Arachnoid
(middle)

Subarachrioid
space

Subdural space

Dura mater

e {(outer)
&)

ripheral (PNS).The central nervous system in-
cludes thebrain and spinal cord (figi6). The
peripheral nervous system consistsgahgli-
ons nerves anderve endings.

Ganglion is a group of neurons that are
outside the central nervous system. In the or-
gans and tissues, nerves form receptors (nerve
endings).

Nervous system byhysiological action is
divided into somatic and autonomic (vegeta-
tive). The autmomic nervous system regulates
the function of internal organs: heart, blood
vessels, stomach, liver, lungs and kidndys.
can be sympathetic and parasympathdtie
somatic nervous system inwates skeletal
muscle, skinand organs of sense.

Spinal cord is situated in theertebralcanal. The cord is covered with three
membranes: external (dura), medium (arachnoid) and intgraal The space be-
tween the arachnoid aipihis filled with cerebrospinal fluid. There are longitudinal
grooves on thanteror and posteriorsurfaces of the spinal cord. They divide the
spinal cord into the right and left halves. The length of the spinal cordl 454,
diameter is approximately 1 cm. In the cross section, the spinal cord appears oval in

shape and has two less (fig.77).
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Posterior (dorsal)
root ganglion \,A\ ——_-'-’-_-'____’_——-— Posterior (dorsal)
: s = root of spinal nerve

Spinal nerveé ——— 5 - Posterior gray homn
[ ~. > A\ /
\ 4 —— //
Lateral white column T J/ T Posterior median sulcus
Anterior (ventral) root ~\‘ ,/ — / Posterior white column
of spinal nerve ;

Central canal

Anterior gray horn Axon of sensory neuron

Anterior white commissure

Lateral gray horn

Cell bedy of
sensory neuron

Anterior white column
Cell body of motor neuron

Anterior median fissure

Axon of motor neuron B e ‘ Nerve impulses
g for sensations

Nerve impulses to
effector tissues

Transverse section of thoracic spinal cord
(muscles and glands)

Fig. 77. Transverse section of the tlagic region of the spinal cord

Body and dendrites of neurons are located in the brain and spinal cord, gangli-
ons and form gray matter. Axons of neurons form the white matter of the brain and
spinalcord and nerves.

Gray matteiis situated in the center. It has the shape of a butterfly. In its center
there is thespinal canal(the central canal of the spinal cord), which contains cere-
brospinal fluid. Gray matter hasterior and posterior hornand inthe thoracic
region, in additionlateral horrs.

Axons of sensory neurofithe visible fibers they form are posterior roas)
ter posterior horns and transmit excitation into the spinal dbxelbodies of sensory
neuronsare in the spinaganglions(fig. 78).

Integration

Sensory neuron center

Stimulus - Receptor =
\
/ \
Association

() neuron

f A TR ) NSRS 2
| N *
Motor ‘ 5
otor neuron \\l /

Spinal cord {CNS)

Fig. 78. Reflexarc

There arantercalary (association) neuroris the posterior horns that trigger
excitation to motor neuron$he bodies of the motor neurcs® located in the an-
terior horns. Long processes (axons) leave them to form the anterior (motor) roots.
Excitation is transferred to the working organ through these roots.

The second layer of the spinal cord is madeltte matterwhich is disposed
araund the gray matter. It is formed by the axons of neurons. The nerve fibers of the
white matter form spinal tracts. They connect the spinal cord to the brain. There are
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ascending (sensory) spinal tracts and descending (motor) tracts. The ascending tract
transfers excitation to the brain, the descendinffom the brain to the organs.

The spinal cord ha3l pairs of spinal nerves.

Each nerve has two roots: anterior and posterior. Dorsal roots composed of
processes of afferefgensory) neurons. Ventral (anbr) roots contain processes
of centrifugal (efferent, motor) neurons. The anterior and posterior roots form a
mixed spinal nerveSpinal nerves come out of the spinal canal through the interver-
tebral foramina. The spinal cord has two thickening (cehdand lumbar), which
are the point where the spinal nerves comes to the upper and lower extremities.

Functions of the spinal cord:

I conductive. The spinal cord conducts impulses from the receptors to
the brain (by sensitive tracts) and from the brain topatts of the body (by
motor tracts);

i reflex. The spinal cord has centers of sweating, pupil dilatation,
diaphragm contractionmjicturition, elimination of feces from the intestine and sex-
ual function.

The spinal cord is controlled by the brain.

13.THE BRAIN

The brain is situated in neurocranium of the skdlhe average volumef the

brain is 130 cubic centimetersTwelve pairs of cranial (cerebral) nerves come out
of the brain. The brain consists of five regiotet:
M Telencephalon [l Cerebellum encephalondiencephalon (together they are fore-

Diencephalon [l Pons brain), mesencephalofmidbrain), metencephalon

B Midbrain - and medulla oblongatatogether they are hind-
brain) (fig. 79). Like the spinal cord, the brain is
coveredwith three membranestura mater(con-
sists of connective tissue and has a protective func-
tion), arachnoid (contains nerves and blood ves-
sels),pia mater(rich in blood vessels). Between
the arachnoid anpliais the cerebrospinal fluid.

Medulla oblongata (myelencephalonion-
nects the brain and spinal cord. It is made of white
matter with immersed nuclei of gray matter. The

Fig. 79. Regions of the brain oy rth cerebral ventriclécavity with cerebrospinal
fluid) is situated there.

Functions of the medulla oblongata are:

i Conductive Conduction of impulss from the spinal cord into the overlying
parts of the brain and vice versa,;

i Reflex The medulla contains centers of the vital functions such as breath-
ing, heartbeat, tone of vessels, protective reflexes (cough, sneeze, blink, vomiting)
and digestive reéixes (sucking, salivary secretion, secretion of gastric juice, etc.).

Metencephalonincludes thgponsandcerebellum
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The cerebellumis situated above the medulla oblongata. It consists of two
hemispheres, which are connected bywhenis(Latin for cworme). Hemispheres
arecovered with cortex (consists of gray matter) whichdwadsi. Theponscontrols
eye movement, muscle contraction that provides facial expressions.

Function of thenetencephaloare:

i Conductionof impulses from the medulla oblongata into the overlying parts
of the brain and vice versa,

i Reflex Cerebellumcontains the coordination centers of movements, bal-
ance and body posture, regulation of muscle tone.

Midbrain (mesencephalon) is between thergiephalon and the cerebellum.

It consists ofquadrigemina(Latin ¢four-hillse) andcerebralpeduncle (Latin for
clegs of thebrairg). In its center a narrow canahich connects theand 3 cer-
ebral ventricles.

The functions of the midbrain:

i Conductsimpulses from the metencephalon to the diencephalon, from
the cerebral cortex to the medulla oblongata and the spinal cord;

i Reflex Here are the centers of: regulation of muscle tone and posture,
innervation of the eye muscles, subcortical eenbf vision (uppecolliculi) and
hearing (lowercolliculi).

The diencephalon(interbrain is situated above the midbrain beltdve cere-
bral hemisphereslt consists of the thalamus and hypothalamus. There is the third
cerebral ventricle. The hypothalamus releases neurohormones that regulate the pi-
tuitary gland. The pituitary gland regulates Wark of other endocrine glands.

The functions of the diendeglon:

I conducts excitation from the lower parts of the brain to the cerebral
hemispheres and back;

i reflex. Thethalamuscontains subcortical centers of all kinds of sensitivity
except smel(sight, hearing, touch, taste). There are cemtarscipatingin regula-
tion of emotions and mental activity. Thgpothalamugontains the centers which
regulate metabolism, homeostasis, and activity of cardiovascular system, centers of
digestion, thirst, hunger, body temperafgieep and wakefulness

Cerebrum (telencephalohincludes the cerebral hemispheres (aboui36f
the mass of the braigpnnected witltorpus callosumlwo cerebral ventricles are
situated theren the left and right sides (lateral ventricles)

Cerebral hemispheres are covered withdbdex made of gray matter. The
thickness of the cortex is approximatelytanm. It consists of 14 billion nerve cells
that form six layers. Under the cerebral cortex there is white matter where the bodies
of neurons lfasal ganglipare situated. The corehas sulci (fissures) anglyri
(curves). They increase the area of the cortex, which is 22800 cm. Three deep
sulci divide the cortex intahe frontal, temporal, parietal and occipital lobes
(fig. 80). The lobes of the cortex contain different zortbg: visual area is in the
occipital lobe, the area of skmuscular sense is in the parietal lobe, auditory area
is located in the temporal lobe.
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Fig. 80. Lobesandthe structureof the cerebral cortex

The functions of the cerebral cortex are:

I regulation of all the regions of the brain and spinal cord,

I analysis of the information received by the sense organs;

I itis the center of conditioned reflexes;

I itis responsible for learning, thinking, memory and speech.

14.SENSE ORGANS. THE ORGAN OF SIGHT

Sense organsare organs which receive signals from the environment and
transmit them to the central nervous system. Sense organs help to orient in
the environment. Human has the organs of sight, hearing, smell, touch, taste and
equilibrium.

An analyzer is a system that receives, transmits and analyzes information about
the external and internal environment of the body.

Any analyzer consists of 3 parts:

1. The peripherapart is receptors of sense organ;

2. The conductingpart is the nerves which transreicitation (mpulse) from
a sense organ to the cerebral cortex;

3.The central part is the area of the cerebral cortex, which analyze
received information.

The organ of visionconsists of eyes and auxiliary apparatus: eyebrows, eye-
lashesgyelids, lacnnal glands, eye muscles. The auxiliary apparatus protects the
eyes from dust, snow, mechanical and chemical damage. The eyeball is situated in
the orbit of the skull. Eye wall hdkree membranes:

I outerd fibrous tunic(sclera, cornea);

I mediald vasculartunic (choroid, ciliary body, iris);

I innerd internal tunic(retina).

The front transparent part of tfibrous tunica is the corneathe rest of the
tunica forms the dense part calketera.

Vascular membranehas many blood vessels. The inner side ofcti@roid
contains pigment cells. Its front part forms the which contains a pigment that
stains eyes in different coloés blue, brown, black. Between the cornea and the
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iris there isthe anterior chambeof the eye, which is filled with fluid. The rod
hole in the iris i9upil. There is a transparent biconversbehind the pupil. Behind
the lens isvitreous bodyBetween the iris and the lenspissterior chambeof the
eye which is filled with fluid.

Image of the object focuses on tletina. The retina contains two kinds of
photoreceptor® rods and coneslhere is about 7 million cones and 130 million
rods in the retina (fig81). The rods contain visual pigmetiodopsinand perceive
twilight. The cones have pigmemidopsinand perceive aylight and colors in
bright light.

Pigment
epithelium o |o|o|o|lo|o|o|o|eo|o|ofe|o|e
Photo- Rod cell
receptors
Cone cell
Bipolar
neuron
Ganglion
<— cell
Optic nerve

fibre

DIRECTION OF LIGHT
Fig. 81. The gructure of retina

In the opposite of the pupil, retina hagedlow spot (macula)lhe macula is a
region of the retina which has a lot of receptors (cones). Near yellow spot, there
Is a region that has no photoreceptors. This area is ¢aéidalind spotBlind spot
Is a point where theptic nerveexits the retina (fig82).

Transparent structures of the eye through which light rays pass are an optical
system of the eye. The sgsat includes the cornea, fluid of anterior chamber, pupil,
fluid of posterior chamber, lens, and vitreous. The main structures of the optical
system are the cornea and |eAse mechanism of sight:

1. Light rays pass through the cornea, anterior chamber,, pasterior cham-
ber, lens, vitreous body and fall on the retina.

2. Photoreceptors of the retina perceive visual stimuli.

3. The optic nerve conducthe impulse from receptors into visual area of the
cortex (the occipital lobe) which analyagsual stimuli.

4. A person can see things around.
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Fig. 82 The anatomy of eye

If the light rays cannot be focused on the surface of the retina, vision impair-
mentsoccur.

Myopia (earsightedness)Light rays are focused in front of the retina.
A person can see walhly close situated objects;

Hyperopia (ong-sightedness Light rays are focused behind the retina.
A person can see well only far objects.

15.THE ORGAN OF HEARING

It is commonly known that the organ detecting sound is an ear, but it also pro-
vides balace and body position.

The organ of hearing consists of
three parts: the externahiddle and in-
ner ears (fig83). Receptors of hearing
organ are the peripheral part of the audi-
tory analyzer.

Outer ear includes theuricle, ex-
ternal auditory canaltympanic mem-
brane(or eardrumn). The auricle consists
of cartilage covered with skiit collects
sound. The external auditory canal is a
tube approximately 30 millimeterm
length
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