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PREFACE

Natural science is an exciting and very useful subject. This textbook will show you all the beauty of it and
will help you become true explorers. The main aim of this book is to answer the fundamental question:
“What is science and what is its importance in our life?”

Starting from the first pages, you will realise that this textbook is completely different from any other usual
textbook full of theoretical passages and formulas. Every chapter contains useful information, curious facts,
tasks for individual and group work. You will also learn how to conduct research and experiments
yourselves, search for information, make your own discoveries.

One more valuable feature of this textbook is the language. Every sentence has been carefully chosen so
that it is not difficult for you to understand science in the English language. Each page contains translations
of all the important terms,both in Kazakh and Russian. This textbook will not only help you improve your
English, but it will also make you a part of a big international science community.

Please pay attention to the structure of this textbook. Remember: a textbook is no longer the only source of
information in the modern world. With the help of carefully selected tasks, you are going to learn such
important skills as critical thinking, problem solving, information analysis, creativity, imagination,
teamwork, digital literacy etc.

If you have any questions, suggestions or ideas regarding the contents of this book, please feel free to
contact us:

via email: admin@astanakitap.kz

via telegram app: @astanakitap

Best regards,

team of authors, “Acrana-Kitar”



CHAPTER 1.0



MOLECULAR BIOLOGY AND BIOCHEMISTRY




1.1 Water

You will:

e explain the fundamental importance of water for life on Earth.

Stimulating question

Why do scientists look for water in other places in the solar system?

Key terms

e Cohesion - the sticking together of particles of the same substance;

e Specific heat capacity - the amount of heat per unit mass required to raise
the temperature by one degree Celsius;

e Solvent - able to dissolve other substances.

Text

Water is the most abundant component of life. It is an inorganic compound
consisting of two hydrogen atoms and one oxygen atom linked by two covalent
bonds. Water is a polar molecule, it’s charged partially positively near the
hydrogen atoms and partially negatively near the oxygen atom. The negative
ends of water molecules attract the positive ends of other water molecules
forming hydrogen bonds.
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Water's polarity is caused by its V-shape.
The polarity of water molecules and hydrogen bonding between them give water
unique properties which makes it vital to life.
Water is a good solvent. Many substances have molecules with any charged
groups. When these substances are added to the solution oxygen attracts positive
ions while hydrogen attracts negative ions. Charged particles become dispersed
among the water molecules and easily dissolve. Water transports substances as a
solution around organisms by transport systems. Metabolic reactions between
substances take place in water solutions.
Hydrogen bonds give water molecules cohesive properties. Cohesion is the
attraction between water molecules. Adhesion is the attraction of water
molecules to a surface. These properties allow water and minerals move upwards
through vascular tissue of plants.
A consequence of cohesion is high surface tension, a measure of the difficulty of
breaking the surface of a liquid. Water molecules at the surface are exposed to
air on one side, and have less water molecules to bond than in deeper within the
liquid. They cause water molecules to have stronger bonds at the surface
forming an invisible “membrane”. Small insects take advantage of surface
tension by walking on water.
Another property of water is related to its high specific heat capacity. A specific
heat capacity of water is the amount of heat that causes 1g of water to change its
temperature by 10C. A large amount of energy is required to raise the
temperature of water. When water is heated, some energy added by heating is
used to break hydrogen bonds instead of causing more motion among the
molecules. The abundant hydrogen bonds make water resistant to temperature
changes. This stability is essential for biochemical reactions and for aquatic
organisms. It helps maintain a body temperature of mammals and moderates
Earth’s climate change.
Most liquids increase in density and decrease in volume when become solid.



However, water has a lower density as a solid than a liquid. This freezing
property allows ice to float on water and lakes freeze at the top protecting
organisms below.

Activity

1. Create a mind map for water properties and compare with your partner.
2. What would happen if water has a different property? Discuss with your
partner and fill the table.

If water Consequences Affected organisms

IS a nonpolar molecule

has extremely low
specific heat capacity

IS less dense thanice

has lower amount
of heat to vaporise

Literacy

1. Which substances cannot dissolve in water and why? Explain your answer.

2. Why ice is less dense than water?

3. Annual change in temperature in cities located near the oceans or seas is
much lower than in cities located far from oceans and seas. Explain this
phenomenon?

Facts

e Water covers three-quarter of the Earth’s surface, but unfortunately, only
about 0.3% is usable by humans.

e Water is the only substance found pure in all three states of matter on the
Earth.



Research time

Another important property of water is its transparency. Research and find out its
significance for plants and animals. Write a report about it.

Terminology

abundant - MoJj1 / 0OMU/IBbHBII;

consequence - canzap / ocjieJCcTBye;

dispersed - TapasiraH / paccesiHHbIN;

dissolved - epireH / pacCTBOpeHHBbI;

essential - KaykeTTi / HEOOXOUMBI;

lattice - Top / peliieTKa;

motion - KO3fasbIC / JBUKEHUE;

resistant - Te3IM/IIIK / CTOUKWN;

solvent - epiTKilll / paCTBOPUTEJIb;

specific heat capacity - MeHIIIIKTi Kby ChIUBIMIBUIBIFBI / /i@ TbHast
TeI/I0EMKOCTb;

surface tension - 6eTTiK Kepisic / TOBepXHOCTHOEe HaTs>KEeHUE;
e (ransparency - MeJiJipJiK / IpO3payHOCTh.



1.2 Simple carbohydrates

You will:

e classify carbohydrates by their structure, composition and functions.

Stimulating question

Where did the carbohydrates get their name from?

Key terms

e Carbohydrates - biological molecules made of carbon, hydrogen, and
oxygen atoms;

e Monosaccharide - a simple sugar, the basic unit of carbohydrates;

e Disaccharide - a double sugar composed of two linked molecules of
monosaccharides.

Text

Carbohydrates are organic compounds consisting of carbon (C), oxygen (O), and
hydrogen (H) atoms. Their general formula is Cn(H2O)n, where n can be equal
or more than 3. Carbohydrates are classified into three groups: monosaccharides,
disaccharides and polysaccharides.

Monosaccharides

Monosaccharides are simple sugars that usually have three to seven carbon
atoms. They can join to make more complex carbohydrates. Their structure
contains a carbonyl group (CO) and multiple hydroxyl groups (-OH). According
to the position of carbonyl group, they are classified as aldose or ketose.
Aldoses’ carbonyl group is located at the end of the carbon skeleton while
ketoses’ carbonyl group is located within a carbon skeleton.



Monosaccharides also can be named according to their number of carbons: some
of the most common types are trioses (three C), pentoses (five C), and hexoses
(six C). Pentose sugars include deoxyribose and ribose. They are important
components of nucleic acids.

Three of the most important hexoses are glucose, fructose, and galactose. They
have the same chemical composition (C6H1206) but have different
characteristics according to the different arrangement of atoms. Such materials
are called isomers. Isomers, in general, have different physical properties based
on their structure.

CH,OH CH,OH

H OH OH & OH
Glucose Fructose Galactose
Hexose sugars

Glucose is one of the most common monosaccharide used by nearly every form
of life. It provides both energy and structure to many organisms. Glucose
molecules can be precursors for the cellular respiration to produce energy in the
form of ATP. If energy is not needed it bonds with other monosaccharides and
stored in the organism.

Fructose has slightly different arrangement of atoms than glucose. It can be
produced in organisms from glucose. Fructose is the source of energy, it
enhances the absorption of water, sodium, and potassium. Main source of
fructose is fruits and honey.

Galactose is produced in many organisms, but mainly in mammals. Galactose is
the component of milk; it is used as an energy source by the offspring.

Disaccharides

Disaccharides are crystalline, water-soluble sugars, consisting of two
monosaccharides. They are joined by glycosidic bond (linkage). When two
monosaccharide molecules react to form a glycosidic linkage, a water molecule



is generated in the process through a chemical reaction known as dehydration
(condensation). The inverse reaction is called hydrolysis. During hydrolysis
water is added to break down glycosidic linkages. The three common
disaccharides are sucrose, lactose and maltose.
CH,OH CH,OH

CH OH CH OH
O H
CH OH HO CH OH
Glucose Fructose Sucrose

Monaosaccharides join by dehydration reaction
Sucrose comes from joining of fructose and glucose. Sucrose is the main
component of table sugar. Lactose comes from glucose and galactose joining. It
is found in mammal’s milk. Maltose is a product of starch breakdown during
digestion that consists of two molecules of glucose. It may be purified from
barley and other grains.

Activity

1. Label the differences between hexose sugars.
2. Draw the breakdown of lactose and maltose in the chemical reaction.
3. Describe a biological role of the following carbohydrates.

Glucose Galactose Fructose
i : . H
Simple | Biologi- S S |
sugars | calrole | | H— C —OH
H—C —OH H——C:—— OH |
Glucose | | c=o
HO—C —H HO—C ——H e
Sucrose | | |
H——C —0H HO—C —H Mo e o
Fruc- | | |
H—C —OH Him——C——OH
tOSB } | H— C—OH
H—c——0OH B =
‘ | H— C —OH
H H l




Facts

Lactose intolerance is an inability to digest and absorb lactose, found in dairy
products. It occurs when the small intestine does not make enough lactase
enzyme. Symptoms are gases, belly pain, and bloating..

Research time

Find information about pentose sugars. Explain their biological role, and draw
their cyclic chemical structures.

Literacy

1. Why carbohydrates are considered as organic molecules?
2. During which process carbohydrates are produced?
3. Describe the processes of dehydration and hydrolysis reactions.

Terminology

arrangement - OpHasacy OpHbI / PacrioioyKeHue;

barley - apma / suMeHb;

dehydration reaction - geryparaijusi peakijusiCbl / peakliysi Jery/ipaTaliy;
glycosidic bond - ryko3uaTiK 6atinaHbIC / TAMKO3U/IHAS CBSI3b;
hydrolysis reaction - ruzipo/ii3 peakiusichl / peakijusi TUAPOJIN3a;
precursor - i3aitiap, ajarbi3ar / Tpe/iiiie CTBeHHUK;

property - KacueT / CBOMCTBO;

provide - KaMTaMachI3 eTy / 00eCreunBarh;

t0o compose - KypacThIpy / COCTaBUTh;

to enhance - KyIIelTy / yCU/IUBaTh;

to generate - IIbIFApy / TIPOU3BO/IUTE;

to join - GipikTipy / coeJUHSTB;

to locate - opHanacThIpy / pa3mMelniarh.




1.3 Polysaccharides

You will:

e classify carbohydrates by their structure, composition and functions.

Stimulating question

What happens to excess glucose in different organisms?

Key terms

e Polysaccharide - a large molecule composed of a long chains of
monosaccharide units bound together by glycosidic linkage.

e Glycosidic linkage - is a type of covalent bond, formed between
monosaccharides.

Text

Polysaccharides are complex carbohydrates. They consist of a long chain of
monosaccharides linked together by a glycosidic bond. Polysaccharide chain
may be branched or unbranched. Their main functions are storage of energy and
structural composition of the cell. The major examples of polysaccharides are
starch, glycogen, cellulose, and chitin.

Starch is the storage polysaccharide found in plants. It consists of glucose
monomers. During photosynthesis, an excess amount of glucose is joined
together and is stored in plant organs in the form of starch. Starch has two forms:
amylose and amylopectin. Amylose is the linear form of starch where glucose
molecules joined by 1-4 linkage (first carbon of glucose joins to fourth carbon of
another glucose). It can form a helical structure. This structure of amylose allows
cells to store energy in a compact form and makes it easily accessible.
Amylopectin is the branched form of starch where glucose molecules joined by
1-6 linkages in branching points. Branching occurs about every 20 glucose units.



Human, animals, bacteria and fungi store energy in a different form of
polysaccharide called glycogen. It is a polymer of glucose, and it is similar to
amylopectin but it has larger number of branches. These branches are shorther
than those in amylopectin. Branching occurs in every 10 glucose units. Glycogen
is generally stored in liver and muscle cells. When organism requires glucose for
energy, glycogen is hydrolysed.. Lactose comes from glucose and galactose
joining. It is found in mammal’s milk. Maltose is a product of starch breakdown
during digestion that consists of two molecules of glucose. It may be purified
from barley and other grains.
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Cellulose is the component of plant cell wall. It has fibrous, linear structure
made up of glucose units. Unlike amylose, it has a different glycosidic linkage.
When glucose forms cyclic structure, -OH group attached to the first carbon can
be either below or above the plane. According to this, glucose is called alpha ()
or beta ([3).

In starch, o glucose molecules are located at the same orientation while in
cellulose, each [3 glucose is upside down to the next [3 glucose. The linear
structure of cellulose molecules allows them to bond between -OH groups on
closely chains causing a fibre. These bonds give them great mechanical strength.



Plant cell

Cellulose
fibers

Chains of cellulose molecules Macrofibrils

Microfibrils

Cellulose

Chitin is the structural polysaccharide. It is a component of exoskeleton, found
in most arthropods, and cell wall of fungi. Chitin is a polymer of N-glucosamine
molecules, derivatives of glucose. These molecules have attached nitrogen-
containing group. Like cellulose, monomers of chitin are linked by -glycosidic
bonds.

Activity

Fill the table. Some examples are given. Draw the diagram and shape of
polysaccharides in first two columns.



Shape | Diagram | Branches | Bonds Subunit | Source
o- glucose Amylose
yes A
per10 Amytl%pec
glucose

1-4 and
16 Glycogen
Cellulose
Chitin

Facts

e The purest form of cellulose found in nature is cotton. It contains 95% of

cellulose.

e Starch is the most important source of carbohydrates in the human diet.
Greater percentage of starch is found in potato 15%, wheat 55%, corn 65%,

and rice 75%.

Research time

Write a report about biological role of each polysaccharide.

Literacy

1. Which polysaccharide is the most abundant in nature?

2. Describe how the structure of cellulose plays an important role in plants as

a component of cell walls?

3. Glycogen is composed of short highly branched chains with much
accessible glucose. Why is this important for its function.

Terminology




accessible - Ko/pkeTiM/Ii / IOCTYTIHBIN;
branched - TapmakTanfaH / pa3BeTB/IEHHbIN;
cellulose - >kacyHBbIK, / 11€/1/110/103a;

chitin - xuTHH;

fibrous - TanIbIKTBI / BOTOKHUCTBIN;
glycogen - r/IMKOTeH;

helical - mmbIpIBIKTaHFaH / CIUPabHbBIN;
linear - ChI3BIKTHIK / TUHENUHbIN;

plane - >Ka3bIKTHIK, / TIJIOCKOCTH;

starch - kpaxmar.




1.4 Reducing and Nonreducing
sugars

You will:

e identify reducing and nonreducing sugars.

Stimulating question

How do doctors find carbohydrates during urine analysis of patients with
diabetes?

Key terms

¢ Reducing sugar - sugar that serves as a reducing agent due to its aldehyde
or ketone group in its molecular structure;

¢ Nonreducing sugar - sugar that cannot donate electrons to other molecules
and therefore cannot act as a reducing agent;

¢ Reducing agent - reduces other substances and loses electrons;

¢ Oxidizing agent - oxidises other substances and gains electrons.

Text

Carbohydrates also classified as reducing and nonreducing sugars. Sugar that
contains a free aldehyde or ketone group is called reducing sugar.

In reducing sugar, free aldehyde or ketone group acts as a reducing agent in a
redox reaction. Redox (oxidation-reduction) reaction is a type of chemical
reaction that involves the transfer of electrons between two molecules. Reducing
agent donates electrons to another molecule. The molecule which receives
electrons is called an oxidising agent.



Oxidation

Compound A
loses electrons

Reducing Oxidized

agent

Reduction

Compound B
gains electrons

Oxidizing Reduced
agent

Redox reactions

Nonreducing sugars do not contain free aldehyde or ketone group, and therefore
they cannot donate electrons.

Benedict’s test is used to identify whether carbohydrate is reducing or
nonreducing sugar. It is a chemical reagent which is a complex mixture of
sodium carbonate, sodium citrate and copper (II) sulphate pentahydrate. When
reducing sugars are mixed with Benedict’s solution and heated, heating causes
Benedict’s solution to change colour because copper (II) ions are reduced to
copper (I) ions.

Labwork

Pre-lab questions:



1. What is the monomer of starch?
2. What is the function of amylase?
3. Does glucose molecule have aldehyde or ketone group?

Methods and Materials:

table sugar, starch, water, saliva, four test tubes, water bath, Benedict’s solution,
droppers, tweezers.

Safety precautions:

1. Be careful with boiling water.
2. Do not taste the materials.

Procedures:

1. Mix starch with water to make a starch solution and place 1 ml of it into the
first and second test tubes.

2. Add saliva into the first test tube. Wait for 5 minutes.

Mix table sugar with water to make sucrose solution.

4. Place 1 ml of sucrose solution into the third test tube and 1ml of water into

the fourth test tube.

Pour 10 drops of Benedict’s solution to every sample.

Place all test tubes into the water bath for 10 minutes.

7. Observe color change in each sample and fill the table.

w

o o

Results:



Test samples Carbohy- Color Reducing or Chemical

drates Nonreducing structure
sugars
Ist test tube
2nd test tube
3rd test tube
4th test tube

Post-lab questions:

1. Why the first test and second test tubes have different colors? Explain your
answer.

2. Benedict’s test can be used to test for the presence of glucose in urine. Why
it is needed?

Facts

All monosaccharides are reducing sugars.

Research time

Find out three reducing and nonreducing sugars. Draw their chemical structure
and prove if they are reducing or nonreducing sugars.

Terminology

e interpretation - TyciHik 6epy / TolKOBaHue;

nonreducing sugar - TOTBIKChI3laHOANTbIH KaHT / HepelyLIUPYOLUNCS
caxap;

oxidation - TOTBIFy / OKUC/IEHHE;

reduction - TOTBIKCBI3ZIaHy / BOCCTaHOBJIEHUE;

reducing sugar - TOTBIKCBhI3ZIaHaTbIH KaHT / peJyLIUPYIOLIUICS caxap;
to donate - Gepy / aBaTh;



e to oxidize - TOTBIKTBIPY / OKUCJISATD;
e to reduce - TOTBIKChI3[JaH/bIPY / BOCCTaHAB/IUBATb.




1.5 Lipids

You will:

e describe the chemical structure and function of lipids.

Stimulating question

How can camels survive so long without water?

Key terms

e Lipids - biomolecules that are soluble in organic solvents and insoluble in
water;

e Triglyceride - an energy-rich compound made up of a single molecule of
glycerol and three molecules of fatty acid

Text

Lipids are organic compounds that consist of carbon, hydrogen and oxygen
atoms. Some lipids may contain phosphorus and nitrogen. Unlike carbohydrates,
lipid molecules have much lower proportion of oxygen to hydrogen.

Lipids are nonpolar molecules, they cannot be dissolved in water. However, they
are soluble in nonpolar solvents, such as alcohol. They are very diverse, and they
have variety of structures and functions. The most well-known lipids are fats and
oils which referred to triglycerides.

Triglycerides
Triglycerides contain glycerol and three fatty acids. Glycerol is a three carbon-

containing molecule. It has three polar hydroxyl (-OH) groups, which makes it
soluble in water.



Glycerol always has constant structure, while fatty acids have different forms.
According to this, triglycerides differ in structure and function. A fatty acid has a
long chain of carbon atoms bonded only to hydrogen and carboxyl group at one
end. They are classified as saturated and unsaturated fatty acids. Saturated fatty
acids have single bonds (C - C) in the hydrocarbon chain, and they are saturated
with hydrogen. Unsaturated fatty acids have fewer hydrogen atoms because they
have one (monounsaturated) or more (polyunsaturated) double bonds (C = C) in
the hydrocarbon chain.

Saturated

99090999969099990¢

Unsaturated

22299222 ol dteoed

Fatty acids

To form triglyceride, each of hydroxyl (-OH) group in glycerol reacts with
carboxyl (-COOH) group of fatty acids. This reaction removes three molecules
of water and creates ester bonds between glycerol and fatty acids.

Fats consist of saturated fatty acids. They are solid at room temperature and
produced in animals.

Oils generally have a higher proportion of unsaturated fatty acids. They are
liquid at room temperature and mostly found in plants.

Double bonds in fatty acids create a bend in a hydrocarbon chain. These bends
prevent close packing of hydrocarbon chains and explain fluidity of oil.

Lipids are used as high energy stores because they are insoluble in water and
stable. They can be



easily used to release energy.

Fats form insulating layer against heat loss. They conduct heat energy very
slowly and help organisms to keep warm in cold climates. In addition, fat under
skin protects the internal organs against physical damage and provide buoyancy.

Fat is often deposited near the delicate organs like liver and heart to give extra
protection.

Activity

1.

2.

Make a Venn diagram of fats and oils. Give examples of food products rich
in fat.

Draw a saturated and an unsaturated fatty acids with six carbons. Count
hydrogen numbers in each of them.

Draw a simplified diagram of triglyceride. Label glycerol, fatty acids and
ester bonds.

As the number of double bonds in fatty acids increase, the melting point
decreases. If you put a product with high level of unsaturated fats and a
product with high level of saturated fats in a refrigerator, how would they
differ in consistency? Explain your answer.

Facts

e Lipids release many water molecules when they are metabolized. The

camel’s hump contains fat which produces useful amount of water.

e There are two essential fatty acids, linoleic and linolenic acids, that humans

cannot synthesise. They must acquire these fatty acids from food like fish,
broccoli, nuts, olive oil, and grain.

Literacy

1.
2.

3.

What is the biological importance of triglycerides?

Which properties of lipids help them play their biological roles? Explain
your answer.

How fat layer provides buoyancy?



Research time

1g of lipid can yield over twice as much energy as 1g of carbohydrate and
protein. Do a research and explain this statement.

Terminology

buoyancy - KaiKbIMa/bUIbIK / TI/IaBy4YeCTh;
conduct - ©TKi3y / IPOBOAUTE;

consistency - KOHCUCTeHLIS;

fatty acid - Maii KbIILIKbLIbI / XKUPHasi KUC/IOTa;
glycerol - rnuiiepus;

saturated - KaHbIKKA@H / HACBIL|€HHbIN;

to create - >xacay / CO3/1aBarTh;

to dissolve - epy / pacTBOpSIThCS;

to insulate - ok1aysay / ©30/1MpOBaTh;
triglyceride - Tpurnuepu;

unsaturated - KaHbIKIIaFaH / HeHACHIILIEHHbIN.




1.6 Classification of Lipid

You will:

e describe the chemical structure and function of lipids.

Stimulating question

Which substances do bees use to build honeycombs? How bees build their
honeycombs?

Key terms

e Phospholipid - a lipid containing a phosphate group in its molecule;

e Steroid - a type of lipid characterised by carbon skeleton consisting of four
fused rings with various chemical groups attached;

e Wax - a lipid made up of a chain of alkanes or esters from alcohols and
fatty acids

Text

Apart from fats and oils, there are other types of lipids which play an important
role in living organisms. They include phospholipids, waxes, and steroids.

Phospholipids

Phospholipids include phosphorus (P) in addition to C, H, and O. They are
formed by condensation of glycerol with two fatty acid molecules and
phosphoric acid molecule. Phosphoric acid reacts with one of the three hydroxyl
groups (-OH) of glycerol while other two hydroxyl groups (-OH) react with fatty
acid chains. A phospholipid has two distinct regions: polar head and nonpolar
tails. The “phosphoric” part of the molecule has polar hydroxyl groups (-OH)
groups which make it hydrophilic (water-loving). Hydrophilic head is attracted
to water molecules. Another part of the molecule including two fatty acids is



hydrophobic (water-hating). Hydrophobic tails repel water molecules.

In aqueous solution, phospholipids form spherical structures called micelles. The
hydrophobic tails turn inwards and become protected from water by hydrophilic
heads. These properties determine the structure and function of the cell
membrane. Cell membrane consists of mainly phospholipids bilayer. It forms a
boundary between the outside and inside environment of the cell.

nitrogeﬁ
groUp hydrophilic
phosphate [ (polar) head
group__ group
glycerol §

Q } head

tail
b. phospholipid

5 & symbol
S & by hydrophobic
%‘ Hy (nonpolar) tail
- I rou

e group

CH;

CH;

CHy

CHy

&

a. Leicithin, a phospholipid

Waxes



Wax is composed of a single long-chain fatty acid linked to a long-chain alcohol
other than glycerol. They are very hydrophobic because of their long nonpolar
chains, and animals cannot digest them.

Waxes form waterproof coverings in living organisms. These covers stop water
from getting in, and for terrestrial plants and animals, it prevents water loss. For
example, feathers of birds are coated with wax to repel the water. Also, insects
have a waxy cuticle to prevent water loss.

Steroids

Steroids consist of four interlinked rings of carbon atoms with various side
chains. Cholesterol is a well-known steroid. It is produced in the liver as well as
being supplied in the diet. It is a vital component of the cell membrane which
helps to keep it fluid. All other steroids and vitamin D are synthesised from
cholesterol. Some hormones are made up of steroids such as aldosterone,
progesterone, and testosterone.

Activity

Identify the differences between types of lipids. Fill the table.

Lipids Components Examples Functions

Triglycerides

Phospholipids

Waxes

Steroids

Facts

e Bees have ceruminous glands which secrete wax for building their
honeycombs.

e Anabolic steroids are substances similar to testosterone which promote
muscle growth. The use of these drugs forbidden in international sports.



They cause many health diseases such as liver damage and heart diseases.

Literacy

1.
2.

3.

What is the biological importance of triglycerides?

Which properties of lipids help them play their biological roles? Explain
your answer.

How fat layer provides buoyancy?

Research time

Cholesterol is often related to heart diseases. Do a research and identify its
connection. Use words below and write a report.

ipoprotein  LDL  HDL
blood flow atherosclerosis
stroke heart attack diet

Terminology

ceruminous glands - LiepyMuHo3b1 Oe3/epi / 1jepyMUHO3HBIE >Kesie3bl
cuticle - KyTuKy/na;

distinct - aliKpIH / OTUYeT/IUBbIN;

forbidden - ThIiibIM casibIHFaH / 3aripellleHHbIN;
honeycomb - kape3 / coThbi;

interlinked - e3apa 6GaiiaHbICKaH / B3aMOCBSI3aHHBIM;
to consider - KapacTbIpy / pacCMaTpUBATh;

to determine - aHbIKTay / OTIpe/le/IUTh;

to promote - MYMKiH/IiK TyFbI3y / ClIOCOOCTBOBATb;

to repel - UTepy / OTTaNKUBaTh;

waterproof - cy eTrnelTiH / Bo/JoHeIIpOHUIaeMblIi;
wax - 6asaybi3 / BOCK.




1.7 Protein

You will:

e classify proteins according to their composition, structure and functions.

Stimulating question

What makes spider silk strong and stretchy?

Key terms

e Amino acid - a simple organic compound containing both a carboxyl (—
COOH) and an amino (—NH2) group;

e Protein - large biomolecules, or macromolecules, consisting of one or more
long chains of amino acid residues.

Text

Protein is the most important polymer, which consists of amino acids. All amino
acids contain carbon, hydrogen, oxygen and nitrogen atoms while some may
have sulphur atoms too.

Amino acids have the basic structure which includes a central carbon atom,
bonded to an amino group (-NHZ2), a carboxyl group (—~COOH), and a hydrogen
atom. Also, there is another atom or group of atoms linked to central carbon
known as radical group (R-group). R-groups differ in amino acids and determine
each amino acid.

Amino acids link together by condensation reaction. When two amino acids
condense, the amino group of one amino acid links with the carboxyl group of
another amino acid forming a dipeptide. The bond which links amino acids is
called a peptide bond. Continuous condensation reactions between amino acids
create long chains of amino acids called polypeptides. Proteins consist of one or



more polypeptides.
Proteins are classified according to their composition, structure and function.

Based on chemical composition, proteins divided into two groups: simple and
conjugated proteins. Simple proteins contain only amino acids. Examples are
plasma albumin, collagen and keratin. Conjugated proteins include a non-protein
portion called as a prosthetic group. The prosthetic group is a compound that
helps proteins in different ways. According to the prosthetic group, conjugated
proteins subdivided into:

e Glycoproteins contain carbohydrates. Ex: blood plasma proteins (except
albumin), immunoglobulin, and antibodies.

e Lipoproteins contain lipids.They are found in the bloodstream and as a
component of the plasma membrane.

e Phosphoproteins contain a phosphate group. Ex: milk casein and egg white
ovalbumin.

e Chromoproteins contain pigments. Ex: hemoglobin which contains heme,
rhodopsin which contains retinal.

Proteins have four levels of structure.

Primary structure

Primary structure of a protein is the sequence of amino acids in the chain. This
sequence determines proteins shape, and shape determines its function. The only
bonds involved in this structure are peptide bonds.

Secondary structure

The secondary structure of a protein involves the twisting or folding of
polypeptide chains caused by hydrogen bonds. The backbone of polypeptides
carries partially positive and negative charges which form hydrogen bonds.

Common types of secondary structure are alpha-helices and beta-pleated sheets.

In the alpha-helix, the CO group of one amino acid is hydrogen bonded to NH
group of amino acid further along the chain. These bondings twist the chain into
the spiral shape and help to maintain the shape of the protein.



Beta-pleated sheets formed in anti-parallel polypeptide chains. CO groups of one
chain are hydrogen bonded to NH group of parallel chains folding a flat structure
of the protein. This shape gives strength to the protein.

Tertiary structure

The tertiary structure of a protein involves the folding and coiling of polypeptide
chains into three-dimensional shape. It is formed by various bonds between R-
groups of amino acids. Different shapes can be created by different R-groups and
by three types of bonds: hydrogen, ionic, and disulphide bonds.

Hydrogen bonds are weakest bonds formed between H and O atoms.

Ionic bonds occur between any charged groups that are not joined by the peptide
bond. These bonds are stronger than hydrogen bonds, however weaker than
disulphide bonds.

Disulphide bonds form between sulfur atoms found in R-groups.

Also, the shape of protein is affected by hydrophobic R-groups which repel the
water.

Quaternary structure

The quaternary structure of a protein involves two or more polypeptide chains
linked together. Each polypeptide chain is called a subunit of the protein.



Protein
Structure
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Quaternary structure

Activity

1. There are 20 different amino acids, which make up proteins. Polypeptide
chains may be formed with any number and any different order of amino
acids. How many different polypeptides would be formed if the chain
contains hundred of amino acids?

2. Compare each levels of protein structure and fill the table.



Levels Defini- Simple Bonds Impor- Examples
tion diagram | involved tance

Primary
structure

Secondary
structure

Tertiary
structure

Quaternary
structure

Facts

Spider dragline silk has regions of alpha-helix and beta-pleated sheet that make
it both elastic and strong.

Literacy

1. What is the reaction by which proteins are formed from amino acids?
2. Explain the basis for the great diversity of protein?

Research time

A small change in primary structure of protein crucially affects its shape and
function. Do a research about sickle cell anemia. Explain its cause and write a
report about this disease.

Terminology

alpha-helix - anbga-mmbIpiIbIK / anbgha-crnupanib;

amino group - aMyH TOObI / aMUHHasI TPYTIMa;

beta-pleated sheet - GeTa-Karmap/isl Kabar / 6eta ckiaguarasi hopma;
carboxyl group - kap6okcun To6bI / KapOOKCHIbHAS TPYTIMa;



coiling - 6ykreny / cBepThIBaHUE;

conjugated - KypJeni / CJIOXKHBIM;

folding - 6yrinic / crub;

prosthetic group - MPOCTeTUKAJIBIK, TOM / IPOCTeTHYeCKasi TPYyTITa;
radical group - pagukan ToObI / pajvKa/ibHas rPyIIa;

to condense - TornTany / KOHZEHCUPOBATHCS;

to subdivide - 6emniny / mopa3aensTh;

twist - OYpbUIbIC / TIOBOPOT;




1.8 Functions of Protein

You will:

e classify proteins according to their composition, structure and functions.

Stimulating question

Why does skin wrinkle with age?

Key terms

e Globular proteins - proteins coiled into compact shapes with hydrophilic
outer surface that make them water soluble;

e Fibrous proteins - proteins composed of long linear polypeptide chains that
are bundled together to form strand or sheets.

Text

Proteins perform different vital functions in the organisms. Their functions are
directly related to their shapes. Proteins can be classified depending on their
final three-dimensional structure: globular and fibrous proteins.

Globular proteins

In globular proteins, polypeptide chains are folded and coiled tightly to form a
spherical shape. Each of them has its specific shape and length of polypeptide
chains. Globular proteins are unstable molecules. They are soluble in water and
can be easily changed chemically. Their main functions are metabolic. Classes of
globular proteins are:

e Enzymes bring reactants together and act as a catalyst. They speed up
chemical reactions in the cell.
e Antibodies are protective proteins. They destroy different antigens



protecting the body against disease;

e Transport proteins, such as hemoglobin, carry oxygen in the blood. Channel
proteins in plasma membrane allow substances enter and exit the cells;

e Storage proteins, such as myoglobin, store oxygen in muscle;

e Receptor proteins in plasma membranes and inside the cell recieve signals
from complementary molecules and trigger particular reactions;

e Hormones are regulatory proteins. Insulin regulates the concentration of
glucose in the blood;

Fibrous proteins

In fibrous proteins, polypeptide chains are parallel to each other. They are linked
together to form long fibres or sheets. Fibrous proteins are insoluble in water and
very stable molecules. These proteins provide structure and support for cells.
Classes of fibrous proteins are:

e Structural proteins give support. Keratin is found in hair, skin, nails,
feathers, hooves and horns. Collagen gives flexible strength to tendons,
blood vessel walls and skin. Elastin provides strength and elasticity to
ligaments;

¢ Contractile proteins are involved in the movement. Actin and myosin cause
the contraction of muscles.

Activity

a. Compare globular and fibrous proteins. Write four characteristics to each type
of protein.



Globular proteins Fibrous proteins

b. Compete with classmates by finding as much as possible proteins found in
human body. Name and label them in the diagram and explain their functions.

Facts

e Whales’ muscles have higher concentration of myoglobin which allows
them to remain underwater for long periods of time.

o After the age of 20, a body produces less amount of collagen and elastin in
the skin year by year. As a result, the skin becomes thinner and more fragile
with age.

Literacy

1. Which levels of organisation of proteins refer to globular proteins?
2. What is the function of triple helix structure in collagen?

Research time

Deficiency of vitamin C cause scurvy. This disease include the loosening of teeth
and internal bleeding. Explore the connection between vitamin C and collagen.
Write a report.



Terminology

fibrous - TanIbIKTBI / BOTOKHUCTBIN;
fragile - Ha3iK / XpyTiKOe;

globular - r100y/51p/ibI / 111aPOBUIHBIN;
hoof - TysiK / konbITO;

horn - myi1i3 / por;

ligament - Gaiiiam / CBSI3KY;

loosen - pa3pbIXJISTE / )KYMCapTYy;

® SCUrvy - LIUHTa;

tendon - CiHip / CyXOXuusi;

to destroy - KO0 / yHUUTOXKATh;

to remain - Kaay / 0oCTaBarbCs;
unstable - TypakchI3 / HEYCTOMUMBBIN;
wrinkle - MopiiyHa / axim.




1.9 Protein Denaturation

You will:

e investigate the effect of different conditions on the structure of proteins.

Stimulating question

Why do human cook many kinds of food before eat them?

Key terms

e Denaturation - process of altering the shape of a protein without breaking
the peptide bonds that form primary structure.

Text

Proteins consist of amino acids. Radical groups (R-groups) of various amino
acids interact with each other and form hydrogen, ionic or disulfide bonds. These
bonds hold the natural shape of proteins. However, different conditions can
easily break these bonds.

A rise in temperature causes the molecules to vibrate rapidly. It disrupts
hydrogen bonds and hydrophobic interactions and changes protein’s overall
shape.

Also, pH changes in solution affect hydrogen bonds and ionic bonds. Changes in
concentration of the positively charged hydrogen ions alter the forces of
attraction holding the protein molecule shape.

When proteins lose their folded structure and cannot function, they denature.
Denaturation of proteins involves the disruption of quaternary structure, tertiary
structure and secondary structure. The primary structure remains constant after
denaturation process because peptide bonds are not affected.
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Denaturation and renaturation

Albumin is a protein found in egg white. Cooking or whipping egg whites
denatures the globular proteins changing egg white from clear to white forming
insoluble protein.

Sometimes denaturated proteins can reconstruct into the original form. This
process is called renaturation. Renaturation is rare process. Some proteins may
be renatured if the denaturing agent or molecule is removed.

Labwork

Pre-lab questions:
1. Which types of bonds are weak in protein?
2. What is pH?
3. Why it is important to keep constant body temperature?

Methods and Materials:

3 egg whites, water, lemon juice, NaHCO3 (baking powder), 4 test tubes, water
bath, stirring rod.

Safety precautions:



1. Be careful with boiling water.
2. Do not taste the materials.

Procedures:

Label the test tubes from 1 to 4.

Separate egg white and egg yolk. Discard egg yolk.

Place egg white into each test tubes until half filled.

Place the test tube 2 in the boiling water till it becomes white.
Add one teaspoon of lemon juice to the test tube 3 and stir.
Add NaHCO3 to the test tube 4 and stir.

Compare test tubes with test tube 1.

Record observations to the table below.

PN RAE W=

Results:

est tubes Added Observation

T

N W

Post-lab questions:

1. Which method has the greatest denaturing effect on egg albumin? Explain
your answer.

2. Why heat and alcohol are used to disinfect medical equipment?

3. Why peptides bonds are not affected by denaturation?

Facts

e Some enzymes such as trypsin cannot access to peptide bonds due to
natural shapes of proteins. Denaturation of proteins makes peptide bonds
accessible to split them and helps in digestion..



e The layer that forms on curdled milk is another common example of
denatured protein..

Research time

Do research about renaturation. Find some examples of renaturation of proteins.

Terminology

baking powder - HaybaiixaHa YHTaFbl / eKapCKWi TTOPOIIIOK;
denaturation - feHaTypaLusi;

influence - acep ety / Businue;

rapidly - Te3 / GbiCTpO;

to alter - e3repTy / U3MeHSITh;

to discard - Tactay / orOpachIBaTh;

to disrupt - 6y3y / pa3pyliiiaTh;

to interact - e3apa apekeTTecCy / B3aUMO/|eliCTBOBATh;

to lose - >xoranTty / TepsTh;

to stir - apasacTeIpy / pasmMelumBarh.




1.10 Protein Determination

You will:

e determine the protein content in biological objects.

Stimulating question

How forensics investigators determine the fingerprints of criminals?

Key terms

e Aromatic rings - are hydrocarbons that contain benzene;
e Ninhydrin reagent - chemical that reacts with free amino groups of amino
acids.

Text

Various protein determination methods are used in different fields.
Determination of protein in urine or in blood plasma help to identify the disease.
Food analysts do protein determination methods to know total concentration,
type, molecular structure and functional properties of the proteins in foods.

The presence of proteins in biological objects or solutions can be determined by
color reactions, the course of which is due to the presence of specific groups and
peptide bonds in the protein. There are some common methods which are used to
determine proteins.

Biuret Test

Compounds that contain two or more peptide bonds will react with Cu2+ in a
basic solution to form a violet-pink complex. The original Cu2+ solution is blue,
so if the solution remains blue, the compound being tested could be an amino
acid or a dipeptide or neither.
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The aromatic rings on tyrosine and tryptophan react with nitric acid. In this
reaction, the aromatic rings become nitrated. When nitric acid is added to a
sample and the mixture is heated, a yellow solution will result if the sample
contains tyrosine or tryptophan amino acids. When this yellow solution is treated
with a strong base (such as NaOH), it turns orange. Since most proteins contain
one or both of these amino acids, most proteins will show a positive reaction in

this test.
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Ninhydrin Test
Free amino groups will react with the ninhydrin reagent to yield a purple

solution. Almost all amino acids contain a free amino group (except proline).
Some proteins also give a positive test with ninhydrin.

Facts

e Biuret solution is blue liquids which used for protein assay. The copper
atom of the biuret solution reacts with the peptide bonds to cause the colour
change. It changes to purple when proteins are present and to pink in the
presence of short chains of polypeptides.

¢ A ninhydrin solution is commonly used by forensic investigators in the
analysis of latent fingerprints on porous surfaces such as paper. It was first
used in 1959 in forensics.

Research time

If you had completely hydrolyzed the egg albumin before doing the Biuret test
on that sample, what results would you expect for the Biuret test? Explain why.
Include what color you would expect to see, whether it is a positive or negative
test, and what that means.

Activity

Pre-lab questions:
1. Which protein found in milk?

2. Which protein found in egg?
3. Can denaturation split peptide bonds?

Methods and Materials:

biuret reagent, water, milk, egg white, apple, cracker, 5 test tubes, dropper.

Safety precautions:



1. Wear gloves.

Procedures:

1. Label test tubes from 1 to 5.

2. Separate egg white and egg yolk. Discard egg yolk.

3. Place water in 1 test tube.

4. Place egg white into 2 test tubes.

5. Place milk in 3 test tube.

6. Crush apple piece and cracker.

7. Place crushed cracker into test tube 4 and add some water.

8. Place crushed apple piece into test tube 5 and add some water.

9. Add about 2 ml of biuret reagent to each test tube. Wait for 10 minutes.
10. Observe results and fill the table below.
Resluts:

otein pres- ,
fest tubes | Added Colour i encg Protein amount

Oy | &~ [N

Post-lab questions:
1. Which test tube has short chains of polypeptides?

2. Which test tube has a high amount of protein?
3. Can biuret reagent stain your skin and fingernails? Explain your answer.

Terminology




aromatic rings - apoMaTThIK CaKUHasap / apoMaTuyeckue KoJblia;

assay - Tajazay / aHaiaus;

determination - aHbIKTay / OTipefie/ieHUe;

forensics - coT-meauIIMHAMBIK caparTaMa / cyaeOHO-MeUIuHCKast
9KCIIepTU3a;

latent fingerprints - »kaCcbIpbIH caycak i3/iepi / CKpPbITble OTTIeUaTKU MasiblieB;
nitric acid - a30T KbIIIKbUIbI / a30THast KUCIOTa;

to determine - aHbIKTay / OTIpe/e/isATh.




1.11 DNA

You will:

e establish a connection between the structure of deoxyribonucleic acid and
its function.

Stimulating question

How organisms differ if their DNA include same components?

Key terms

e DNA - a molecule which stores the genetic information of an organism and
transmits that information from one generation to another;

e Nucleotide - the basic building block of nucleic acid polymers; an organic
compound made up of a nitrogenous base, a sugar, and a phosphate group.

Text

Deoxyribonucleic acid (DNA) is a type of nucleic acid which found in every
cell. It stores genetic information and transfers it from one generation to
another.

DNA consists of nucleotides. Each nucleotide contains three components: sugar,
a phosphate group, and a nitrogen-containing base. Sugar, deoxyribose, contains
five carbon atoms. The phosphate group comprises phosphoric acid (H3PO4).

The third component includes four different bases: adenine (A), guanine (G),
cytosine (C), thymine (T). Adenine and guanine have a double ring structure,
and they are purines. Thymine and cytosine have a single ring structure, and they
are pyrimidines.

Three components link by condensation reactions to form a nucleotide. A
pentose sugar attaches to phosphoric acid at 5’, and to one of the bases at 1°.



Primes () are used to number the carbons in pentose sugar. The linkage of
nucleotides occurs when the 3’-OH of pentose sugar in one nucleotide joins to
the 5’- phosphate of a second nucleotide forming a phosphodiester bond.
Phosphodiester bonds form polynucleotide chains. The sequence of nucleotides
in polynucleotide chain is the primary structure of DNA. It determines the
genetic information of the organism.

The secondary structure of DNA is a double helix structure. DNA consists of two
polynucleotide chains that twisted around each other. It has a ladder-like
structure where sugar and phosphate group form its backbone while bases form
its rungs. Two strands are antiparallel to each other. One strand starts from 5’
and ends with 3’, while the other strand starts from 3’ and ends with 5’.
Nitrogenous bases are linked to each other by hydrogen bonds, and they can only
bond with a specific base partner forming a complementary base pairing.
Adenine pairs with thymine using two hydrogen bonds. Guanine pairs with
cytosine using three hydrogen bonds.

DNA stores genetic information in the sequence of nucleotides. Nucleotides are
complementory paired to each other. It helps to transfer genetic information to
the next generations.

This spiral arrangement and hydrogen bonding between bases makes DNA
stable. It helps to protect nucleotide sequence from being affected and changed
by the environment.
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Facts

e The double helix structure of DNA discovered in 1953 by James Watson
and Francis Crick. They were awarded a Nobel prize in 1962.

Research time

The greatest scientific discovery of 20th century is double helix structure of
DNA. Apart from Watson and Crick, other scientists made significant
contributions to this invention. Explore the history of this discovery and fill the
table.



Scien-
tist

Contri-
bution

Year

Erwin
Char-

Jd

R0Sa-
ind

Frank-
in

Mau-
rice
Wilkins




Literacy

1.
2.
3.

To which group of carbohydrates does deoxyribose belong?

Hydrogen bonds are weak bonds. How can two strands of DNA not split?
Look at two DNA sequences below. Determine which DNA is more stable.
Explain your answer.

(a) S’ AATTTAAGGGCCCAAATTTTS’ (b)
5’CACGTAATGCATTCGCCAGT3’

3’ TTAAATTCCCGGGTTTAAAAY’

3’GTGCATTACGTAAGCGGTCAY’

Terminology

arrangement - OpHa/iacybl / pacroJioyKeHue;
contribution - ynec / BKiazi;

double helix - koc cnupans / ABOVHas CcriMpasb;
invention - eHepTabbIC / 1300peTeHuUE;
phosphodiester bond - dhochoanaupnik 6aitnanbic / bochoausdrpHas
CBSI3b;

purines - IypuH;

pyrimidines - nMpUMUANH;

to comprise - KAMTY / BK/ItOUarTh;

to discover - >kaHa/bIK allly / fe/laTb OTKPBITUE;
to explore - 3epTTey / UCC/ie[0BATh.




1.12 DNA Replication

You will:

e describe the process of DNA replication based on Chargaff’s rule.

Stimulating question

Why are daughter cells identical to the parent cell?

Key terms

e DNA replication - process by which DNA makes a copy of itself before cell
division.

Text

DNA transfers genetic information from one generation to another. It has to copy
itself to allow offspring inherit genes from parents. The process by which DNA
copies itself is called replication. DNA replication occurs by semi-conservative
model. It means each new generation inherit DNA that contains one old strand
and one new strand. The semi-conservative model of replication of DNA was
proved by two scientists Matthew Meselson and Franklin Stahl.

Meselson-Stahl experiment

Meselson and Stahl made an experiment involving E.coli. Bacteria were grown
on a medium in which normal nitrogen (14N) was replaced with the heavy
isotope (15N). Isotope is any of two or more forms of a chemical element,
having the same atomic number, but having different atomic weights. The
molecules containing 15N are heavier than those containing 14N. After many
generations passed, the medium containing 15N was replaced on a medium
containing 14N. Then samples of bacteria were taken from the culture after one
and after two generations. Ultracentrifugation was used to separate the DNA



molecules according to the ratio of 15N and 14N.
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Meselson-Stahl experiment

In medium containing 15N, DNA was heavy. After replacing with normal 14N,
the first generation indicated DNA was intermediate, between 15N and 14N. The
second generation detected two types of DNA. One type had only 14N while
another was the same as in the first generation, half 15N and a half 14N. Results
showed that each DNA molecule conserve one strand from parental DNA that
acts as a template for the formation of a new strand. So, DNA replicates semi-
conservatively.

The complementary base pairing ensures the daughter DNA to have the same
sequence of nucleotides as in the parent DNA. This specific relationship between
bases is also known as Chargaff’s rule. Erwin Chargaff is a scientist who had
separated the four bases in DNA samples from various organisms. He observed
that DNA has a 1:1 ratio of pyrimidine and purine bases and the number of A is
about equal to T while the number of C is about equal to G. Chargaff’s invention
explains the basis of DNA replication.



DNA replication

DNA replication starts at a point called ori site (repilcation origin), and forms a
Y shape-d structure called replication fork. This process involves several
proteins. Helicase unwinds DNA strands to allow them to act as a template.
Single-stranded binding (SSB) proteins bind to each strand stabilising them and
avoiding from rejoining. Separation of DNA strands causes double helix to
overwind ahead of a replication fork. Topoisomerase overwinds two DNA
strands. RNA primers are starting points for synthesising new strands. They
made by primase and binds to the 3’ end of the existing strand. DNA polymerase
IIT synthesises new strand by adding nucleotides. It can add nucleotides from 3’
to 5’. One strand of parental DNA continuously builds new strand from 3’ to 5’
and known as leading strand. Second strand which runs in opposite direction
from 5’ to 3’ known as lagging strand. Lagging strand is divided into sections
called Okazaki fragments. RNA primers bind to the 3’ ends of each Okazaki
fragment allowing DNA polymerase III to synthesise new strand. After each
daughter strand built DNA polymerase I replaces RNA primers with DNA
nucleotides. Ligase joins Okazaki fragments.
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Facts

e Telomeres are ends of chromosomes. They shorten in length with each
replication, because of the primers used to synthesize the lagging strand.
There is a limit of 52 DNA replications until the chromosomereaches the
critical length. This limit is called the Hayflick limit.

Research time

Beside from semi-conservative model, there were two hypothesis for DNA
replication: conservative and dispersive. Research each hypothesis and explain
why they were rejected.

What results had to be shown in Meselson-Stahl experiment to prove these two
hypothesis? Draw the samples for the first and second generation after
replacement of 14N medium.



Activity

a. Fill the table. Explain the function of each protein in replication using your
own words. In a diagram section, draw the step of DNA replication involving
each protein.

Protein Function Diagram

1.

2.

3.

b. Bacteria divide about every 20 minutes. Bacteria cells were grown in a
medium containing 15N. Then it was replaced on a medium containing 14N.
After ultracentrifugation, first generation samples showed 50% of 15N and 50%
of 14N. Samples were taken after 60 minutes too. What were the results in
percentage?

Literacy

1. Describe the difference between the lagging and leading strands
2. To which group of atoms newly synthesised nucleotides join?

Terminology

heavy - aybIp / TsKesbIi;

lagging strand - kemiryiri Ti36ek / oTcTaroias HUTh;

leading strand - >keTekiiri Ti30eK / Befylijasi HUTh;

medium - opta / cpefa;

offspring - ypnak / oTnpbick;

replication fork - peniMKaLUsIIbIK avibIp / perIMKaliMOHHAsE BUJIKAQ;
sample - ysri / obpa3set;

to ensure - KaMTamachI3 eTy / obecreunBaTh;

to inherit - TyKbIM Kyasiay / Hac/e/10BaTh;

to reject - Kabbu1jaMay / OTK/IOHUTb;



e to replace - aybICTBIPY / 3aMEHSITh;
e to separate - 6oy / pa3fensTh;
e unwind - TapKaTty / pacCKpyuuBaTh.




1.13 RNA

You will:

e distinguish the structure and functions of RNA types.

Stimulating question

How does ribosome know which type of protein to make?

Key terms

e Ribosome - sphere-shaped organelle composed of protein and rRNA that
serves as the site of protein synthesis;

e Messenger RNA - a type of RNA that convey genetic information from
DNA to the ribosome, where they specify the amino acid sequence of the
protein;

e Transfer RNA - a cloverleaf shaped RNA that transports specific amino acid
to the ribosome;

e Ribosomal RNA - component of ribosome functioning in protein synthesis.

Text

Ribonucleic acid or RNA is the type of nucleic acid. RNA consists of
nucleotides. Nucleotide consists of three components: sugar, a phosphate group,
and a nitrogenous base. RNA nucleotide includes pentose sugar (ribose) and
phosphate group. As DNA, it contains adenine (A), cytosine (C), guanine (G),
but instead of thymine it contains uracil (U). The main function of RNA is
protein synthesis. RNA is involved in gene expression pathway by which genetic
information in DNA is used to synthesize proteins that determine cell function.
There are three types of RNA involved in protein synthesis: mRNA, tRNA, and
rRNA.

Messenger RNA (mRNA)



DNA dictates which protein will make cells. The sequence of bases in DNA
serves as instructions for protein synthesis. Messenger RNA carries these
instructions from DNA to a ribosome. mRNA is linear and single-stranded
molecule. It is much shorter than DNA and contains about thousand nucleotides.
DNA unwinds and unzips in particular regions, and one strand of DNA acts as a
template for the synthesis of messenger RNA. Free RNA nucleotides
complementary pairs with the bases of template DNA strand. Adenine attracts
uracil and thymine attracts adenine while cytosine attracts guanine and guanine
attract cytosine. RNA polymerase joins RNA nucleotides forming mRNA. Each
sequence of three bases on the mRINA is called as codon and it codes for one
amino acid.
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DNA is separated to two RNA polymerase adds New synthesized RNA
strands of the DNA helix. RNA nucleotides strand is formed.
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Messenger RNA

Transfer RNA (tRNA)

Ribosome requires amino acids for protein synthesis. Transfer RNA carries
amino acids to the ribosome. They are small molecules containing about 75
nucleotides. The tRNA has folded structure with three loops that form a
cloverleaf shape. One side of their structure binds to amino acid, and other side
binds to mRNA. There are 20 types of tRNA according to the binding amino
acid. Each tRNA binds only to specific amino acid. The side which attaches
mRNA contains bases that are complementary to mRNA codon and known as
anticodon.
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Transfer RNA

Ribosomal RNA (rRNA)

Ribosomal RNA combines with protein to form ribosomes. Ribosomes consist of
two subunits: large and small. Both subunits contain rRNA. Ribosomes act as a
site of protein synthesis and include enzymes involved in this process. They
travel along the mRNA and read the information of the codons. tRNAs join to

ribosomes and codon complementary binds with anticodon to synthesize a
polypeptide chain.
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Research time

Protein synthesis includes two steps: transcription and translation. Give
definitions and draw the process of protein synthesis involving RNA types.

Activity

a. Compare three types of RNA and fill the table. Based on features add a tick to
the corresponding type of RNA.



Features

MRNA

tRNA

rRNA

have anticodons

join codon with an anticodon

have codons

assemble amino acids into a polypeptide chain

have a cloverleaf shape

component of the ribosome

act as anintermediary between DNA and
ribosomes

contain uracil

deliver amino acids

single-stranded

a version of the gene encoded by DNA

b. The sequence of nucleotide in DNA strand is ACCTGAAGCTCT. What is the
sequence of mMRNA? What are the anticodons in tRNA?

c. There was a mutation in DNA strand, the second nucleotide is deleted. What is

the sequence of mMRNA? What are the anticodons in tRNA? Is protein in “b” the

same with this protein? Explain your answer.

Literacy

1. How does mRNA leave the nucleus?

2. What is the scheme of the flow of genetic information?

3. DNA contains 50 nucleotides. How many amino acids will the resulting

protein have?




Terminology

cloverleaf - Geze >xaribiparbl / K/IeBepHBIM JTUCT;

encoded - KoATasnFaH / 3aK0/JPOBaHHBbIN;

intermediary - fenjasn / TOCpeAHUK;

messenger RNA - aknapartsik PHK / marpuunas PHK;
ribosomal RNA - pubocomansik PHK / pubocomansHasi PHK;
site - aymak, / y4acCToOK;

to assemble - yxuHay / cobupars;

to bind - GaiiiaHBICTHIPY / CBSI3aTh;

to combine - GipikTipy / 0ObeAUHSTD;

to convey - TacbiMaszay / TpaHCIIOPTHUPOBATH;

to deliver - )keTKi3y / JOCTaB/ATS;

to distinguish - a)keIpaty/ pa3nyars;

to require - Tasarn ety / TpeboOBaTh;

transfer RNA - Taceimangayiisl PHK / TpancrioptHas PHK.



1.14 Nucleic acids

You will:

e compare the structure of DNA and RNA.

Stimulating question

Why genetic material is stored in DNA instead of RNA?

Key terms

e DNA - double-stranded nucleic acid that contains the genetic information;
e RNA - single-stranded nucleic acid that function in protein synthesis

Text

Nucleic acids are found in all living cells and in viruses. They perform vital
functions in the cell and control the process of heredity and development.

Nucleic acids are organic compounds containing C, H, O, N, and P atoms. They
are long polymers of units called nucleotides. Nucleotides are complex
molecules comprising three components: sugar, a phosphate group, and a
nitrogenous base. DNA and RNA are two types of nucleic acids. They are
polynucleotides that differ in structure and function.

In both nucleic acids, the phosphate group of nucleotides include phosphoric
acid.

However, pentose sugar in DNA is deoxyribose while in RNA is ribose.
Deoxyribose differs from ribose that hydroxyl group at 2’ is replaced by a
hydrogen atom.

There are five different nitrogenous bases found in nucleic acids, and they
classified as purines and pyrimidines. Purines include adenine and guanine. They



have double-ring structures whereas pyrimidines have a single ring structure.
Pyrimidines involve thymine, cytosine, and uracil. DNA nucleotides contain
adenine, guanine, cytosine, and thymine. In RNA nucleotide, thymine is replaced
by uracil.

DNA is found in the nucleus, mitochondria, and chloroplast. It consists of two
strands of long polynucleotide chains that form double helix structure. This
structure makes DNA molecule very stable and ensures the storage of genetic
information for years without any damage. Deoxyribose sugar

is less reactive because of C-H bonds. Also, DNA has small grooves that make
damaging enzymes difficult to attach and attack it.

RNA contains only one polynucleotide chain. It is found in the cytoplasm,
ribosome and nucleus. RNA can easily be altered by degradation and therefore it
is unstable. Ribose sugar is more reactive due to the C-OH bonds. RNA has large
grooves where enzymes can easily attach and attack the molecule.
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DNA is present in every cell of human body. Each DNA strand is 1.8 meters
long but it is squeezed into a space of 0.09 micrometers. Research this
phenomenon and explain how does DNA fit into the cell nucleus.



Activity

a. Compare and contrast DNA and RNA. Find out their similarities and
differences by drawing a Venn diagram.

Fact

If you unwrap all of the DNA you have in all your cells, you could reach the
moon 6000 times.

Literacy

1. If you compare amino acid and nucleotide which one is more complicated?
Explain your answer.
2. What is the Chargaff rule and which nucleic acid follows it?

Terminology

groove - >KbIpallibIK / KAHABKa;

heredity - TyKbIM Kyasiay / Hac/e/[CTBEHHOCTb;
ring - cakuHa / Ko/bL{o;

to attach - 6ekiTy / IpUKPeTISTh;

to comprise - KAMTY / BK/ItOUarTh;

to damage - 3aKbIM/Ziay / TIOBPE€/IUTh;

to ensure - KaMTamachI3 eTy / obecreunBaTh;
to fit - cbIfO / TIOMECTUTHCS;

to include - kamTy / BK/tOUaTh;

to reach - )xeTy / JoCTUTaTh;

to replace - aybICTBIDY / 3aMeHSITh;

to unwrap - >ka3y / pa3BepHYyTb;



Problems

Test questions with one right answer

1. Fructose is:

A) ketose

B) disaccharide

C) aldose

D) triose

E) polysaccharide

2. The tendency of water molecules to stick together:

A) provides surface tension that allows insects to walk on water
B) acts to moderate temperature

C) keeps water moving through the vessels in a tree trunk

D) all of the above

E) none of the above

3. If a lipid is a solid at room temperature, you will predict that:
A) all lipids are solid at room temperature

B) the lipid is saturated

C) the lipid is unsaturated

D) all lipids are liquid at room temperature



E) the lipid is a phospholipid

4. How many hydrogen bonds between cytosine and guanine?
Al

B.2

C.3

D. 4

E.5

Test questions with several (max 3) right answers

1. Which of the followings are characteristics of saturated fats?
A) contain more hydrogen atoms

B) double bonds in hydrocarbon chain

C) single bonds in hydrocarbon chain

D) contain less hydrogen atoms

E) solid at room temperature

F) liquid at room temperature

G) mostly found in plants

H) have bends in hydrocarbon chain

2. Which of the followings are parts of amino acid?
A) -HN2

B) H20



C) -NH2
D)H

E) CO2

F) N2

G) -COH

H) -COOH

3. Which of the followings are pyrimidines?
A)adenine

B) ribose

C) pentose

D) guanine

E) cytosine

F) uracil

G) deoxyribose

H) thymine

Matching

1. Match the following type of bonds with its molecules.
1. Glycosidic linkage
2. Ester bond

3. Peptide bond



A) between water molecules
B) between amino acids
C) between nucleotides
D) between monosaccharides
E) between glycerol and fatty acid
F) between fatty acids
2. Match the following proteins with their prosthetic groups.
1. Chromoproteins
2. Phosphoproteins
3. Glycoproteins
A) lipids
B) retinal
C) sodium group
D) carbohydrate
E) phosphate group

F) nucleotide
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2.1 The main components of the cell

You will:

e explain the structural features of the plasma membrane, cell wall and
cytoplasm.

STQ

What do amoeba and blue whale have in common?

Key terms

e Cell - the basic unit of life;

e Plasma membrane - is a double layer of lipids and proteins that surrounds a
cell and separates the cytoplasm from its surrounding environment;

e Cytoplasm - the fluid that fills the cell, which includes the cytosol along
with filaments, proteins, ions and organelles;

e Cell wall - arigid layer of polysaccharides lying outside the plasma
membrane of the cells of plants, fungi, and bacteria.

TEXT

Trees in a park, tadpole in a pond, wasp on a farm, gorillas in the jungle,
dolphins in the ocean, earthworm in the soil — all these plants and animals are
made of the small unit called cell. Cell is the basic unit of all living organisms,
which are capable of self-reproduction. Some organisms are made up of single
cell (paramecium, euglena), while others are made of thousands and trillions of
cells (elephant, snapdragon).

All cells have some common components. They are plasma membrane,
cytoplasm and nucleus.

All cells are surrounded by a structure called plasma membrane. It is the cell’s



boundary between external and internal environment. The plasma membrane is
sometimes also referred to as the cell membrane. All cells are protected by
plasma membrane.

Cell membrane takes part in the transport of the wastes and water, response for
the cell to cell communication. Also, it allows cells to stick to each other to form
group of similar cells called tissue. Cell membrane consists of lipid bilayer with
proteins and glycoproteins embedded in it.

The cell wall is a rigid layer, which is found in plants, bacteria, fungi and algae.
It is located outside of the cell membrane and it surrounds the entire cell. Cell
wall protects the cell and gives shape to it. Cell wall of plants consists of
cellulose.

Cytoplasm is water based fluid, which encloses all components inside the plasma
membrane. A cell’s cytoplasm is a medium in which organelles are located. Each
organelle have a specific function within the cell. There are two types of
organelles in the cytoplasm membranous and non-membranous.

Cytoskeleton provides structural support to the cell. It is made up from three
types of molecules: microtubules, microfilaments and intermediate filaments. All
microtubules and microfilaments join to each other to make cytoskeleton.

Microtubules are made up of globular protein called tubulin. Cilia and flagella
are made up from microtubules, they are responsible for the movement and help
the cell to resist compression.

Microfilaments are made up of globular protein called actin. Microfilaments
provide some rigidity and shape to the cell. Also they are responsible for muscle
contraction.

Microtubules and microfilaments are found in all eukaryotic organisms, while
intermediate filaments are found only in some vertebrates. Intermediate
filaments are made of several strands of fibrous proteins (keratin) that are wound
together. The fibrous protein strengthens hair, nails, and the epidermis of the
skin.
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Facts

The first electron microscope was invented in 1931 by Ernst Ruska. It uses
electrons instead of light to create the magnified image.



Lab works

Complete the table below

Structure Description and function

Plasma membrane

Cell wall

Cytoplasm

Research time

Why do muscle cells have more microfilaments than other cells? Explain your
answer with the evidence.

Literacy

1. What does cytoplasm mainly consist of?
2. What are the differences between plasma membrane and cell wall?
3. Why plant and animal cells have different organelles?

Terminology

boundary - 1mekapa / rpaHuiia;

conduction - ©TKI3TilLTIK / MIPOBOJUMOCT;
entire - 6ap/bIK / BeCh;

maintenance - cyrvemMesijiey / npuziep>KvBaHUe;
pond - ToraH / npyZx;

rigid - KaTThl / >KeCTKUY;

snapdragon - eCiHeKTyJ1 / TbBUHbBIN 3€B;

space - KeHICTiK / TIpOCTPaHCTBO;

stacked - Ti3isly / BbIpaBHUBAThCS;

tadpole - utiabax / TOI0BaCTHK;



e to fold - kabaTTaHy / CKIa/IbIBATHCS;
e to stick ->)kabGBICTBIPY / TIPUK/IEHBATD.



2.2 Cell organelles

You will:

e explain structure and function of cell organelles.

STQ

How cell organelles communicate with each other?

Key terms

e Ribosome - a sphere-shaped structure within the cytoplasm of a cell that is
composed of RNA and protein and is the site of protein synthesis;

e Endoplasmic reticulum - a large organelle made of membranous sheets and
tubules that begin near the nucleus and extend across the cell;

e Golgi apparatus - a complex of vesicles and folded membranes within the
cytoplasm of most eukaryotic cells, involved in secretion and intracellular
transport;

¢ Lysosome - specialized vesicles within cells that digest large molecules
through the use of hydrolytic enzymes.

Facts

The wall of the heart is composed of cardiac muscle tissue. If the endoplasmic
reticulum of cardiac muscle cells will not function properly, the number of
calcium ions will decrease and cause insufficient contractile force. This may lead
to the heart failure.

TEXT

Cell contains many small structures called organelles. In multicellular
organisms organs have different functions, similarly cell organelles have their
own functions within the cell.



Proteins are necessary for the cells to carry out different cellular activities.
Ribosomes, endoplasmic reticulum (ER) and Golgi apparatus (Golgi body) work
together to produce, synthesize and carry proteins to the necessary places.

Ribosomes are non-membranous organelles. They are composed of two units:
small subunit and large subunit. These subunits are measured by Svedberg units
(S). Eukaryotes have 80S and prokaryotes have 70S ribosomes. The ribosomes
can be freely floating in the cytoplasm or attached to the outer membrane of
rough Endoplasmic reticulum to produce proteins.

Large
subunit
————————
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Ribosome

Endoplasmic reticulum (ER) is a single membranous organelle. It consists of a
network of membrane tubules and sacs which are called cisternae. The internal
space of ER is called lumen or cisternal space. There are two types of ER:
smooth ER and rough ER.

Smooth ER does not have ribosome on its outer surface. Its functions are lipids
synthesis, detoxification of poisons, storage of carbohydrates in the form of
glycogen and storage of calcium ions. Mostly smooth ER can be found in the
liver cells.

Rough ER is the site for protein synthesis. Lining of the stomach and endocrine
glands are rich for rough ER, as they are responsible for the secretion of
enzymes and hormones.
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After proteins are sorted at rough ER, they are enclosed in transport vesicles and
moved to the Golgi apparatus. Golgi apparatus is a single membranous
organelle, which looks like stack of flattened pancakes. It has two sides: the
receiving side (cis face) and shipping side (trans face). The transport vesicles
travel to the cis face, fuse with it, and empties their soluble contents into the
Golgi’s cisternal space. Trans face pinches off vesicles from the Golgi and
transports molecules to other sites.

The main function of Golgi apparatus is sorting out and packaging of proteins,
storing them for later use and distribution of them. It is also responsible for
transport of the lipids and formation of lysosomes.
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Lysosome is a single-membranous organelle. It has special hydrolytic enzymes
which are responsible for intracellular digestion and destroying of pathogens.



Bce y4yebHukn KaszaxctaHa Ha OKULYK.KZ

LYSOSOME

Membrane — Hydrolytic enzymes

Transport proteins

Peroxisomes - small vesicles, that breaks down toxic compounds in the cell. The
main function of peroxysomes is the metabolism of fatty acids and detoxification
of alcohol. Liver cells have more peroxisomes than other cells.

Vacuole is a large organelle that have various functions. They are found in both
animals and plants. They store food and other nutrients. In plants, vacuoles are
larger than in animals. There are several types of vacuoles:

Food vacuole is responsible for intracellular digestion in some protists;
Contractile vacuole is found in some freshwater protozoans. It excretes excess
amount of water from the cell.

Large vacuole is mostly found in plants. It is responsible for absorbing water and



elongating the cell.

Research time

The vesicles and vacuoles are hollow compartments used for storage. How do
they differ in function? Explain your answer with evidence.

Activity

1. Draw a Venn diagram and explain the differences and similarities between
plant and animal cells?

2. Fill the table below. Find out which organelles are the most abundant in the
following cells. Explain your answers.

Types of cells Organelles

Muscle cells

Sperm cells

Red blood cells

Liver cells

Bone cells

Literacy

1. Which organelle makes a lysosome?
2. Which functions take place in the cis-face of Golgi Apparatus?
3. Which organelles are responsible for assembling of proteins?

Terminology

e cisternae - LIUCTepHa;
¢ detoxification - 3amancei3gaHbIpy / e TOKCU(UKALIWS;



flattened - Teric /CrIFOCHY ThIN;
floating - ka/nKy /riiaBatoLui;

lumen - caHpinay / IPOCBeT;

network - ke / ceTs;

to contract - >KUbIPbLTY / COKpAIIaThCS;
to elongate - y3apy / yAJUHSATBCS;

to fuse - 6ipiry /ciuBaTbcs;

to pinch off - Kpicy / 3aaTh;



2.3 Double membranous organelles

You will:

e explain structure and function of double membranous organelles.

STQ

How criminalists identify the person who makes crime?

Key terms

e Nucleus - a dense organelle present in most eukaryotic cells, typically a
single rounded structure bounded by a double membrane, containing the
genetic material;

e Plastid - a double membrane bound organelle involved in the synthesis and
storage of food, and is commonly found within the cells of photosynthetic
organisms, like plants;

e Mitochondria - an organelle found in large numbers in most cells, in which
the biochemical processes of respiration and energy production occur. It has
a double membrane, the inner part being folded inwards to form layers
(cristae).

Facts

e Only less than 2% of DNA in the nucleus is used to synthesize proteins.
Only this part affects the organism appearance and activity. Other 98% of
the DNA is uncoded region. Scientists are researching the function of these
regions.

Text

The nucleus is the main organelle of the eukaryotic organisms which contains
genetic information. It is responsible for the regulation of all activities, such as



cellular metabolism, growth, protein synthesis and reproduction. The nucleus is
composed of several compartments such as nuclear envelope, chromosomes and
nucleolus.
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The structure of nucleus

The nuclear envelope is double membranous structure which is made up of lipids
and proteins. It surrounds nucleus and separates the nuclear contents from the
cytoplasm. The outer nuclear envelope is covered with ribosomes like a rough
endoplasmic reticulum. Outer and inner nuclear envelope join at the holes on
their surfaces. These holes are called nuclear pores and they transport materials
into and out of the nucleus. Nuclear envelope is lined with protein filaments
called nuclear lamina. It helps to maintain the shape and gives the rigidity to the
nuclear envelope.

Inside the nucleus there are thread-like structures called chromosomes.
Chromosomes are strands of DNA packaged around proteins. Human body cells



have 46 chromosomes, while sex cells (egg and sperm) have 23 chromosomes.
Chromosomes contain genes, which encode proteins.

Inside the nucleus there is a region called nucleolus, which produces ribosomes.
These ribosomes exit through the nuclear pores into the cytoplasm. Ribosomes
are organelles that make proteins in the cytoplasm.

Most of eukaryotic cells have mitochondria. They produce energy in the form of
ATP. Mitochondria are double-membranous organelles. The outer membrane of
mitochondria is smooth; it is a boundary between the mitochondria and the
cytoplasm. The inner membrane of mitochondria has many folds, known as
cristae. Cristae contains protein molecules involved in ATP synthesis. Inside the
mitochondria there is fluid, called matrix. It contains DNA, ribosomes and
organic molecules.

Outer membrane

Inner membrane
Matrix / /

Mitochondrion structure

Plastids are organelles that are present only in plant cells. They produce and
store the organic materials. Based on the pigments that they contain, plastids are
classified into three groups:



1. Leucoplast is a colorless plastid, which stores starch or oil;

2. Chromoplast is a plastid, which synthesizes pigments and gives color to
different plant organs, such as fruits and flowers;

3. Chloroplast is a green plastid, which produces organic molecules by
photosynthesis.

Chloroplasts are double membranous organelles. It contains membrane bound
disks called thylakoids. Thylakoids contain chlorophyll and other accessory
pigments, which capture light energy to produce organic molecules. Stacks of
thylakoids are called grana. Grana are surrounded by a gel-like material called
stroma, which contains the chloroplast DNA, ribosomes and enzymes.

outer membrane stroma

inner membrane
granum

thylakoid

Chloroplast structure

Activity

Fill the table below. Compare nucleus, mitochondria and plastids.



Nucleus Mitochondria Plastids

Similarities

Differences

Literacy

1. Why is a mitochondrial DNA different from nuclear DNA?
2. Which reactions take place in the mitochondria and chloroplasts?
3. Why chloroplasts and mitochondria are called self-replicating organelles?

Research time

Build a 3D (three-dimensional) model of animal or plant cell. Materials you
might use to construct the cell parts include colored clay, beads, pipe cleaners,
plastic foam, and yard.

Terminology

bead - MoHIak / 6ycuHa;

boundary - 1mekapa / rpaHuiia;

clay - rmuHa; 6asIbIK;

folds - katap /cknaaku;

nucleolus - sApOIIBIK / IAPBIIIKO;

plastic foam - meHomnacT;

sac - KaJita / MelloK;

self-replicating - e3zairinen kebetoi / camoperMKaIus;
to release - GeJiir mIBIFapy / BLICBOOOXK/]aTh;



2.4 Cell membrane

You will:

e establish a connection between the structure, properties and functions of the
cell membrane by using a fluid mosaic model.

STQ

How cells survive in cold or hot temperatures?

Key terms

¢ Cell membrane - the semipermeable membrane surrounding the cytoplasm
of a cell.

Facts

e Vitamin D (cholecalciferol) is synthesized in the body when sunlight
exposure on the skin. If cholesterol is not present in the body, vitamin D
will not be produced.

Text

The passage of materials between the cell and its environment is regulated by the
cell membrane. It prevents some substances, like toxins, from entering the cell,
and allows the passage of nutrients and water. Thus, the cell membrane is
considered to be selective permeabe.

In 1972 S. J. Singer and G.L. Nicolson described the cell membrane as a fluid
mosaic model, because of its flexibility and fluidity as phospholipids and
proteins move within the layers. The mosaic structure of cell membrane is
composed of phospholipids, carbohydrates, proteins and cholesterol.



Phospholipid is an amphipathic molecule. The phospholipid consists of two
parts: polar head and non-polar tails. Head is composed of triglycerol and a
phosphate group, which are polar (hydrophylic). The tails consist of non-polar
(hydrophobic) fatty acids.

There are two layers (bilayer) of phospholipids in the membrane. The
phospholipid bilayer separates the inner contents of the cell from the
environment. Phospholipid tails are hydrophobic, and hydrophylic molecules
cannot pass throught. These molecules use specific transport proteins to pass
through the membrane.

The membrane contains glycolipids and glycoproteins. They can be found on the
surface of the membrane. Glycolipids are lipids with carbohydrates attached to
them, while glycoproteins are proteins with carbohydrate polymers. Both of
them can act as cell receptor sites for signal molecules, such as hormones and
neurtransmitters. Glycoproteins and glycolipids help cells recognize other cells
by binding to them.

Cell membrane also contains proteins. There are two types of proteins in the cell
membrane: peripheral proteins and integral proteins. Peripheral proteins are
located on the edge of the cell membrane. Integral proteins are embedded into
the cell membrane and pass through it.

Proteins can move within the membrane. The cell membrane proteins have
several functions:

Transport of molecules through cell membrane
Enzymatic activity

Signal transduction

Cell to cell communication and recognition
Attachment to the cytoskeleton and extracellular matrix
Intercellular joining.

ok

The cholesterol is mostly found in cell membrane of animal cells. It gives the
stability to the cell membrane. At moderate temperatures, cholesterol lowers the
fluidity of the membrane by reducing phospholipid movement. At low
temperatures, cholesterol prevents the membrane from solidification.



carbohydrate part of glycoprotein

glycolipid

protein glycoprotein cholesterol phospholipid transport protein m
The fluid-mosaic model of cell membrane

Activity

Fill the table below.

Molecule Characteristics Functions

Phospholipid

Cholesterol

Protein

Glycolipid

Glycoprotein

Literacy

1. Why it’s important to regulate what moves into and out of the cell?
2. Why is the cell membrane considered to be “selectively permeable”?
3. Which substances can pass through the cell membrane?



Research time

Find how following molecules pass through the cell membrane? Arrange the
molecules by the speed they pass through the membrane beginning from the
fastest. Explain your answer.

Carbon dioxide.
Water.
Testosterone.
Insulin.

Sodium ion.
Glucose.
Vitamin D.

NouhkwhE

Terminology

affinity - yKcacTbIK / CpOZACTBO;

exposure - 3cep eTy / BO3/IelCTBUE;

fluidity - cyibIKTall aKKbIIITHIK / TEKYUYeCTb;
to bind - GailtlaHBICTBLIPY / CBSA3BIBATH;

to serve - KbI3MeT aTKapy / CTy>KUThb;
transduction - TpaHCAYKIIYSI.



2.5 Effects of different factors on the
cell membrane

You will:

e explore the different factors (temperature, organic solvents) that may cause
damage of cell membrane.

STQ

What happens to the cell membrane of plants when you cook the vegetables?

Key terms

e Cell membrane - the semipermeable membrane surrounding the cytoplasm
of a cell.

Facts

e When you prepare a salad from red cabbage, the salad becomes red,
because cutting the cabbage damages the membranes of the vacuole. So,
red pigment inside the vacuole is released. But when you cook the red
cabbage, red dye does not color the food, beacuase in high temperatures the
red dye is changed.

Text

Biological membranes control many reactions within cells. There are several
factors that can affect the cell membrane permeability that can lead to stress and
damage. This factors include temperature, alcohol, detergents, salt (sodium
chloride), and physical damages.

At high temperatures, the cell membrane becomes more fluid and can cause the



denaturation of proteins. Whereas, at low temperature permeability of the
membrane decreases and it slows the growth of the cell.

The treatments of the cell membrane by organic solvents, such as ethanol,
acetone, and detergent, can damage it by dissolving the lipid bilayer.

Labwork

Plants have different pigments which gives them colors. These pigments are
located in the central vacuole. Vacuole is surrounded by a membrane called
tonoplast. When the membranes are damaged, these pigments can be released
from the vacuole.

Pre-lab questions:

1. Which factors affect the fluidity and permeability of the cell membrane?
2. Which substances that make up the cell membrane are hydrophilic and
which are hydrophobic?

Methods and Materials:

leaves of the red cabbage; scalpel; ruler; tweezers; test tubes with stoppers; test
tube rack; water bath; thermometer; red cabbage leaves, previously soaked in the
water for 3 hours; filter paper; water; ethanol (96%); acetone; a mixture of water
and detergent (10:1), dish detergent.

Procedures:

1. Label each of the eight test tubes;

2. Place the cabbage leaves into tube 1 and add 5 ml of water;

3. Place the cabbage leaves soaked in water pigment in tube 2, and add 5 ml of
water;

4. Put the cabbage leaves soaked in water pigment on a filter paper and place
the dried cabbage leaves in the tubes and add 5 ml of the following liquids
instead of water:

o to the test tube No. 3 - ethanol (96%);
o to the test tube No. 4 - acetone;
o to the tube No. 5 - a mixture of water and detergents (10: 1).



5. Place the cabbage leaves in tubes No.6, No.7 and No.8 and add 5 ml of
water to each.

6. Place test tube No. 6 in a water bath at t =40 ° C.

7. Place the tube No. 7 in a water bath at t = 60 ° C.

8. Place test tube No. 8 in a water bath at t = 100 ° C.

9. Note the color of the contents of all tubes, using a sheet of white paper as a

background.
10. Fill the table and explain the results of the work.

Results:



The contents of the test Color of the
tube and liquid
temperature contents in the
conditions tube

Number
of the
test tube

Color of the
pieces of
cabbage

cabbage leaves + 5ml of
water

cabbage leaves soaked in
water + 5 ml of water

cabbage leaves + Sml of
ethanol (96%)

cabbage leaves + 5ml of
acetone

cabbage leaves + Sml
9. mixture of water and dish-
washing liquid

cabbage leaves + Sml of
6. water on a water bath
att=40°C

cabbage leaves + 5ml of
1. water on a water bath
att=60°C

cabbage leaves + Sml of
8 water in a water bath at t
=100°C

Post-lab questions:

1. How can liquid detergents harm the skin?
2. Which solvents or temperature ranges damage the cell membrane the most?
Explain your answer.



Research time

Many plants, such as trees, overwinter at temperatures below zero, without
damaging the cells. How do plants protect themselves from damage by cold?

Terminology

detergents - )KyFBbILlI 3aTTap / MOIOILI[1Ee CPE/ICTBa;

overwinter - KbICTarl IIbIFY / TIepe31uMOBaTh;

red cabbage - KbI3bl/1 OpaMyKarbIpak / KpacHast KarycTa;

to soak - ABIMKbUI/Ay / IPOTMUTATh; tWeezers - KbICKBIII / TTUHLIET;
water bath - cy/bI )KBINIBITKBIII / BOZsTHAsT OaHSI.



2.6 Prokaryotic and eukaryotic cells

You will:

e compare the structure and function of cells in prokaryotes and eukaryotes.

STQ

Why bacteria are smaller than protists?

Key terms

e Eukaryotic cells - cells that contain a nucleus and organelles, and are
enclosed by a plasma membrane;

e Prokaryotic cells - cells that do not have a true nucleus or most other cell
organelles.

Facts

¢ Botox is a drug made from a toxin produced by the bacterium Clostridium
botulinum. Doctors use it in small doses to treat facial wrinkles. Botox
injections paralyze the work of certain muscles or block certain nerves.

e The Dunaliella salina is a bacteria which gives the rose color to the lake
Retba in Senegal. The lake has a very high salt content. Therefore, it is
completely harmless for humans to swim in the lake

e Cordyceps is a medicinal mushroom that increases energy, stimulates the
immune system, and acts as an overall tonic to the body

Text

All living things consist of cells. According to their structures and features, they
are divided into two groups: prokaryotic cells and eukaryotic cells.

Prokaryotic cells do not have nucleus and membrane bound organelles. Example



of prokaryotic cells are bacterial cells.

Eukaryotic cells have nucleus and membrane bound organelles. Example of
eukaryotic cells are plant, animal, fungal and protista cells. Prokaryotic cells are
usually smaller (0.1-5.0 pm in diameter) than eukaryotic cells (10-100 pm in
diameter).

Both prokaryotes and eukaryotes have cell membrane, cytoplasm, DNA and
ribosomes. The differences between eukaryotic and prokaryotic cells can be
observed in the table below.



Cell types Prokaryates Eukaryates
Cell features | Bacterial cell Fungi Plant cell | Animal
cell cell

Cell wall Murein and peptidoglycan Chitin Cellulose | none
Genetic Circular chromosome Multiple linear chromosomes
material concentrated inaregion called | surrounded by double

nucleoid; membrane (nucleus);

DNAis not enclosed by a No plasmids.

membrane;

Plasmids - fragments of double

stranded DNA molecule;

Can replicate independently.

Can be transferred from one

organism to another
Ribosomes Ribosomes are 70S; Ribosomes are 80S;




Cell division Binary fission Mitosis and meiosis

Organelles No Golgi Apparatus,

with single Lysosome,

membrane Endoplasmic reticulum;
Vacuole;

Organelles No Mitochondria;

with double Plastids (only in plants).

membrane

Centrioles No Only in animals, fungi and low
order plants (bryophyta and
algae).

Mesosome Helps in cell division and No

metabolism
Capsule Helps to attach to the surfaces | No

vacuole

ribosome

chloroplast
cytoplasm
mitachondrion

capsule
P —flagellum

cell wall

Prokaryatic cell

Activity

Eukaryatic cell

Divide into five groups. The first group makes a poster of a prokaryotic cell. The
second group makes a poster of an animal cell. The thrid group makes a poster
of a plant cell. The fourth group makes a poster of a fungal cell. The last group

make compares cell structures of other groups.




Literacy

1. List the common characteristics of eukaryotic and prokaryotic cells.
2. List the main structural differences between plant and animal cells. Explain
how these differences help animals and plants in their daily life.

Research time

Are bacteria the only prokaryotic organism which exist on our planet? What
would happen if all prokaryotic organisms suddenly disappear? Explain your
answer with evidence.

Terminology

binary fission - ekire 6eJiiHy / 6UHapHOe /eneHue,;
bryophyta - MyKTapi3zinep / MOXOBUIHBIE;

feature - epekiiesnik / 0co06€HHOCTB;

mushroom - caHbIpaykynak, / rpuo;

drug - 1api-aapMek / 1ekapCTBeHHOe CPeJICTBO;
treat - eM/iey / JIeUWTb;

wrinkles - 9)kiM / MOPLLIMHKY;

to disappear - YKOFa/IbIl KeTy / ucue3ars;

suddenly - keHeTTeH / BHe3aIlHO;



Problems

Test questions with one right answer

1. Which organism is unicellular?

A) worm

B) euglena

C) elephant

D) snapdragon

E) none of the above

2. Which of the following statements are correct:
A) animal and fungal cells have chloroplast
B) animal cells do not contain mitochondria
C) all plant cells have chloroplast

D) plant cells do not possess nucleus

E) all animals are unicellular organisms

3. Microtubules are components of the:

A) cell wall

B) chromosome of eukaryotes

C) Golgi body

D) cytoskeleton



E) chromosome of prokaryotes

4. The function of mitochondria is:
A) extracellular transport of proteins
B) nitrification

C) photosynthesis

D) cellular respiration

E) lipid digestion

Test questions with several (max 3) right answers

1. Which of the following are components of cytoskeleton?
A) grana

B) microtubules

C) cisternae

D) cristae

E) microfilaments

F) intermediate filaments

G) peroxisomes

H) lysosomes

2. Unlike animal cells, plant cells have:
A) chloroplast

B) lysosome



C) nucleus

D) cell wall

E) Golgi body

F) vacuole

G) ribosomes

H) intermediate filaments
3. Choose the components of phospholipids.
A) fructose

B) cholesterol

C) glycoproteins

D) lactose

E) ascorbic acid

F) glycolipids

G) lactic acid

H) yeast

Matching questions

1. Match cell organelles with their functions.
1. Golgi body
2. Cytoplasm

3. Vacuole



A) synthesizes energy
B) processes proteins and prepares them for use or shipment out of the cell
C) sac-like structure that hold water, proteins and other substances
D) controls all the functions that happens within the cell
E) fungi, bacteria
F) semi-solid material that fills the cell
2. Match parts of the cell membrane with their functions.
1. Carbohydrate chain
2. Cholesterol
3. Phospholipid

A) it gives the stability and makes cell membrane more complex by reducing
the fluidity and also it keeps body temperature, response for production of sex
hormones.

B) it separates the inner contents of the cell from the environment and also act
as a barrier for most water soluble molecules

C) sac-like structure that holds water, proteins and other substances
D) controls all the functions that happen within the cell

E) it acts as cell receptor site (for hormones and neurotransmitters) and helps the
cells recognize other cells by binding to them.

F) it allows all substances to enter the cell
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3.1 Enzymes

You will:

¢ investigate the effects of various conditions on the activity of enzymes.

Key terms

e Enzymes - organic molecules, which speed up the reactions;
e Catalyst - a substance that accelerates a chemical reaction;
e Substrate - the substance on which an enzyme acts.

Stimulating question

What is the difference between enzymes and artificial catalysts?

Text

Enzymes are biological catalysts which accelerate a reaction in a living
organism. They are essential for biochemical reactions. As a catalyst, they help a
reaction to proceed quickly and effectively. Reactions would occur very slowly
without enzymes.

The enzyme connects to the substrate and forms a short-living enzyme-substrate
complex. In that complex, the probabilty that the reaction will occur
significantly increases. Upon completion of the reaction, the enzyme-substrate
complex breaks down and the product, or products, is released. The enzyme does
not change during the reaction and can bind with the new molecule.



Substrates

Product

Active site

Enzymatic activity

Properties of enzymes

¢ An enzyme is named by adding the suffix “-ase” to either the name of the
substrate or to the type of reaction catalyzed by it. Chitin break down for
instance, is catalyzed by the enzyme chitinase.

e Enzyme cannot initiate reactions by themselves, their role is to accelerate
the reactions already initiated. They reduce the activation energy needed to
initiate a particular reaction.

e Enzymes are synthesised within cells, but can function in both intracellular
and extracellular conditions. For example, pepsin is an enzyme, which is
produced in the stomach cells, but digests proteins in the stomach cavity.

e Enzymes may occur either free in the cytoplasm or attached to a cell
membrane.

e Enzymes work best at specific pH, this pH is known as optimal pH of
enzymes.

e Enzymes can be regulated by special molecules, which are called inhibitors.
Inhibitors stop the enzymatic activity. Example of the inhibitor is snake
venom.



e Enzymes can be denatured at high temperatures.
e Most of the enzymes are proteins.

Facts

e French chemist Anselme Payen discovered an enzyme, diastase, in 1833.

e German physiologist Wilhelm Kiihne first used the term enzyme.

e Special area of biochemistry which studies the chemical properties of
enzymes and the reactions catalyzed by them is called enzymology.

Activity

1. Compare the work of enzymes with the action of inorganic catalysts. What
are their differences and similarities?

2. Complete the following table. Write E (enzyme) or C (catalyst) into the
empty cells.



Substances
that increase or
decrease the rate

Proteins that
increase rate of
chemical reac-

Function : : :
of a chemicalre- tions converting
action but remain substrate into
unchanged product
Low molecular High molecular

Molecular . .

, weight com- weight globular

weight .
pounds proteins

Nature Complex proteins SImple inorganic

molecules

Alternate ifGtaEHE Eatai: Organic catalyst

terms J y or bio catalyst

Reaction Several times T o e

rates faster B

Specificity | Highly specific Not specific

Example Amylase, lipase Vanadium oxide




Literacy

1. Explain the effect of biological catalyst on reactions?
2. Some bacteria lives in very hot conditions, like volcanoes and geysers. How
is it possible?

Research time

Complete the following table. Write names of substrates for the following
enzymes.



£ENZYmes

Substrate

Sucrase

Lipase

Pepsin

Maltase

Amylase

Lactase

Terminology

e catalyst — kaTanusarop;
e enzyme — ()epMeHT;
e enzymology — 5H3UMOOTus;




inhibitor — uarnburop;

initiate - 6acTay / HaUMHATB;

substrate — cybcTpar;

to accelerate — >kefiesiZieTy / yCKOPSITh;
venom —y / sAfi.



3.2 Enzyme activity

You will:

¢ investigate the effects of various conditions on the activity of enzymes.

STQ

Do enzymes act better under acidic or alkaline pH?

Key terms

e Substrate - the substance on which an enzyme acts.

e Active site - the part of an enzyme that interacts with the substrate during
catalysis.

¢ Inhibitor - a substance which slows down or prevents a particular chemical
reaction or other process.

Facts

The USA poured 72 million tons of herbicide onto Vietnam to open path in the
jungle during the war in 1961 to 1971. After the war, high rates of stillbirth and
premature birth were observed among the Vietnamese due to chemical “dioxin”
in herbicide.

Text

How enzymes work

The substance which is acted upon by an enzyme is called a substrate and the
resulting substance is called a product.



‘Temperature.

Most chemical reactions take place at higher temperatures. Rate of an enzyme
reaction changes with temperature. Proteins are sensitive to heat and high
temperatures break certain bonds within protein molecules. This causes the
protein to change its shape. Such change in shape of a protein molecules is
called denaturation. Denaturation changes the shape of active site of an enzyme,
causing the enzyme to no longer fit its substrate. Therefore, the rate of the
reaction decreases above a certain temperature.

K

| | | | |
0 10 20 30 40 50 60 7(

temperature (°C)

The effect of temperature on
enzyme activity

pH.

Enzyme activity is affected by pH. Different enzymes work best at different pH:



low pH (acidic), neutral pH, or at high pH (alkaline). The effect of low or high
pH is similar to the effect of low or high temperature. In each situation, the
enzymes work slower or do not work at all. For example, optimum pH of pepsin
has is 2.2, while optimum pH of trypsin is around 7-8.

enzyme activity
enzyme activity

o+
N+
L+
g
LN+
o+
-~ <+

45678
pH PH

The effect of pH on the activity of two
different enzymes

Substrate concentration.

Enzyme activity also can be affected by the concentration of substrate. As the
concentration of substrate increases, enzyme activity increases up to a certain
point. But beyond that point, which differs for each enzyme, enzyme activity
stops increasing and remains at constant level. There is a limit to the amount of
enzyme available to join with substrate molecules. The substrate molecules can’t
join with an enzyme until an active site on an enzyme is free.



Rate Reaction

Substrate Concentration

The effect of the substrate
concentration on the enzyme
activity

Enzyme concentration.

If enzyme concentration increases, the rate of reaction will increase too, because
more enzymes will be interacting with substrate molecules. This will have an
effect up to only a certain concentration of the enzyme, where the enzyme
concentration is no longer the limiting factor.



Rate Reaction

Enzyme Concentration

The effect of the enzyme
concentration on the enzyme
activity

The presence of inhibitors.

An enzyme’s ability to function can be interfered with different types of
chemicals. For example, a compound similar in shape to the substrate may bind
to an enzyme’s active site. As long as the compound remains bound, the enzyme
can’t function. A chemical which interferes with enzyme function is called an
inhibitor.

The presence of activators.

Enzyme activators are chemical molecules or compounds that increase the rate
of enzymatic activity. lons, small organic molecules, as well as peptides,
proteins, and lipids can act as activators.

Labwork




Pre-lab questions:

1.
2.

At which temperature does the enzyme lose its activity?
What conditions are required to reach the maximum enzymatic activity?

Methods and Materials:

diluted saliva (mouth rinsed with distilled water); 1% solution of starch; Lugol’s
reagent; 0.1 M citric acid solution; detergent; 0.5% solution of starch, 6 test
tubes, dropper, ice.

Procedures:

PN RAE W=

©

In four tubes, pour 10 drops of diluted saliva.

Place the first test tube into the ice.

Place the second tube on the table at room temperature.

Place the third tube in water with temperature of 40°C.

Place the fourth tube in a boiling water.

Add some citric acid into the fifth tube.

Add some detergent into the sixth tube.

After 10 minutes, add 10 drops of a 0.5% starch solution to each test tube
and leave it at room temperature for 10 minutes.

Add 1 drop of Lugol’s reagent to each tube.

Write conclusion about the effect of different conditions on the activity of
amylase.

Results:



lest-tube

Temperature

Color after the reaction

1

2
3
4
5
6

Post-lab questions:

1. List the main factors affecting the rate of enzymatic reaction?
2. Explain the differences in the color inside the tubes after the experiment.

Research time

Find other conditions which can affect the enzyme activity. How do they affect

the enzyme activity?

Terminology

substrate — cybcTpar;

transmission - TacbiMasiziay / mepejauva;
to collide — COKTBIFBICY / CTA/IKUBaThCS;
to interfere — apasiacy / BMelLIMBaThCSI.

active site - 6esiceH/1i OpTa/bIFbl / AKTUBHBIN LIEHT;
catalyst — karanu3arop;

certain — aHbIK / OMpe/e/IeHHbIN;
denaturation — jeHaTypaLusi;
rinse - 11ato / I0JIOCKATh;




Problems

Test questions with one right answer

1. What is an enzyme?
A) a protein that inhibits reactions

B) a substrate that catalyzes reactions

C) a substrate that converts into products during a chemical reaction

D) a protein that catalyzes reactions

E) a substrate that inhibits reactions

2. What happens to an enzyme when it is denatured?

A) activation energy is raised

B) it becomes stronger

C) activation energy is lowered
D) it loses its shape

E) it can catalyze more reactions

3. Enzymes make reactions go by

the reaction.

A) slower / raising
B) faster / raising

C) slower / lowering

D) faster / lowering

the activation energy of



E) faster / neutral

4. What is the name of the molecules or substance that the enzyme react with?
A) substrate

B) activator

C) active site

D) inhibitor

E) product

Test questions with several (max 3) right answers

1. Which of the following is properties of enzymes?
A) denaturated by heat

B) consist of lipids

C) work better at cold conditions

D) not specific

E) work at specific pH degree of activity

F) work together with catalyst

G) inactivated by inhibitor

H) raise the energy of activation

2. Which of the following statements is true?

A) a substrate must bind to the active site before a reaction occurs.

B) enzymes create reactions that may not have occurred originally



C) when an enzyme catalyzes a chemical reaction some of the enzyme is lost.

D) the active site in an enzyme temporarily changes shape in order to bind to a
substrate

E) enzymes increase the energy content of the substrates

F) the rate of an enzymatic reaction depends on the concentration of the
substrate but not the concentration of the enzyme

G) the amount of energy released by a chemical reaction is much greater when
an enzyme catalyzes it

H) reactions occur at the active site

3. Which factors affecting on enzyme activity?
A) high temperature

B) temperature below zero

C) concentration of substrate

D) all enzymes work best at high pH

E) diluted water

F) inhibitors

G) enzymes work only at low pH

H) concentration of enzyme

Matching questions

1. Match the phrases on the left with the term that best fits.
1. Change in shape of a protein molecules

2. The substance on which an enzyme acts



3. Lower the activation energy
A) enzyme
B) inhibitor
C) active site
D) denaturation
E) product
F) substrate
2. Match the following words with their definitions
1. Catalyst
2. Active site
3. Inhibitor
A) substance that accelerates a chemical reaction
B) specific catalyst
C) the part of an enzyme
D) raise the energy of activation
E) slows down a particular chemical reaction

F) lower the energy of activation
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4.1 Hemoglobin and myoglobin

You will:

e explain the oxygen dissociation curves for hemoglobin and myoglobin in an
adult organism and fetus.

Key terms

e Hemoglobin - reddish-brown pigment, which gives blood its color and
carries oxygen;
e Myoglobin - a protein that stores oxygen in muscles

STQ

How does fetus obtain oxygen?

Facts

The affinity of hemoglobin for carbon monoxide 210 times greater than for
oxygen. Smoking releases carbon monoxide and it is absorbed by the blood in
the form of carboxyhemoglobin. It leads to the poisoning and death.

Text

The main function of the blood in living organisms is to transport substances
within the organism. Oxygen is transported by the red blood cells called
erythrocytes. Erythrocytes have special oxygen-carrying pigment called
hemoglobin. Hemoglobin is made up of globular protein unit and a non-protein
(prosthetic) group. The globular protein unit contains four polypeptide chains,
known as globin, The non-protein unit is called heme and contains iron (Fe)
molecule.

Oxygen dissociation curve



The combination of oxygen with hemoglobin forms oxyhemoglobin.

Hb + 40, - HbO
hemoglobin oxygen oxyhemogiobin

Hemoglobin has high affinity to oxygen. It joins to oxygen when its
concentration is high and releases the oxygen when its concentration is low. The
molecule of hemoglobin which is joined with the maximum amount of oxygen is
called saturated.

The affinity of oxygen to hemoglobin can be measured by exposing blood
samples to air with different partial pressure of oxygen. Partial pressure of
oxygen is the amount of oxygen in the air. It is measured in kilopascals (kPa).
The graph that shows the relationship between partial pressure of oxygen and
hemoglobin saturation is known as oxygen dissociation curves.

Each hemoglobin molecule can carry only four oxygen molecules as it has
limited capacity. Hemoglobin has low affinity for the first oxygen molecule.
When the first oxygen binds to the hemoglobin, it changes the shape of the
hemoglobin. So, the affinity of hemoglobin to other oxygen molecules increases.
This process is called cooperative binding.

The reverse process happens when the concentration of oxygen is low -
oxyhemoglobin releases one molecule of oxygen. So, hemoglobin changes its
shape and the affinity to oxygen decreases. So, other oxygen molecules are
released easily.

The shape of oxygen dissociation curve depends on the concentration of carbon
dioxide. In adults it is S-shaped (sigmoid). Because of the breathing, the
concentration of CO2in lungs is low. This increases the affinity of hemoglobin to
oxygen and the curve moves to the left. If the concentration of CO2 is high, it
affinity of hemoglobin to oxygen decreases. The curve moves to the right and
oxygen is released to the tissues. The relationship between CO2 concentration
and hemoglobin’s affinity to the oxygen is known as Bohr effect.

Oxygen dissociation curve differs in adult and fetus. The adult hemoglobin
consists of two alpha and two beta chains, while the fetus hemoglobin consists of



two alpha and two gamma chains. Because of this difference, fetal hemoglobin
has higher affinity to oxygen. The oxygen dissociation curve of fetus is shifted to
the left relative to the curve for the normal adult. This property allows the fetus
obtain more oxygen from the mother’s blood and release carbon dioxide through
the placenta. Fetal hemoglobin production is stopped after the birth.

Oxyhaemoglobin Dissociation Curve Dissociation Curves for Different Oxygen-Binding Molecules
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Myoglobin is a globular protein, which stores oxygen in muscles and gives
muscles their reddish color. It consists of a single polypeptide chain and a heme
group. Myoglobin is used during active muscle contraction when the oxygen
supply is not enough. Myoglobin has higher affinity to oxygen than hemoglobin.
Its dissociation curve is shifted to the left and it has hyperbolic shape.

Research time

Find information about other oxygen-carrying pigments in different groups of
animals and their blood composition? Write a report.

Activity

A lugworm is an organism that is not very active and lives in sandy burrows on
the seashore. A llama is an animal that lives at high altitudes. Draw the
lugworm’s and llama’s oxygen dissociation curves compared to the human
hemoglobin’s which is given on the graph. Explain your answer with evidence.

Literacy




1.

2.

Why fetus hemoglobin has higher affinity for oxygen than adult
hemoglobin?
Why myoglobin has has higher affinity for oxygen than adult hemoglobin?

Terminology

affinity - kyiurapssIK / BeueHue;

bound - 6aii1aHbICKaH / CBSI3aHHBI;

burrow - iH / HOpa;

chain - Ti36ex / 11e11B;

curve - KUCBIK, CbI3bIK / KDUBas;

deformation - mitiHHiIH 63repyi / u3MeHeHre (HOPMBbI;

lugworm - KYMKYPT / 11e CKOXXWJT;

oxygen dissociation curve - OTTeri AUCCOLMAIMACHIHBIH KUCBIFbI / KpUBast
JYCcCoLMaLUs KUCI0PO/a;

partial pressure - mapiuanAbK KbICbIM / TIapLiMa/ibHOE JaB/IeHUE;
reddish - KbI3FBIAT / KDaCHOBATHIN;

saturated - KaHbIKKA@H / HACBIL|€HHbIN;

seashore - TeHi3 )karacel / 6eper Mopsi;

to coagulate - yiibITy / CBepThIBATh;

to expose - yiapaTy / TIoJBeprars;



4.2 Diffusion rate

You will:

e calculate surface to volume ratio and explain its significance with respect to
the transport of substances.

STQ

Why it is impossible for insects to be as big as elephants?

Key terms

e Diffusion - movement of molecules from high concentration to low
concentration;

e Surface area - the area of an outer part or uppermost layer of something;

¢ Volume - the amount of space that a substance or object occupies.

Facts

¢ Insects breathe through tubes called trachea. Through these trachea air
directly passes to the organs. If insects become very large, it will be hard for
trachea to transport oxygen to all the organs.

Text

Cells should always exchange ions, gases, nutrients, and wastes with
environment in order to survive. It takes place at the cell’s surface. The surface
across which materials are exchanged between cell and environment is called an
exchange surface.

Exchange surfaces depend on the size and the shape of the cell, which affects its
surface area to volume ratio. As cell size increases the surface area to volume
ratio decreases.



Diffusion rate of different molecules depends on the surface are to volume ratio
of the organism. Ths smaller the organism is, the greater its surface area to
volume ratio is. So, molecules have more area to enter the organism and they
travel less distance to the center of the organism.

However, in larger animals the surface area to volume ratio is smaller, therefore,
it is harder for molecules to reach the center of the organism. So, they have
developed special gas exchange surfaces, which increase the surface area to
volume ratio. For example, alveoli or gills provide more surface area for oxygen
diffusion.

A change in surface area to volume ratio can be shown by using cubes of
different dimensions to represent cells or animals of different sizes.

Measuring volume and surface area in cubes:
Volume = length x width x height (in cm3);
Surface area = (length x width) x 6 sides;

Ratio = surface area : volume.

sides =3 sides = 2 sides = 1
surface=3?x6 =54 surface =22x6 =24 surface=12x6=6
volume = 3*= 27 volume = 23=8 volume = 13=1

surface / volume= . surface / volume= . surface / volume=.

As the cell becomes larger its surface area to volume decreases

Mammalian erythrocytes transport oxygen from lungs to other organs.
Mammalian erythrocytes are unique as they do not have nucleus and their shape
is flattened and pressed in the middle. Usually it looks like the biconcave disc.



Its distinctive biconcave shape provides a high surface area to volume and
allows more hemoglobin to be stored in the cell. Deformation of hemoglobin
reduces the surface area to volume ratio and results in decreased cell
deformability, disruption of red cell, osmotic fragility and decreased survival.
This leads to the anemia, sickle cell disease, and septicemia.

Erythrocyte of human with sickle cell Erythrocyte of normal human
anemia

Research time

Amphibians can breathe through their skin as well as their lungs. During the
mating season, male Hairy frog, Trichobatrachus robustus grows hairs on their
legs. What is the purpose of these growings? Why they need this hair-like
projections only during the mating season?

Labwork

In this lab, you should make four cube shaped models to represent cells. Then
you should calculate the surface area, volume, and the ratio between them.

Pre-lab questions:

1. What is an advantage of having small cell volume?
2. Describe the relationship between surface area and volume?

Materials:



Scissors, papers to make cube, glue.

Procedures:

Build four models of cells: cut out three patterns of paper cubes. Glue each cube
using tabs inside. Sides of four tubes are 2 cm, 4 cm, 5 cm and 50 cm. Record
the dimensions in the data table.

Results:
Cell Cube size (lengthx | Volume | Surface area | SX/T2CE 960
number | width x height) (cm?) (cm?) / Volume ratio
(S/V)

1 2X2x2

2 4x4x4

3 SXOX S

4 00 x50 x50

Post-lab questions:
1. What might be the disadvantages and advantages of having a large volume?

2. Why do elephants have large, flat ears?
3. Why do roots have hairs?

Terminology

dimensions - aykpIM/ib1 6/itIeM/iep / rabapuTHbIe pa3Mephl;
unique - epekiile / yHUKa/IbHbIW;

flattened - kasmnak, / CIUTFOCHY ThIM;

biconcave - oibIC / BOTHYTbI;

deformability - nedopmalusABLIBLIK / eDOPMUPYEMOCTh;
disruption - 6y3y / HapyIlleHHe;

fragility - HalLIap/IbIK, HI3IKTIK/ XPYIIKOCTH;



e mating - XyITacy / criapy¥BaHue;



4.3 Mechanisms of passive transport

You will:

e explain the mechanism of passive transport.

Key terms

e Diffusion - movement of substances from the region of higher
concentration to the area of lower concentration;

¢ Facilitated diffusion - molecules diffuse through the cell membrane with the
help of special proteins;

e Selectively permeable - crossing of the cell membrane by some molecules.

Facts

Alcohol can diffuse quickly through the phospholipid bilayer as it is soluble in
fat. This is why alcohol can affect people quickly after drinking.

STQ

How cell regulates the transport of the molecules through the membrane?

Text

Passive transport is movement of biological molecules through the cell
membrane from the place with higher concentration of this molecules to the
place with lower concentration of the molecules. It does not require energy. The
cell membrane is selectively permeable, and therefore movement of molecules
have different rates of diffusion.

Diffusion enables substances to enter and leave the cell from high concentration
to low concentration region. For example, the concentration of carbon dioxide
within the cell is higher, and therefore carbon dioxide diffuses out of the cell.



The difference in concentration of substances between two regions is called
concentration gradient. The higher the difference in concentration between two
regions, the faster is the diffusion rate.

There are two types of diffusion:

1. Simple diffusion is the transport of small molecules like oxygen and carbon
dioxide directly through the cell membrane. This process does not involve
any protein transport molecules. Molecules move down the concentration
gradient, without energy consumption.

2. During facilitated diffusion, molecules move down the concentration
gradient through the transport proteins. These proteins are classified into
two groups according to their functions: channel proteins and carrier
proteins.



Oy CO, H,0

Simple dilfusion of lipid-soluble molecules
through plasma membrane

Simple diffusion through a plasma membrane

Channel protein is an integral lipoprotein of the cell membrane, which acts like a
pore. Ions and water molecules can easily pass into and out of the cell through
this pores. These channel proteins also work like a gates, as they open and close
when they receive an appropriate signals, such as change in pressure, voltage, or
light. They carry ions such as sodium (Na+), potassium (K+), calcium (Ca2+),
and chloride (Cl-) in and out, which are important for many cell functions.

Aquaporins are channel proteins, that carry water molecule across the cell
membrane at very high rates.
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Channel proteins transporting ions of Na, K, Ca, and Cl

Carrier protein is an integral glycoprotein through which organic molecules like
nucleic acid and glucose are transported. These molecules attach to the binding
site of the carrier protein and change its shape. Then molecules cross the cell
membrane. As a result of the transportation, carrier protein returns to its original
shape to allow more molecules to enter. This protein usually carries of only one
specific molecule. For example, glucose carrier protein transports only glucose.
This process does not require energy.



Extracellular space

Receptor

Carrier protein

Glucose

Cytoplasm

Facilitated diffusion by carrier proteins

Activity

Compare simple diffusion and fascilitated diffusion by drawing Venn diagram.
What are the advantages and disadvantages of passive transport?

Literacy

1. Which molecules require transport proteins to pass through the cell
membrane and which do not. Explain your answer.
2. Why do molecules move down the concentration gradient?

Research time

If Nurkhan sits at the other end of the room and sprays perfume, you may smell



the odor after some time. Explain the movement of the perfume odor within the
room. What transport type is it?

Terminology

requirement - KaXeTTistik / TpeboBaHue

soluble - eputiH / pacTBOpHMasi;

fascilitated - >keHi/geTisreH / 001eryeHHbIN;

fat - maii / xup;

concentration gradient - KOHLIEHTpaLYs FPaIMeHTi / TpaJueHT
KOHL|eHTpaL1u;

e integral - KipikTipMe / BCTPOEHHbI;



Problems

Test questions with one right answer

1. What type of binding curve does myoglobin have when it binding with
oxygen?

A) linear

B) hyperbolic

C) sigmoidal

D) random

E) none of the above

2. What consists of 2 alpha chains and 2 gamma chains?
A) globular protein

B) maternal hemoglobin

C) myoglobin

D) paternal hemoglobin

E) fetal hemoglobin

3. What is the color of oxygenated hemoglobin?
A) black

B) red

C) blue

D) brown



E) purple

4. What is the oxygen binding site in hemoglobin and myoglobin?
A) homo group

B) beta group

C) heme group

D) gamma group

E) delta group

Test questions with several (max 3) correct answers

1. Where can be found myoglobin?
A) brain

B) bones

C) skeletal muscle

D) skin

E) nerve endings

F) cardiac muscle

G) intestine

H) hair

2. Which of the following is not a passive transport process?
A) simple diffusion

B) osmosis



C) exocytosis

D) endocytosis

E) facilitated diffusion
F) antiport pumps

G) symport pumps

H) intermediate diffusion

3. What kind of disease is caused by the reduction of the surface area to volume
ratio of hemoglobin of animal erythrocyte?

A) anemia

B) diabetes

C) ulcer

D) sickle cell anemia
E) appendicit

F) hemophilia

G) septicemia

H) infertility

Matching questions (3 correct answers)

1. Match terms with their definitions
1. Myoglobin
2. Hemoglobin

3. Oxyhemoglobin



A) the surface across which materials are exchanged between cell and its
environment

B) store oxygen in tissues

C) the moving the curve to the right

D) reddish-brown pigment, which give blood its color and carry oxygen
E) the combination of oxygen with hemoglobin forms

F) the molecule of hemoglobin which has combined with the maximum amount
of oxygen

2. Match part of the cell membrane with their function

1. Channel proteins

2. Aquaporins

3. Carrier proteins
A) it is type of globular protein, which is response for the storing of oxygen
B) it is not involve any protein.

C) it is a type of channel proteins, that carry water molecule across cell
membrane

D) it is an integral glycoprotein, via which nucleic acid and glucose is
transported

E) it consists of a single polypeptide chain and heme group

F) it is an integral lipoprotein of the cell membrane, which act like a pore.



CHAPTER 5.0



RESPIRATION




5.1 ATP

You will:

e describe the structure and functions of ATP.

Key terms

e ATP - ‘energy currency’ in living things;

e Chemical potential energy - absorbed or released energy during chemical
reaction;

e Adenosine - a molecule consisting of an adenine and a ribose sugar;

e Phosphate bonds - high energy containing bonds.

STQ

How cell uses energy stored in food?

Facts

e It is estimated that a resting human uses about 40 kg of ATP in 24 hours.
¢ During physical activity, ATP breakdown may be as much as 0.5 kg per
minute.

Text

Your cells require energy to carry out many different processes (active transport
across the membrane, protein synthesis, and cell division). The fuel for these
functions comes from a molecule called adenosine triphosphate (ATP). ATP
stores energy until a cell needs it. When a cell requires energy, it breaks downs
the ATP molecule releasing energy.

Structure of ATP



ATP consists of adenosine and three phosphate groups. Adenosine is a
combination of adenine and ribose sugar. Adenosine can be combined with one,
two or three phosphate groups to give, in turn, adenosine monophosphate
(AMP), adenosine diphosphate (ADP) or adenosine triphosphate (ATP).
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o 0 o </ | ,J & _ i
| Il I NN Adenosine 5 -diphosphate (ADP)

HO—P —0—P —0—P—0
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OH OH OH Adenosine 5-triphosphats (ATP)
H H

OH H
ATP

Structure of ATP

Function of ATP

Energy can not be produced and destroyed, it is converted from one state to
another. When organic molecules are broken down by series of reactions. They
release chemical potential energy, which is used to synthesise ATP. ATP is an
intermediary molecule between energy-yielding and energy-requiring reactions
used in any type of cell.

The phosphate bonds of ATP are extremely energetic and have the capacity to
yield energy. They are known as high energy phosphate bonds.

When a phosphate group is removed from ATP, adenosine diphosphate (ADP) is
formed and 7.3 kcal of energy is released. Removal of a second phosphate
produces adenosine monophosphate (AMP), and 7.3 kcal of energy is released
again. Removal of the last phosphate, leaving adenosine, releases only 2 kcal of
energy.



ATP + H,0 ——>ADP+H,0 —<—»AMP +H,0 —»adenosine

v \ 4 v
30.5 kJ mol! 30.5 kJ mol"! 14.2kJ mol
v v v

Break down of ATP

Activity

1. You are given the cyclic change of ATP and ADP. Put number 1 or 2 to the
following processes in the table.



ADP + P,

Processes

1or2

Photosynthesis

Formation of glycogen
ina liver cell

Active transport of
molecules

The breakdown of fats

Contraction of a muscle




2. Assuming that there are 5x1013 cells in the human body and that ATP is
turning over at a rate of 109 ATP per minute in each cell, how many watts is
consumed by human body every day? (A watt is a joule per second, and there are
4.18 joules/calorie.) Assume that hydrolysis of ATP yields 7.3 kcal/mole.

Literacy

1. Where is ATP produced in the cell?

2. Which structure, ATP or ADP, contains the most energy? Where is the
energy stored?

3. Which processes would be affected in your body, if ATP production is
stopped?

Research time

ATP is known as ‘universal energy currency’ in living things. ATP is released
during breakdown of molecules by reactions, Can you find the differences
between an energy currency molecule and an energy storage molecule? Make a
research and write a summary.

Terminology

capacity - CbIUbIMIBL/IBIK / BMECTUMOCTB;

currency - BaJItOTa;

energy-yielding - sHeprus KMHaKTalTbIH / HaKaIllJIMBAIOI[UH SHEPTUIO;
intermediary - fenzasn / TOCpeAHUK;

storage - KolMa / XpaHUJIUILIE;

to carry out - OpbIHZAY / BBIMOJIHSATH;

to convert - aybICTHIPY / TIpeBpallaTh;

to terminate - asixTay / 3aBepllaTh.



5.2 Aerobic respiration

You will:

e compare the synthesis of ATP in aerobic and anaerobic respiration.

STQ

Why oxygen is important for living organisms?

Key terms

e Cellular respiration - the oxidation of organic compounds that occurs within
cells, producing energy in the form of ATP for cellular processes;

e Aerobic respiration - the process of producing cellular energy involving
oxygen.

Facts

e About 34% of the potential chemical energy in glucose is transferred to
ATP. Aerobic respiration is remarkably efficient in its energy conversion.
By comparison, even the most efficient automobile converts only about
25% of the energy stored in gasoline to energy that moves the car.

e Scientists used to think that one glucose molecule gives 36-38 molecules of
ATP, but according to recent research actual number of ATP produced
during aerobic respiration is 30-32 molecules of ATP.

TEXT

Cellular respiration is a reaction where chemical energy of food (organic
molecules) is released in the form ATP. Cellular respiration produces ATP. The
energy in the bonds of these organic molecules may be extracted by two
methods. Aerobic respiration requires oxygen, whereas anaerobic respiration
does not require oxygen.



Aerobic respiration

Most eukaryotes and prokaryotes use aerobic respiration to obtain energy from
glucose. The food molecules react with oxygen. The process is called oxidation
and the food is said to be oxidised.

Aerobic respiration can be summarized by the equation:

glucose + oxygen . carbon + water + 2830 K]

dioxide energy

The amount of energy you would get by completely oxidising 180 grams of
glucose to carbon dioxide and water is 2830 kJ.

The oxidation takes place in a series of reactions and not in one jump as the
equation shows. Each reaction needs its own enzyme and at each stage a little
energy is released as shown in an image below. Molecule of glucose is broken
down into two 3-carbon molecules, this breakdown sets free energy. Each 3-
carbon molecule is broken down to COZ2, more energy is released and more CO2
is produced, at the end the glucose has been completely oxidised to CO2 and
H20, and all the energy released.

Total amount of energy produced during aerobic respiration is 30-32 molecules
of ATP depending on the type of the cell. For example, brain cells produce 30
ATP, while liver and heart cells 32 ATP.



Glucose

Pyruvate

Acetyl-CoA

’ 2ATP

Kreabs

cycle ’ 15 ATP
(2 turns)

3ATP

TOTAL 32 ATP

ATP yield of aerabic respiration

Activity




Sugars and fatty acids are important biomolecules that provide energy to the
majority of living systems. The estimated utilization of palmitic acid and glucose
in the human body is shown in the equation below:

129 P, + 129 ADP 129 ATP

H,,COOH +23 0, \J »16 CO, + 16 H,O

15° 31

(A) C

38 P, + 38 ADP 38 ATP

B) cH.,0,+60, \ / »>6 CO, + 6 H,0

126
Answer the following questions: (Atomic weights of H: 1, C: 12 and O: 16)

ATP yield (in moles) per mole of oxygen in Reaction A :
ATP yield (in moles) per mole of oxygen in Reaction B:
ATP yield (in moles) per gram of fuel in Reaction A:
ATP yield (in moles) per gram of fuel in Reaction B:

A=

Research time

1. Which processes in your body require ATP energy?

2. Why does cellular respiration use glucose as a main source of energy rather
than other organic compounds?

3. What is the role of oxygen in aerobic respiration?

Terminology

cell culture - >kacyiia Jakblibl / KJIeTOYHAs Ky/IbTypa;

cellular respiration - >xacyianbIK ThIHBIC a1y / KJIeTOUHOE /IbIXaHUE;
conversion - aybiCy / ipeobpa3oBaHue;

medium - opTa / cpeja;

to extract - 6o IbIFapy / BbIE/SATS;

to transfer - aybICTBIDY / IepeBOUTE;

to oxidise - TOTBIKTBIPY / OKUC/ISITh;



e to utilize - KonAaHy / UCTIO/IB30BATh;
e oxidation - TOTBIFy / OKMCJ/IEHHE.



5.3 Anaerobic respiration

You will:

e compare the synthesis of ATP in aerobic and anaerobic respiration.

Key terms

e Anaerobic respiration - respiration without oxygen;
e Lactate - the end by-product of lactic acid fermentation;
e ATP yield - total number of ATP molecules synthesised during respiration.

Stimulating question

How bacteria can survive in human intestine without oxygen?

Facts

e The reason for raising of a canned food cap is anaerobic bacteria, that
reproduce in anaerobic condition of a can.

e Anaerobic bacteria are the primary cause of bad breath. They produce foul-
smelling compounds consuming food particles in the mouth.

Text

In anaerobic respiration, energy is still released from food by breaking it down
chemically but the reactions does not require oxygen.

A common example is use of glucose by yeast cells and some bacteria. The
sugar is not completely oxidised to CO2 and H20 but converted to CO2 and
ethyl alcohol (C2H50H). This process is called alcoholic fermentation and is
shown by the following equation:



CH O - 2CO,+2C H.OH +118 k] energy

Alcoholic fermentation produces 2 molecules of ATP. The yeast cells use the
energy for its living activities, but you can see from the equation that less energy
is produced by anaerobic respiration than in aerobic respiration. This is because
the ethyl alcohol still contains a great amount of energy that the yeast can not
use.

For thousands of years, humans have used yeast in brewing, winemaking, and
baking. The CO2 bubbles generated by baker’s yeast during alcoholic
fermentation allow bread to rise.

Another example of anaerobic respiration is lactic acid fermentation, when
glucose is converted to lactate with no release of CO2, and produces 2 molecules
of ATP. The reaction can be summarized as following:

CH_O.—2CH O, +118 k] energy

3776 3

Lactic acid fermentation by certain fungi and bacteria is used in the dairy
industry to make cheese and yogurt.

Lactic acid fermentation also occurs in muscles during vigorous exercise,

because oxygen cannot be delivered fast enough to satisfy the needs of the
respiring muscle cells. The lactic acid builds up in the muscles and causes
muscle fatigue.

Comparison of ATP yield in aerobic and anaerobic respiration

Major difference is the amount of ATP produced during aerobic and anaerobic
respiration. Fermentation yields 2 molecules of ATP, and aerobic respiration
yields 30-32 molecules of ATP.

Thus, aerobic respiration harvests much more energy from each sugar molecule
than fermentation can. In fact, aerobic respiration yields up to 30-32 molecules
of ATP per glucose molecule - up to 16 times as much as does fermentation.

Activity




1. The diagram given below shows oxygen uptake by muscle cells of human
body. Use your knowledge of respiration, answer following questions:

1 2 5

“«——> < > < b
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Time / min

a) Put numbers (1-3) for following steps: exercise , recovery , at rest
b) Show period when person breathe deeply: minutes.
c) At what time period lactic acid is formed? minutes.
d) Show period when muscle cells recover oxygen deficit: minutes.

2. Fill the table by comparing aerobic and anaerobic respiration.



Aerobic Anaerobic

Location

Oxygen Requirements

End Products

Energy Produced

Research time

Yeasts use both aerobic and anaerobic respiration. Yeast cells use 50 moles of
glucose. 700 molecules of ATP are produced after some time. Calculate how
many moles of glucose were used during aerobic and anaerobic respiration.

Literacy

1.
2.

3.

List the products that are produced during aerobic respiration.

Heart and breathing rate stay high for some time after how you do physical
exercise. Why?

Yeast cells growing in aerobic conditions which contain glucose are
changed to anaerobic conditions. How would its rate of glucose
consumption change if ATP were to be generated at the same rate?

Terminology

baking - HaH eHiM/IepiH MicCipy / BbIleUKa;

brewing - cbipa KaiiHaTy / MTMBOBapeHUe;

canned food - KOHCepBisieHTeH TaMak, / KOHCepBHMPOBaHHasl e[1a;
comimon - >XUi / 4aCThbI;

ethyl alcohol - 3T cupTi / TUIOBLIN COUPT;

equation - TeH/ey / ypaBHeHUe;

foul-smelling - cachbik / 3710BOHHBIE;

to satisfy - kaHaraTTaHZBIPY / yOB/I€TBOPSITh;

vigorous exercise - ayblp KaTTbIFy / CU/IbHOE YIIpaKHEeHHe.




5.4 Metabolism

You will:

e name the types of metabolism;
e describe the stages of metabolism.

Key terms

e Anabolism - complex molecules are synthesised from simple ones
e Catabolism - complex molecules are degraded to simple ones
e Hydrolysis - the cleavage of chemical bonds by the addition of water.

Stimulating question

How is metabolism of human affected by diet?

Facts

e The rate of metabolism is influenced by the chemical constituents of food.
Proteins require a great deal of energy for their digestion and accelerate the
body’s metabolism by 30%, while carbohydrates and lipids accelerate it by
6% and 4% respectively.

Text

Metabolism is the sum of all the biochemical reactions that occur within a cell or
organism. Cell metabolism describes the chemical reactions performed by a cell
to extract energy and synthesize organic molecules.

The major metabolic activities in an organism are followings: biosynthesis of
organic molecules, breaking down of ingested food, formation of storage
molecules, detoxification of ingested or synthesized toxic molecules, removal of
waste molecules from the body.



Metabolism involves two categories of reactions: anabolism and catabolism.

Anabolism is the sum of metabolic reactions in which complex molecules are
synthesised from simple ones. A well-known example of anabolic reaction is
photosynthesis, where CO2 and H20 molecules are used in the synthesis of
organic molecules such as glucose in the presence of sunlight. Energy is used
during anabolism.

Catabolism is the sum of metabolic reaction in which complex molecules are
broken down into simple ones (monomers). Energy is released during this type
of metabolic reaction. Common example of catabolism is cellular respiration.

[ PHOTOSYNTHESIS
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Photosynthesis and cellular respiration are examples of metabolic reactions

Stages of catabolism

Organic molecules such as carbohydrates, lipids and proteins are broken down to
yield energy during both anaerobic and aerobic respiration. These reactions
extract the energy stored within the bonds of these molecules.



Catabolic reactions consist of 3 stages:

e digestion and hydrolysis of macromolecules to monomer units;
e conversion of monomers to acetyl-CoA;
e Krebs cycle, electron transport chain (ETC) - synthesis of ATP

At the first stage, the molecules of complex carbohydrates, lipids and proteins
are broken down into small units - glucose, glycerol and fatty acids, amino acids
respectively; nucleic acids are broken down to nucleotides. In these reactions, a
small amount of energy is lost as a heat.



FATS POLYSACCHARIDES PROTEINS

l Stage |

Fatty acids and Glucose and Amlno acids
glycerol other sugars

Stage ||
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Oxidative
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Activity

Divide into 4 groups. Using keywords of the topic, construct a mind map, draw
it on a poster, and stick them on walls. Evaluate the mind maps of other groups.



Mind map must include information about metabolism.

Research time

Both muscular and mental activities require energy. Muscular activity demands a
great deal of energy and increases the rate of metabolism proportionally to its
intensity. Mental activity, however, has no effect on the rate of metabolism.
Using a scale of 1to 5 (1 = lowest; 5 = highest) fill the table below according to
your energy level spent.

Muscular | Mental

Hme | activity | Activity

5am -
Jam

1Tam
-Ipm
opm -
/pm
9 pm -
1Tpm
Tam -
4 am

Literacy

1. Prove that photosynthesis is anabolic reaction.



2. Give examples of reactions from your body, which consume energy.
3. What happens to monomers of proteins after the digestion?

Terminology

constituent - KypalTbIH / COCTaBJIsIFOIIAs;

fatty acids - Maii KbIIIKbLIZAPHI / YKUPHBIE KUCJ/IOTHI;
heat - >xbL1y / Temnio;

to accelerate - >XKblIJaMZIaTy / yCKOPSITD;

to break down - bigbIpaTy / pa3pyiiars;

to demand - Tasarn ety / TpeGoOBaTh;

to describe - cunarray / onucars;

to perform - opbIH/Iay / BBITTO/THSATE;

to store - cakray / XpaHUTb.



5.5 Formation of acetyl-CoA

You will:

e describe the stages of metabolism.

Key terms

e Glycolysis - splitting of glucose molecule into two pyruvate molecules
e Pyruvate oxidation - conversion of pyruvate into acetyl-CoA
e Phosphorylation - addition of phosphoryl group during the reaction.

Stimulating question

What happens to pyruvate after glycolysis?

Facts

e The full discovery of glycolysis pathway took almost 100 years. Combined
results of many smaller experiments were required to understand the whole
pathway.

Text

The organic molecules are broken down by series of reactions to release
chemical potential energy, which is used to produce ATP. The main source of
energy for most cells is glucose, but fatty acids, glycerol and amino acids also
can be used in cellular respiration.

Breakdown of glucose can be divided into four stages: glycolysis, pyruvate
oxidation, the Krebs cycle and oxidative phosphorylation (electron transport
chain).
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Stages of glucose catabolism

Glycolysis is the process of splitting of glucose molecule with six carbon atoms
into 2 molecules of pyruvate with three carbon atoms. Glycolysis takes place in
the cytoplasm of a cell by two stages.

In the first stage, which is phosphorylation, glucose is phosphorylated using
ATP. Glucose is energy-rich molecule but it does not release its energy easily. To
release the energy in the bonds of glucose, two ATP molecules are used to
convert glucose into fructose bisphosphate. Fructose bisphosphate is then
converted into two molecules of triose phosphate.

In the second stage, hydrogen is removed from triose phosphate and transferred
to the carrier molecule NAD (nicotinamide adenine dinucleotide). NAD is a
hydrogen carrier molecule, which can accept a hydrogen ion and two electrons.
As a result, NAD is reduced to NADH+ and H+.



NAD +2H — reduced NAD
NAD*+2H—- NADH' +H'

Two molecules of NADH are produced from each molecule of triose phosphate.
The hydrogens carried by reduced NAD will be transferred to other molecules
and used to generate ATP during oxidative phosphorylation. The products of
second stage are pyruvate, 2 molecules of NADH and 4 molecules of ATP.

Pyruvate contains great amount of chemical energy. This energy is released in
Krebs cycle and oxidative phosphorylation in the presence of oxygen. However,
firstly the pyruvate is oxidized, which takes place in the mitochondria.

Pyruvate passes into the mitochondrial matrix from the cytoplasm of cell. Then
pyruvate is combined with Coenzyme A (CoA) to produce acetyl-CoA. This
process is called the pyruvate oxidation, and takes place in membrane of
mitochondria The summary of this reaction is shown below.

pyruvate + CoA + NAD'— acetyl-CoA + CO,+ NADH + H'

Acetyl-CoA will transfer its acetyl group into the Krebs cycle for further
oxidation.

Lipids and proteins are firtsly broken down into their monomers and at the end
converted into acetyl-CoA. This acetyl-CoA enters directly to the Krebs cycle.
Some broken down products of protein metabolism can also enter the Krebs
cycle.
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Metabolism of carbohydrates, lipids and proteins

Activity

Divide into 4 groups. Read carefully the task. Make a poster which includes your
answers for following task.

Task:

Aqtos is a research animal (dog), it was diagnosed with Pyruvate Kinase
(enzyme) Deficiency (PKD). PKD is a genetic metabolic disease that causes
pyruvate kinase to be absent or greatly reduced. Pyruvate kinase is the enzyme in
the 10th and final step of glycolysis (formation of pyruvate).

a) After learning about Aqtos’s diagnosis you ask scientist, “Why this dog has
not died yet?”. Lab records show that Aqtos was being fed a high protein diet.
Find answer how Agqtos has survived for this long?

b) PKD is fatal in dogs; the average life expectancy is 4 years. PKD most
commonly causes anemia (low red blood cell counts), yet other cells are
minimally affected. Most animals with PKD die due to complications of anemia.
Please explain why red blood cells are strongly affected, while other cells are
not. [Hint: mammalian red blood cells don’t have mitochondria; life expectancy
of dog red blood cell is 100 days].

Research time

Glycolysis is thought to be one of the most ancient of metabolic processes. Make



a mind map which includes statements that support this idea.

Literacy

1.

2.

3.

Explain. Why two molecules of ATP are consumed at the beginning of
glycolysis?

During the redox reaction in glycolysis (2nd stage), which molecules act as
the oxidizing agent, which as the reducing agent?

How lipids enter the Krebs cycle?

Terminology

acetyl group - atjeTus ToObI / alleTUIbHAs TPYTITIa;
ancient - ecki / [peBHUY;

carrier - TacbIMaJiZiayIiibl / TIepeHOCUMK;

due to - y11IiH / U3-3a;

phosphorylation - docdopnany / hochopunmupoBanue;
pyruvate oxidation - MUpoyKy3iM KbIIIIKbUILIHBIH, TOTBIFYbI / OKMC/IEHHEe
MMpyBara;

summary - XUbIHTBIK / KpaTKOe U3/I0’KEeHHUE;

to combine - Kocy / 00beUHSITH;

to reduce - TOTHIKChI3/JaHABIPY / BOCCTAHAB/IUBATH;

to remove - MIbIFapy / BIBOAUTD;

to split - Gesy / pa3menuTh.



5.6 Function of mitochondria during
cellular respiration

You will:

e establish the relationship between the structure of mitochondria and the
processes of cellular respiration.

Key terms

e Mitochondrion - is an oval-shaped organelle, that is ‘power house of the
cell’;

e Cristae - folds of inner membrane of mitochondria:

e Matrix - fluid which fills the mitochondria;

e ATP synthase - an enzyme responsible for ATP production.

Stimulating question

Why mitochondria has double membranes?

Facts

e Mitochondrial DNA contains only 37 genes and it is always inherited from
mother. Mutations of mitochondrial DNA is suspected to be responsible for
aging, aging-related diseases and some types of cancer.

e Mitochondria are not only responsible for ATP production, they are also
involved in lipid metabolism, hormonal signaling, protein synthesis. Some
mitochondrial functions are performed only in specific types of cells. For
example, mitochondria in liver cells contain enzymes that allow them to
detoxify ammonia, a waste product of protein metabolism.

Text




In eukaryotic organisms, mitochondrion is the site of the Krebs cycle and the
oxidative phosphorylation. A mitochondrion is an oval-shaped organelle
composed of a double membrane. Lipid bilayer of a mitochondrion is
structurally similar to the plasma membrane.

The two membranes have different chemical compositions and properties. The
outer membrane is relatively permeable to small molecules, whereas the inner
membrane is less permeable.

Mitochondrion

Ribosome

Inner membrane

oF1portion
Mitochondrial DNA

Outer membrane

Structure of a mitochondrion

The outer membrane is smooth, but the inner membrane is folded inwards to
form cristae. Cristae has components of the electron transport chain (ETC) and
ATP synthase enzyme. ATP synthase enzyme generates ATP. For this reason,
cristae are abundant in the mitochondria of high energy-requiring cells, such as
nerve and muscle cells.
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Electron transport chain components (I-1V) and ATP
synthase on cristae of inner membrane

The space between the two membranes is called intermembrane space, and
usually it has a lower pH than the matrix of the mitochondrion. The protons of
NADH are released into the intermembrane space by the activity of the electron
transport chain, by lowering pH of intermembrane space. It results in formation
of proton (H+)gradient.

The inner membrane borders with the matrix. Matrix contains minerals and
water, ribosomes, proteins, respiratory enzymes, RNA and mitochondrial DNA.
Krebs cycle and pyruvate oxidation take place in matrix of a mitochondrion,
because it contains necessary enzymes to conduct these reactions.

ATP is formed in the matrix by the activity of ATP synthase on the cristae. The
energy for the production of ATP comes from the proton gradient between the
intermembrane space and the matrix.

Activity

Work in pairs. The figure below shows structures (1-5) and directions of material
transport (A-B) in a mitochondrion. Fill the table below.



1 | Questions 1-50rA-B

1 | pyruvate is converted to acetyl-CoA

2 | contains folds called cristae

protons transported from structure #1to structure

. #2

4 | contains components of electron transport chain
5 | pyruvate enters mitochondrion

6 | pHislowin this structure thanin structure #1

/ | outer membrane

8 | contains own DNA and enzymes of Krebs cycle

Research time

In order to survive, prokaryotes such as aerobic bacteria need to produce energy



from food such as glucose. In eukaryotic cells, cellular respiration is performed
by mitochondria, but prokaryotic cells do not have membranous organelles. How
do prokaryotic cells perform aerobic respiration without mitochondria? Make a
research about structures involved in aerobic respiration of prokaryotes.

Literacy

. Why there are much cristae in nerve and muscle cells compared to other

cells?

Explain why intermembrane space has lower pH than matrix.

Explain how the structure of a mitochondrion is adapted for its functions in
aerobic respiration.

Terminology

abundant - ke / 00M/ILHBI;

folds - kaTnapsiap / ck/iagKu;

intermembrane space - MmemOpaHaapasbIK KybIC / MexxMeMOpaHHOe
TIPOCTPaHCTBO;

permeable - eTKi3riI / npoHWIIaeMbIii;

proton gradient - MPOTOH rpajiueHTi / MPOTOHHBIN IPaINEHT;

relatively - canbiCTbIpMaJibl / OTHOCUTEJILHO;

smooth - Teric / rnaakuii;

to detoxify - 3anancei3ganAbIpy / 06e3BpeIUTh TOKCUUECKOe JeHCTBIE;
to generate - 6H/ipy / IPOU3BOJIUTb.



5.7 Krebs cycle

You will:

e to describe the Krebs cycle.

Key terms

e Oxidation-reduction reactions - involves transfer of electrons between two
chemical substances;

e Electron carriers - accept electrons from one molecule and donate them to
another molecule;

e Krebs cycle - is a cycle of biochemical reactions, which produces CO2,
NADH, FADH2 and ATP.

Stimulating question

When is CO2 formed in the body?

Facts

e The Krebs cycle (also known as the citric acid cycle) was discovered in
1937 by Hans Krebs. He earned a Nobel Prize in Physiology or Medicine in
1953.

e There is another pathway like Krebs cycle, which is called glyoxylate cycle.
It is used by plants, protists, bacteria and fungi. Scientists predict that by
inhibiting functions of glyoxylate cycle enzymes in pathogenic bacteria and
fungi, some diseases, like tuberculosis, could be treated.

Text

The Krebs cycle is a series of biochemical reactions by which the acetyl portion
of acetyl-CoA is degraded to carbon dioxide and water with the release of
metabolic energy, which is used to produce ATP.



Electron carriers

Reactions that result in the transfer of one or more electrons from one reactant to
another are oxidation-reduction reactions, or redox reactions. Redox reactions
are essential for Krebs cycle. These reactions use electron carrier molecules,
such as NAD+ (Nicotinamide Adenine Dinucleotide) and FAD+ (Flavine
Adenine Dinucleotide). They are coenzymes (components) of respiratory
enzymes.

Enzymes remove a pair of hydrogen atoms (two electrons and two protons) from
the substrate (glucose), thereby oxidizing it. The enzyme delivers two electrons
along with one proton to its coenzyme, NAD+. The other proton is released as a
hydrogen ion (H+) into the surrounding solution:

! Dehydrogenase |
H-C-0OH+NAD" > C=0+NADH +H’
|

NAD-+ receives two electrons, but only one proton, and it is reduced to NADH.
The name NADH shows the hydrogen that has been received in the reaction.

Steps of Krebs cycle

There are 8 steps of reactions in Krebs cycle.

1. The fusion of acetyl-CoA and oxaloacetate to form citrate;

2. The citrate is converted to isocitrate;

3. The isocitrate is oxidised and decarboxylated (means CO2 is removed) to
form a-ketoglutarate. NADH and CO?2 are produced;

4. The a-ketoglutarate is converted to succinyl-CoA. NADH and CO?2 is

produced;

Succinyl-CoA is converted into succinate;

Succinate is converted to fumarate, and a molecule of FADH2 is produced.

The addition of water to fumarate produces malate;

Malate is converted to oxaloacetate by producing NADH molecule.

© N



Acetyl-CoA

1 Citrate (6C)
2

Oxaloacetate (4C) |socitrate (6C)

NAD+
NADH =
e k- Citric NADH
Malate (4c) acid (5C)
cycle - Keto lutarate
7 NAD+
Fumarate (4C) NADH
6 Succlnyl CoA (4C)

FADH,
>Succlnate

{1 C-» (ATP)

The Krebs cycle

Output of Krebs cycle

One turn of Krebs cycle produces 3 molecules of NADH, 1 FADH?2 and 1 ATP.
Recall that each glucose gives rise to two molecules of acetyl-CoA that enter the
cycle. The total yield per glucose from the Krebs cycle is 6 molecules of NADH,
2 molecules of FADH2, and 2 molecules of ATP. Most of the ATP produced by
respiration results from oxidative phosphorylation, when the NADH and FADH?2
produced by the Krebs cycle transfer the electrons extracted from food to the
electron transport chain.

Activity




Work in pairs. Refer to image below, showing the Krebs cycle, as a guide to
answer the following questions.

Acetyl CoA
! CoA
NADH
Citrate
NAD+
N Isocitrate

co"| (NAD+
NADH

<FADH2
FAD

a - Ketoglutarate

Succinate
\ CO, (NAD+
ATP Succinyl CoA
NADH

1. Which reaction involves phosphorus?

2. Carbon skeletons for amino acid biosynthesis are supplied by intermediates
of the Krebs cycle. Which intermediate would supply the carbon skeleton
for synthesis of a five-carbon amino acid?

3. How many molecules of carbon dioxide (CO2) would be produced by five
turns of the Krebs cycle?

4. How many reduced electron carriers would be produced by four turns of the
Krebs cycle?

5. Starting with citrate, how many products would result from three turns of
the Krebs cycle?



Research time

In order to survive, prokaryotes such as aerobic bacteria need to produce energy
from food such as glucose. In eukaryotic cells, cellular respiration is performed
by mitochondria, but prokaryotic cells do not have membranous organelles. How
do prokaryotic cells perform aerobic respiration without mitochondria? Make a
research about structures involved in aerobic respiration of prokaryotes.

Literacy

1. If the following redox reaction occurred, which compound would be
oxidized? which compound would be reduced?

C6H807 + NAD+ — C5H605 + CO2 + NADH + H+

2. Explain how the events of the Krebs cycle can be cyclical?

3. What is the contribution of Krebs cycle for cell’s energy production?

Terminology

citric acid - TMMOH KbIIIKbIbI / TUMOHHAsI KUC/IOTA;

fusion - KocelTy / 00BeMHEHME,

intermediate - apasiblK, / IPOMEXXYTOUYHBIN;

oxidation-reduction reactions - TOTBIFY-TOTBIKCbI3ZIaHy peaKLusiiaphbl /
OKHCJ/IUTe/TbHO-BOCCTaHOBUTEJIbHbIE peaKL|vy;

portion - 661K / YacTh;

to degrade - bibIpay / pa3iaraTbCs;

to donate - crbliliay / apyTh;

to inhibit - Texxey / UHTHOUPOBATH;

to relay - Tarceipy / mepesjaBarh.



5.8 Electron transport chain

You will:

e to describe the electron transport chain.

Key terms

e Concentration gradient - gradual change in the concentration of solutes
present in a solution between two regions;

e ATP synthase - catalyzes ATP production from ADP and inorganic
phosphate;

e Chemiosmosis - is the movement of ions across a membrane, down their
concentration gradient;

e Oxidative phosphorylation - is the reaction in which cells use enzymes to
oxidize nutrients, by releasing energy which is used to produce ATP.

Stimulating question

What happens to oxygen when it reaches cells?

Facts

¢ 1 NADH molecule generates 2.5 ATP, while 1 FADH?2 generates 1.5 ATP
by oxidative phosphorylation.

e Peter Dennis Mitchell, (29 September 1920 — 10 April 1992) was a British
biochemist who was awarded in the 1978 Nobel Prize in Chemistry for his
discovery of the chemiosmotic mechanism of ATP synthesis.

Text

In the final stage of aerobic respiration, oxidative phosphorylation, the energy
for the phosphorylation of ADP to ATP comes from the activity of the electron
transport chain (ETC).



Electron carriers NADH and FADH2 transfer electrons from glucose, acquired
during glycolysis and Krebs cycle, to ETC. The electron transport chain is a
group of protein complexes (I-IV) in the cristae. The proteins are arranged in a
way from high to low energy level. Electrons move along ETC, and the last IV
component of the chain, passes its electrons to oxygen (¥202). Oxygen is a final
acceptor of electrons, and it is reduced to water.

Iueliad g
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2H* + 1,0,

& \S \ y _ i A
(carrying electrons
from food) 0

= 4 E
Electron tra?{sport chain Chemiosmosis

Oxidative phosphorylation

Electron transport chain compaonents (I-IV) and ATP synthase on the inner membrane
As an electron moves from one carrier at a higher energy level to another one at

a lower level, energy is released. Some of this energy is used to move protons
(H+) from the matrix into the intermembrane space of the mitochondria. This
produces a higher concentration of protons (H+) in the intermembrane space
than in the matrix, setting up a concentration gradient. Now, protons pass back
into the mitochondrial matrix through protein channels in the inner membrane,
moving down their concentration gradient. And the ATP synthases are the only
sites that provide a route through the membrane for H+.

ATP synthase uses the energy of concentration gradient of H+ to do ATP
synthesis. The power source for ATP synthase itself is a difference in the
concentration of H+ between matrix and intermembrane space. This process, in
which energy stored in the form of a hydrogen ion (H+) gradient across a
membrane is used to drive the synthesis of ATP, is called chemiosmosis.



Summary of ATP production by aerobic respiration

The function of aerobic respiration is harvesting energy of glucose to produce
ATP. The summary of ATP produced from each of the steps of aerobic
respiration is shown in table below. Electron carriers during glycolysis can be
different, for example, brain cells use FADH2, while liver and heart cells use

NADH.
Pathway NADH | FADH, | Direct produc- ATP production by
pro- pro- tion of ATP oxidative phasphorylation
duc- duc-
tion tion
Glycolysis | 2NADH or 4 ATP - 2 ATP (2 FADH,x 1.5) = 3ATP or
2 FADH, used = 2 ATP (2NADH x 2.5) = 5 ATP
Pyruvate 2 0 0 (2 NADH x 2.5) = 5 ATP
oxidation
Krebs 6 2 2 ATP (6 NADH x 2.5) = 15 ATP
cycle (2 FADH, x1.5) = 3ATP
TOTALS 4 ATP 26-28 ATP
Total number of ATP molecules per 30-32 ATP
molecule of glucose

Activity

Fill the gaps and place the statements in correct order.




The energy from electrons moving down the chain is used to move H*
jons acrossthe

H* ions move through channels of ____inthe inner membrane

High-energy electrons from NADH and FADH, are passed into and
alongthe

The ATP synthase uses the energy from the moving ions to combine
ADP and phosphate, forming high-energy ____

H*"ions build upinthe ____space, making it ___ charged and making
the matrix negatively charged

Research time

Electron transport chain is also found in another organelle of a eukaryotic cell.
Find information about the structure and how electron transport chain works in
that organelle.

Literacy

1. Why is the importance of cristae?

2. What effect would an absence of O2 have on the oxidative
phosphorylation?

3. In the absence of oxygen, what would happen to ATP production if you
decrease pH of intermembrane space? Explain your answer.

Terminology

e concentration gradient - KOHL[eHTpaLYsl TPaJiMeHTi / TpafiIueHT



KOHL|eHTpaL1u;
route - >K0J1 / Ty Thb;

site - aymak, / y4acCToOK;

solutes - epireH 3aTTap / paCTBOpEHHbIE BellleCTBa;
to acquire - vesneHy / mpuobpecTy;

to drive - >Xypri3y / BOAUTS;

to harvest - >xuHay / coGupaThb.



Problems

Test questions with one right answer

1. How much kcal of energy will be released by complete breakdown of 2 ATP?
A) 16.6 kcal

B) 29.2 kcal

C) 31.2 kcal

D) 33.2 kcal

E) 35.2 kcal

2. Which of the following stage take place in cytoplasm?
A) pyruvate oxidation

B) oxidative phosphorylation

C) glycolysis

D) pyruvate phosphorylation

E) the Krebs cycle

3. Where ATP synthase can be found?

A) on matrix

B) intermembrane space

C) in cytoplasm

D) outer membrane

E) on cristae



4. How many ATP produced by the Krebs cycle?
A) 2 ATP

B) 4 ATP

C) 10 ATP

D) 26 ATP

E) 30 ATP

Test questions with several (max 3) right answers
1. Which of the following can be found in ATP?
A) cytosine

B) guanine

C) adenine

D) thymine

E) deoxyribose

F) ribose

G) phosphate group

H) amino group

2. Which of the following are products of aerobic respiration?
A) carbon dioxide

B) oxygen

C) glucose

D) lactic acid



E) water

F) enzyme

G) ATP

H) ethyl alcohol

3. Which of the following is not a stages of aerobic respiration?
A) fermentation

B) electron transport chain
C) pyruvate oxidation

D) ATP synthesis

E) glycolysis

F) oxidative phosphorylation
G) NAD synthesis

H) the Krebs cycle

Matching questions

1. Match molecules of NADH and FADH produced by following pathways.
1. Glycolysis
2. Pyruvate oxidation
3. Krebs cycle

A) 2 NADH

B) 2 NADH and 2 FADH2



C) 6 NADH and 2 FADH?2
D) 2 NADH and 6 FADH?2
E) 2 NADH or 2 FADH2
F) 4 NADH or 4 FADH?2
2. Match the following words with their definitions
1. ATP
2. Catabolism
3. Anaerobic respiration
A) respiration with oxygen
B) complex molecules are synthesised from simple ones
C) complex molecules are degraded to simple ones
D) catalyzes ATP production from ADP
E) an organic compound produced during cellular respiration

F) respiration without oxygen



CHAPTER 6.0
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6.1 Urine formation

You will:

e explain the mechanism of filtration and urine formation.

STQ

How is urine formed?

Key terms

e Filtration - renal process whereby fluid in the blood is filtered across the
capillaries of the glomerulus and into the urinary space of Bowman’s
capsule;

e Reabsorption - renal process that returns filtered water and nearly all major
nutrients to blood;

e Secretion - renal process that removes additional wastes from the blood and
adds them to the filtrate.

Facts

¢ Glomerular capillaries have higher blood pressure than other capillaries.
This is because efferent arteriole is narrower than afferent arteriole.
e Each kidney contains about 1,5 million nephrons.

Text

The kidney is the central organ involved in urine formation. It controls the
composition of body fluids by removing unwanted substances from the blood.
Kidney consists of two main regions: an outer cortex and inner medulla. The
small unit of the kidney that forms urine is called nephron. Part of the nephron is
located in the cortex while another part is in the medulla. Each nephron structure
includes glomerulus, Bowman’s capsule, convoluted tubule, a loop of Henle, and



collecting duct. Formation of urine consists of three stages. They are filtration,
reabsorption, and secretion. Blood enters nephron by afferent arteriole to
glomerulus, and leaves it within efferent arteriole.

Filtration

Filtration occurs in glomerulus and Bowman'’s capsule. The glomerulus is a
dense network of capillaries that is surrounded by a cup-shaped Bowman’s
capsule. The lumen of the glomerular capillary is separated from the space of
Bowman’s capsule by two layers of cells: epithelium of the capsule and
endothelium of capillaries. Between these two layers basement membrane is
located. The basement membrane is a thin membranous layer of connective
tissue. Each epithelial cell of the capsule contains arm-like projections that wrap
around capillaries forming a network. This allows the passage of blood plasma
except for blood cells. The endothelial cells of glomerular capillaries contain
numerous pores. These pores keep blood cells inside but allow the passage of
blood plasma. Small molecules like glucose, water, vitamins, urea, salts and
others can pass through the membrane into the nephron easily. Large particles,
like proteins and blood cells cannot pass into the nephron.

Reabsorption

After filtration, the glomerular filtrate is formed. Filtrate flows through the
tubule and some substances reabsorbed by surrounding blood vessels. Glucose,
amino acids, and sodium ions are reabsorbed actively while water and chloride
ions transported passively. The cells lining tubule placed nearly to the cells of
capillaries which ensures a close relationship between them. Each cell of the
tubule in one side contains many microvilli and in other side infoldings of cell
membrane those increasing the surface area for reabsorption. Also, these cells
have a lot of pinocytic vesicles that transport substances and mitochondria that
supply energy for active transport.

The loop of Henle plays a vital role in reabsorption of water. It is U-shaped part
of the nephron coming after proximal convoluted tubule. The first segment,
descending loop, is permeable to water and it is rich in salts and urea. The
second segment, ascending loop, impermeable to water. When solution goes into
ascending loop, salts leave the loop because of gradient concentration. This
cause high salt concentration in surrounding region where collecting duct also
passes. It leads to the moving out of water molecules by osmosis forming a



concentrated urea.

Secretion

Some substances may not pass through filtration and they are transported from
surrounding blood vessels into the tubule. Ammonia, uric acid, potassium, and
hydrogen ions are secreted in this way into filtrate.

The result of these three processes forms urine. Urine flows out of collecting
duct into the space inside the kidney called pelvis. Then it flows into urinary
bladder by ureters. The removal of urine from the bladder is called urination.



Basic steps in urine formation
Blood flow

N C
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Activity

a. Fill the table



Step

Function

Process

Filtration

Secretion

Reabsorption

b. Compare given three fluids: blood plasma, filtrate, and urine.

c. Write specific feature of cells found in nephron structure and draw their

picture.

Nephron structure

Cell structure

Diagram

Glomerulus

Bowman's capsule

Tubule

Research time

How urination is controlled? Research about it and explain how it works. Write a

report.

Literacy

1. What are the nitrogenous wastes?
2. Why does desert mammals have an extra long loop of Henle?
3. Why glomerular capillaries have high blood pressure?

Terminology

basement membrane - 6a3a/b/bIK MeMOpaHa / 6a3aibHast MeMOpaHa;
Bowman’s capsule - BoymeH karicynacel / Karicyna boymeHa;
collecting duct - >krHaFbIII TYTIiK / cobupaTe/ibHast TPyOKa;

proximal convoluted tubule - mpokcumanb/bl UpeKTenreH TYTYKIIIe /




TPOKCUMAa/TbHbIA U3BUTOU KaHasieLl;

cortex - KbIPThIC KabaThbl / KOPKOBOE BEIIeCTBO;

glomerulus - KanuisIp 1IyMa¥rbl / KalTU/UIIPHBIN KITyOOUek;
loop of Henle - I'enne inmeri / netns Iene;

lumen - KybIC / TI0JIOCTB;

medulla - Mmu KabaTbl / MO3rOBOE BeITeCTBO;

permeable - 6TKi3rii / npoHUIIaeMbIii;

to supply - KamMTy / cHabKaTh;

urine - Hecen / Moya.



6.2 Water regulation

You will:

e explain the role of antidiuretic hormone (ADH) in water regulation.

STQ

Why do human feel thirsty?

Key terms

e Osmoreceptor - any of a group of cells sensitive to rise in the solute
concentration of the blood;

e Antidiuretic hormone - a hormone released by the posterior pituitary gland
that increases the absorption of water by the kidney.

Facts

e The high level of watery urine production is called diuresis. The antidiuretic
hormone named for acting against to this condition. ADH is also known as
vasopressin.

e Stimulation of osmoreceptors also makes the human feel thirsty. As a result,
human drinks water and solute concentration of the blood decreases.

Text

The body has many fluids that contain different solutes such as glucose and salts.
Keeping the concentration of these solutes in constant is essential to the normal
functioning of the body. Solutes dissolved in water and their concentration
depends on the water amount. Maintaining the proper balance between the water
and solutes in the body is called osmoregulation. Osmoregulation is directly
related to the excretion of urine, and they both regulate homeostasis. If body
contains many salts and low water availability, it will excrete concentrated urine



with minimal water loss. If body contains less salt and high water availability, it
will excrete dilute urine with the large volume of water. The concentration of
urine depends on the rate of water reabsorption in the kidney.

The rate of water reabsorption controlled by the brain. The brain contains
receptors called osmoreceptors that are sensitive to the increase in the solute
concentration of the blood. Osmoreceptors located in the hypothalamus, and they
regulate the release of antidiuretic hormone (ADH) or vasopressin. When the
osmoreceptors are stimulated, ADH release from the posterior lobe of the
pituitary gland to the bloodstream.

ADH travels within the blood and goes to the target organs. The main target of
ADH is collecting duct in the nephron. Hormone makes the cells of collecting
duct more permeable to the water. ADH bind to the membrane receptors of the
collecting duct cells and receptors stimulate the rise in numbers of aquaporins.
Aquaporins are inserted into the collecting duct cells and start to transport water.
As a result, water left collecting duct and reabsorbed to the blood. The solute
concentration of blood stabilised those reducing the activity of osmoreceptors
and decreasing the secretion of ADH.

Hyperfunction of ADH.

If there is too much ADH in the organism, it is called hyperfunction of ADH.
High levels of anti-diuretic hormone cause the kidneys to retain water in the
body. There is a condition called Syndrome of Inappropriate Anti-Diuretic
Hormone secretion (SIADH; a type of hyponatraemia) where excess anti-
diuretic hormone is released when it is not needed (see the article on
hyponatraemia for more information). With this condition, excessive water
retention dilutes the blood, giving a characteristically low salt concentration.
Excessive levels of anti-diuretic hormone might be caused by drug side-effects
and diseases of the lungs, chest wall, hypothalamus or pituitary. Some tumours
(particularly lung cancer), can produce anti-diuretic hormone.

Hypofunction of ADH.

If there is too little ADH in the organism. Low levels of anti-diuretic hormone
will cause the kidneys to excrete too much water. Urine volume will increase
leading to dehydration and a fall in blood pressure. Low levels of anti-diuretic
hormone may indicate damage to the hypothalamus or pituitary gland, or



primary polydipsia (compulsive or excessive water drinking). In primary
polydipsia, the low level of anti-diuretic hormone represents an effort by the
body to get rid of excess water. Diabetes insipidus is a condition where you
either make too little anti-diuretic hormone (usually due to a tumour, trauma or
inflammation of the pituitary or hypothalamus), or where the kidneys are
insensitive to it. Diabetes insipidus is associated with increased thirst and urine
production.
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Increased urine concentration

Research time

What should you do if your urine has dark color? What should you do if the
color of your urine is light?

Activity

Summarize the role of ADH in water regulation by filling the scheme. Scheme
describes how ADH works. Use combination of words from the box. Some of



them can be used more than once.
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Literacy

1. What are aquaporins?
2. What is the function of ADH?
3. What does concentration of urine depend on?

Terminology

against - Kapchol / TIPOTUB;

combination - Tipkecy / coueTaHue;

dilute - cyiibuITEUIFaH / pa30aB/ieHHbIN;
essential - MaHbI3/IbI / Cyll|e CTBEHHBI;
pituitary gland - runogus 6e3i / runodus;
posterior lobe - apTKbI 66iri / 3aaHsIs 107s;
rate - >XbLIZI@M/bIK / CKOPOCTb;

sensitive - cesiMTas / UyBCTBUTE/IbHbBIN;



solute - epiriiil 3aT / paCTBOpeHHOe BellleCTBO;
target organ - HpICaHa MyIlle / OpraH MULLIEHb;
thirsty - >Kaxay1uii / 1esnjereH;

to depend - Toyenzi 601y / 3aBHCETS.



6.3 Dialysis

You will:

e explain the mechanism of dialysis.

STQ

What to do if kidneys do not work properly?

Key terms

e Dialysate - the liquid into which material passes by way of the membrane in
dialysis.

Facts

e Usually, each hemodialysis treatment lasts about four hours and is done
three times per week.

Text

Some diseases of kidney and falling of blood pressure by an accident brings to
kidney failure. If function of kidney is not recovered, and it takes more than two
weeks, the patient can die as a result of heart failure, which is caused by
imbalance of potassium in the blood. In the case of kidney disease, the patient
can survive with only one kidney. If both of kidneys fail, the patient’s blood
composition has to be regulated by a dialysis.

In principle (look at image), a dialysis machine has long coiled cellulose tube
which is located in a water bath. The patient’s blood is led from a vein in the arm
and flown through the cellulose (dialysis) tubing. Cellulose tubing of dialysis
contains tiny pores. Small molecules, such as salts, glucose and urea are leaked
out into the water bath by tiny pores. Blood cells and protein molecules are too



large to get through the pores. This stage is similar to the filtration process in the
glomerulus. The correct concentration of salts and glucose is found in a water
bath, in order to prevent loss of these substances from blood. In this case, only
the substances above the correct concentration can diffuse out of the blood into
the bathing solution. Thus, urea, uric acid and excess salts are removed. The
bathing solution is also kept at body temperature and is constantly changed as
the unwanted blood solutes accumulate in it. The blood is then returned to the
patient’s arm vein.

There are 2 types of dialysis: hemodialysis and peritoneal dialysis. Neither type
is painful.



Hemodialysis Peritoneal Dialysis
Description | filters the waste products and filters the waste products and
extra fluid from the blood using a | extra fluid from the blood using
liquid (dialysate) and an artificial | a liquid (dialysate) which is
membrane with a machine placed inside the belly and then
outside the body removed
Mechanism | Blood is pumped out from the Blood moves around the internal
body to a machine. The machine | organs and intestines naturally
contains several membranes inside the body. The membrane
that separate the blood from covering these organs is called
liquid called dialysate. The the peritoneum. There is a
membranes filter out waste space in the body made by the
products and extra fluid from peritoneum called the peritoneal
the blood. These waste products | cavity. Dialysate is put into
pass into the dialysate. The used | this space. The peritoneum is
dialysate is then pumped out of | a natural filter and allows the
the machine and thrown way. waste products and excess
The cleaned blood is pumped water to be drawn out of the
back into the body. blood into the dialysis fluid. After
at least 1or 2 hours, the used
liquid is drained out and thrown
away
Access Usually people have a fistula People have a peritoneal
points made in their arm. A fistula is catheter attached to their
a blood vessel that has been abdomen (belly). This catheter
operated on to make it larger allows access to the peritoneal
and stronger. The larger blood cavity (space) in the belly. The
vessel makes it easier topump | dialysate fluid passes through
blood from the person to the this catheter into, and away from,
haemadialysis machine, and the peritoneal space.
back again.

Research time




How does nutrition affect dialysis? Make a research and describe the normal diet
order for a dialysis patient. Give examples of food to consume and avoid.

Activity

Work in pairs. Compare and contrast the two types of dialysis: hemodialysis and
peritoneal dialysis using a poster. Your answers should include the following:

1. A diagram/picture of the dialysis machine.

2. Can the procedure be performed inpatient, outpatient or at home, etc.?

3. Describe how the dialysis machine works? Does it involve diffusion,
filtration, etc.? Describe the processes involved.

4. Describe the accesses to hemodialysis and peritoneal hemodialysis. Include

pictures/diagrams along with the advantages and disadvantages.

What are the advantages of each procedure?

What are the disadvantages or complications of each procedure?

7. Describe the contents of the dialysis fluid.

o Ul

Literacy

1. What would happen if water were used as the dialysis fluid?
2. Can a patient exercise on dialysis?

Terminology

belly - kapbIH / >KUBOT;

coiled - opanraH / 06MOTaHHBIH;

composition - Kypambl / COCTaB;

failure - )xeTkinikci3zik / HeZlOCTaTOYHOCT;
hemodialysis - remoguanus;

peritoneal dialysis - nepuToHeanbIK Auaan3 / mepUTOHeabHbIA JUau3;
peritoneum - immrepze / OproIvHa;

tiny - KillkeHTau / KpOLLIeYHbI;

to accumulate - >KuHakTay / HaKarJiMBaTh;

to drain - ApeHa)k/1ay / IpeHUPOBATh;

to recover - KaJrblHa KeTipy / BOCCTaHOBUTS;
to throw - akTeIpy / 6pocaTsb.



6.4 Kidney transplantation

You will:

e discuss the advantages and disadvantages of kidney transplantation and
dialysis.

STQ

Why it is harmful to live with one kidney?

Key terms

¢ Kidney transplant - a surgical procedure to remove a healthy, functioning
kidney from a living or brain-dead donor and implant it into a patient with
non-functioning kidneys.

Facts

e Nearly 1.5 million globally go through kidney transplant or kidney dialysis.

Text

There are 2 kinds of kidney failure: acute (sudden) and chronic (long-lasting). If
you have acute kidney failure, you may need dialysis until the cause of the
kidney failure is corrected. If you have the chronic form, you may need dialysis
for the rest of your life. With this treatment and a carefully controlled diet, the
patient can live normal life. However, kidney transplantation is better solution of
this problem, because the patient doesn’t need dialysis process.

A kidney transplant is a surgical procedure in which a healthy kidney from either
a living or deceased donor is placed in your lower abdomen. It is not a cure, but
a treatment for chronic kidney failure. A living donor may be someone who
wishes to donate a kidney to someone in need of a transplant. A deceased donor



is someone who has consented to donating his or her organs upon death.

The problem with kidney transplants is to find enough suitable donors of healthy
kidneys and to prevent the transplanted kidney from being rejected by a
recipient. The most important complication that may happen after transplant is
rejection of the kidney. The body’s immune system will recognize an organ
transplanted from someone else as “foreign” and act to fight or reject this foreign
“invader.” Immune system produces lymphocytes and antibodies against
transplanted kidney.

This rejection problem may be solved by two ways:

e choosing a donor whose tissues are as similar as possible to those of the
patient, e.g. a close relative;

¢ taking antirejection medications (also called immune-supressant drugs)
everyday to prevent rejection of your new kidney. They decrease production
of lymphocytes and antibodies.

The advantages and disadvantages of kidney transplants, compared with dialysis
can be seen in the table below.

Advantages Disadvantages
Kidney - patients can lead a more - must take immune-supressant
transplant | normal life without having to drugs, which increase risk of

watch what they eat and drink; | infection;

- shortage of donor organs;

- kidney lasts only 9-8 years on
average;

- any operation carries risks;

- the operation is very expensive

Dialysis - available to all kidney patients | - patients must limit their salt
(no shortage); and protein intake between
- no need for immune- dialysis sessions;
supressant drugs - regular dialysis sessions -

impacts on patient's lifestyle;
- dialysis machines are expensive
to buy and maintain.




Research time

Make a research about the history of kidney transplant and write a report
including place, year and participants of the first successful kidney transplant
surgery.

Activity

Patients require special care after kidney transplant. Write at least five
recommendations to follow patients after surgery. Then make a group of 4
students. Discuss and select the best 10 recommendations to present in the class.
Explain why it is important to follow your recommendations.

Literacy

1. What would happen if water were used as the dialysis fluid?
2. Can a patient exercise on dialysis?

Terminology

deceased - e1i/ ymepiui;

shortage - Tariibl/ HeXBaTKa;

suitable - >kaHaCbIM/Ibl/ TIOJXOASIIIINIM;
surgical - XUpyprusiiblk/ Xupypruueckuii;
to consent - KeJtiCy/ corialaTbCs;

to reject - Kabbu1jaMay/ OTK/IOHHUTb.



Problems

Test questions with one correct answer

1. Where does filtration occur?
A) Bowman’s capsule

B) loop of Henle

C) distal convoluted tube

D) collecting duct

E) afferent arteriole

2. Which hormone increases the absorption water by the kidney?
A) oxytocin

B) vasopressin

C) insulin

D) adrenalin

E) FSH

3. Receptors that are sensitive to the increase in the solute concentration of the
blood

A) thermoreceptors
B) mechanosreceptors
C) photoreceptors

D) nociceptors



E) osmoreceptors

4. What is a dialysis tube made of?
A) chitin

B) protein

C) lipids

D) cellulose

E) aminoacids

Test questions with several (max 3) correct answers

1. What are the stages of urine formation?
A) denaturation

B) transcription

C) reabsorption

D) filtration

E) absorption

F) hydrolysis

G) secretion

H) dialysis

2. Which molecules cannot be filtrated?
A) proteins

B) water



C) urea

D) glucose

E) red blood cells

F) vitamins

G) salts

H) minerals

3. What are disadvantages of the kidney transplantant?

A) -must take immune-supressant drugs, which increase risk of infection
B) patients must limit their salt and protein intake between the sessions
C) shortage of donor organs

D) available to all kidney patients

E) regular sessions impact on patient’s lifestyle

F) unethical

G) expensive

H) uneffective

Matching

1. Match the definitions with the terms.
1. an artificial membrane with a machine outside the body
2. placed inside the belly and then removed

3. a surgical procedure to remove a healthy, functioning kidney



A) kidney transplant
B) dialysate
C) reabsorption
D) peritoneal dialysis
E) vasopressin
F) hemodialysis
2. Match the parts with the stage of the urine formation
1. filtration
2. reabsorption
3. secretion
A) capillary network
B) urinary bladder
C) urethra
D) proximal convoluted tube
E) Bowman’s capsule

F) urether



CHAPTER 7.0






7.1 Introduction to Mitosis

You will:

e study phases of mitosis with the help of fixed slides.

STQ

How cells spend their life?

Key terms

e Cell cycle - a life of a cell from one cell division to the next one;

e Mitosis - a type of cell division;

e Chromatin - a fluid inside a nucleus, consisting of DNA, proteins and other
molecules.

Text

The cell is the unit of life. We assume cell as a living thing because it has
different characteristics of life. For example, it grows and reproduces. The life
period of a cell is called a cell cycle. A life of a cell begins, when mother cell
divides into two new cells, which start their cell cycles. Each of these cells
grows, performs their functions, and then divides to produce new cells. Then the
cylce repeats. That’s why we call it “cycle”.

Cell cycle

The cell cycle divides into two parts: when a cell divides (M-phase), and when a
cell does not divide (interphase). During interphase cell usually grows, works,
copies its DNA and prepares for division. We can distinguish three stages during
interphase: G1, S, and G2.



CELL CYCLE

G2 Checkpoint

Cell growth

G2 METAPHASE
M (2pprox.1-2 hours) ANAPHASE

G1 Checkpoint

G,+5+G,= INTERPHASE
M= Mitosis

Cell cycle overview

Cell cycle overview

In G1 stage (G means “gap”) cell increases in size, necessary proteins are
produced and the cell begins to perform its functions . It continues to perform it
in the next stage - S phase (S means “synthesis”). At this stage DNA replication
takes place: all DNA is copied . During the last step, G2 stage, cell prepares for
the cell division: centrosome duplicates, producing two centrosomes.
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Cell division

DNA replication

DNA replication during S phase, and cell division

Prophase

M phase, or cell division, can be divided into two processes: mitosis - the
division of a nucleus, and cytokinesis - the division of the cytoplasm. M-phase
have five stages: prophase, prometaphase, metaphase, anaphase, and telophase.

In prophase, centrosome (with centrioles in them) divides into two, and each of
new centrosomes begins to produce microtubules. These microtubules are called
spindle fibers. As they grow, they push centrosomes away from each other.

At the same time inside the nucleus, chromatin condenses. This process includes
coiling of DNA into chromosomes. As the result, chromosomes become visible,
each of them consists of two sister chromatids. Chromatids are identical copies
of DNA, formed during S phase. They join to each other at the region called
centromere. Also, nucleolus disappears.

Prometaphase

Nuclear envelope disappears, and now chromosomes are in the cytoplasm. At
the same time, chromosomes become even more condensed.

Microtubules (or spindle fibers) from each of the centrosomes grow toward the
center of the cell. Some of them attach to the centromeres of chromosomes.



Others attach to the microtubule from another pole. The region, where
microtubule attaches to the centromere is called kinetochore.

At the end of prometaphase, chromosomes with spindle fibers are in the
cytoplasm.

Activity

Divide into groups of four students.

Draw pictures of one cell at different stages: G1, S, G2, prophase.
Label all organelles and cellular structures in all pictures.

Shortly (in few words) describe the difference happened at every stage.
Exchange posters with other teams, and evaluate their posters.

ik

Research time

Do a research and find out what makes cell passes from one stage to another?

Literacy

1. Make a connection between stages of cell cycle and periods of human life
(childhood, adolescence, youth, etc.)

2. As you know, only some of the microtubules of spindle fibers join with
centromeres of chromosomes. Others also have an important function.
What is that function?

3. G1 and G2 stages get their names because of English word “gap”. Explain
why scientists decided to give this name?

Terminology

centromere - [IeHTPOMEPa;

gap - apaJiblK / IPOMEKYTOK;
kinetochore - KuHeTOXOp;

spindle - ypiibIK / BepeTeHo;

to distinguish - axxeIpaTy / pa3nuuars;
to perform - aTKapy / BbITIOJIHSATb.



7.2 Mitosis

You will:

e study phases of mitosis with the help of fixed slides.

Key terms

e Spindle fibers - microtubules, which play important role in mitosis;
e Cytokinesis - the division of the cytoplasm.

STQ

Why some of our cells divide, while others don’t?

Text

Metaphase

After the prometaphase the next stage, metaphase starts. Centrosomes take two
opposite positions. These places are called the “poles” of the cells.

Spindle fibers begin to move chromosomes back and forth, and finally, all
chromosomes are at the plane just between two poles. This plane is called
metaphase plate.

Two microtubules from different poles are attached to the centromere.
Anaphase
Centromeres are broken down, sister chromatids separate and move toward each

pole. They move because of microtubules, which shorten and carry centromeres
of chromatids.



Now each separated chromatid becomes a chromosome.

This is the shortest stage of mitosis, lasting only a few minutes.

Telophase

Inside a dividing cell, two new nuclei are formed. Each has complete group of
chromosomes, which was carried by microtubules. Chromosomes become less
condensed, and inside each nucleus, nucleolus appears. Spindle fibers
(microtubules) disappear.

METAPHASE ANAPHASE TELOPHASE AND CYTOKINESIS
Metaphase i Cleavage Nucleolus
plate ? B furrow .. forming

Nuclear
. Daughter envelope
Spindle chromosomes forming

Metaphase, anaphase and telophase of mitosis. During telophase cytokinesis begins
Cytokinesis

At the same time with telophase cytokinesis begins. This process is different in
plant and animal cells.

In animal cells, plasma membrane moves inside in a place between two nuclei.
This circular invagination is called cleavage furrow. Further movement of cell
membrane divides cell into two new cells.

In plant cells, a new plane of the cell wall is formed between nuclei. This plane
is called a cell plate. When cell wall is completed, the cytoplasms of two cells
divide.



Labwork

Pre-lab questions:
1. How can you distinguish dividing and non-dividing cells?

2. What is the difference between mitosis in animal cells and mitosis in plant
cells?

Methods and materials:

microscope, prepared slides of onion root tips;

Procedures:
1. Place the slide of an onion root tip on the microscope stage.
2. Use different magnifications to observe the cells.
3. Select an area with cells of different stages of mitosis. Draw them.
4. Moving an objective back and forth, count as many cells as you can.
5. Identify what stage each cell is in (note that some cells are at interphase).
6. Count the amount of cell of each stage. Write results into the table.
Results:
Stages Number of cells
Interphase
Prophase
Prometaphase
Metaphase
Anaphase
Telophase

Post-lab questions:



1. Explain how the number of cells of certain stage correlates with its
duration.

2. What happens with organelles during mitosis?

3. There is also a term “karyokinesis” in cell biology. It means “the division of
nucleus”. This term is a synonym of which word?

4. Why can’t plant cells perform cytokinesis by cleavage furrow?

Research time

In an adult human body, there seems to be a lot of actively dividing cells, but
organism doesn’t grow. Do a research and find out an example of such dividing
tissues. Explain what happens to their new cells.

Facts

During anaphase separated chromatids are moved toward the poles by spindle
microtubules. Actually, this is not true. In reality, centromeres move by
themselves. They have a kinetochore region, which breaks down the
microtubule. As a result, fiber shortens, and it seems like chromatids are pulled.

Terminology

cell plate - »kacy1ia miacTUHKACkI / K/IeTOYHAs! TJIaCTUHKa;
cleavage furrow - TapTbuly / TIepeTSIKKA;

invagination - KeIHarnTany / yriay6sieHue;

plane - »Ka3bIKTHIK / TJTIOCKOCTH;

to disappear - >KoWbl1y / UCue3aThb.



7.3 Meiosis

You will:

e explain the features of gamete formation in plants and animals.

Key terms

e Homologous chromosomes - a pair of chromosomes in diploid cells. They
have same shapes, sizes, and genes;

e Gametes (also called sex cells) - special male and female cells used for
reproduction;

e Crossing over - exchange of pieces between non-sister chromatids.

STQ

How a cell can divide into different cells?

Research time

Humans and other animals, as well as most plants, have diploid cells. Do a
research and find out the significance of having diploid cells.

Text

Almost all our cells are produced by mitosis. The result of this process is two
cells with the same genetic materials. Mostly they have diploid (2n) number of
chromosomes. However, there are cells called gametes. They have only half (n -
haploid) number of chromosome. Gametes (or sex cells) are produced by another
type of cell division: meiosis.

Meiosis I



Meiosis goes in two stages, without interphase between them. The first division
is called meiosis I, it consists of four stages: prophase I, metaphase I, anaphase I
and telophase I.

e Prophase I: nuclear envelope disappears, two centrosomes move to the
different poles of the cell and produce microtubules (spindle fibers). At this
stage each chromosome pairs with its homologous chromosome. Two
homologs join tightly, so chromatids of different chromosomes exchange
their equivalent parts. This is called crossing over. Spindle fibers attach to
homologs at the end of this stage.

e Metaphase I: spindle fibers bring homologs to the metaphase plate.
Microtubules from opposite poles attach to the centromere of a homolog at
opposite sites.

e Anaphase I: homologous chromosomes separate and move to opposite
poles of the cell by microtubules.

e Telophase I and cytokinesis: cytoplasm begins to divide (by cleavage
furrow or by a cell plate), in some cells nuclear envelope forms and
chromosomes decondense.

Now we have two cells with a haploid number of duplicated chromosomes. Each
chromatid of these chromosomes has a piece of the homologous chromosome,
due to crossing over.
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Meiosis I: crossing over between homologs are shown.

Meiosis 11

Each of the cells now begins the second division without interphase.

e Prophase II: centrosomes divide and produce spindle fibers in each cell.
These fibers attach to each chromosome.

e Metaphase II: chromosomes are lined up at the metaphase plate by



microtubules.

¢ Anaphase II: sister chromatids separate and move to the different poles of
each cell.

e Telophase II and cytokinesis: nuclear envelopes are formed, chromosomes
begin to decondense, and cytokinesis occurs forming four daughter cells
with a haploid number of chromosomes.

As a result of meiosis, four new cells (gametes) are not identical with each other,
their genetic materials are different.

Telophase 11
Prophase I1 g Metaphase II§ Anaphase II and
Cytokinesis
_ .. o _

S

Sister Haploid
chromatids daughter

separate cells
_ forming

Meiosis I

Activity

At this picture you can see an overview of meiosis.
Divide into groups of 3-4 students. Teacher gives a poster and marker pens to
each group.



1. Students draw a cell with three pairs of chromosomes. They will use two
colors for one pair of homologous chromosomes (for example, one of them
is red, and another is blue). Different pairs of homologs should have
different shape and size.

2. Then, students draw meiosis I and meiosis II, similar to the picture above.
Pay attention to the pairing of homologous chromosomes.

3. Finally, students show daughter cells with all possible combinations of
chromosomes.

4. Count all possible combinations of gametes.

Now try to count all possible combinations of chromosomes in human

gametes (human cells have 23 pairs of chromosomes).

i

Facts

e Fungi make a meiosis at the beginning of their life, and they consist of only
haploid cells. However, some groups of fungi have two different haploid
nuclei in their cells. These cells are called dikaryotic, and by the number of
chromosomes, they resemble to the diploid cells.

Literacy

1. In which organs of human body meiosis occurs?
2. Explain how four daughter cells become genetically different.
3. List the differences between mitosis and meiosis.

Terminology

e equivalent - 6anamasbl / 9KBUBa/IEHTHBIMN;

e gamete - ramera;

¢ homologous chromosomes - roMo/1I0rTel XpoMocoMasnap / TOMOJIOTUYHbIE
XPOMOCOMBI;

e resemble - yKcay / HallOMUHATh.



7.4 Gametogenesis

You will:

e explain the features of gamete formation in plants and animals.

Key terms

e Gametogenesis - the process by which a haploid gamete is formed from
precursor cells through meiosis;

e Zygote - fertilized egg cell which is formed from the union of female egg
cell with a male sperm cell.

STQ

Why sometimes brothers from one family are so different?

Research time

Sometimes a sperm cell fertilizes a polar cell (body) not a secondary oocyte. As
a result, an embryo does not develop, and the fertilized polar body starts to
decompose. Why is a polar body incapable to support the development of an
embryo?

Text

Sexual reproduction

Almost all living things have sexual reproduction in their lifespan. During this
process, each organism produces haploid gametes (sex cells) by meiosis. Then,
two gametes of different individuals (and the different sexes) fuse and produce a
diploid cell zygote - the first cell of a new organism.

This process of gametes formation is called gametogenesis. Produced gametes



are haploid and have different chromosomes. So, all zygotes, produced in a pair
of organisms, are not identical.

Gametogenesis in animals: sperm cell

The production of male gametes is called spermatogenesis. In all animals, in the
male sex organs, there appear to be specific diploid cells called primary
spermatocytes. These cells continuously divide by meiosis. After meiosis I, two
new cells, called secondary spermatocytes, are produced. After meiosis II, four
spermatids are formed. Spherical spermatids, then, develop into sperm cells:
they have a tail, and their shapes are elongated.

Gametogenesis in animals: egg cell

The process of egg cells production is called oogenesis. In female sex organs,
diploid primary oocytes divide by meiosis. Meiosis I produces two different
cells: large secondary oocyte and a small cell called the first polar body. The
polar body often dies, but secondary oocyte begins meiosis II and produces a
huge egg cell and a little second polar body.

Because of the uneven division of cytoplasm secondary oocyte and egg cell get
most of the cytoplasm. This cytoplasm has many nutrients for a zygote, and for
the future embryo.

In mammals and humans, the division of secondary oocyte stops at metaphase II.
It will continue when cell fuses with a sperm cell, resulting in a second polar
body and a zygote.
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Gametogenesis in plants

Plants have alternation of generation in their life cycles. Diploid generation
sporophyte (all its cells are diploid) produces haploid spores by meiosis. Some
of these spores grow into haploid gametophytes - it consists of haploid cells.
Gametophytes produce gametes (sperm cells and egg cells) by mitosis. After
fertilization, diploid zygote is formed. This zygote then grows into a
sporophyte.
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Activity

Look at the diagram below.
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Circles are cells, and rectangles are organisms. Work in pairs and perform these
tasks:

Write the names of all cells.

Use “n” and “2n” symbols to define cells as diploid or haploid.

Define organisms as male or female.

Near the arrows write these processes: meiosis I, meiosis II, fertilization,
development.
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Facts

¢ In most fungi zygote divides by meiosis just after fertilization. So, fungi
spend all their life as haploid organisms.
¢ In ascaris worm oocyte does not begin meiosis until sperm cell touches it.

Literacy

1. What is a polar cell (body)?
2. Name at least two main differences between oogenesis and



spermatogenesis.

Explain why animal gametes are produced by meiosis, while plant gametes
are produced by mitosis.

Secondary oocyte and secondary spermatocytes are already haploid cells.
Explain why they divide one more time, why they can not be used as
gametes.

Terminology

gametophytes - rameTodur;

incapable - kabinerci3 / HecrocoOHbI;

lifespan - emip cypy y3aKTbIFbI / POJO/DKUTETBHOCTD XKU3HMY;
oocytes - OOLUT;

oogenesis - ooreHes;

polar body - mo/itoCTBIK AieHelle / MOJIIpHOe Teblle;
precursor - Heri3iH Kasay1lbl / Ipe/ilie CTBeHHUK;
spermatid - criepmaru/a;

spermatocytes - CliepMaToLIUT;

spermatogenesis - criepMaToreHes;

sporophyte - criopodur;

to decompose - biIbIPAY / pa3/iaraTbCs.



7.5 The control of a Cell cycle

You will:

¢ explain the cancer formation by uncontrolled cell division.

Key terms

e Checkpoint - a particular moment in the life of a cell, at which cells
“decide” whether to continue cell cycle or do not;
e Growth factor - a protein molecule, that stimulates cells to divide.

STQ

How cells know when to divide, or when to stop dividing?

Research time

Red bone marrow produces blood cells. Do a research, and find out how
different blood cells are produced. Compare the functions of human red bone
marrow and plant cambium.

Text

There are many different cells in a living organism. According to their functions,
some of them need to divide continuously, all life. For example, skin cells or
cells of the intestinal epithelium. These cells repeat their cell cycle, producing
new cells, while old cells die or are wiped out.

Other cells enter the GO stage at early periods of organism’s development and
never divide. For example, human nerve cells and muscle cells.

Many other cells usually do not divide, but they can begin cell division under
certain conditions. Liver cells are good examples. They divide when there is a



wound, and new cells are needed.

Many internal and external factors affect the cells at special moments in the cell
cycle, called checkpoints. At these moments cells “decide” whether to continue
the division or not. The “decision” is not made by a cell itself. Instead, many
internal mechanisms check for certain conditions inside and outside of the cell.
If these conditions are optimal, the cell continues the cell cycle. The checkpoints
are similar to the passport control in an airport: officer first checks your passport
and all data about you, then, if everything is correct, he lets you go.

There are at least three checkpoints in the cell cycle: at G1, at the end of G2, and
at the mitosis.

At the first checkpoint specific internal and external signals guide cells to either
S-stage or GO stage. At this moment cell “checks” for any damage in DNA, the
presence of nutrients and growth factors secreted from the neighboring cell.

There is also a checkpoint at metaphase of mitosis. Here some proteins control
all kinetochores: if they are attached to the microtubules or not. If yes they allow
anaphase to begin. If no, the cell stops at metaphase.
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Checkpoints and what they check for

As well as internal signals, the cell also receives an external signal from other
cells. These signals are molecules called growth factors.

Some cells can also “feel” if there are any spaces between them. For example, if



there is a wound or any other damage, cells divide and grow to repair the tissue.
If there are enough cells, cell division stops.

The effective control of cell cycle is significant for normal functioning of all our

organs. However, this control mechanism sometimes breaks, giving rise to
cancer cells.

Activity

There are different conditions of the cell below:

There are some damages in DNA;

Surrounding cells produce growth factors;

There is a space between cells;

There is not enough nutrients;

There is no any space for extra cells;

Replication is not completed;

Microtubules are not attached to all centromeres;

There are no enzymes that break down nuclear envelope.

PN RAE W=

Predict if cells will proceed cell cycle or not in each of the given conditions, and
explain why. Try to find examples.

Facts

¢ In the human body, there are cells called fibroblasts. The primary function
of these cells is to produce connective tissue. If there is damage to tissue
somewhere in the body, blood cells thrombocytes begin to release particular
growth factor. These factor effect on fibroblasts and stimulates them to
produce connective tissue to fix the wound.

Literacy

1. What are the differences among different checkpoints?

2. Explain why it is important to make all kinetochores attached to
microtubules before going to anaphase?

3. Imagine all our cells always divide, all our lives. What type of problems



4.

will it cause?
Now imagine that all our cells stop divide at a particular stage of
development. What type of problems will it cause?

Terminology

bone marrow - cylieK KeMiri / KOCTHbI MO3T;

fibroblast - ¢pubpobnacr;

growth factor - ecy ¢akrtopsi / (hakTOp poCTa;

intestinal epithelium - itlek snuTenui / KUilleUHbIA SMTATE/NM;
prediction - 6o/mKaM / peATonoXKeHue;

significant - esieysi / 3HaUUTETBHBIN.



7.6 Cancer

You will:

¢ explain the cancer formation by uncontrolled cell division.

Key terms

e Cancer - a disease caused by abnormally dividing cells;

e Malignant tumor - a group of cancer cells, which can travel throughout the
body via blood or lymph vessels;

e Carcinogen - any chemical or physical factor, that cause cancer.

STQ

What causes cancer, and how to cure it?

Research time

Do a research and find out widely used methods of cancer diagnosis.

Text

The excellent control mechanism makes cell divide or stop diving exactly when
it is needed. Unfortunately, sometimes this control system may fail to work
correctly. As a result, cancer cells appear. These cells continue to divide, even
when there are no more growth factors. Cancer cells not only rapidly divide, but
also they don’t perform their functions, because they have changes in their
genetic materials, and they produce abnormal proteins.

Many possible reasons lead to cancer. Sometimes cancer cells produce growth
factors on their own, and sometimes they can divide without any growth factor.
As a result, cancer cells have errors in the control of cell cycle, so they overcome
checkpoints despite external and internal signals.



Mostly, cancer cells have a problem (mutation) in one or two of their genes.
These mutations happen accidentally or spontaneously. However, some factors
can increase the chance of mutations. We call them carcinogens. Such factors are
different types of radiation and some chemicals (for example cigarette smoke,
food preservatives and others).

Usually, cancer cells have modified proteins on their surface. That’s why
immune cells can detect and kill them. Sometimes, cancer cells avoid this
termination. They divide and form a group of cancer cells called a tumor.

If cancer cells are not genetically modified enough to survive in other tissues,
they stay in their own tissue and produce a so-called benign tumor. This tumor is
not dangerous and can be removed by surgery.

However, some surviving cancer cells are so modified that they can invade other
tissue. This is called a malignant tumor. This tumor is dangerous because cancer
cells can spread throughout the body via blood and lymph vessels. In new
places, they can produce new tumors, which interrupt the functioning of these
organs. The transportation of cancer cells from one place to others is called
metastasis.
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Cancer cells move to other organs, causing metastasis

Activity

Students divide into five groups. Every group explains one method of cancer
treatment: how it might works, what are the possible side effects, what is used.
Treatments:

1. Radiation therapy - using radioactive particles or waves to damage DNA of
cells in a particular organ;

2. Targeted cancer therapy - using special chemical drugs to kill rapidly
dividing cells;

3. Cancer immunotherapy - activating T-killers, immune cells that kill cells
with antigen;



4.

5.

Chemotherapy - using chemicals, which stop the division of cells. Doctors
usually insert such drugs into the patient’s blood;

Stem cell transplant - using foreign stem cells to restore the tissues
damaged by cancer or other therapy. Stem cells are continuously dividing
cells.

Facts

The standard human cells can divide not more than 50 times, but some
cancer cells divide infinitely. Example of such “immortal” cells are the cells
of Henrietta Lacks, who died in 1951. Scientists still use her cells in
medical research.

Cigarettes are the main reason for lung cancer.

Literacy

N

List the differences between healthy and cancer cells.

How actually cancer cells damage an organism?

Explain why cancer cells can easily separate from surrounding cells and
invade other organs, while normal cells can’t.

Can we consider a cancer cell as a “new organism” inside us? Explain your
answer.

Terminology

abnormal - Ka/ibIlTaH ThIC / HEHOPMaJIbHbIN;

accidental - sanzekanaii / cnyualiHo;

benign tumor - KaTepci3 icik / ;oOpokauecTBeHHast Oy X0JIb;
carcinogen - KaHlLleporeH;

despite - KapamacTaH / He CMOTPSI Ha;

drug - npernapar;

Interrupt - Kemepri 601y / MellaTh;

malignant tumor - KaTepJii iCisi / 3710KaueCcTBeHHasi OIyX0Jib;
metastasis - MeTacTasa;

perform - aTkapy / BbIOMHSTh;

spread - KeHero / pacpOCTPaHsIThCS;

stem cells - 6GaraHasbl >kacyiiianap / CTBOJIOBbIe K/IeTKU;



surgery - XUpyprusi;
rapidly - Te3 / GIcTpO;
treatment - eM / jiedeHue;
via - apKpUIBI / uepes.



7.7 Aging

You will:

e explain the process of aging.

Key terms

e Telomere - a fragment of DNA at the end of each chromosome, that protects
genes from being damaged after the replication;

e Aging - the process of getting older;

e Senescence cells - our cells, that can not divide or die; when human become
older their number increases.

STQ

How can we stop aging?

Research time

Telomerase enzyme can regrow the telomere DNA, that was lost during DNA
replication. Find out in which cells this enzyme works and how can we use it to
cure the aging.

Text

Over the years people get older: their skin becomes wrinkled, hairs turn gray,
some memories are lost, organs fail to work, ears and nose become bigger. This
is called aging.

Aging (also called senescence) is a biological process, in which organisms
become older. This process happens with many animals, fungi and humans. On
the other hand, perennial plants and some animals never get old. Without any
accidents, they can live forever.



The aging process is associated with many disorders, such as the stop of
regeneration, reproduction, and other body functions. Many molecular
mechanisms, like any other mechanisms, fail to work because of the effects of
oxygen, radiation, metabolism and many other factors. For example, by the time
there are more mutations in DNA. These mutations can lead to many cell
disfunctions, including cancer. Another reason for aging is the telomeres.

Telomeres are the non-coding sequences of nucleotides at the end of every
chromosomal DNA. After every DNA replication process, one of two DNA
chains become shorter, because of primers. So telomeres shorten after every cell
division. After the certain number of division telomeres disappears.

The following cell divisions will damage the DNA and cell will not work. We
call these cells senescence cells, and there are number of these cells increase
with time. These cells do not die, do not reproduce, do not perform their
function, they harm the tissue around them, and they are the reasons for many
aging diseases, like type II diabetes and atherosclerosis.

The human cell can divide nearly 50 times before it becomes a senescence cell.
This number of cell divisions is called Hayflick limit. It means that actively
dividing human cells will become senescence sooner or later, making tissues and
organs unable to do their functions.

By using certain chemicals, we can stimulate senescence cells to die. Scientists
believe that this is one of the ways to cure aging.

Another problem for cells is NAD+. This coenzyme molecule is crucial for
many metabolic reactions. As human gets older the number of NAD+ is reduced,
making it difficult for cells to do many metabolic processes. This leads to many
diseases, like skin cancer, multiple sclerosis, Alzheimer’s disease and heart
diseases. If we would be able to insert NAD+ into the cell from surrounding
fluid, we could use it as an anti-aging pill.

We have discussed here only some causes of aging. And there are many others to
be studied. Aging is a complex of many different problems, which scientists try
to solve.
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Activity

On the picture below you can see different ways to make human life longer.
Work in groups of 4-5 students and try to find the most effective way to cure the
aging. You must use hints from the diagram above: how you will use them, are
they effective, what are the side effects, are they expensive or cheap?

Facts




e One of the bristlecone pines is said to be the oldest living thing on Earth. Its
age is more than 5000 years.

Literacy

1. How many cells can produce one human cell according to the Hayflick
limit?

2. Imagine there is no telomeres, how it will affect living organisms?

3. As human age increases, the chance of getting cancer also increases.
Explain why.

Terminology

aging — kapTaro / CTapeHue;

Alzheimer’s disease — AnbIfrelimep aypysl / 60/1e3Hb AnblirelimMepa;
crucial - Heri3ri / KroueBoii;

dysfunction — guc@yHkIus;

multiple sclerosis — kernreren ckiepo3 / MHO>KeCTBEHHbIW CK/I€pPO3;
pill — gapi / nunrons;

primers — rpavimMep;

senescence — (hU3MOJIOTHSIBIK, KapTato / ()M3U0I0THYEeCKOe CTapeHue;
side effects — >xaFbIMCBI3 acep / T0OOUYHOE JeHiCTBIE;

telomere — Tesiomepa.



Problems

Test questions with one right answer

1. What phase of cell cycle do cell spends most of their time?

A) G1 phase

B) anaphase

C) interphase

D) S phase

E) G2 phase

2. During which phase of mitosis chromosomes first become visible?
A) prophase

B) metaphase

C) prometaphase

D) anaphase

E) telophase

3. During which phase of mitosis do chromosomes line up on the equator?
A) prophase

B) metaphase

C) prometaphase

D) anaphase



E) telophase

4. What is the disease that is characterized by uncontrolled cell division?
A) ulcer

B) cancer

C) podagra

D) septicemia

E) necrosis

Test questions with several (max 3) right answers

1. How many chromosomes are in a human somatic cell?
A) 46 chromosome

B) 46 pairs

C) 23 chromosome

D) 23 pairs

E) 22 pairs

F) 22 chromosome

G) 48 chromosome

H) 48 pairs

2. During meiosis primary oocyte produce two cells.How they are called?
A) secondary oocyte

B) tertiary oocyte



C) non polar body
D) polar body

E) spermatids

F) zygote

G) gametes

H) oozoa

3. Dividing cancer cells called tumor and they classified into two groups. How
they are called?

A) meta tumor

B) lympho tumor
C) checks tumor
D) micro tumor

E) malignant tumor
F) macro tumor

G) benign tumor

H) beta tumor

Matching questions

1. Match terms with their definitions
1. crossing over
2. spermatogenesis

3. chromatin



A) exchange of pieces between non-sister chromatids

B) the process by which a haploid gamete (sex cell) is formed from precursor
cells through meiosis

C) two microtubules are attached to the centromere of a homolog at opposite
sites

D) the production of male gametes
E) produces a huge egg cell and a little second polar body
F) a fluid inside a nucleus, consisting of DNA, proteins and other molecules
2. Match stage of the cell cycle (mitosis) with their function
1. S phase
2. prometaphase
3. anaphase
A) cytoplasm divides
B) DNA synthesis the genetic material
C) sister chromatids move to opposite poles
D) spindle fibers disappear
E) spindle fibers attaches to chromosome and chromosome condense

F) centromeres divide



CHAPTER 8.0



HEREDITY AND VARIABILITY




8.1 Modifications

You will:

e study the patterns of modification.

STQ

Why organisms of the same species are different?

Key terms

e Variation - the differences among organisms of one species;

e Modification - the differences among organisms of one species, caused by
differences in environment, not by differences in genes;

e Variation series - a range of differences (variants) of one particular trait
among organisms in a population.

Facts

e The caterpillars (larva) of Nemoria arizonaria moth have very different
appearances because they eat different food: flowers or leaves. According
to their diet, each caterpillar mimics flowers or stems of a tree.

Text

Sexually reproducing organisms have a set of characteristics (or traits), which
make them unique. Individuals of one particular species vary in their specific
characteristics. This is called variation. For example, look at your classmates:
you are different, even though you are members of one species.

There are two causes for variation: genes and environment. According to them,
variations can be divided into two types: genetic variation and modifications.



Modifications are the differences of characteristics among organisms of one
species, caused by environmental impact. These characteristics are not passed
from one generation to another (they are not inherited).

An example of modification is Mountain hare (Lepus timidus). The color of the
fur is different: it is white in winter and brown in summer.

Another example is a dandelion plant. It has big leaves on steppes and small in
the mountains.

The characteristics of organisms can be discrete (occur in “either-or” pattern) or
quantitative (vary in gradations along a continuum). For example, human skin
color is a quantitative trait. There are no clear variants for this trait: color
changes gradually.

Seed color of pea |
Human skin color

Human hair color Human blood type

Are these traits discrete or quantitative?




Research time

As you know, “identical” or monozygotic twins have identical genes. These
twins are observed in so-called “twin studies”.

Do a research and find out what scientists explore in these studies and how these
studies are carried out.

Labwork

Pre-lab questions:

1. What makes organisms of the same species to have differences in their
characteristics?
2. What is the function of potato tubers?

Methods and materials:

Potato tubers, gloves, ruller.

Procedures:

1. Take 15 potato tubers and count the number of buds (so-called “eyes™).

2. Draw a table, and write the numbers of eyes in the first column in
increasing order. These are variants.

Write the number of tubers for each variant in the second column.

Write the frequency (or percentage) for each variant into the third column.
Construct a graph, in which X-axis is Variants (from the smallest to the
biggest), and Y-axis is the number of tubers. This graph is called variation
curve of a trait.

ok W

Results:



(numbers of eyes)

arianis Number of tubers Frequency

Post-lab questions:

N

What is the most abundant number of eyes? What are the less abundant?
What does the number of variants show?

The variation of any trait has its minimum and maximum values. What
controls this limits?

How can we judge about environmental conditions of a potato plant by the
number of eyes on its tubers?

Why it is important to know modification of plant in agriculture?

Terminology

abundant — kalibuiraH / pacripoCTpaHEéHHbIN;

discrete — AUCKPETTi / IUCKPETHBII;

fur — aH Tepici / mex;

Impact — acep / BnusiHue;

modification - MoaAU(UKALUSIBIK, ©3TeprillTiK / MogudUKal[MOHHas
V3MEeHUHBOCTb;




suantitative — caH/bIK / KOTMYe CTBEHHBIN;

range — AvanasoH;

dequence — yleifnik / mocjieqoBaTeIbHOCTb;

to mimic — eJiikTey / mofparkars;

to vary — KyObLy / BapbUpOBATh;

tuber — TyliHek / KyOeHb;

variation — e3repriuTik / U3MeHUHUBOCTb;

variation series — TypieH/jipMe KaTap / BApUaL[MOHHbIN PSi/I.



8.2 Cytogenetics

You will:

e apply the cytological bases of dihybrid crossing.

Key terms

e Chromosome - a DNA molecule, which carries genes;

e Gene - a fragment of DNA molecule, that stores information about one
characteristic;

e Homologous chromosomes - chromosomes that carry genes for the same
characteristics.

STQ

How is it chosen, if we would get a particular characteristic from the mother or
the father?

Text

DNA stores genetic information about all our characteristics. It is a long
molecule, found in the nucleus of the cells. DNA codes genetic information in
fragments called genes. Each of them carries information about one
characteristic.

One molecule of DNA is associated with histones and other proteins to form a
chromosome. Every chromosome has certain genes. However, in cells there are
usually two copies of each chromosome: they have the same size, the same
centromere position, and the same genes. These two chromosomes are called
homologous chromosomes (or homologs). And cells, which have all
chromosomes in two homologous copies (pairs), are said to be diploid (2n).

Also, after S-phase all DNA molecules are copied, so chromosomes duplicate.



Now each of them has two identical copies of DNA in two chromatids.

However, two homologous chromosomes are not identical. They have the same
genes, but they may have different versions of these genes - different alleles. For
example, the gene of the color of eyes has different alleles: black eyes and blue
eyes.

If there are the same alleles for a particular gene, we call it homozygous
condition. When there are two different alleles - this is called heterozygous
genes. In a heterozygous pair, one allele (the dominant one) masks the
appearance of another allele (recessive).

During anaphase I of meiosis, homologous chromosomes separate and move to
different poles. That’s why each gamete has only one chromosome from each
pair. Chromosomes of different pairs go to a gamete independently of each other.
So, genes of different chromosomes also segregate the gametes independently.
In a dihybrid cross, we observe the inheritance of two different characteristics.
We cross two organisms (P generation), which are homozygous for two
characteristics, but one has dominant traits and the second has recessive traits. In
the next generation (F1) we get organisms, which are heterozygous for both
traits. However, in the next generation (F2), we get all combinations of traits in
9:3:3:1 ratio.
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For each trait separately the ratio is still 3:1, as in monohybrid cross. This proves that each trait
segregate independently.

Research time

DNA in eukaryotic cells is found not only in the nucleus but also in
mitochondria. Mitochondrial DNA carries some genes. Explain how these genes
are inherited in humans.

Example

In pea plants the trait of purple flowers is dominant over white flowers, and trait
of long stems is dominant to the trait of short stems.

Heterozygous long plant with purple flowers is crossed with short plant, that has
white flowers. What are the genotypes and phenotypes of F1 plants?

Activity




Usually, we use capital and lowercase letters for dominant and recessive alleles
of one gene. There are five organisms with their chromosome pairs and allele
pairs on the picture below.

Work in pairs and answer the questions below:

1. How many types of gametes each organism produces;
2. Write the alleles of each gamete type.
3. Explain your answers.

Facts

According to the size and centromere position chromosomes can be Telocentric,
Acrocentric, Submetacentric, and Metacentric.

Literacy

1. During the interphase, chromosomes are untwisted, but during cell division,
they are tightly condensed. Explain why.

2. During prophase I of meiosis, homologous chromosomes exchange the
same parts. This process is called crossing over. Explain how crossing over
effects on the gametes of individual 5 in the activity.

3. Bryophytes and fungi are haploid, while animals and other plants are
diploid. What are advantages of being a diploid organism?

Terminology
o allele — anmens;
¢ dominant — JOMUHAHTThI / JOMUHATHBIM;
e heterozygous — reTepo3uroTasbl / TeTepO3UTOTHbIM;
e histone — ruCTOH;
e homologous chromosomes — roMo/10rThl XpoMacomasap / FOMOJIOTHUYHBIE

XPOMOCOMBI;
homozygous — romo3urorasbl / TOMO3UTOTHBIN;
® recessive — perjeCCUBTI / pelieCCUBHBIM.



8.3 Sex-linked inheritance

You will:

e apply sex-linked inheritance in solving problems

STQ

What is the genetic differences between girls and boys?

Key terms

e Sex chromosomes - chromosomes, which determine the sex of an organism;

e Autosome - all chromosomes, except sex chromosomes;

e Hemophilia - a hereditary human disease that impairs the blood clotting
process.

Facts

In some animals (butterflies, reptiles, some fish and birds) sex chromosomes are
called Z and W (Z is larger). Males have ZZ chromosomes, while females have
ZW chromosomes.

Text

In animals, one pair of chromosomes determine the sex (gender) of an organism.
These chromosomes are called sex chromosomes, and all other chromosomes are
called autosomal chromosomes (or autosomes). In humans, females sex
chromosomes are two X-chromosomes (XX), while males have one X and one Y
chromosomes (XY).
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Human have 22 pairs of autosomes and 1 pair of sex chromosomes

Sex-linked inheritance includes all characteristics determined by genes located
on sex chromosomes. X chromosomes (all its characteristics) moves from
parents to children in particular order: girls get one X-chromosomes from the
mother and the second one from the father, while boys get X-chromosome from
the mother, and Y-chromosome from the father.

All female gametes (egg cells) have one X chromosome, while one half of sperm
cells have X, and another half has Y chromosomes. Thus, the sex of an
individual is determined by a sperm cell from the father, that joins with the egg.

X-chromosome has nearly 800 genes (only 70 genes on Y-chromosome), one of
them controls blood-clotting mechanisms. The recessive allele of this gene leads
to the disease called hemophilia. Another sex-linked gene effects on perception
of color. The recessive allele of this gene causes color-blindness.



Unaffected father  Carrier mother

XY XX

Hemophilia B s
XYy XY Hemophilia A s
Unaffected Carrier Unaffected Affected
daughter  daughter son son Chromosome X

Sex-linked inheritance. One of mother's chromosome
carries mutant recessive gene (red)

Example

Seeds of pea plants can be round (dominant trait - R) or wrinkled (recessive - r).
They also can be yellow (Y) or green (y).

The pea plant with wrinkled and yellow seeds is crossed with the pea plant with
round and green seeds. In F1 generation, you have plants with yellow round
seeds and plants with wrinkled yellow seeds in ratio 1: 1.



What are the genotypes of P and F1 generations?

Solution:

({2

e The parents’ genotypes are Y_rr and yyR_ ( means that allele can be
dominant or recessive);

e In F1 generation, genotypes are Y_R_ (1/2) and Y _rr (1/2);

e During gamete formation, only one allele from each pair goes to a gamete.
Having organisms with rr genotype in F1 shows that each parent produces
gametes with allele r. So, the genotype of the second parent must be yyRr.

e There is no green seeds in F1, that is why the genotype of the first parent
must be YYrr.

e Gametes of the first parent are all Yr, gametes of the second parent are yR
and yr.

e The genotypes of F1 organisms are YyRr and Yyrr.

Example

A human female “carrier” who is heterozygous for the recessive allele, which
causes color blindness, marries a normal male.

What are the possible genotypes of their children?
Solution:

e Let’s use “D” for normal allele and “d” for an allele of color-blindness.
These alleles are on X-chromosomes, that’s why we will show mother’s
genotype as XDXd.

e Father is normal; his genotype is XDY.

e Now let’s find gametes and genotypes of children:



P: XX x XOY

Gametes: xﬁ xdl XD Y

- -

e XPXP  XPY XX Xdy

Normal girl Normal boy Carrier girl  Affected boy

.

Literacy

1. The pea plant with yellow round seeds from F1 of Example 1 is crossed
with the pea plant with wrinkled green seeds. What will be the phenotypes
and genotypes of F2?

2. Hemophilia in humans is caused by an X-chromosome mutation. What will
be the results of mating between a normal (non-carrier) female and a
hemophilic male?

3. If a colorblind woman marries a man who has normal vision, what would
be the phenotypes of their children?

4. Explain how Y-chromosome moves from generations to generation.

Research time

Explain why colorblindness and hemophilia are more common in men than in
women.

Terminology

ability — Kabiner / crioco6HOCTB;
charge — 3apsy;

discharge - pa3ps;

eel — >kb1aHOANBIK / YTODB;



electrocyte — 3/1€KTpPOLIUT;

electroreceptor — 3/1eKTpOpeLenTop;
electroreception — 371eKTpopeLenLus;

field — epic / mone;

interior — 111K »Ka¥rbl / BHYTPEHHSIS YaCTh;
modified — TypsieHreH / BUZjou3MeHEeHHbIN;
origin — LILIFY Teri / IPOUCXOXKAEeHNe;
platypus — yMpeKTYMCBIK / yTKOHOC;

ray — TyTaCKaHar / CKar;

rhythm — biprak / put™m;

sinoatrial node — cuHO-aTpuab/Ibl TYWiH / CHHOATPUA/IbHBIN y3€JT;
to detect — Taby / 0GHAPY>XUTb.



8.4 Multiple alleles

You will:

e apply multiple alleles in solving problems.

STQ

How your parents affect your blood type?

Key terms

e Agouti - a type of fur coloration, in which dark hairs are mixed with light
hairs;

¢ Blood types - the classification of blood according to the types of antigens
on erythrocytes.

Facts

There are 41.18% of people with 0 blood types, 29.4% of A blood type, 23.16%
of B blood type, and 6.26% of AB blood type in the world.

Text

Sometimes there are not two, but many alleles of a particular gene in a
population (don’t forget, that only two alleles of a gene are present in an
organism). This is called multiple allelism One example of such gene is the color
of rabbit coat: four alleles control it.

C - full coat color (agouti);
cch - chinchilla pattern of coat color;

ch - a Himalayan pattern of coat color;



c - albino (white color of coat).

These alleles have different degrees of dominance: C>cch>ch>c. (C is the most
dominant, c is the less dominant). So, the possible genotypes for a full coat color
are CC, Ccch, Cch, Cc; for chinchilla color - cchech, cchch, cchce; for the
Himalayan coat - chch or chc; and for a white coat - only cc.
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a - agouti; b - chinchilla coat color; ¢ - Himalayan color of coat; d - albino.

Another example of multiple alleles is human ABO blood system. There are
three alleles: two dominant (IA and IB) and one recessive (i). Dominant alleles
produce antigens A and B on the surface of red blood cells, while i allele does
not produce any antigens. According to the genes, a human may have A antigen
on his erythrocytes, B antigen, both of them, or none of them.

Blood types are important for blood transfusions. If a patient gets blood with A
antigen, while there is no such antigen in the blood, his immune system will
“see” this antigen as a foreign invader, and will produce antibodies against it.



Blood types | Genotypes Anéa}%ir;scf;r[l[;ed Can t;l;% blood | Can gi;/g blood
i None Only O All blood types

A A1~ or I8 A Aand 0 Aand AB

%18 or I°i B Band 0 B and AB

AB AB AandB All blood types Only AB

Human blood types and their genotypes




Type A Type B

A-antigen B-antigen

Plasma antibodies Plasma antibodies
(Anti-B) (Anti-A)
Type AB Type O
AandB .
antigens No antigens

Plasma antibodies \{h{ Anti-A
(none) and Anti-B

Antigens and antibaodies of blood type

Research time

Find out how many genotypes are possible for human blood type and coat color
of rabbit. How many genotypes may exist for a gene, that has 7 alleles?

Activity




In a family, mother has B blood type, father - A blood type, and their son has 0
blood type. Find genotypes of all family members.

Solution:

e The genotype of the son is ii, obviously. He got these alleles from each of
his parents. It means that mother and father have i alleles.

e Assuming the previous statement, father’s genotype must be [Ai to have A
blood type;

¢ In the same way, mother’s genotype is IBi.

Example

The agouti color rabbit is crossed with a chinchilla rabbit. In the next generation,
we get two agouti and one white rabbit. What are the possible genotypes of all
these rabbits?

Solution:

The genotype of agouti rabbit is C_, where _ can be any allele;

The genotype of chinchilla rabbit is cch_, where _ can be cch, ch or c;
There is only one possible genotype for a white rabbit: cc;

Having white rabbit in F1 generation shows both parents must have c allele;
So the genotypes of parents are Cc (agouti) and cchc (chinchilla).

Literacy

1. What type of offspring can two parental rabbits from example 2 potentially
have?

2. What are the possible blood types of the offspring of a cross between
individuals that are type AB and type 07?

3. A boy has 0 blood type, while his sister has AB blood type. What are the
blood types and genotypes of their parents?

4. In the maternity hospital, four babies were born in one night, and they all
had different blood types: A, B, AB, and 0. There were four pairs of parents
with following blood types: I) 0 and 0; IT) AB and 0; III) A and B; IV) B
and B. Determine the parents and their children.



Terminology

agouti — aryru;

Blood transfusions - kaH Kyto / mepenvMBaHue KPOBY;

blood type - KaH TonTapsl / Tpynnbl KPOBY;

chinchilla — mmHmMna;

invader — GaCKbIHILIBI / 3aXBaTUMK;

maternity hospital — nmep3eHTxaHa / poAuIbHBIN 10M (POAAOM).



8.5 Chromosome Theory of
Inheritance

You will:

e explain the changes in patterns of inheritance of characteristics due to
crossing-over.

Key terms

e Locus - a certain position of a gene on a chromosome;

e Linked genes - genes of one chromosome;

e Crossing over - changing the equivalent segment between homologous
chromosomes.

STQ

Where are the genes?

Text

When Gregor Mendel discovered Laws of Inheritance, he did not know what
stores information about characteristics. Scientist tried to find where genes are,
and what they are made up of.

At the beginning of XX century two scientists - Walter Sutton and Theodor
Boveri - independently, decided that chromosomes are the most suitable
candidates for carrying genes: during gamete formation, they segregate like
alleles. This assumption was called the Chromosome Theory of Inheritance (or
Sutton—Boveri theory).

According to this theory, genes are located at precise places of chromosomes
called loci (singular - locus).



Eye color

Blood type

Hair color

Growth

Each gene has its own place on a chromosome

The scientific evidence for Sutton—Boveri theory was provided by an American
biologist Thomas Hunt Morgan, who used a fruit fly (Drosophila melanogaster)
as an experimental object.

Morgan noticed that red eyes (w+) of fruit fly is a widely spread trait (we call
such traits wild type), while white eyes (w) is a recessive trait. He crossed two
fruit flies with different eyes and got all red-eyed flies in F1. Then in F2, all
females were red-eyed, while half of the males had red eyes, and another half
had white eyes. Morgan suggested that a gene of color of eyes is on the X-
chromosome (as in humans females has XX, and males have XY).



wt y yWt wW
P; X X x XY

Red- eyed White-eyed

female male

XX XY
all have red eyes

“

X" Y

Fy W XX XY

XY XX XY

red-eyed females red=eyed males

Morgan’s experiment with fruit flies. w+ is allele of red
eyes, w is allele for white eyes

One chromosome may have hundreds or thousands genes. During meiosis
different pairs of chromosomes move to gametes independently . But genes of
one chromosome are mostly inherited together. That’s why we call them linked
genes.

However, some linked genes may separate and move to different gametes. For
example, let’s imagine that we have three heterozygous genes (A, B and D) on
one pair of homologous chromosomes (they are linked). We expect %2 of all



gametes will have A, B, D alleles; and the other half of gametes will have a, b, d
alleles. But we may also have gametes with changed sets of genes.

When genes are somehow changed, this is called recombination. In this example,
two homologous chromosomes changed their parts during prophase I of meiosis,
this is called crossing over.

Crossing over always happens between chromatids of homologous chromosomes
when they are tightly joined gene to gene. At a place called chiasma DNA of two
chromatids are broken down, and then they attach to DNA of another chromatid.
Chiasma happens randomly, at any place of chromatids. So, the changing parts
can be of any length.

A
B
D

The minority of gametes have chromosomes with changed segments

Activity

There are the cells of different organisms (A-F) with their chromosomes and
genes. Work in pairs and write all possible types of gametes of every organism.



D) E) F)

Research time

Make a research and find out what is a gene map, and how scientists construct
them.

Facts

Drosophila melanogaster is suitable for doing breeding experiments: it produces
offspring in two weeks, it has only four pairs of chromosomes (one of them are
sex chromosomes), and it is easy to feed.

Literacy

1. How Morgan’s experiments on fruit flies prove Chromosome Theory of
Inheritance?

2. Why it is crucial that crossing over happens between homologous

chromosomes?

How the distance between genes effects on the gametes?

4. What is the difference between gametes of organisms A and D from
activity? And between organisms B and C?

w

Terminology




assumption — 6osmKas / IpeArnonoKeHue;

chiasma — xua3ma;

crossing over — aikacy / KpOCCUHTOBep;

drosophila (fruit fly) - gpo3oduna (kemic MIBLIOBIHBI) / PO30UIIBI
(nogoBast MyIlKa);

linked genes - Tipkecre reH/iep / clieTi/ieHHbIe TeHbl;
locus — nokyc;

majority — Kemiisik / 60/bIIMHCTBO;

Mminority — a3uiblIbIK / MEHBLLIUHCTBO;
recombination — pekomburHa1us;

wild type — »kabatibl TUITI / JUKWM THIL.



8.6 Interactions of alleles of one gene

You will:

e compare the interaction of allelic and non-allelic genes.

Key terms

Incomplete dominance - a condition when heterozygous organism has a
trait, that is between dominant and recessive traits;

Co-dominance - a condition when two alleles of a heterozygous organism
have full appearance in a phenotype;

Pleiotropy - one gene affects on many traits.

STQ

Are the Laws of Mendel always true?

Text

Incomplete dominance

In classical Mendel experiments, one allele can be dominant or recessive to
another allele of the same gene. However, sometimes alleles may interact with
each other in different ways.

In some cases, heterozygous organisms have a phenotype, that is medium
between dominant and recessive homozygous conditions. This is because none
of two alleles is dominant or recessive, they have the same level of dominance.

For example, Snapdragon plants (Antirrhinum genus), like many other plants,
have red, white, and pink flowers. Two alleles control the color of flowers: CR -
red color; CW - white color. So, genotype and phenotypes are as following:



CRCR - red flowers; CWCW - white flowers; CRCW - pink flowers.

Another example of incomplete dominance is a sickle-cell disease. This is a
genetic disorder, when normal hemoglobin is changed into S-hemoglobin,
because of mutation. S-hemoglobins cause erythrocytes to have a sickle shape in
the deficiency of oxygen. Individuals with two mutated alleles (homozygous) die
in early childhood, but heterozygous can live, although they have S-
hemoglobins.

Sickle Normal
cell red blood cell

=

Abnormal Normal
hemoglobin hemoglobin

Sickle cells
blocking blood flow

Erythrocytes of sickle-cell diseases
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Co-dominance

Sometimes two alleles of a gene are dominant. Thus, in heterozygous organisms,
both dominant alleles express their traits fully. This cannot happen with
coloration because something cannot be completely red and completely white at
one time.

A familiar example of co-dominance is ABO blood type: alleles IA and IB are



dominant. Each of these alleles produces its antigen (A or B) on erythrocytes.

Pleiotropy

Till now we said that one gene controls only one characteristic. But some genes
affect many different traits. Mutations in these genes cause genetic disorders,
that lead to many phenotypic traits.

One example is phenylketonuria (PKU). In this disease, one gene fails to
produce an enzyme. As a result, phenylalanine amino acid is accumulated to the
toxic levels. This leads to mental disabilities, seizures, and other symptoms.

Other examples are albinism, sickle-cell anemia, and others.

Research time

Find one more example of physiological factors, which should be controlled by
homeostasis. Explain the mechanism of maintaining the balance of this factor
and prepare a postetr.

Example

What are expected offspring of two Snapdragon plants with pink flowers?

Solution:

e Snapdragons with pink flowers have CRCW genotypes;

e Each parent will produce %4 of gametes with CR allele, and %2 of gametes
with CW allele;

o After the joining of gametes in F2 we have following genotypes: CRCR;
CRCW; CWCW in aratio 1:2:1;
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Example

Chickens have short or long legs. We get 10,000 eggs from the crossing between
a rooster and a hen, both with short legs. Only 7498 chickens hatched, 2483 of
them have long legs, others - short legs.

Find the genotypes of all F1 organisms (including those, which didn’t hatch).

Solution:

e Among the hatched chickens 2483 had long legs, 5015 had short legs, and
2502 were unhatched (the ratio seems to be 1:2:1);

¢ Assuming monohybrid cross, we can conclude that 5015 are heterozygous
(short legged);

e Probably, allele of long legs is dominant (A) to the alleles of short legs (a);

e So, other 2483 hatched chickens with long legs have homozygous recessive
genotype - aa;

e 2502 unhatched chickens had genotypes AA;

e The allele A not only makes legs short but also makes embryos deadly,
when it is homozygous (AA). This is an example of pleiotropy.

Literacy




Explain why the ratio in F2 in incomplete dominance is 1:2:1, instead of
standard 3:1.

What is the difference between incomplete dominance and co-dominance?
What is the product of a gene, that doesn’t work in albino phenotype?

Terminology

co-dominance - K0CcOaChIMBINBIK / KOJOMUHUPOBaHUE;

incomplete dominance - Hemo/HOe JOMUHUPOBaHUE;

medium — opraiiia / CpefjHUN;

phenylketonuria — ¢penunkeronypus;

pleiotropy — nnelioTponusi;

resisntant - Te3iM/li TYPaKTbUIbIK / yCTOMUYUBBIN;

sickle-cell disease - opak »kacyiiiaibl aHeMUsi / CepPIIOBUHOK/IeTOUHAs
aHeMUsl;

snapdragon — eCiHeKT'yJ1 / TbBUHbIU 3€B;

to hatch — >kapblIT LIBIFY / BBUTYTTUTBCS (BBUTYTUISITBCS).



8.7 Interactions of alleles of different
genes

You will:

e compare the interaction of allelic and non-allelic genes.

STQ

How human’s height is inherited?

Key terms

e Epistasis - the interaction between nonallelic genes at two or more loci
resulting in one gene masking the phenotypic expression of another gene

e Complementation - the occurrence of a wild-type phenotype when two
closely related, interacting mutant genes are expressed in the same cell.

e Polygenic inheritance - a non-Mendelian form of inheritance in which a
particular trait is produced by the interaction of many genes.

Facts

Human height is inherited by polygenic inheritance. All dominant alleles give
tall height and all recessive alleles give short height.

Text

In the previous topic we discussed different relations between alleles of the same
gene. Now we will see how alleles of different genes can interact with each
other.

Epistasis



In this type of interactions one gene interfere in the work of another gene. It can
totally close (or mask) the appearance of another gene.

One example of such epistasis is the color of German cockroach (Blattella
germanica). The dominant allele Bl makes black body, the recessive alleles of
the same gene bl makes body red (wild type). The dominant allele of another
gene PI suppresses Bl gene, making cockroach pale. We say Pl gene is epistatic
to Bl gene.

Sometimes, recessive alleles can be epistatic. For example, in Labrador
retrievers the color of coat is controlled by one gene: black coat is dominant to
the brown. But the recessive allele of another gene does not allow any color,
making the dog yellow (dominant allele allows black or brown color).

Complementation

In complementation, a trait appears only when two dominant alleles of different
genes (for example, A and B) are present simultaneously. In the absence of
another, non-allelic genes do not provide a trait.

In sweet pea (Lathyrus odoratus), both the genes C and P are required to
synthesize anthocyanin pigment causing purple colour. But absence of any one
cannot produce anthocyanin causing white flower. So C and P are
complementary to each other for anthocyanin formation.

If CCpp plants with white flowers are crossed with ccPP plants with white
flowers are crossed, CcPp plants with purple flowers are produced.
Heterozygous plant is purple, because two dominant alleles are present in this
genotype. If CcPp plants are allowed to self-fertilize, the offspring ration will be
9:7 as shown in the table.

Polygenic inheritance

A trait affected by many genes (that is, by polygenes), in which each individual
gene makes a small contribution to the organisms’ phenotype, is known as
polygenic inheritance. Polygenic inheritance is an additive effect of two or more
genes on a single phenotypic character. Human skin color is an example of
polygenic inheritance, as well as height, eye color, and several other traits.



There are three genes with a dark-skin allele for each gene (A, B, or C), they are
incompletely dominant to other alleles (a, b and c). Here, a person with genotype
AABBCC would be very dark, while a person with genotype aabbcc would be
very light. A person with genotype AaBbCc would have skin of an intermediate
color. Because the alleles have a cumulative effect, the genotypes AaBbCc and
AABbcc would make the same genetic contribution (three units) to skin
darkness. There are seven skin-color phenotypes that could result from a cross
between AaBbCc heterozygotes.

Parents White White
CCpp ccPP
\ \
Gametes Cp Cp
|
| T
F CcPp
Purple
\LD
Selfing
F, ¥
Genotype Phenatype Ratio
D= Purple 9
C-pp White 3
EE P- White 8¢ 7
CC pp White 3

Inheritance of flower colour in Lathyrus odoratus

Example

In horses, the black (C) and a red color (c) is manifested only in the absence of a
dominant allele J. If it is present, the color is white. What kind of offspring will
be obtained by crossing horses with the genotype CcJj??

Solution:

Since in the condition of the problem it is said that in the presence of the
dominant allele J the color does not develop, it is an epistasis.



Trait Genotype
black CCjj, Ccjj
white CCJJ, CcJj, CclJ, CCJj, ccl), cclj
red CCjj
P CcJj X Cc)j
white white
G CJ, Cj, ¢J, cj CJ, Cj, cJ, gj
F1 CC12CCI 2CelIRACClec) 2ec) NCE) FZEC||CCj]

12 white, 3 black, 1red

Research time

There are different examples of complementation which occur in living
organisms. The ratios of phenotypes can be 9:6:1, 9:3:4 and 9:3:3:1. In these
ratios, number 9 shows the trait which is the result of complementation. Make a
research and find out examples for these ratios.

Terminology

anthocyanin - aHTO1[1aH;

cockroach - TapakaH / Tapakas;

complementation - COMKeCTiK / KOMILJIEMEHTapHOCTb;
contribution - ynec / BKiaz;

cumulative effect - yaemeni adexT / KymynatuBHbiN 3G deKT;
epistasis - amucras;

interaction - e3apa apekeTTecy / B3aUMO/|eUCTBUE;

leghorn - nerrops;

manifest - Manudecr;

plumage - KaybIpChIH / OIEpeHue;

polygenic inheritance - kenreHzi TYKbIMKyaJsiay / IOJTMT€HHOe
Hac/ie/loBaHue;

rooster - arei / eTyx;

suppress - 6acy / IOfIaB/ISATE.




8.8 Mutations

You will:

e study the theory of mutation Hugo de Vries, the causes of mutagenesis and
types of mutations.

STQ

How human’s height is inherited?

Key terms

e Mutation - a change in DNA of an organism;

e Point mutation - a genetic mutation where single nucleotide is changed,
deleted or inserted from a sequence of DNA or RNA;

e Chromosomal mutation - any change in the number or structure of
chromosome.

Facts

Hypertrichosis is also called “werewolf syndrome” or Ambras syndrome, and it
affects as few as one in a billion people; and in fact, only 50 cases have been
documented since the Middle Ages. People with hypertrichosis have excessive
hair on the shoulders, face, and ears. Studies have implicated it to a
rearrangement of chromosome 8. It happens due to a disruption of the
“crosstalk” between the epidermis and the dermis as hair follicles form in the 3-
month fetus at the eyebrows and down to the toes.

Text

The DNA of all living organisms consist of nucleic acids. The sequence of the
nucleic acids makes up genes. The different types of genes arose by process
called mutation. Mutation is random (unpredictable) change in the structure of



DNA. Mutation in different ways affects on the body. Sometimes change of the
nucleotide sequence is not crucial for an organism, however it may generate new
useful gene. An abrupt change in a gene or chromosome is likely to result in a
defective enzyme and will usually disrupt the complex reactions in the cells.
Most mutations, therefore, are harmful to the organism.

Generally, appearance of mutation is rare event, and mutation occurs
spontaneously. This class of mutation is called spontaneous mutations. The rate
of spontaneous mutation in human is 10-4 or 10-6 per gene per generation.
Mutations those that result from changes caused by environmental chemicals or
radiation are called as induced mutations. The environmental agent that
significantly increases the rate of mutation above the spontaneous rate is called
mutagen. Common mutagens include: bromine, benzene, x-rays, gamma rays,
alpha particles, ultraviolet radiation, etc.

Mutation theory

Mutation theory was found by the Dutch scientist Hugo de Vries in 1903. He
stated that:

Mutations are sudden.

New forms are stable.

Mutations can be either beneficial or harmful.

The probability of detecting mutations depends on the number of
individuals studied.

5. Similar mutations can occur repeatedly

Eal e

Types of mutations

All mutations can be divided into two large groups: nuclear and cytoplasmic
mutations.

Nuclear mutations are mutations insed the nuclear DNA. The can be subdivided
into genome mutations, point mutations and chromosomal mutations,

Cytoplasmic mutations are mutations in mitochondria or plastid DNA. Below we
will stop more on some nuclear mutations.

Point mutations.



Point mutation is a genetic mutation where single nucleotide is changed, deleted
or inserted from a sequence of DNA or RNA. Sickle-cell disease is an example
of point mutation.

Chromosomal mutations.

Any change in the number or structure of chromosome is called chromosomal
mutation.

Mutations in the structure of chromosome:

1. Deletion: a the part of chromosome is missing or deleted.

2. Duplication: a part of the chromosome is duplicated, resulting in extra
genetic material.

3. Inversion: a part of the chromosome has broken off, turned upside down,
and reattached, therefore the genetic material is inverted.

4. Translocation: a part of one chromosome is transferred to another
chromosome.

Abnormal chromosome number

Sometimes members of a pair of homologous chromosomes do not move apart
properly during meiosis I or sister chromatids fail to separate during meiosis II.
This occasional mishap is called nondisjunction. The result of this error is a cell
with a imbalance of chromosomes. Such a cell is called aneuploid. Loss of a
single chromosome, in which the daughter cell(s) with the defect will have one
chromosome missing from one of its pairs, is referred to as a monosomy.
Gaining a single chromosome, in which the daughter cell(s) with the defect will
have one chromosome in addition to its pairs is referred to as a trisomy.

Monosomy

The only known survivable monosomy in humans is Turner syndrome, where
the affected individual is monosomic for the X-chromosome. Other monosomies
are usually lethal during early fetal development.

Autosomal trisomy



The term autosomal trisomy means that a chromosome other than the sex
chromosomes X and Y is present in 3 copies instead of the normal number of 2
in diploid cells.

Down syndrome. Down syndrome is a trisomy of chromosome 21, is the most
common anomaly of chromosome number in humans.The majority of cases
results from nondisjunction during maternal meiosis.

Sex chromosome aneuploidy

The term sex chromosome aneuploidy summarizes conditions with an abnormal
number of sex chromosomes, i.e. other than XX (female) or XY (male).
Formally, X chromosome monosomy (Turner syndrome ) can also be classified
as a form of sex chromosome aneuploidy.

Polyploidy

Polyploidy, the condition in which a normally diploid cell or organism acquires
one or more additional sets of chromosomes. In other words, the polyploid cell
or organism has three or more times the haploid chromosome number.
Polyploidy arises as the result of total nondisjunction of chromosomes during
mitosis or meiosis.

Research time

Research about genome mutations. Prepare a model of human karyogram. Use it
to show examples of genome mutations.

Literacy

1. What is the difference between point mutation and chromosomal mutation?
2. Which mutation is the most dangerous and which is the least dangerous?
3. What are common mutagens?

Terminology

e abrupt - KeHeT / pe3Kuij;



aneuploid - aHeyT/IOMATHI / aHEYTIJIOW/THbIN;

deletion - generus;

disrupt - 6y3y / pa3pyIiarh;

duplication - gynnmukaiusi;

inversion - UHBepCUs;

mishap - OaKbITCBI3IbIK / HECUACThE,;

MOoN0Somy - MOHOCOMHUS

mutagen - MyTares;

mutation - MyTarus;

nondisjunction - aybITKy emec / HepaCXoX/AeHUs;

point mutation - HyKTe MyTaLUsIChl / TOUeuHasi MyTaLusi;
sickle-cell - opak kieTKachl / ceprnoBUHO-KI€TOUHbIM;
spontaneously - KeHeTTeH / CIIOHTaHHO;

translocation - TpaHc/I0KaLMsl.



Problems

Test questions with one right answer

1.The differences of characteristics among organisms of one species, caused by
environmental impact is.....

A) histogenesis

B) mutation

C) variation

D) variation series

E) modification

2. Fragments of DNA that codes genetic information?
A) adenin

B) nucleus

C) genes

D) cytosine

E) thymine

3. An example of allele is ?
A) AB and Tt

B) T and t

C)TT and Tt

D) Xand Y



E) C and AB

4. Which blood type would not be possible for children of a type AB mother and
a type A father?

A)O
B) A
C)B
D) AB

E) none of them

Test questions with several (max 3) right answers

1. An example of genotype is
A) blue color of eye

B) R

C) Randr

D) FFGG

E) A short pea plant

F) daltonism

G) Ffgg

H) X and Y

2. Common mutagens may include:
A) water

B) benzene



C) infrared waves

D) ultraviolet ways

E) gamma rays

F) radio waves

G) mobile phone radiation
H) oxygen

3. Results of incomplete dominance
A) AA, aa, AB

B) cc, Ch, hh

C) Yg YY, gg

D) Ff, tt, Ft

E) DD, ee, De

F) OO, oo, Oo

G) kk, MM, Mk

H) Zq, ZQ, zq

Matching questions

1. Match terms with their definitions
1. crossing over
2. spermatogenesis

3. chromatin



A) exchange of pieces between non-sister chromatids

B) the process by which a haploid gamete (sex cell) is formed from precursor
cells through meiosis

C) two microtubules are attached to the centromere of a homolog at opposite
sites

D) the production of male gametes
E) produces a huge egg cell and a little second polar body
F) a fluid inside a nucleus, consisting of DNA, proteins and other molecules
2. Match stage of the cell cycle (mitosis) with their function
1. S phase
2. prometaphase
3. anaphase
A) cytoplasm divides
B) DNA synthesis the genetic material
C) sister chromatids move to opposite poles
D) spindle fibers disappear
E) spindle fibers attaches to chromosome and chromosome condense

F) centromeres divide



CHAPTER 9.0



EVOLUTION AND BREEDING. BIODIVERSITY




9.1 Genetic variation

You will:

e explain the relationship between genetic variation and evolution.

Key terms

e Genetic variation - the difference or diversity in gene alleles in a
population;

e Mutation - a change in DNA of an organism;

e Recombination - shuffling existing alleles to produce new combinations of
genes.

STQ

Which factors are necessary for a population to evolve?

Facts

Cheetahs were almost extinct during ice-age. Modern cheetahs are descendants
of a small portion of cheetahs, which survived at that time. That is why cheetahs
have low genetic variations and they look similar.

Text

Mutations in different genes of an organism can cause changes in this organism.
Mutations in cells of ovaries and testes may be inherited by offspring. If this cell
divides to form gametes, these gametes will have a mutated gene. Then one of
the gametes fuses with another gamete to form a zygote. The zygote will divide,
and all the cells of an organism formed from this zygote will have this mutated
gene. This mutation can cause a change in phenotype of the organism.
Consequently, genes and phenotype in one population will become different.
This will cause genetic variation in a population.



Genetic variation is the difference or diversity in gene alleles in a population.
Genetic variation gives raw material for evolutionary processes. Change in genes
of an individual can be inherited by its offspring. This will change the frequency
of gene alleles in all population and phenotype of the population will be
different. So, this population will change and evolve. If there is no genetic
variation, a population will always be the same and will not evolve.

Causes of genetic variation
Genetic variation can be caused by a change in the genotype of an organism and
formation of new alleles. New alleles can be made by mutations. Mutation is a

change in DNA of an organism.

Deletion Duplication Inversion

I_k_

Insertion Translocation

z r'IH:

Chromosome mutations



Mutations can be beneficial or harmful. If the mutation is beneficial, organisms
with new mutant allele will dominate, and frequency of this allele will increase.
So, the population will change. Alternatively, if the mutation is harmful, it can be
“hidden” in heterozygous organisms as a recessive allele. So, the phenotypic
variation of the population will be the same, but genetic variation will be higher.
When environment changes this harmful allele can become beneficial.

The second cause of genetic variation is recombination. Recombination is
shuffling existing alleles to produce new combinations of genes during sexual
reproduction. Recombinations can occur by three processes:

1. Crossing-over. Gametes are produced by meiosis. In the first step of
meiosis, prophase I, two homologous chromosomes exchange parts of their
genetic material. This process is called crossing-over. So, new sets of genes
in different chromosomes are produced.

2. Independent assortment. Gametes have 23 chromosomes, but cells, they are
produced from, have 46 chromosomes. When gametes are formed, 46
chromosomes are separated into four cells by 23. So, chromosomes are
distributed randomly into these four gametes. This results in different gene
combinations in one cell.

3. Fertilization. Male and female gametes fuse to produce a new organism.
This process is called fertilization. During fertilization gametes with
different gene sets combine in one cell and, consequently, new
combinations of genes are formed.

Mutations and recombinations increase genetic variation making the evolution of
different organisms and populations possible.
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Activity

Population A Population B

Compare two given horse populations and answer the following questions:

1. Which population has higher genetic variation? Explain your answer.
2. Which population is more adapted to the conditions on the picture? Explain



your answer.
3. Can population B be derived from population A? Explain why and how is it
possible or not.

Literacy

1. Why is genetic variation necessary for evolution?
2. How can you increase genetic variation in the population?
3. Why a child never looks 100% like his father or mother?

Research time

There are two types of reproductions: asexual and sexual. What is the difference
between them? Why can only sexual reproduction take place to increase genetic
variation? Do a research and write a short essay.

Terminology

beneficial - TuimM/1i / BBITOJHBIM;

derive - maiifa 601y / MPOUCXO/IUTH;

distribute - Tapasy / paclipoCTpaHsITh;

diversity - sapTypminik / pa3HooOpa3ue;

evolve - 3BOMTIOLUSITIBIK JaMy / BOJTFOLIMOHUPOBAT;

exist - 6ap 6oy / CyiieCcTBOBaTh;

genetic variation - TYKbIM Kya/laWTbIH ©3TeprilliTiK / Hac/ie/ICTBEHHAs
V3MEeHUHBOCTb;

independent assortment - Taye/iCi3 TYKbIM Kyasiay/ He3aBUCUMOe
Hac/ieJoBaHue;

involve - enikTipy / BOBNeKaTh;

ovary - aHa/bIK 0e3 / ASUUHUK;

raw - LIKKi / CbIPOU;

recombination - pekombOuHarus;

shuffle - apanactbipy / mepemellvBars;

testes - aTasibIK, YPbIK 0€3i / ceMeHHUKY;



9.2 Factors of evolution

You will:

e analyze the factors that affect the evolution process.

Key terms

o Struggle for existence - competition between organisms of a population;

e Natural selection - the process, when more adapted individuals survive and
reproduce;

e Genetic drift - is the change in the frequency of an existing allele in a
population due to random sampling of organisms.

STQ

Why populations change over time?

Facts

Biston betularia is a moth common to UK and Ireland. Before 1849 all the moth
had speckled appearance, because they were mostly living on trees covered with
gray, brown and green lichens. During industrialization period air became
polluted and lichens did not live on trees. So, barks of trees became darker and
Biston betularia changes its appearance from speckled to black.

Text

Genetic variation is raw material of evolution. Higher the genetic variation is,
higher is the chance of evolution. However, there is a second important factor
necessary for evolution to occur. It is altering the frequency of different alleles. It
can be affected by change in the environment, scarce of food, competition, etc. If
environment changes, allele, which was beneficial before, can become less
beneficial. Alternatively, the allele, which was not beneficial, can become



beneficial and start dominating in the population.

Natural selection

In normal population, number of offspring produced is higher than number of
adults in the population. So, some younger individuals die before reaching the
adult age. It can happen due to competition for food, light, water, or by attacks of
predators or parasites. Competition for area, food and other factors necessary for
life is called struggle for existence.

During the struggle for existence more adapted individuals survive and
reproduce. Consequently, genes of only these individuals are inherited by
offspring in the population. This process is called natural selection. Due to
natural selection, the proportion of alleles given to the next generations differs
from the starting proportion of alleles in the population and genetic variation of
the population changes.

Light coat color pocket mouse
is vulnerable on lava rock

Light coat color favored by
natural selection because
it matches sand color

Dark coat color favored by
natural selection because
it matches black lava rock

Natural selection for gray mice over yellow mice

Genetic drift



During natural selection, genetic variation changes gradually from one
generation to another. Sometimes genetic variation in the population can change
sharply. For example, after a disastrous fire in the forest, most of the squirrels
die. After that, some alleles can become extinct and genetic variation will
decrease. This sharp change in genetic variation is called genetic drift.

During genetic drift allele frequencies can change randomly. It is impossible to
predict which alleles will survive, which will become extinct. Sometimes only
one allele can survive in the population and genetic variation will be low.

There are two types of genetic drift:

1. Founder effect. When a few individuals become isolated from a population,
they start reproducing with each other forming a new population. Genes of this
population will differ from the original population. This is called the founder
effect.

Iunlsur:*
¥

Dig w

Founder effect

2. Bottleneck effect. A sudden catastrophe, such as fire or flood, can
dramatically decrease the population size. So, only individuals that survived can
reproduce and pass their genes to offspring. Consequently, genetic variation of



the new population will be different from the original population and the number
of individuals increases again. This is called the bottleneck effect.

-

Original .Bottlenecking » Surviving
population gvent popula-
tion

Bottleneck effect

Population waves

In natural conditions population size changes. These changes are called
population waves. Sometimes due to lack of food, epidemy or other factors
population size can change. As a result, allel frequency in a particular population
aloso can change.

Activity




Genetic variation in different populations
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On the given graph, you can see genetic variation in four populations A, B, C,
and D. Analyze the graph and explain what happens to the populations. Name
the processes which affected the genetic variation in given populations.

Literacy

1. What is the difference between natural selection and genetic drift?

2. How does genetic drift affect struggle for existence?

3. Which mechanisms can increase genetic variation in a population after the
genetic drift?

Research time

People used to think that the strongest species survives, but Charles Darwin
refuted this statement. Why he refuted this statement and what did he state?

Terminology




alter - e3repTy / U3MeHSITh

bottleneck - 6eTenkeHiH ay3bl / Oy ThIIOUHOE TOPJIBIIIKO;
competition - 6acekesieCTiK / KOHKYypeHLIs

extinct - KbIpbU/IbIT Kay / BbIMEpIINii;

founder - Heri3iH Kanayllibl / OCHOBaTeJIb;

genetic drift - reHgep/iH XbDKYBI /Apelid reHOB

gradually - 6ipTiHzemn / mocTerneHHo;

natural selection - TaGufu cypsirtay / eCTeCTBeHHbIN 0TOOD
predict - 6o/pKam/ay / TIPOrHO3UPOBATh;

refute - )kOKKa LIbIFapy / OPOBEpPrarh;

scarce - cupek / feuiut

sharply - keHeT / pe3Ko;

struggle for existence- Tipiisik yIriH kypec /6opb0a 3a cyijecTBoBaHHe



9.3 Evidence of evolution

You will:

e analyze evidence of evolution.

Key terms

e Homology - similarity resulting from common ancestor.

STQ

Why whales are considered relatives of mammals and not fish?

Facts

There are structures, which have the same functions but are not derived from the
common ancestor. For example, wings of a bat, dragonfly and bird. They are
called analogous structures.

Text

In 1835, Charles Darwin traveled to Galapagos Islands. There he collected
different types of small birds, finches. Darwin did not know much about birds,
so, he thought he had collected different birds. When he went back to England,
ornithologist John Gould helped him to identify, that these birds were relatives
differing only in their beaks. After that, Darwin proposed that these birds had
been feeding on different food, and that natural selection affected their beaks, so
that new species of birds derived.

When Charles Darwin first wrote his “Origin of Species” book and proposed
evolution theory based on these finches, hid did not have enough evidence. His
statement was based on his observations and logic. After his theory, people
started finding different evidence of evolutionary theory.



Paleontological evidence

Paleontology is the study of fossils. Fossils give us information about species
which were living many years ago. Analysis of fossil records can give us
information about the development of different species through years.

For example, the study of fossil records of horses shows that ancestors of horses
were smaller and had several toes. These small horses were living in the forests.
Though, decreasing area of forests and increasing areas of open fields induced a
change in horse structure. Horses became bigger and stronger because of running
from predators in these open places.

Eohippus Mesohippus Merychippus
(50 million years ago) (35 million years ago) (10 million years ago)

Pliohippus Equus
(5 million years ago) (At Present)

Evolution of horses

Biogeographical evidence

Biogeography is the scientific study of the distribution of species. Knowing the



area, where particular species lived before and live now, can show us where
some species were derived from. Also, by knowing the geography scientists can
explain why some species are found in only particular regions.

For example, Australia is mostly dominated by marsupial animals, whereas other
parts of the world are dominated by placental animals. It is because Australia
was separated from other continents 70 million years ago, and marsupials and
placentals occurred and evolved separately simultaneously in Australia and other
continents, and they stayed isolated by the ocean for all this time.

Homology

Characteristics of different animals can be changed by the force of natural
selection. Consequently, some organs may look different and can have different
functions, but they can have similar internal structure too. Similarity resulting
from the common ancestor is called homology.

Whale Frog Human Bird

Forearms of different mammals

1. Anatomical homologies. Anatomical homology compares organs of
different species. Homologous structures are structures that are similar
because they are derived from a common ancestor. The example of
homologous structures are forearms of different vertebrates. They have
different appearance and functions: for walking, swimming, flying, etc, but
they have the same structure of bones, which changed over time by natural



selection adapting to their environment and functions. It shows that these
forearms were derived from one common ancestor.

2. Developmental homologies. Species, which look different in adult forms,
can be similar during early embryonic stages. This is called developmental
homology. Early developmental stages of vertebrates have organs, which
are not seen in adult organisms. For example, a human embryo has gill
ridges, however, they accept oxygen through the placenta. Also, the human
embryo has a bony tail, which is reduced and is not observed in adult
forms.

3. Molecular homology. Similarities between genes of different species are
called molecular homology. Scientists compare DNA sequences of different
species. Same genes are often found in diverse organisms. The degree of
similarity between different organisms shows the relatedness between
organisms.

Activity

Scientists state that some organisms derived from others. Use evidence from the
book to support or refute their theory about organisms given below. Which
evidences you could or could not use? Explain your answers.

a. Birds from reptiles;
b. Amphibia from fish;
c. Eukaryotes from prokaryotes;

d. Whales from hippopotamus.

Literacy

1. Which evidence of evolution was found the first? Explain your answer.
2. Which evidence of evolution is the most accurate? Explain your answer.

Research time

Despite the evidence of evolution, not all scientists support the evolution theory.
Do a research and find scientific objection to evolution and compare them with



evidence.

Terminology

accurate - ypbIC / TOUHBIN;

ancestor - ata-TeK / MpefiokK;

beak - TYMCBIK / K/TIOB;

evidence - fa/en / JOKa3aTe/bCTBO;

finch- my6ap mbIMIIbIK / 390/1HK;

fossil - KanmakanabIK / ICKOMIaeMOE;
homologous - roMo/10rThI / TOMOJIOTUYHBIE;
induce - TyabIpy / BbI3BaTh;

marsupial - KanTanabliap /Cymuarsble;
objection - KapChIbIK / BO3pakeHHe.
placental - ypbIK >Ko/ijaCThI / M/1alieHTapHbIM;
toe - TYsK / KOIBITO;



9.4 Stages of the formation of life on
Earth

You will:

e describe the scheme and stages of the formation of life on Earth.

Key terms

e Eon - a major division of geological time, subdivided into eras;
e Era - a major division of time that is a subdivision of an eon.

STQ

How was life on Earth developing through the years?

Facts

Most of the organisms have evolved into other species, but there are organisms,
like Cnidaria and Bryophyta, which did not evolve into anything.

Text

4.6 billion years ago.

Formation of Earth.

3.5 billion years ago.

Earliest forms of life, prokaryotes inhabited the Earth.

2.7 billion years ago.



First photosynthetic prokaryotes were formed. They started producing oxygen
gas (02) in the Ocean. Then this oxygen diffused into the atmosphere and
changed the Earth dramatically.

1.8 billion years ago.

First eukaryotic organisms occured. By theory of endosymbiosis, they were
formed, when one bacterium has eaten another. However, the second bacteria
was not digested but became useful for the first bacteria and became an
organelle. In a such way, prokaryotes evolved into eukaryotes.

1.2 billion years ago.

Early small multicellular algae inhabited the Earth.
600 million years ago.

Larger multicellular organisms appeared.

535-525 million years ago.

Many present marine animal species appeared suddenly. This phenomenon is
called Cambrian explosion.

500 million years ago.

The first mass extinction, or Permian extinction, happened. Volcanic eruptions
caused a series of catastrophic events, that killed almost 96% of marine animals.

420 million years ago .

Colonization of land started. Plants and animals started migrating from Oceans
to the land.

First reptiles and most of modern insects occurred. Vascular plants formed.
Gymnosperms were dominating plant phylum. Dinosaurs evolved and first
mammals appeared.

Angiosperms appeared.



66 million years ago.

The Cretaceous mass extinction occurred. An asteroid or large comet collided
with the Earth. It produced a cloud of iridium, which eclipsed the sun. Due to
this most of the animals, such as dinosaurs, and plants died.

Mammals, birds, and pollinating insects dominated the land.

Ice age, origin of genus Homo.

Activity

Biodiversity through time
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On the graph above, you can see changes in the number of species in different
time.

1. Analyze the graph and write approximate years on the X-axis of the graph.
2. Label approximate eons and eras on the graph.

3. Explain what happened during each era.

4. Which organisms inhabited the Earth during different time on the graph?

Literacy




1. Production of oxygen by photosynthetic organisms triggered massive
extinction of prokaryotes. Why did it happen?

2. What were characteristics of organisms, which migrated to land?

3. What are advantages of living in water?

Research time

During each era different organisms were dominating the Earth. Find which
organisms dominated in each era and explain what helped these organisms to
dominate in each era.

Terminology

collide - KaKTBIFBICY / CTA/IKUBAThCS;
eclipse - TyTblTy / 3aTMeHUE;
endosymbiosis - 3H10CUMOUO3;
eruption - aTkpliay / U3BepKeHUe;
explosion - >KapbLIbIC / B3PbIB;
inhabit - MekeH ety / o6UTaTH;
iridium - upugui;

trigger - TypTKi 601y / BbI3bIBATb.



9.5 Phylogenetic trees

You will:

e compile and interpret phylogenetic maps;
e compare the principles of different forms of phylogenetic maps.

Key terms

e Phylogenetic tree - a diagram showing the evolutionary interrelations of a
group of organisms derived from a common ancestral form;

e Cladogram - a branching diagram showing the cladistic relationship
between a number of species;

e Taxon - is a group of one or more populations of an organism or organisms
seen by taxonomists to form a unit.

STQ

How organisms are related evolutionary?

Facts

The root of the phylogenetic tree including all organisms shows the last
universal common ancestor (LUCA). It is not the first organism on the Earth, but
a population of organisms all modern species originated from. There were no
fossil records of the LUCA, so scientists study it by comparing genomes of
nowadays organisms.

Text

Different organisms have evolved from one another. Some of them evolved from
the same organism, called common ancestor. These organisms are considered
relatives.



Relatedness of organisms can be represented as a branching diagram, called a
phylogenetic tree. This diagram will group organisms, which have the common
ancestor, according to their systematics. The length of different branches
represents the time each group of organisms evolved.

Groups of organisms on one phylogenetic tree can be put into more inclusive
groups. Each branch of the tree shows a particular taxon, organisms that share
the closest common ancestor. Branching points of the tree represent common
ancestors.

Some phylogenetic trees are based on the evolutionary changes within the
organisms and shows shared characteristics among these species. These types of
phylogenetic trees are called cladograms. In cladograms length of branches is
always the same and does not represent anything.

There are different forms of phylogenetic trees. They can be diagonal, vertical,
or horizontal.

Order Family Genus Species
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Fish Frog Lizard  Chimp  Human

Yoo \ertical tree

Vertical phylogenetic tree

Fish Frog Lizard  Chimp  Human

Y- Diagonal tree

Diagonal phylogenetic tree

To construct a phylogenetic tree, you need to compare the structures or genomes
of the organisms. Look at the table below.

Trait Salmon Frog Crocodile Eagle Wolf
Vertebra e + + # #
Four limbs - + + + +
Amniotic egg = : + + %
Warm-blooded . . . + +
Hair - - - - +




First of all, we need to find a trait common to all the organisms. Looking at the
table, we can see that vertebra is shared by all organisms. So, we can assume that
vertebra is derived from the common ancestor of these organisms.

After that, we should find the trait shared by most of the organisms. In our
example, frog, crocodile, eagle and wolf have four limbs, but salmon does not.
We can branch off the salmon from other organisms.

Salmon (Frog, Crocodile, Eagle, Wolf)

Four limbs

Following the same pattern, we can now look for the derived trait shared by the

next-largest number of organisms. This will be amniotic egg shared by crocodile,
eagle and wolf. We can continue looking at derived traits and finish the tree.
Salmon Frog Crocodile Eagle Wolf

Hair
Warm-blooded
Amniotic egg

Four limbs

Vertebra

Activity

Construct a phylogenetic tree using the table below.



Trait o A!éae Mosses Fern Pine Oak

Plastids + % e2 ¥ &

Spores - % i * +

Sporo- - - t s #

phyte

dominating

Seeds ~ = = i +

Cones - - - + -
Literacy

1. What is the difference between cladogram and phylogenetic tree?
2. Why are reptiles closer to birds than amphibians?
3. What is an evolutionary significance of phylogenetic tree?

Research time

“Shejire” is a tree constructed by Kazakh people to show ancestors of different
Kazakh families. What is the common between “shejire” and phylogenetic tree?
Do a research and write an essay comparing “shejire” and phylogenetic tree.
Construct or find “shejire” of your own family.

Terminology

cladogram - Knaziorpamma;

compile - KypacTbIpy / COCTaB/IfATh;

inclusive - Koca asnraH/ja / BKJIFOUUTE/LHO;

phylogenetic tree -unoreHeTrkanbIK exipe /punoreHeTryeckoe 1epeBo;
taxon - TaKCOH.



9.6 Speciation

You will:

e name the ways of speciation;
e classify the main mechanisms of speciation.

Key terms

e Species - group of organisms with similar features, which can interbreed
and produce viable and fertile offspring;
e Speciation - formation of new and distinct species.

STQ

Why dogs are one species, but cheetah, jaguar and leopard are different?

Facts

However, Charles Darwin’s first work is called “The Origin of Species”, he did
not explain how new species are produced. He mainly concentrated on natural
selection.

Text

When you look at two organisms, it is hard to decide by comparing only their
physical characteristics if they are in the same species or not. Two organisms can
look similar but be in different species. For example, cheetah, leopard and jaguar
look similar, but they are three different species. On the other hand, dogs look
different, but they are one species.

For new species to be produced, organisms must undergo reproductive isolation.
It means, they should not be able to interbreed and produce offspring. The
process of formation of new species is called speciation. There are two main



types of speciation: allopatric and sympatric.

Allopatric speciation

Two organism can be reproductively isolated by geographical barriers. For
example, one part of bird population moves from the mainland to an island. It is
separated from the original population. Here, on the island plants and animals
are different from the mainland. These birds start to adapt to new environment
and change their characteristics. Birds interbreed and over time new generations
become different from the original population on the mainland. These two
populations now cannot interbreed. A new species is formed.

There can be different geographical barriers, for example, large forest can
become split, if part of the trees are cut. So, organisms become isolated from
each other. Speciation when populations are isolated geographically is called
allopatric speciation.

Sympatric speciation

Sympatric speciation is the speciation when there is no geographical barriers.
Organisms are located in one area, but become reproductively isolated.
Polyploidy is the example of sympatric speciation.

Polyploid organism is an organism with more than two sets of chromosomes (3n,
4n, 5n, etc.). It can happen if chromosomes do not separate during gamete
formation. This gametes will be diploid (2n). Then, when these gametes fuse, the
resulting zygote will be tetraploid (4n).

This tetraploid organism can not reproduce sexually, because it is hard to
undergo meiosis and produce gametes. But this organism can easily reproduce
asexually and produce offspring. This offspring can grow and produce a
population of tetraploid organisms. So, the resulting population cannot
interbreed with the original diploid population. They are considered a new
species. Polyploidy mostly happens in plants.



Allopatric Speciation Sympatric Speciation
(geographical isolation) (reproductive isolation)

Allopatric and sympatric speciation

Hybrids

Sometimes an egg of one species can be fertilized by a sperm of another species.
Mostly this fertilized egg cannot develop into an organism and dies before the
birth. In some cases, mating between two different species can bring to a viable
offspring. The resulting organism is called a hybrid. Hybrids are mostly sterile.
Mule is an example of a hybrid organism. It is a mating between a male donkey
and a female mare.

Activity

Fill the table below. Compare allopatric and sympatric speciation.

Allopatric speciation Sympatric speciation

Similarities

Differences




Literacy

1. What makes two species different?
2. What are main mechanisms of speciation?
3. Why hybrid organisms are sterile?

Research time

Sympatric speciation is when there is no geographical isolation between
organisms. Research and find other examples of sympatric speciation except
polyploidy. Describe their mechanisms and find examples.

Terminology

interbreed - 6yaHaCTHIPYY / CKpeIIUBATh;

mainland - KypsbIK / MaTepuk;

mare - oue / KoObLIa;

polyploidy - nonunionus;

speciation - TypziH maiga 60/ybl / BUJ000pa30BaHUE;
sterile - YPBIKCBI3 / CTEPUJTIBHBIN;

undergo - VyibIpay / oJjBeprarbCs;

viable - emipiiieH / >k1u3He 10 COOHBI.



9.7 Selective breeding

You will:

e study ways to improve agricultural plants and animals using breeding
methods.

Key terms

e Selective breeding - intentional breeding of animals or crops with particular
characteristics;

e Hybrid - an offspring resulting from cross-breeding;

e Mutagenesis - a process by which the genetic information of an organism is
changed, resulting in a mutation;

e Polyploid organisms - organisms containing more than two sets of
chromosomes.

STQ

How to make cows to give more milk?

Facts

Pomato is a hybrid of potato and tomato. It has small tomato-like fruits, which
are white inside. Pomato plant produces tomatoes on the top and potatoes
underground at one time.

Text

Humans use animals and crops in their life. Firstly, people were using animals
and crops raised in nature. Overtime, people understood, that it is better to grow
animals and crops by themselves near the houses. People started choosing
particular animals and crops to breed. This is how selective breeding started.



Selective breeding is intentional breeding of animals or crops with particular
characteristics. Due to selective breeding, alleles, which are not useful for human
are eliminated from the population. Frequency of useful traits increases in the
population.

For example, people need cows which give more meet. Breeders choose bigger
and more muscular cows and interbreed them. Consequently, small and weak
cows will die out and after several populations only big and muscular cows will
be in the population.

Hybrids

Humans use other methods to produce better crop and cattle. One of them is
production of hybrids, by breeding two organisms from different species.
Gametes of different species fuse artificially. Resulting organism will have
characteristics of both species.

The most common example of hybrid organism is a mule. It is an offspring of a
male donkey and a female mare. It has characteristics of both parents. It is strong
like a mare and enduring like a donkey. So, it is useful in agriculture.

Hybrids cannot reproduce sexually. So, they are mostly used in production of
crops, because plants can reproduce asexually. Russian scientist [Ivan Michurin
cultivated different hybrids of apples, pears, cherry, and others. Also, he was one
to start cultivating apricots, grapes and other southern plants in the northern
climate.

Mutagenesis

Scientists artificially produce mutant organisms, which have better features than
original organisms. Polyploidy is an example of production better crops via
mutations. Polyploids often have more nutrients, more resistant to bad conditions
and give more yield. So, scientists use mutagens, like chemicals and radiation, to
stop chromosome segregation during meiosis. Resulting gametes will have more
than one set of chromosomes and produce polyploid organisms after fertilization.
Some varieties of apples, bananas, strawberries, watermelon, etc. are examples
of polyploid plants.



Activity

Crops and plants, which were mutated and are used as food are called genetically
modified organisms (GMO). Most people think GMO are bad for human health.
However, investigations showed no reports of ill effects in the human from
GMO. In 2016, 120 Nobel prize winners wrote a letter to Greenpeace, the United
Nations and governments around the world to stop fighting GMO.

Think about the advantages and disadvantages of GMO. Discuss it with your
friends and fill the table below.

Literacy

1. What are advantages of selective breed animals and crops?
2. What are potential risks of production of mutant plants and animals?
3. What is the difference between hybrids and polyploids?

Research time

Genetic mutations are used to produce crops with beneficial characteristics.
Polyploidy is one example of such a mutation. Do a research and find other
examples of genetic mutations beneficial for agriculture. Which useful
characteristics do they give to plants?

Terminology

¢ enduring - Te3im/i / BLIHOC/TUBBIN;
¢ selective breeding - cypbinTay / ceiekijusi, iCKyCCTBeHHbBIM 0TOOD;
e yield - erin /yposka¥;



9.8 Human evolution

You will:

e learn the stages of anthropogenesis.

Key terms

e Praeanthropus - the stage of human evolution which includes
Australopithecus;

e Archanthropus - stage includes Homo erectus species;

e Paleoanthropus - stage includes Neanderthals;

e Neoanthrop - stage includes modern human Homo sapiens.

STQ

How did human species appear?

Facts

If we believe that all human originated in Africa, it means that human could
travel through oceans 40-35 thousand years ago, because fossils of Cro-Magnon
human were found in Australia and North America. Scientists believe that
human used boats to reach Australia and North America.

Text

There is a theory that evolution of human began from extinct apes called
Dryopithecus. They looked more like monkeys than human. They were living
25-30 million years ago in Africa and South Asia. Nowadays apes and humans
originated from these organisms.

Praeanthropus



Praeanthropus is the stage of human evolution which includes Australopithecus.
They existed from 5.5 to 1.8 million years ago. From all the Praeanthropus there
was one species, which was found in Olduvai Gorge in Tanzania. Near his fossils
different tools from stones were found. This species was named Homo habilis.
They were gathering seeds and fruits. Also, they were hunting on small animals.
The structure of the skeleton of Homo habilis shows that they had bipedalism. It
is believed that modern human derived from this species but other
Australopithecus did not evolve.

Archanthropus

Archanthropus stage includes Homo erectus species. They were living from 1.9
to 0.5 million years ago in Europe, Asia and Africa. They were walking on two
legs and used hands only for different activities. They could use fire. They
learned to make better tools. Also, they learned to speak.

First Homo erectus was found by Dutch scientist Eugene Dubois in Indonesia on
Java island. He named this organism Pithecanthropus erectus. After that, other
fossils of Homo erectus were found in Germany and China. The “chinese”
organism was called Sinanthropus pekinensis.

Paleoanthrpous

The Paleoanthropus stage includes Neanderthals. They were living from 150 to
35 thousand years ago. First they were found in Germany near Dusseldorf. After
that their fossils were found in different parts of Europe, Asia and Africa.

Neanderthals were very strong. Their bones had dense structure. They were
living in caves and used animal skins to cover themselves. They were hunting on
bigger animals like mammoths. They had better tools from stones and bones.
They used fire to cook and make their houses warmer.

Also, in caves of Neanderthals some ritual burials were found. It means that they

had some religions. It is believed that they were worshipping different animals
like cave bears.

Neoanthrop

Neoanthrop stage includes modern human Homo sapiens. They were living 40-



35 thousand years ago. First fossil of Homo sapiens were found in France in
Cro-Magnon site. They were named by the place they were found in - Cro-
Magnon. Fossil of Cro-Magnon were found in Europe, Asia, Africa, Australia
and North America.

Physically Cro-Magnon looked like modern human. They were good hunters. It
is believed that they exterminated large animals like Mammoths. Because there
were less mammoths, Cro-Magnon started domesticating different animals. Also,
they started growing plants.

Activity

Fill the table below.



Praeanthropus | Archanthropus | Paleoanthrpous | Neoanthrop

Neanderthals

Homo sapiens

Homo habilis

Australopithecus

Homo erectus

Cro-Magnon

Lived in Asia

Lived in Europe

Lived in Africa

Lived in Australia

Lived in America

Domestication of
animals

Hunting on big
animals

Gathering fruits

Agriculture

Used tools

Literacy

1. Where first human originated?
2. In which areas did ancient human live? What are advantages of these areas?
3. What were the first human tools made of?



Research time

Construct a phylogenetic tree of genus Homo.

Terminology

ape - MaliMbl/1 TeKTeC ajiaM / uejioBekooOpa3Hasi 00e3bsiHa;
bipedalism - Tik )Xypy / NIpSIMOXOX/|€HUE;

burial - >kepniey / 3axopoHeHue;

exterminate - yKOr0 / UCTPeOJIATE;

worship - TaObIHY / TTIOK/TOHSTHCSI.



Problems

Test questions with one right answer

1. What does each branch on the phylogenetic tree represent?
A) a common ancestor

B) a derived characteristic

C) a shared characteristic

D) a taxon

E) LUCA

2. Intentional breeding of animals or crops with particular characteristics?
A) natural selection

B) bottleneck effect

C) selective breeding

D) mutagenesis

E) polyploidy

3. Stage includes Neanderthals?

A) Praeanthropus

B) Archanthropus

C) Paleoanthropus

D) Neoanthrop



E) Australopithecus

4. When did first eukaryotic organisms occur?
A) 3.5 billion years ago

B) 2.7 billion years ago

C) 1.8 billion years ago

D) 1.2 billion years ago

E) 600 million years ago

Test questions with several (max 3) right answers

1. Causes of genetic variation
A) mitosis

B) DNA replication

C) crossing-over

D) DNA repair

E) development

F) independent assortment
G) fertilization

H) asexual reproduction

2. Find the examples of homology:
A) whale fin and human arm

B) butterfly wing and hawk wing



C) dolphin fin and a penguin fin

D) potato and a sweet potato

E) platypus egg and duck egg

F) human tailbone and monkey tail

G) human leg and ant leg

H) leaves of a Venus fly trap and cactus needles
3. Which of the following decreases genetic variation?
A) natural selection

B) independent assortment

C) fertilization

D) meiosis

E) mutation

F) bottleneck effect

G) reproduction

H) founder effect

Matching questions

1. Match the terms with their definitions:
1. Natural selection
2. Bottleneck effect

3. Founder effect



A) a change in DNA of an organism

B) A sudden catastrophe, such as fire or flood.

C) shuffling existing alleles to produce new combinations of genes
D) increases the genetic variation

E) the process, when more adapted individuals survive and reproduce

F) When a few individuals become isolated from a population, they start
reproducing with each other forming a new population

2. Match the terms with their definitions:
1. Allopatric speciation
2. Sympatric speciation
3. Hybridization
A) mating between two different species
B) there is no geographical barrier

C) organisms containing more than two sets of chromosomes

D) Two organism can be reproductively isolated by geographical barriers

E) competition between organisms of a population

F) change in the frequency of an existing allele in a population due to random
sampling of organisms.



CHAPTER 10.0



COORDINATION AND REGULATION




10.1 Action potential

You will:

e describe and explain the initiation and transmission of the action potential
in myelinated neuronal axons.

STQ

In which form the nerve impulses reach the brain?

Key terms

e Membrane potential - charge difference between inside and outside of the
cell;

e Action potential - short-term change of charge across cell membrane, in the
result of moving of ions out and into of the cell;

e Threshold - a particular value which action potential have to reach.

Text

Nervous system of human body consist of two main parts: central and peripheral
nervous system. The brain and spinal cord together form the central nervous
system (CNS). The CNS sends information to all parts of body via nerve
impulses (nerve signals). Nerve impulses are generated by nervous cells called
neurons. Actually, nerve signals are electrical impulses, which pass through
neurons. The nerves that connect the body to the central nervous system make up
the peripheral nervous system (PNS).

Dendrites, cell body and axon are the main parts of nervous cells. The location
of cell body depends on the type of the neuron. In sensory neuron, it is located at
the center of neuron, while in motor and interneurons it is located at the edges.
The long thread-like part of a nerve cell is called an axon. The length of an axon
differs in different neurons, but its diameter is close to 1 mm. Axon is



surrounded by Schwann cells, which secrete lipid containing covering myelin
sheath. Most of axons are covered by myelin sheath. The sheath increases the
speed of conduction of the nerve impulse. The small, uncovered areas of axon
between Schwann cells are called nodes of Ranvier. They are located every 1-3
mm in human neurons.

Transmission of nerve impulses

Neurons transmit electrical impulses, which travel along the surface of the cell
membrane from one cell to another. However, nerve impulses are not a flow of
electrons like an electric current. Nerve impulse (action potential) is a short-term
change of charge across the cell membrane, in the result of moving of sodium
(Na+) and potassium (K+) ions out and into of the cell.

In neurons, there is uneven distribution of ions inside and outside of the cell. As
the result, the inside of a cell is negatively charged relative to the outside. Two
opposite charges form potential energy. This charge difference (voltage) is
called membrane potential. Also, there are sodium-potassium pumps (transport
proteins) on the membrane of cell. This pump uses the energy of ATP to
transport Na+ out of the cell and K+ into the cell. When cell is at rest, the inside
of a cell is negatively charged relative to the outside. This state is called resting
state (1). During the resting state all protein channels which allow the entrance
of Na+/K+ ions into and out of the cell are closed.

Stimulus of the cell opens some sodium channels, and sodium begins the
entering to the cell by diffusion gradient. As the result, membrane potential
(voltage) in the cell increases. This state is called depolarization (2).

If the stimulus is strong enough, the membrane potential reaches threshold. And
depolarization opens most sodium channel, while potassium channels remain
closed. The inside of the cell becomes more positive relative to the outside (3).

After reaching the peak of membrane potential, sodium channels become
inactivated, most of potassium channels open. As the result, membrane potential
falls (4). Inside of cell becomes negative again.

Finally sodium channels close, but potassium channels are still open. Membrane
potential of the cell decreases. Then potassium channels close. Action potential
ends (5). Membrane returns to the resting state (6).



At the site where action potential begins, when most of sodium channels open, it
initiates depolarization of neighbour regions of axons. If depolarization is large
enough, that means if it reaches the threshold, it causes starting of action
potential in neighbouring region. This process repeats many times along the
length of axon causing action potential whole axon.

Action potential starts only when the signal reaches the threshold, that means
nerve impulse occur fully. If the signal does not reach the treshold, there is no
action potential. That is why action potential is all-or-none event.



Axon terminal

—

Direction of travel of action potential

a. In response to a signal, the
soma end of the axon becomes
depolarized.

b. The depolarization spreads down
the axon. Meanwhite, the first part of e R~~~ —~ "~~~ ~" ~~=-"~
the membrane repolarizes. Because
Na* channels are inactivated and
additional K* channels have opened,
the membrane cannot depolarize again.

c. The action potential continues to
travel down the axon.

Moving of nerve impulse from cell
body by axon
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Put the following statements into the corresponding box.

1.

NoUhkwWN

The inner surface of the cell membrane is now more positively charged than

the outside.

The K+ concentration is higher inside the cell than out.

A neuron is not conducting an impulse.
K+ automatically leave the cell until the cell is back to its resting state.

A nerve cell is stimulated.

The Na+ concentration is higher outside the cell than in.

The membrane becomes permeable to Na+ for an instant and they quickly

move into the cell.

Research time




What would happen if the voltage-gated sodium and potassium channels opened:
a. at the same time;
b. further apart (longer delay).

Write a report for both situations.

Facts

All nerve impulses are similar; there is no difference between nerve impulses
from the eyes, ears or hands.

Literacy

1. How do sodium and potassium work during rest state?
2. What will be the charge inside the cell during depolarization?
3. What would happen, if the signal did not pass the threshold?

Terminology

charge - 3aps;

conduction - ©TKi3TilUTiK/ MPOBOJUMOCTb;
distribution - TapaTy/ pacripeziesieHue;
instant - jie3/1e/ MCHOBEHHOE;

relative - casbICTbIpMaJsibl/ OTHOCUTE/IbHBIN;
threshold - Tabanawipeik/ mopor;

to reach - »keTy/ JoCcTUTaTh;

transmission - 6episic/ repezmauva.



10.2 Refractory period

You will:

e explain the value of the refractory period and the myelin sheath.

STQ

Why axons of some mollusks are wider than human?

Key terms

e Refractory period - a period immediately during which a nerve or muscle is
unresponsive to further stimulation.

e Mpyelin sheath - a lipid-rich substance that surrounds the axon of some
nerve cells

e Saltatory conduction - is the propagation of action potentials along
myelinated axon from one node of Ranvier to the next node, increasing the
conduction velocity of action potentials.

Text

Action potential which started at the initial part of axon goes to the terminal site
only in one direction. It is like a domino standing in a chain. The nerve signal
never goes backwards. How is it possible? Because when membrane potential
begins to decrease, potassium channels begin to open causing sodium channels
become inactivated. In this state cell is unable to depolarize second time. This
state, when cell cannot initiate action potential is called refractory period. The
refractory period limits the maximum frequency at which action potential can be
generated. It prevents nerve signal from moving back toward the cell body. As
the result, the nerve signal goes in one direction.

For most neurons the duration of action potential is only 1-2 milliseconds.
Because the action potential is so brief, neurons can produce hundreds of signals



per minute. The frequency at which action potentials are formed is proportional
to the strength of the nerve signal. For example, louder sound causes more
frequent action potential in neurons, which connect ear to the brain.

Refractory Periods

+351
0 -
=
— Threshold
Resting membrane
potential
-50 - |
70 Absolute — 1B ~_ Relative
refractory refractory
period period

Refractory period during action potential

The speed of nerve impulse plays crucial role in living organisms. Sometimes
animals have to react to danger immediately. There are some adaptations in
animals to increase the rate of nerve impulse conduction. One of them is
increasing the diameter of axon. Most invertebrates has wider axon than
vertebrates. Increasing in diameter leads to decreasing of the resistance to
electrical current (nerve impulse) flowing by axon. The speed of nerve impulse
in invertebrates is 30 m/sec. However vertebrates’ conduction speed of axon is a
lot higher than invertebrates’ conduction speed. But the diameter of axon in
vertebrates is smaller. Vertebrates have another adaptation to speed up the
conduction of nerve impulse through axon. Most axons of vertebrates are
surrounded by the layer called myelin sheath. Myelin sheath is mostly made up
of lipid, which is poor conductor but good isolator. Myelin sheath insulates the



axon like a plastic insulation that covers many electrical wires. There are some
gaps between myelin sheath on axon called nodes of Ranvier. Action potential
doesn’t occur on the regions between the nodes of Ranvier. The action potential
propagates in myelinated axons more rapidly because action potential occurs in
limited regions of an axon. This mechanism for propagating potential is called
saltatory conduction, because it jumps along the axon from one node to another
node.
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Activity

Suppose a researcher inserts a pair of electrodes at two different positions along
the middle of an axon dissected out of a squid. By applying a depolarizing
stimulus, the researcher brings the plasma membrane at both positions to
threshold. Using the drawing below as a model, create one or more drawings that
illustrate where each action potential would terminate.



Electrode

=

Squid axon

Research time

Multiple sclerosis is a long-lasting disease that can affect your brain, spinal cord,
and the optic nerves in your eyes. It can cause problems with vision, balance,
muscle control, and other basic body functions. The main reason of multiple
sclerosis lies in function of myelin sheath. Find out what really happens to
myelin sheath during multiple sclerosis.

Facts

All nerve impulses are similar; there is no difference between nerve impulses
from the eyes, ears or hands.

Literacy

1. What is the biological role of refractory period?
2. What is the limiting factors for speed of nerve signal?
3. What is the difference between myelinated axon and unmyelinated axon?

Terminology

conduction - ©TKI3TilLITIK / MPOBOJUMOCTb

insulate - okliiaynay / ©301MpOBaTh

multiple sclerosis - manibipaHKbI CK/1EPO3 - pacCesiHHbIN CK/IepPO3
propagation - TapaTy / pacripocTpaHeHue

refractory period - K030ay Ke3eHi / pedpakTepHbIii TIEPUOJ
resistance - Keziepri / COnpoTuBeHye

saltatory - cekiprresi / cKaukooOpa3HbIi



e sheath - KbIHaM / HOXKHBI
e terminate - afgkray / 3aBepLiaTh.



10.3 Central nervous system

You will:

e study the structure and functions of the spinal cord and brain.

STQ

What distinguishes humans different from other animals?

Key terms

¢ Brain - organ that serves as the center of the nervous system in all
vertebrate and most invertebrate animals;
e Spinal cord - cord of nerve tissue located within the vertebral column.

Text

The nervous system is made up of the brain, the spinal cord, and nerves that
extend throughout the body. Coordination of different actions of the body and
coordination of the body’s response to outside is a major functions\ of the
nervous system.

The nervous system gets information about outside world and sends message to
our parts of the body to respond. Information and messages entering our body
are transformed to electrical signals. Structures that receive and transform
information from environment are called receptors. For example, the eyes have
receptors that collect visual information about the outside. The structures or
organs that produce the response are called as effectors. Muscles are examples of
effectors.

Brain and spinal cord make up the central nervous system (CNS). This system
receives and processes information from receptors. CNS coordinates the body’s
organ systems.



Some actions controlled by CNS are voluntary, such as movement of the skeletal
muscles. Other actions controlled by the CNS are involuntary. They occur
automatically without conscious control over them, such as movement of the
smooth muscles.

Brain

The brain is the major controlling structure of the nervous system. Human brain
is complex organ containing over 10 billion neurons, and at same time controls
all functions of the body. Brain of an adult person can range from 1000 to 2000
grams, and it is protected by the skull. One of the main tasks of the brain is the
transduction of information, which received from the body, and preparing the
body for response. Human brain consist of three major parts: forebrain, midbrain
and hindbrain. And this parts divide in other smaller divisions, and each of them
have a certain role.

The forebrain is the most important part of brain, it makes differ human from
other animals. This part is responsible for receiving and processing sensory
information. It consist of diencephalon and telencephalon. Thalamus and
hypothalamus are parts of the diencephalon, they control sensory and autonomic
processes. Telencephalon is a major part of brain, which is called cerebrum.

The midbrain acts as a bridge, which transmit signals from hindbrain and
forebrain. The midbrain and portions of the hindbrain make up the brainstem,
which joins with the spinal cord at the base of the brain. The rest of the
hindbrain make up the cerebellum.

The hindbrain consist of medulla oblongata, pons and cerebellum. Medulla
oblongata is a part of brainstem, which is located in front of cerebellum and
controls involuntary functions. Pons is also part of brainstem, and transmit
information from the spinal cord to brain. Cerebellum is located behind the
medulla oblongata and is responsible for the coordination of movements,
regulation of balance and muscle tone.

Spinal cord

The spinal cord is a cord of nerve tissue located within the vertebral column. The
white matter of the spinal cord consist mainly of myelinated axons that carry
impulses to and from the brain. The gray matter contains cell bodies. It is a



region in which many contacts between neurons occur. The spinal cord gives rise
to 31 pairs of spinal nerves. The spinal nerves exit between the bones of the
vertebral column and connect to all parts of the body. Spinal nerves are
connected to the spinal cord by two roots. The dorsal root of each spinal nerve
contains sensory neurons. Sensory neurons are neurons that carry impulses from
receptors to CNS. The ventral root of each spinal nerve contains motor neurons.
Motor neurons are neurons that carry impulses from the CNS to the effectors.
Within the gray matter of the spinal cord are found interneurons, which serve as
connections between other neurons.

The Structure of the Human Brain

Central sulcus

Parietal lobe
Frontal lobe

Occipetal lobe

Sylvian fissure

Temporal lobe Pons

Medulla

Cerebellum

Spinal cord

Activity

Write the functions of brain parts.



Brain part Function

Farebrain

Midbrain

Medulla oblongata

Pons

Cerebellum

Research time

Suppose you examine two groups of individuals with CNS damage. In one
group, the damage has resulted in a coma (a prolonged state of
unconsciousness). In the other group, it has caused paralysis (a loss of skeletal
muscle function throughout the body). Relative to the position of the midbrain
and pons, where is the likely site of damage in each group? Explain.

Facts

A newborn baby’s brain grows almost 3 times during the course of its first year;

One human brain generates more electrical impulses in a single day than all of
the world’s telephones put together.

Literacy

1. What are the parts of the CNS?
2. How are brain and spinal cord connected?
3. What is the function of the spinal cord?

Terminology

e brainstem - Mu OaraHackl / MO3rOBOI CTBOJI;
® (CONscious - ec / CO3HAHUE,
e cerebellum - MUIIIBIK / MO3XKEUOK;



cerebrum - ynkeH MU / 60/bI1I0M MO3T;

diencephalon - apanbIK My / TIPOMEXXYTOUHbI MO3T;
involuntary - epikci3 / Herpou3BO/IbHbIN;

medulla oblongata - comnakiiia Mu / Ipofi0/IrOBaThIii MO3T;
pons - My Kemnipi / MOCT;

telencephalon - COHFbI MU / KOHEUHBIN MO3T;
transduction - TpaHCAYKLUS;

voluntary - epikTi / 100pOBOJIbHBIH.



10.4 Mechanoreceptors

You will:

e describe how mechanoreceptors react to changes in the stimulus.

STQ

How moles find their food, though they have very poor eyesight?

Key terms

e Mechanoreceptors - sensory receptor that responds to mechanical pressure;
e Pacinian corpuscles - one type of mechanoreceptor cell which are sensitive
to vibration and pressure.

Text

Stimuli from varying sources, and of different types, are received and changed
into the electrochemical signals of the nervous system. This occurs when a
stimulus changes the cell membrane potential of a sensory neuron. The stimulus
causes the sensory receptors to produce an action potential that is transmitted
into the central nervous system (CNS).

Sensory receptors are classified according to the nature of stimuli they receive
and transmit. These are:

mechanoreceptors (hearing, feeling touch);
chemoreceptors (tasting and smelling);
photoreceptors (vision);

thermoreceptors (feeling cold and hot).



Merkel disks
(touch)

Free nerve ending
(pain and temperature
change)

- Epidermis

Meissner’s corpuscle
(touch)

Ruffini’s ending > Dermis

(pressure)

Pacinian corpuscle
(pressure)

- Hypodermis

: } Muscle layer

Root hair plexus
(touch)

Sense organs on the skin

Mechanoreceptors

Mechanoreceptors sense physical changes like pressure, vibration, touch, stretch,
tickle, itch, etc. They are found mostly in skin. These receptors transduce signals
and send them to brain via spinal cord. For example, if you drag your finger
across a textured surface, the skin of your finger will vibrate. Such low
frequency vibrations are sensed by mechanoreceptors called Merkel cells. Deep
pressure and vibration is transduced by lamellated (Pacinian) corpuscles, which
are receptors with encapsulated endings found deep in the dermis, or
subcutaneous tissue. Light touch is transduced by the encapsulated endings
known as tactile (Meissner) corpuscles. Stretching of the skin is transduced by
stretch receptors known as Ruffini corpuscles.

All mechanoreceptors receive changes on skin surface by the help of hair
follicles. End of each hair follicle is wrapped in nerve endings. These nerve



endings detect the movement of hair at the surface of the skin. Bending or
stretching of hair generates tension that alters the permeability of the ion
channels. This change in ion permeability alters the membrane potential,
resulting in a depolarization or hyperpolarization. In such way mechanoreceptors
are stimulated. Then these stimuli are transmitted to brain.

The Pacinian Corpuscle

Capsule of connective tissue

Lamellae separated by gel
B

Single neurone ending (naked)

Direction

of impuls Transverse section X-Y

«——Myelin sheath

«——— Axon of sensory neurone

The Pacinnian Corpuscle

Pacinian corpuscles

Pacinian corpuscles are larger in size and fewer in number than other
mechanoreceptors. It is oval shaped and approximately 1 mm in length. The
corpuscle has 20 to 60 layers called lamellae. Pacinian corpuscle consists of
single sensory nerve fiber.

External pressure causes the corpuscle to deform. The sodium channels in the



neuron membrane are sensitive to pressure. An increase in pressure causes
sodium channels to open. The shape of the corpuscle is slightly changed, causing
sodium ion channels in the neuron membrane to open. Sodium ion diffuse into
the neuron down the concentration gradient depolarising the membrane. It is
called generator potential.

The greater the pressure the more sodium channels open causing a bigger
generator potential. If the threshold of that neuron is reached an action potential
develops and is transmitted along the sensory nerve fiber. Action potential
continue to develop while the generator potential is at or above the threshold.
The maximum frequency is limited by the refractory period.

Activity

Use the following words to identify the different types of mechanoreceptors in
the skin and match the descriptions to the correct location.

....... < - ~ Sweat glands

Neurons



Number Descriptions Name of the receptor
1 sense movement of the hair
2 bare nerve endings (pain, itch,
temperature)
3 touch and pressure receptor
4 strong pressure and touch
5 light touch

Research time

Capsaicin is a chemical found in peppers. Some people think that peppers are
painful or hot, while other people don’t find peppers painful or hot when they
touch or eat them. Explain why and prove your answer with evidence.

Facts

Sometimes when you put your hands under hot water cold sensing receptors can
be activated and make you feel cold. Likewise, when you touch something very
cold, it can overload the heat sensing receptors and make you feel hot, which is
why cold things can sometimes burn.

Literacy

1. Explain how pressure on the skin is perceived.

2. Why slight pressure on the skin may go unnoticed?

3. Human who has paralyzed legs feel neither pain nor temperature. Explain
why.

Terminology

e corpuscle - TyHipIIIiK / Tesblie;
e encapsulated - KarncynganraH / 3aK/ItOUeHHbIN B KariCyy;
e hair follicle - Tyk KanTachkl / BOOCSHOM Melllouek;



itch - KpILIBITY / 3y7;

lamellae - nacTHKa;

stretch - co3y - pacTsiruBarh;

subcutaneous - Tepi acThl / TOAKOXHBIM ;

tickle - KbITBIKTAY / 11leKOTaHUE;

transduce - e3re Typre aybICThIpY / peobpa30BLIBaTh;
threshold -TabanapIpbIK / TOPOT.



10.5 Synaptic transmission

You will:

e establish the relationship between the structure and function of the
cholinergic synapse.

STQ

How nerve impulses travels from one neuron to another?

Key terms

e Synapse - a junction between two nerve cells, consisting of a gap across
which impulses pass by diffusion of a neurotransmitter.

e Neurotransmitters - chemicals that carries messages between neurons or
between neurons and muscles.

¢ Cholinergic synapses - synapses that use the acetylcholine as a
neurotransmitter.

Text

Action potentials don’t transmit between two neurons. However nerve impulse
passes from one neuron to another. There is a gap between neurons called
synapse. Neuron which sends nerve impulse is called presynaptic cell, while cell
which receive the nerve impulse postsynaptic cell. The space between them is
called synaptic cleft. There are synaptic vesicles in the presynaptic cell which
contain neurotransmitters.

Neurotransmitters

Neurotransmitters are chemicals that carry messages between neurons or
between neurons and muscles. A single neurotransmitter can bind to different
types of receptors, and affect each receptor in different ways. More than 40



different transmitters are known. For example norepinephrine and acetylcholine
are found in all nervous cells, while glutamic acid and gamma-aminobutyric acid
can be found only in brain. We will take and acetylcholine as an example in
explanation of mechanism of synaptic transmission. Synapses that use the
acetylcholine are called cholinergic synapses.

Mechanism of synaptic transmission

An action potential arrives to the end of presynaptic cell, and depolarize the
presynaptic membrane (membrane of presynaptic cell). The depolarization of
presynaptic membrane opens the protein channels of calcium (Ca2+) ion. As the
result many calcium ions enter to the presynaptic cell. Increasing the
concentration of calcium ions causes neurotransmitter vesicles to fuse with the
presynaptic membrane, and neurotransmitters are released into the synaptic cleft.
The neurotransmitters bind to the ligand-gated ion channels (receptor) in the
postsynaptic membrane of postsynaptic cell. The binding of neurotransmitters to
the ligand-gated ion channels causes the opening of sodium channels, and
postsynaptic cell depolarizes. Synaptic transmission ends when
neurotransmitters go out of synaptic cleft, or are degraded by special enzymes.
For example the acetylcholine is degraded by special enzyme called
acetylcholinesterase.
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Signal transmission at a chemical synapse



Bce y4yebHukn KaszaxctaHa Ha OKULYK.KZ

Synaptic transmission between two neurons

Activity

1. Label the diagram using the terms below

*KHura npegocTaBrneHa UCKIoYMTenbHO B 06pasoBaTerbHbIX LEnsx
cornacHo Mpukasa MuHucTpa obpasoBaHua 1 Haykm Pecnybnuku Kasaxctad ot 17 masa 2019 roga Ne 217



presynaptic membrane postsynaptic membrane mitochondria
synaptic vesicle synaptic cleft receptor sites
neuratransmitter substance

_f%«mk%% 5

CoJ Lo’

\%m@ O

2. Events of a Synaptic Transmission

Number these events in the correct order.

__ (a) An action potential is stimulated at the postsynaptic membrane and
impulse travels down dendrite.

___(b) An enzyme cleaves the neurotransmitter substance and clears out the
synaptic cleft.

__ (c) Impulse reaches synapse from the axon.

__ (d) Impulse stimulates synaptic vesicles to move to presynaptic membrane.
__ (e) Neurotransmitter substance diffuses across the cleft.

__ (f) Neurotransmitter substance fits into receptor sites on postsynaptic
membrane.

__ (g) Synaptic vesicles dump neurotransmitter substance into synaptic cleft.

Research time

As you know axon sends signals electrically and the synapse sends signals
chemically, how would you change the electrical signal of the axon into a
chemical signal at the synapse? Discuss and explain your answer with evidence.

Facts




Inhibition of acetylcholinesterase can dramatically affect human organism. It
leads to a lot of human diseases such as muscular paralysis, convulsions,
bronchial constriction, and death by asphyxiation. For example chemical
inhibitor sarin used as biological weapon on Soman. But another types of
inhibitors can be used as a treatment for some nervous diseases.
Tetrahydroaminoacridine (THA) and donepezil are approved to improve
cognitive function in Alzheimer’s disease as an example.

Literacy

N

What is the role of calcium ion channels on synaptic transmission?

What leads to fuse the neurotransmitter vesicles with postsynaptic cell?
What will happen if neurotransmitters will not be taken off from synaptic
cleft?

Terminology

asphyxiation - TYHIIBIKTBIPY/ yyILIEHUE;

gap - caHpuiay/ 1e/b;

junction - 6aiiyilaHbIC/ COeJUHEHUE,;

synaptic cleft - cuHanTUKaNbIK caHbU1Ay/ CUHANTAYECKAs 11{eb;
to approve - GekiTy/ yTBepAuTb;

to degrade - bibIpay/ pa3nararbCsi;

to fuse - KocbU1y/ C/TMBATHCS;

to receive - KaObl1/1ay/ TIOTyYaTh.



Problems

Test questions with one right answer

1. Brain extension which connects brain and spinal cord
A) Pons

B) Cerebrum

C) Midbrain

D) Medulla oblongata

E) Cerebellum

2. How many pairs of spinal nerve extend from spinal cord?
A) 33

B) 31

C) 29

D) 12

E) 24

3. Part of brain which makes human and animal different?
A) Medulla oblongata

B) Spinal cord

C) Midbrain

D) Hindbrain



E) Forebrain

4. What is the function of axon?

A) to conduct nerve impulse

B) to generate action potential

C) to receive messages from environment
D) to response to stimuli

E) to produce myelin sheath

Test questions with several (max 3) right answers

Which of the following statements are true for depolarization?
A) Na+ channels are open

B) Na+ channels are closed

C) K+ channels are open

D) K+ channels are closed

E) Inside of the cell is more positive

F) Inside of the cell is less positive

G) Membrane potential must always be less than 55mV

H) The threshold cannot be reached while depolarization

2. Which of the following statements are true for saltatory conduction?
A) It happens mostly in non-myelinated axon

B) Impulse is conducted slowly during saltatory conduction



C) It happens if threshold is not reached

D) Nodes of Ranvier do not affect on saltatory conduction

E) Nerve impulse reaches dendrit fast because of saltatory conduction

F) The more nodes of Ranvier the faster rate of saltatory conduction

G) Calcium ions help to start saltatory conduction

H) Saltatory conduction performs best while mastering some skill

3. Which of the following statements are false about synaptic transmission?
A) Neurotransmitters are chemicals that carry messages between neurons
B) Synapse is a gap between two neurons

C) Synapses that use the acetylcholine is called cholinergic synapses

D) Neuron which sends nerve impulse is presynaptic cell

E) Cell which receives the nerve impulse is postsynaptic cell

F) Calcium ions are not engaged during synaptic transmission

G) Synaptic cleft is function between pre- and postsynaptic cells

H) Glutamic acid is type of neurotransmitter

Matching questions

1. Match the receptors with the stimuli they receive.
1. Chemoreceptor
2. Mechanoreceptor

3. Thermoreceptors



A) Vibration
B) Taste
C) Cold
D) Pressure
E) Smell
F) Light touch
2. Match brain parts with their constituents.
1. Forebrain
2. Midbrain
3. Hindbrain
A) Medulla oblongata
B) Hypothalamus
C) Cerebellum
D) Make up brainstem
E)Pons

F) Thalamus
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11.1 Skeletal muscles

You will:

¢ study the ultrastructure of striated muscles.

Key terms

e Myofibril - a contractile fibril of skeletal muscle, composed mainly of actin
and myosin;

e Filament - group of myofibrils;

e Sarcomere - structural unit of the myofibril where structural and contractile
proteins are organized in a specific sequence.

STQ

Why it is important to eat protein products when you workout?

Research time

Muscles can be light colored and dark colored. Which species have light colored
muscles? Identify the structure of different colored muscles and how color is
related to muscle function.

Text

Vertebrate skeletal muscle, such as a biceps has a hierarchy of smaller units.
Within a typical skeletal muscle there is a bundle of long fibers. Each fiber is a
single muscle cell with multiple nuclei. The parts of the fiber are known by
different terms. The cell surface membrane is the sarcolemma, the cytoplasm is
sarcoplasm and the endoplasmic reticulum is sarcoplasmic reticulum (SR). The
cell surface membrane has many deep infoldings, called transverse system
tubules or T-tubules. The sarcoplasm contains large number of mitochondria.
They generate ATP necessary for muscle contraction. Also, inside the



sarcoplasm lies a bundle of myofibrils.

Muscle

Fascicle

Fascicle (a portion of the muscle)

/\ Muscle fibre (cell)

Muscle fibre (cell)

Myofibril \

Myofibril or fibril (complex organelle
composed of bundles of myofilaments)
Sarcomere (contractile unit of a myofibril)

The structure of a skeletal muscle

A muscle fiber has stripes, or striations. They are produced by many myofibrils
in the sarcoplasm. Each myofibril is made up of smaller components, called
filaments. Parallel groups of thick filaments lie between groups of thin filaments.
The thick filaments are made of myosin proteins, while the thin filaments are
made of actin proteins.

The darker parts of the stripes, the A bands, correspond to the thick (myosin)
filaments. The lighter parts, the I bands, are only thin (actin) filaments. The
darkest parts of the A band are produced by the overlap of thick and thin
filaments, while the lighter area within the A band, known as the H band,
represents the parts where only the thick filaments are present. A line known as
the Z line provides an attachment for the actin filaments, and the M line for the
myosin filaments. The part of a myofibril between two Z lines is called a
sarcomere. Myofibrils are cylindrical in shape, so the Z line is in fact a disc
separating one sarcomere from another and is also called the Z disc.
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The structure of a muscle fiber

Thick filaments are composed of many molecules of myosin, which is a fibrous
protein with a globular head. The fibrous portion helps to anchor the molecule
into the thick filament. Within the thick filament, many myosin molecules all lie
together in a bundle with their globular heads all pointing away from the M line.
The main component of thin filaments, actin, is a globular protein. Many actin
molecules are linked together to form a chain. Two of these chains are twisted
together to form a thin filament. A fibrous protein called tropomyosin is also
twisted around the actin chains. Another protein, troponin, is attached to the
actin chain at regular intervals.
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Structure of thin and thick filaments
Activity

Label the parts of muscle fiber and write definitions for each part.
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Facts

e Factors such as hormones and stress can increase the production of
sarcomeres and myofibrils within the muscle fibers. It results in the
increased mass of skeletal muscles. It is called as hypertrophy. On the other
hand, decreased use of skeletal muscles results in atrophy, where the

number of sarcomeres and myofibrils decrease but number of muscle fibers
remains the same.




e Prefix myo- and mys- refers to muscles. For example, myosin,
myocardium, myoglobin, etc.

Literacy

1. What causes the striated appearance of the skeletal muscle?
2. What would happen to the skeletal muscle if the myosin was destroyed?

Terminology

acronym - akpOHUM;
anchor - 6ekiTy / 3aKpeTisTh;

bundle - TyitiH / myuok;

overlap - yxaObIH / TepeKpbITHE;

sarcolemma - capkosieMMa;

sarcoplasm - capkorisiasma;

striation - »Koj1aKTaHy / II0JI0CaTOCTh;

stripe - »koJiaK / moJsioca.

to correspond - caiikecC Keay / COOTBETCTBOBATh;
twist - aifHa/IbIC / IOBOPOT;



11.2 Skeletal muscle contraction

You will:

e explain the mechanism of muscle contraction.

Key terms

e Actin - type of protein that forms microfilaments and responsible for many
types of cell movements;

e Myosin - the protein that converts chemical energy to the mechanical
energy and cause the muscle contraction.

STQ

How does the muscle move?

Research time

Do a research and find different ways of increasing the contraction sustain time.

Text

Muscles cause movement by contracting. A contracting muscle shortens, but the
filaments that cause contraction stay the same length. The thin and thick
filaments slide past each other, powered by myosin molecules. The cycles of
change in the structure of myosin molecule form the basis for the sliding of the
thick and thin filaments. Each myosin molecule has a long “tail” region and a
globular “head” region. The tail adheres to the tails of other myosin molecules,
binding together the thick filament. The head, which extends to the side, can
bind ATP. Hydrolysis of bound ATP converts myosin to a high-energy form that
binds to actin, forming a cross-bridge. The myosin head then returns to its low
energy form as it pulls the thin filament toward the center of the sarcomere.
When a new molecule of ATP binds to the myosin head, the cross-bridge is



broken.

actin
O
filament

ADP
/ myosin
filament

1. ATP is hydrolyzed when myosin
head is unattached.

cross-bridge mysion head

4. Binding of ATP causes mysion

2. ATP+ ®are bound to mysion as
head to return to resting position.

mysion head attaches to actin.

3. ATP+®reIease causes head to change
position and actin filament to move.

The mechanism of thick and thin filaments sliding

Muscle contraction requires repeated cycles of binding and release of actin and
myosin. In each cycle, the myosin head is freed from a cross-bridge. Then it
cleaves the newly bound ATP and binds again to actin. Because the thin filament
moves toward the center of the sarcomere in the previous cycle, the myosin head
now attaches to a new binding site farther along the thin filament. A thick
filament contains approximately 350 heads, each of which forms and reforms
about five cross-bridges per second, driving the thick and thin filaments past
each other.

At rest, most muscle fibers contain ATP enough for a few contractions. Two
other storage compounds of energy, such as creatine phosphate and glycogen are
needed to power up repetitive contractions. Transfer of a phosphate group from
creatine phosphate to ADP synthesizes additional ATP. In this way, the resting
supply of creatine phosphate can sustain contractions for about 15 seconds. ATP
stores are also replenished when glycogen is broken down to glucose. During
light or moderate muscle activity, this glucose is metabolized by aerobic
respiration. This highly efficient metabolic process yields enough power to
sustain contractions for nearly an hour. During intense muscle activity, oxygen
becomes limiting factor and ATP is produced by lactic acid fermentation. This



anaerobic pathway generates much less ATP per glucose molecule and can
sustain contraction for only about 1 minute.
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The sliding-filament model of muscle contraction

Activity

When muscle contraction occurs, which protein(s) will move and which
protein(s) will stay in place? Explain your answer.

Literacy

1. How would muscle contractions be affected if ATP was completely
depleted in a muscle fiber?

2. How muscle contraction will be affected if there is no myosin?

3. What is the role of ATP in muscle contraction?

Facts

¢ The sliding filament theory explains the mechanism of muscle contraction



based on actin and myosin proteins that slide past each other to generate
movement. It was independently introduced in 1954 by two research teams,
one consisting of Andrew Huxley and Rolf Niedergerke from the
University of Cambridge, and the other consisting of Hugh Huxley and Jean
Hanson from the Massachusetts Institute of Technology

Terminology

sliding - ceipraHay / CKO/Ib)KeHUe;

to adhere - yxabbicy / mpUAUMIAaTh;

to extend - y3apTy / TIpOJ/IUTh;

to generate - eH/ipy / IPOU3BOJUTH;

to release - mIbIFapy / BbIMyCKarhb;

to replenish - TOJIBIKTBIPY / MOMOJTHSITH;
to sustain - Ko/iay / ToAAepKyBaTh.



11.3 Mechanism of muscle
contraction

You will:

e explain the mechanism of muscle contraction.

Key terms

e Tropomyosin - a rod-shaped protein attached to actin in a regularly
repeating sequence;

e Troponin - a component protein that is associated with each actin-
tropomyosin complex;

e T tubules - small tubule which run transversely through a striated muscle
fiber and through which electrical impulses are transmitted from the
sarcoplasm to the fiber’s interior.

STQ

Why muscles have sarcoplasmic reticulum rich with Calcium?

Research time

Do the research about muscle tone? What will happen to the child if his muscles
are in high muscle tone or in low muscle tone? Explain your answer with
evidence.

Text

Calcium ions (Ca2+) and regulatory proteins, such as troponin and tropomyosin
bound to actin play important roles in muscle contraction and relaxation. In a
muscle fiber at rest, tropomyosin covers the myosin-binding sites along the thin
filament, preventing actin and myosin from interacting. When Ca2+ accumulates



in the cytosol, it binds to the troponin complex. Then tropomyosin shifts position
and exposes the myosin-binding sites on the thin filament. Thus, the thin and
thick filaments slide past each other, and the muscle fiber contracts. When the
Ca2+ concentration decreases, the binding sites are covered, and contraction
stops.

Tropomyosin 64 binding site

Troponin complex

Miyosin binding sites DIOCKed; muscie cannot contract

Myosin

binding site .

Myosin binding sites exposed; muscle can contract

Calcium ions and proteins involved in muscle contraction

Motor neurons form synapses with muscle cells. They trigger the release of
Ca2+ into the cytosol of muscle cells, as a result they contract. This regulation of
Ca2+ concentration involves a network of membranes and compartments within



the muscle cell.

The arrival of an action potential at the synaptic terminal of a motor neuron
causes release of the neurotransmitter acetylcholine. The binding of
acetylcholine stimulates the ion channels to open, so that sodium ions enter to
depolarise the membrane and generate an action potential in the sarcolemma.
Within the muscle fiber, the action potential spreads deep into the interior,
following infoldings of the plasma membrane called transverse (T) tubules. They
make close contact with the sarcoplasmic reticulum (SR), a specialized
endoplasmic reticulum.

As the action potential spreads along the T tubules, it triggers release of Ca2+
from SR into cytosol. They bind to the troponin complex, initiating the muscle
fiber contraction. When motor neuron stops stimuli, the filaments slide back to
their initial position. Relaxation begins when cytosolic Ca2+ is removed by
active transport into SR after action potential ends. When the Ca2+
concentration in the cytosol drops to low level, the regulatory proteins bound to
the thin filament shift back to their starting position. They block the myosin
binding sites again. At the same time, the Ca2+ pumped from the cytosol
accumulates in the SR, providing the stores needed to respond to the next action
potential.
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position over binding sites on actin,
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Cross-bridge binding

Myosin cross bridge

The sequence of events that follows the arrival of an impulse at a motor neuron

Activity

1. List the binding site(s) found on each of the following proteins and calcium:

Troponin Tropomyosin Actin Myosin Ca?

2. Place 10 statements in correct order to act out muscle contraction.



Tropomyosin is no longer blocking the myaosin binding sites on actin

Ca?" binds to troponin

Actin filaments drawn towards the center of the sarcomere

Myosin binds actin

Myosin heads supplied by energy to move with respect to the rod
portion

Electrical signal arrives at cell

Troponin/Ca?* no longer binds actin

ATP is hydrolyzed

This process is repeated many times

Electrical signal causes Ca?* release into the cell

Facts

¢ In myasthenia gravis, a person produces antibodies to the acetylcholine
receptors of skeletal muscle. As the disease progresses and the number of
receptors decreases, transmission between motor neurons and muscle fibers
declines. It leads to varying degrees of skeletal muscle weakness,
difficulties in swallowing and chewing, drooping of eyelids.

e Several diseases cause paralysis by interfering with the excitation of
skeletal muscle fibers by motor neurons. In amyotrophic lateral sclerosis
(ALS), motor neurons in the spinal cord and brainstem degenerate, and
muscle fibers atrophy. Stephen Hawking had ALS that gradually paralyzed
him over the decades.

Literacy

1. On the membrane of which muscles Ca2+ ions cause the action potential?
2. Which muscles have T-tubules?




Terminology

compartment - 6e/1im / oTzHe/eHNe;
drooping - ascipereH / i3HeMO)KeHHBbI;
excitation - K03bIpy / BO30yX/IeHHE;
initiating - 6actay / HauMHaTh;

to cover - )Ka0y / TTIOKpbIBaTh;

to interfere - apasiacy / BMeIIMBaTbCS;

to prevent - ajiibIH any / IpejoTBPAaLLaTh;
trigger - TypTKi 60y / IOGyKIeHue.



11.4 Types of skeletal muscles

You will:

e establish a connection between the structure, localization and general
properties of fast and slow twitch muscle fibers.

Key terms
e Oxidative fibers - muscle fibers which primarily use aerobic respiration to
generate ATP;
e Glycolytic fibers - muscle fibers which primarily use glycolysis to generate
ATP;

e Fast-twitch fibers - muscle fiber that contracts relatively rapidly, utilized
especially in actions requiring the maximum effort of short duration;

e Slow-twitch fibers - muscle fiber that contracts relatively slowly and is
resistant to fatigue.

STQ

Why sprinters cannot run marathons?

Research time

Explain the differences between fast-twitch and slow-twitch muscles according
to the amount of triglycerides they store.

Text

There are several types of skeletal muscle fibers, each of which has own
functions. They are classified according to fiber types: 1) the source of ATP used
to do their activity (oxidative and glycolytic fibers) and 2) the speed of their
contraction (slow and fast twitch fibers).



Fibers that rely mostly on aerobic respiration are called oxidative fibers. Such
fibers make steady energy supply: they have many mitochondria, a rich blood
supply, and a large amount of an oxygen-storing protein called myoglobin. A
brownish red pigment, myoglobin binds oxygen more tightly than hemoglobin. It
enables oxidative fibers to extract oxygen from the blood efficiently.

In contrast, glycolytic fibers have a larger diameter and less myoglobin. Also,
glycolytic fibers use glycolysis as their primary source of ATP and fatigue more
readily than oxidative fibers.

Comparison of oxidative and glycolytic fibers

Slow oxidative Fast oxidative Fast glycolytic
Contraction speed | Slow Fast Fast
Major ATP source | Aerobic respiration | Aerobic respiration | Glycolysis
Rate of fatigue Slow Intermediate Fast
Mitochondria Many Many Few
Myaoglobin content | High High Low

Muscle fibers differ by contraction speed: fast-twitch fibers develop tension two
to three times faster than slow-twitch fibers. Fast fibers make brief, rapid,
powerful contractions. Slow fiber has less sarcoplasmic reticulum and pumps
Ca2+ more slowly. A muscle twitch in a slow fiber lasts about five times as long
as one in a fast fiber, because Ca2+ remains in the cytosol longer. The difference
in contraction speed of fibers depends on the rate at which myosin heads

hydrolyze ATP.
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Slow twitch fiber Fast twitch fiber

Appearance dark red color due to therich white gray color due to the
red blood supply, large amount | less amount of blood, less
of myoglobin and a large myaoglobin and a less number of
number of mitochondria mitochondria

Lacation may be found in all muscles, may be found in all muscles, but
but dominate in muscles with | concentrated in muscles with
slow fatigue rate high fatigue rate

Blood supply intensive less intensive

Myofibril few, not sharply striated, and numerous, clearly striated, and
irregular striations regular striations

Nuclei dispersed in fiber, not always dispersed in fiber, not always
under sarcolemma under sarcalemma

Sarcoplasm rough, numerous smooth, few

Sarcoplasmic | complex, especially near H simple

reticulum band

Mitochondria | large, numerous, with tightly small, with less cristae
packed cristae

Myoglobin many little

Glycogen less amount great amount

Activity of low high

ATPase of

myofibril

Activity

The runners in Athletics at Summer Olympics are categorized into different
distances. Famous runners of Summer Olympics 2016 in Brazil are given in the

table below.




Event (distance) Winner Country
100 m Usain Bolt Jamaica
800m David Rudisha Kenya

o000 m Mo Farah Great Britain

Determine the types of muscle fibers (oxidative/glycolytic and fast/slow twitch)
of the given runners. Explain your answer.

Facts

e The male toadfish (Opsanus tau) has the fastest muscles which surround the
gas-filled swim bladder. In order to produce its mating call, the toadfish can
contract and relax these muscles more than 200 times per second.

Literacy

1. What is the difference between fast-twitch and slow-twitch muscles?
2. In which situations the fast-twitch and slow-twitch muscles work?
3. Why do fast-twitch muscles have more mitochondria?

Terminology

dispersed — TapasiraH / paccesiHHbIN;
fatigue — mapiiiay / ycTanocTs;
speed — XbL1IaM/IbIK, / CKOPOCT;
twitch — TapTeiy / mosepruBaHue.



Problems

Test questions with one right answer

1. What is the structural unit of the myofibril where structural and contractile
proteins are organized in a specific sequence.

A) Myofibril

B) Sarcomere

C) Filament

D) Actin

E) Myosin

2. Which of the following lines is not part of myofibril?
A) Z line

B) A line

C) M line

3. Which protein converts chemical energy to the mechanical energy during
muscle contraction?

A) Myofibril
B) Actin

C) Filament
D) Sarcomere

E) Myosin



4. A group of myofibrils is called
A) Tropomyosin

B) Actin

C) Filament

D) Sarcomere

E) Myosin

Test questions with several (max 3) right answers

1. Which of the following process occurs during muscle contraction?
A) bindin of myosin to actin depends on ATP

B) binding of myosin to actin doesn’t need ATP

C) T-tubules release of K+ ion

D) T-tubules release of Ca+2 ion

E) Myosin binding sites blocks

F) Myosin binding sites exposed

2. Which of the following is found in the structure of sarcomere?
A) Aline

B) I band

C) A band

D) Q zone

E) H zone



F) F line
H) G zone
G) Z band

3. Which of the followings include to the oxidative fibers, instead of glycolytic
fibers?

A) many mitochondria
B) less mitochondria
C) more myoglobin
D) less myoglobin

E) large diameter

F) small diameter

Matching questions

1. Match the following terms with their definitions
1. Oxidative fibers
2. Glycolytic fibers
3. Fast-twitch fibers
4. Slow-twitch fibers
A) muscle fibers primarily use glycolysis to generate ATP;
B) muscle fibers primarily use aerobic respiration to generate ATP;
C) muscle fiber that contracts relatively slowly and is resistant to fatigue

D) muscle fiber that contracts relatively rapidly, utilized especially in actions



requiring the maximum effort of short duration;

2. Match the characteristics of slow and fast twitch fibers
1. slow twitch fiber
2. fast twitch fiber

A) white gray color

B) dark red color

C) dominate in muscles with slow fatigue rate

D) concentrated in muscles with high fatigue rate

E) large, numerous mitochondria with tightly packed cristae

F) small mitochondria with less cristae

G) intensive blood supply

H) less intensive blood supply



CHAPTER 12.0



BIOMEDICINE AND BIOINFORMATICS




12.1 Application of biomechanics

You will:

e study the application of biomechanics in robotics.

STQ

Which things in the modern world you can relegate to inventions of nature?

Key terms

¢ Biomechanics - a science that studies applying the basic principles of
mechanics to living organism.

e Robotics - an applied science that includes mechanical engineering,
electrical engineering, computer science and developing automated
technical systems.

¢ Bionics - is the applying of biologic methods of nature to the study and
design of engineering technology.

Facts

e The shark skin is covered with various small scales, which prevents the
formation of whirlpools while swimming, which in turn allows the sharks to
swim faster. Some swimming costumes copy this technology of nature to
increase the speed of the swimmer.

e Cuttlefish can change the colour of its skin to hide from predators or during
hunting. Scientists from the Massachusetts University of Technology are
developing an inexpensive but technologically screen that can display
countless colours using cuttlefish as a sample.

Text

Biomechanics is a mixture of biology and engineering. A living organism can be



considered a mechanical device, which includes engineering concepts. Like fluid
pressure or mechanical friction.

The basis of biomechanics was founded many years ago. Archimedes research,
the law of equilibrium of floating bodies, belong to the III-IV centuries BC. A
little later, William Harvey explains the mechanism of blood circulation in the
animal and the human body. This study was the impetus for the comparison of a
living organism with the machines working on the laws of mechanics. Fixing of
formation of biomechanics was after the discovery of Newton’s basic laws.

The main aim of biomechanics is to study the ways in which the body exerts
efforts and makes movements. This branch of modern biology is based mainly
on anatomy, mathematics and physics.

To date, the development of biomechanics has gone in several directions, among
which, in addition to sports biomechanics, it is possible to distinguish
engineering, medical and ergonomic biomechanics.

e sports biomechanics, the area which associated with the application of
mechanical and biomechanical regularities concerning sports;

e engineering biomechanics, the area which associated with robotics;

e medical biomechanics, area which explores the consequences and the ways
to prevent injuries, prosthetics;

e ergonomic biomechanics, an area that studies human interaction with
surrounding objects with the aim of optimising them.

Application of biomechanics in robotics

Human learned many things from nature and borrowed a many original ideas.
Everything in nature is created with maximum efficiency. They are distinguished
by perfect accuracy and resource saving. Usage of inventions of nature by
human for own purposes is called bionics.

Inventions of nature in modern world

The weight of the humpback whale can reach 45 tons and despite this, it moves
along the water with incredible ease. This is partly due to the hillocks on the
notched fin. Proceeding from this, the engineers added several rows of similar
hillocks to the turbine blade of the helicopters. They were able to increase



power, while reducing the resistance and noise level.

While developing a robotic arm that can move in any direction, engineers
simulated the elephant’s trunk. Because the elephant can pull its trunk in any
direction and grab it anything.

Activity

Head of femur bone consists of net of small criss crossed bone fibers. This
structure makes our skeleton strong, helps to support the body and endure heavy
weights. Gustave Eiffel used the bone structure to create his famous Eiffel tower
in Paris. It also consists of small criss crossed iron beams, which support the
tower.

Find other examples of using biomechanics in life.

Literacy

1. What are the differences between engineering biomechanics and medical
biomechanics?
2. Estimate the main application of biomechanics in robotics?

Research time

Compare different directions of biomechanics and try to predict which of them
will be of great importance in the future and why.

Terminology

bionics - 6MOHMKA;

consequences - caJZap/moc/eACTBus;
cuttlefish - 6acasikTbl y/1y/KapakaTuiia;
effort - Ky cany/ycunue;

engineering - UH>XeHepus;

estimate - Garajiay/OlIeHUTD;

fluid - CyMBIKTBIK/>KUIKOCTb;

friction - ylikenic/TpeHue;



hump - gexec/rop0;

impetus - Cepriiic/uMIlyJibC;
mixture - KOCIia/CMech;
mechanism - MexaHu3Mm;
robotics - poO0TOTeXHUKa;
trunk - misITYMCBIK/X000T;
whale - kuT;

whirlpool - nipiM/Bog0BOpOT.



12.2 Heart automaticity

You will:

e explain the mechanism of heart automaticity using the electrocardiogram.

STQ

Why the biceps can’t contract by itself as a heart muscles?

Key terms

e Heart automaticity - the ability of the heart cells to self-excitation without
any external influences.

e Heart conduction system - controls the heart rate and generates electrical
impulses which conducts them throughout the muscle of the heart,
stimulating the heart to contract.

e Bundle of His - The bundle of cardiac muscle fibers that conducts the
electrical impulses that regulate the heartbeat.

Facts

e A woman'’s average heartbeat is faster than a man’s by almost 8 beats in
minute.

¢ One cardiac cycle the contacting and relaxing of your heart muscle, or what
we think of as a beat takes about 0.8 seconds.

Text

With nutrition, the heart is able to contract out of the body for a long time. In the
human fetus, the first contractions of the heart occur on the 19th or 20th day of
intrauterine development.

Conductive system of the heart is a set of anatomical formations, consisting of



atypical muscle fibers. They provide coordinated work of the atria and ventricles
due to impulses generating in the nodes.

The conduction system of the heart consists of the sinoatrial and atrioventricular
parts. The sinoatrial part includes the sinoatrial node. The atrioventricular part
includes the atrioventricular node, bundle of His and Purkinje fibers.

Like other muscle cells, cardiac muscle cells contract in response to electrical
signals. Unlike other types of muscles, the heart of vertebrates can contract in
the absence of external stimulation. This is possible thanks to the internal
automation of heart contraction. Cells that initiate the contraction of the heart are
known as the pacemaker cells. These cells are localized in the sinoatrial node,
which is in the right atrium. The excited cell Pacemaker transmits the cutoff
signal to neighboring cells, which in turn transmit the signal further.

This signal, emerging from the sinoatrial node, passes through both atria.
Passing through the atrium, the signal stops in the atrioventricular node. There,
the signal is delayed by 0.1 second to allow the blood to flow from the atrium
into the ventricles.
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Diagnostic value of ECG

The history of electrocardiography began in 1906. Dutch physiologist Willem
Einthoven with the help of a string galvanometer registered the first ECG in a
patient with a cardiac pathology. Thus Einthoven became the founder of modern
electrocardiography and for this achievement in 1924 he was awarded the Nobel
Prize in the field of medicine.

Electrocardiography is one of the methods of studying the cardiovascular
system. ECG helps to detect cardiac rhythm disorders, helps in the diagnosis of
coronary and heart disorders. It is a record of the electrical activity of the heart
which taken from the patient’s body surface. Each cell of the myocardium is a
small electric generator, which is discharged and charged when the excitation
wave passes. The ECG is a reflection of the total work of these generators and
shows the processes of distribution of the electric impulse in the heart.

On the picture below, you can see part of the ECG. Parts 1 and 2 represent the
systole of the atria. Parts 3 and 4 show the systole of ventricles. Part T represents



the recovery of ventricles.

Activity

Imagine you are a cardiac doctor. You have four patients:

1. The first patient has atrial fibrillation. It is when atria beat rapidly and
irregularly.

2. The second patient has tachycardia. It is when the heart beats accelerates.

3. The third patient has bradycardia. It is when the heart beats slowly.

Your assistant messed their results. Find the ECGs of each of the patients.

Cardiology
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Literacy




1. Why electrocardiogram is needed?
2. Why heart can beat out of the body?
3. What happens if the heartbeat is not normal? Why it is dangerous?

Research time

Whale’s heart beats 8-10 times per minute, while hummingbird’s heart beats
1260 times per minute. Explain the differences in heartbeats of these animals.
How does it help them during their life?

Terminology

automaticity - aBTOMarus;

bundle of His - I'ncc mworbipsl / myuok ['mcca;

delay - ipkisic / 3agep>xKa;

fiber - TanIbIK / BOOKHO;

heartbeat - >xypek Kary / cepaiiebueHue;

node - TyitiH / y3es;

pacemaker - cepriH TybIHAATKBILI / IECMeNKeD;

self-excitation - e3irineH K03y / caMoB0O30y>K/jeHHe€;

string galvanometer - 111eKTi raJilbBaHOMETD / CTPYHHBI! T'a/IbBAHOMETD;
to contract - >XMbIPbLITY / COKpaIaThCsl.



Problems

Test questions with one right answer

1. Cells that initiate the contraction of the heart
A) Purkinje fiber

B) Bundle of His

C) Pacemaker

D) Cardiac cell

E) Heartbeat

2. Area of biomechanics associated with sport?
A) engineering

B) sport

C) medical

D) ergonomic

E) bionics

3. How many seconds takes one cardiac cycle?
A) 0.2 seconds

B) 0.4 seconds

C) 0.6 seconds

D) 0.8 seconds



E) 1.0 seconds

4. What is the function of electrocardiography?
A) accelerate cardiac rhythm

B) reduce cardiac rhythm

C) repair cardiac rhythm

D) detect cardiac rhythm

E) recover cardiac rhythm

Test questions with several (max 3) right answers

1. Atrioventricular part includes:
A) atrioventricular node

B) sinoatrial node

C) septum

D) bundle of His

E) valves

F) aorta

G) Purkinje fibers

H) left atrium

Matching questions

1. Match the phrases on the left with the term that best fits.

1. Networks of fibers that receive conductive signals



2. Controls the heart rate and generates electrical impulses

3. The bundle of cardiac muscle fibers that conducts the electrical impulses

A) Heart
B) Septum
C) Purkinje fibers
D) Electrocardiograph
E) Heart conduction system
F) Bundle of His
2. Match the following words with their definitions
1. Ergonomic biomechanics
2. Engineering biomechanics
3. Medical biomechanics
A) explores the ways to prevent injuries
B) mechanical and biomechanical laws in sports
C) studies basic principles of mechanics
D) applying of biological methods of nature
E) studies human interaction with objects to optimise them

F) association with robotics



CHAPTER 13.0



BIOTECHNOLOGY




13.1 Microorganisms in daily life

You will:

e discuss the advantages and disadvantages of living organisms used in
biotechnology.

STQ

Can microbes be useful?

Key terms

e Biofertilizer - is a fertilizer which contains living microorganisms which
help plant growth,

e Acidification - is the buildup of hydrogen cations, also called protons,
reducing the pH;

¢ Aflatoxins - are poisonous carcinogens that are produced by certain molds
(Aspergillus flavus and Aspergillus parasiticus) which grow in soil,
decaying vegetation, hay, and grains;

¢ Nitrogen fixation - is a process by which nitrogen in the Earth’s atmosphere
is converted into ammonia (NH3) or other molecules available to living
organisms.

Research time

Probiotics are the important components of some dairy products. What are
probiotics? Which dairy products contain probiotics? How do probiotics affect
human health? Do a research and write a summary of one page about it.

Text

Biotechnology is the use of living organisms, such as bacteria, fungi and algae to
supply us with useful substances or processes.



Agriculture

Use of microorganisms in agriculture is concerned with the relationship between
microbes and crop plants. Purposes of these relationship are to improve yields,
fight against plant diseases and improve resistance to abiotic factors.

One of the examples of microorganism application in agriculture is biofertilizers.
Biofertilizers consist of living microorganisms, and they are added to the soil to
increase the plant growth. They provide plants with increased amount of
nutrients. Commonly used biofertilizers include phosphate-solubilizing bacteria,
which solubilize bound phosphates and make them available for plants.
Mycorrhizal fungi associated with plant roots, are often important for nutrient
uptake and plant survival in natural ecosystems. Azospirillum bacteria stimulate
plant growth through nitrogen fixation and production of growth substances.

However, there are some negative aspects of using biofertilizers. Extensive and
long-term application of biofertilizers may result in accumulation of salts,
nutrients, and heavy metals in soil. This causes adverse effects on plant growth,
development of organisms in the soil, water quality, and human health. Also,
large volumes of biofertilizers are required for land application due to low
contents of soil nutrients, in comparison with chemical fertilizers.

Daily life

People have used microorganisms for thousands of years. Yeasts and some
bacteria have been used in baking and wine production.

Baking different types of bread needs different ingredients, yeasts and some
types of bacteria. For example, salt plays a contributing factor to the leavening
of sourdough bread, bacteria will not grow in media with large amounts of salt.
But not all bacteria are beneficial for bread production. Some bacteria, like “ropy
bread”, cause infections that have negative effects on the bread.

Lactic acid bacteria, yeasts and molds are used in preparation of yoghurt, cheese,
sour cream and other dairy products. Acidification is carried out by lactic acid
bacteria whereas other bacteria, molds, and yeasts become dominant during
ripening and contribute to the development of aroma and texture in dairy
products.



Fermented dairy products can contain beneficial compounds (vitamins, bioactive
compounds), which are produced by the metabolic activity of their
microorganisms, but sometimes some microorganisms can also release toxic
compounds, such as aflatoxin. Aflatoxin is poisonous carcinogen that is
produced by certain molds.

Activity

Enzymes are used as meat tenderizers (processing of meat) in food industry.
Some strains of bacteria (GM1-GMb5) contain enzymes that act as proteases.
Enzyme extracts of bacteria were tested for use as possible meat tenderizers. The
extracts were tested over a range of pH values. Analyze the graph below and
answer the following questions.

GM3
101 GM1 \ GM4

Relative 8 J
Effectiveness
(Compared 6 +
to Distilled
Water)

2 4 6 8 10 12 14
pH

1. Over which pH range does GM3 extract operate at no less than 50% of its
maximum effectiveness?

Which strain extract is the most effective at a neutral pH?

What will happen when an enzyme extract has a relative effectiveness of 1?
Which strain extracts are the most effective at acidic pH?

Which strain extract is the most effective at a pH of 12?

ik



Facts

Genes of Bacillus thuringiensis are used to improve the tolerance of plants
against insects. The first insect tolerant genetically modified plant was
tobacco, which contained Bt genes from B.thuringiensis.

Bacteria associated with bread spoilage include Bacillus mesentericus,
responsible for “ropy” bread, and it is not particularly toxic. Enzymes
secreted by B. mesentericus change the starch inside the loaf into a gummy
substance.

Literacy

1.
2.

In which fields can microbes be used?
What are negative effects of using microbes in daily life?

Terminology

acidification - KbIIKbUIJaH/BIPY / TIOAKUCIEHHE;
adverse - >karbIMCbI3 / HeOIaronpUsITHLIN;
biofertilizer - GuOTBIHAUTKRIII / OMOYIOOpPEHMUE;
gummy - 1aubIP/Ibl / CMOJIUCTBIM;

leavening - almbITKbLIAy / 3aKBAlLIMBAHUE;

nitrogen fixation - a30T )kuHakTay / a30TduUKCaLus;
ripening - micy / co3peBaHue;

sourdough bread - aibIThIIFaH HaH / X/1e0 Ha 3aKBaCKe;
to concern - vesieHy / ipuobpecTy;

to contribute - >xypri3y / BOOUTb;

to solubilize - >kuHay / cobupaTsb.



13.2 Microorganisms in industry and
medicine

You will:

e discuss the advantages and disadvantages of living organisms used in
biotechnology.

STQ

How are microorganisms used in medicine?

Key terms

e Antibodies - are used by the immune system to destroy pathogens;

e Antimicrobial resistance - is the ability of a microorganism to stop an
antimicrobial effect;

¢ Bioleaching - is the extraction of metals from their ores by microbes;

¢ Bioreactor - is a device in which biological active substances are produced
by iving organisms;

¢ Growth medium - is a medium on which microbes grow.

Research time

Animals are also used in biotechnology. Do a research about positive and
negative aspects of using animals in medicine.

Text

Microorganisms are the main living things which are used in most of the
processes of biotechnology. They can be used in industry and medicine.



Industry

In industry, they are applied in metal bioleaching and production of different
metabolites, such as enzymes, amino acids, organic acids, vitamins, insecticides,
etc.

Important metals, including iron, copper, zinc are mainly found in the form of
metal sulfides, which are insoluble in water. Several types of bacteria are able to
oxidise them into metal sulfates, which are soluble in water and can be washed
out from rocks. Acidithiobacillus ferrooxidans is a bacterium which converts
iron sulfide (FeS2) into iron sulfate (Fe2(S04)2).

Bioleaching has several advantages to conventional way. It is safe, because it
doesn’t produce toxic gas sulfur dioxide (SO2). It can be used to extract metals
from ash and industrial wastes. Bioleaching reduces production costs. It helps to
get the metal from low grade ore.

However, sometimes bioleaching has negative effects. It is very slow process
compared to smelting. Sulfuric acid is produced, which may leak into the ground
and water surface, making it acidic, and thus causing environmental damage.

Medicine

Microorganisms in medicine are used to produce antibiotics, vaccines,
antibodies, etc. Microorganisms are very small and are easy to grow in
laboratory, because the reproduce very quickly. Their DNA can be mutated or
genetically engineered, and their genes are quite easy to transfer from one cell to
another via plasmids.

The pharmaceuticals produced by microbes should be selectively toxic to the
microbe but nontoxic to the host cells. They should remain long enough to act
and not to be broken down or excreted prematurely. Microbes should not lead to
the development of antimicrobial resistance. They should remain active in
tissues and body fluids. Also, they should be reasonably priced.

There are also negative effects of using microorganisms in medicine:

¢ during preparation of vaccines, laboratory assistant should be careful,
because they are pathogens;



e if the production of microorganisms is disrupted, they can mutate rapidly
and cause diseases;

e inactive pathogenic microorganisms can be activated in some cases, so the
pathogenic characteristics always must be regulated;

e the lifespan of some pharmaceuticals produced by microbes is very short;

e some of the pathogenic microbes cannot be cultivated in a laboratory.

Activity

One scientist identified three bacterial strains: Q, R, and T. Three different
growth media were prepared, each containing only 4 amino acids. Growth was
determined in these environments. The amino acid content was as follows:

e Medium 1: cysteine, phenylalanine, serine, threonine;
e Medium 2: cysteine, phenylalanine, proline, tryptophan;
e Medium 3: cysteine, proline, threonine, tryptophan.

Results are given in a table below: ‘+’ - presence of growth, ‘-’ - absence of
growth.
Q R T
Medium 1 ® & o
Medium 2 : + +
Medium 3 +
Microbe Q Microbe T

®® 3

Scientist further determined that the microbes R was not pathogenic. Three



potential antibiotics X, Y, and Z were tested against strains Q and T. Below, the
effects of these antibiotics on growth after 24 hours of bacterial growth are
shown. The painted area corresponds to a good growth of bacteria.

Based on given above data, find whether the following statements are true or
false.

1. The cell membrane is present in the microbe R.

2. Threonine is essential for the bacterium Q.

3. Serine is essential for the bacterium Q.

4. Phenylalanine is not essential for the bacterium Q.

5. By observing microbe T, scientist would not find a nuclear
membrane.

6. Medium 1 can be used to determine the effectiveness of antibiotics
against pathogenic bacteria.

7. Antibiotic Z is equally effective against bacteria Q and T.

8. Antibiotic Y is effective against bacteria T, but not Q.

Facts

¢ Bioleaching is preferable in extracting gold rather than copper, because the
concentration of gold is low in its ore compared to copper.

¢ Antibodies are used to prepare immunotoxins, which consists of antibody
and toxic component. These type of new generation drugs bind to specific
antigen of cancer cells, and acts only on it by toxin, not other normal cells.

Literacy

1. Why are microorganisms conevnient to use in industry and medicine?
2. What are negative effects of using microbes in medicine?

Terminology

¢ antimicrobial resistance - aHTUMUKPOOTHIK, TO3IM/Ii/TiK / TPOTUBOMUKPOOHAast
yCTOMYUBOCTH;

¢ bioleaching - 6uocinTici3aeHipy / OHOBBIlIeIaUMBaHNE;

e conventional - f3CTyp:i / TpagULMOHHBIN;

e growth medium - KOpeKTik opTa / nuTarebHas Cpe/a;



ore - KeH / pyza;

prematurely - Me3risici3 / mpe>xxieBpeMeHHO;
smelting - KOpBITY / M/1aBKa;

to disrupt - 6y/ipy / CpbIBaTh;

to wash out - XyBblII 1IbIFapy / BBIMBITb.



13.3 Polymerase chain reaction

You will:

e describe the importance of PCR in taxonomy, medicine and forensic
science.

STQ

How scientists copy DNA in the lab?

Key terms

e Genetic marker - is a gene or DNA sequence with a known location on a
chromosome that can be used to identify individuals or species;
e Restriction enzymes - enzymes that cuts DNA at specific sites.

Research time

Sometimes scientists use method which is called Reverse transcriptase-PCR (RT-
PCR). Do a research about it, and write the steps of RT-PCR. Find when
scientists use this method.

Text

The polymerase chain reaction (PCR) is a method for production of many copies
of a particular fragment of DNA. Within a few hours, this technique can make
billions of copies of a target DNA segment.

There are machines in laboratories, which perform PCR. The materials needed
for PCR are small, thin tubes for reaction, and reaction solution. Reaction
solution contains DNA template, DNA primers, free nucleotides, a buffer
solution and DNA polymerase (Taq polymerase) enzyme. The main important
factor is temperature, that automatically changes by PCR machine.

The PCR includes 3 steps: 1) Denaturation: DNA is denatured at 950C, and



double helix is separated, 2) Annealing: after cooling, DNA primer is bind to
particular DNA fragment by complementary base pairing, it requires a
temperature of about 650C, 3) Elongation: DNA polymerase adds free
nucleotides to synthesize complementary strand. This requires a temperature of
around 720C. First copy of DNA is ready, and above three steps occur again and

again.
PCR cycle
DNA  DNA primer nucleotide

Components a 1E

Denaturation 94-38 OC E g

Annealing al0-68 OC

/

Elongation 72 OC =

117

Stages of PCR

Importance of PCR in forensic science and paternity test



The DNA sequence of every person is unique (except for identical twins).
Genetic markers vary in the population. This difference can be analyzed for a
given person to determine that individual’s unique set of genetic markers. This
method is called DNA profiling. One of these genetic markers are short tandem
repeats (STRs). The number of repeats varies from person to person. Individuals
will likely have different numbers of repeats at a given DNA locus, they will
generate unique DNA profiles. For example, in the image, you can see that
AGAT sequence can be repeated differently in individuals.
PCR is used to make copies of particular STRs. In this reaction, PCR uses sets of
primers that are labeled with different colored fluorescent tags. The copies of
DNA is then cut into fragments by restriction enzymes. The restriction enzymes
cut DNA close to the STR regions. The length of the region and the number of
repeats, can then be determined and visualized by electrophoresis.
Gel electrophoresis is a technique used to separate different sized molecules of
DNA by electric field. The fragments of DNA move through the gel towards the
anode. Short fragments move far away from the cathode than long fragments.
After electrophoresis, the gel with DNA fragments is placed on an X-ray film.
The radiation emitted by fluorescent tags make the film go dark. The pattern of
dark stripes (bands) on the film matches the positions that the DNA fragments
reached on a gel.
Analysis of genetic markers of people helps to find suspect in a crime, and father
in paternity test.

Mixture of DNA

fragments of
different sizes

ﬁ‘! L J Tl méﬂfg w‘ﬂ_f Band of
B == longest
1 — = = sl (slowest)
Power ' ? == ' - - fragments
source - : - =
LA A - =
« Cel === Band of
shortest
S (fastest)
0 ) Completed gel  fragments

Gel electrophoresis of DNA



Activity

1. Using the following primer: 5’ - CTGGA, locate where it binds to the DNA
template.

Primer: o' -3
DNA template: 3-TAGCTATGCGGACCTCATGCATTAGAGTAG-5'

2. Fill the table to illustrate the steps of the PCR and describe what happens on
each step. Use the following words:

template primers Tagpolymerase denaturation elongation annealing

Name of step

Temperature

Description

Illustration

Facts

e Taq polymerase was the first heat-stable DNA polymerase to be used in
PCR. It was isolated from the thermophilic bacterium, Thermus aquaticus,
which is found in hot springs in Yellowstone Park in the USA.

Literacy

1. How many molecules of DNA are produced after 8 cycles of PCR?
2. Why DNA molecule moves towards cathode during gel electrophoresis?
3. Why fluorescent tags are used during gel electrophoresis?

Terminology

¢ band - cbI3bIK / TTO/IOCKA;
e crime scene - KbUIMBIC OPHBI / MECTO TIPECTYTLIEHHS;
¢ fluorescent tags - duryopeciieHTTi TaHOamap / GuiyopeciieHTHbIe METKH;



individual - gapak / oco6pb;

paternity test - 9KeJIiKTi TeKCepy / TeCT Ha OTLIOBCTBO;

polymerase chain reaction - monmmepa3sasnbIK Ti306eKTi peakiys /
ToJIuMepasHasi LjeTTHasi peakivs;

primer - ripanimMep;

short tandem repeats - KbICKa TaH/AeM/IbIK KaliTa/laHbIMZAp / KOPOTKHe
TaH/IeMHbIe ITOBTOPHI;

to label - 6esnriney / MeTUTBh;

to vary - aybICy / MEHSITbCS;



13.4 Application of PCR

You will:

e describe the importance of PCR in taxonomy, medicine and forensic
science.

STQ

Why is PCR needed?

Key terms

¢ Genetic marker - is a gene or DNA sequence with a known location on a
chromosome that can be used to identify individuals or species;
e DNA cloning - enzymes that cut DNA at specific sites.

Research time

There are many ways of using PCR in molecular biology and genetic
engineering. PCR is also used in mutagenesis, creating mutations in a gene and
obtaining many copies of that gene. Make a research how PCR is used in
mutagenesis.

Text

PCR in cloning genes

PCR is used to supply the specific DNA fragment for cloning. PCR primers are
designed to have a restriction site at each end of the DNA fragment obtained by
PCR. It matches the site in the cloning vector. Then the fragment and vector are
cut, hybridized, and ligated together.



DNA fragment of interest

e

The PCR primers are Cloning vector
designed so

that the DNA fragments
obtained

by PCR have, at each end, a
restriction site matching

the one in

the cloning vector

Restriction
Enzymes

DNA fragments and _|_
cloning vector are
digested by same
restriction enzymes

wi”gﬂﬁe

Recombinant DNA

Use of a restriction enzyme and PCR in gene cloning

PCR in diseases diagnosis

One important use of PCR is the identification of human genes whose mutation
or influence plays role in genetic diseases and ‘non-genetic’ diseases, such as
arthritis and AIDS. These discoveries may lead to ways of diagnosing, treating,
and even preventing such conditions.

Medical scientists can diagnose hundreds of human genetic disorders by using



PCR. The primers that target the genes associated with these disorders are used.
The DNA product after PCR is then used to find the presence or absence of the
disease-causing mutation.

By “personalized medicine”, genetic makeup of each individual can inform them
about diseases or conditions for which they are especially at risk and help them
make treatment choices.

PCR in sequencing DNA molecule

Sequencing of DNA molecule is determining nucleotide order of DNA
nucleotides. This process can be performed by PCR. The difference is that some
of the primers are modified and electrophoresis is performed in capillary tube.
Modified primers are tagged by fluorescent dye (4 different colours) and doubly
deoxidised nucleotides (ddNTP). These primers stop the PCR when, by chance,
they join to the growing DNA, because they lack a 3’-OH group, the site for
attachment of the next nucleotide.

The result is many copies of DNA with different lengths, and ending is tagged by
colour. There are as many different lengths as the number of bases in gene. The
mixture with different lengths of DNA is then pulled towards cathode, along
capillary tube by electrophoresis. At the end there is a laser light, which shines
and colour is recorded automatically. Computer records sequence of colours,
which represent particular bases that pass through the laser. Short ones reach the
laser first, so these bases were closer to the beginning of the DNA. The sequence
of bases passing through the laser determines the sequence of bases in the DNA.



PCR in presence of fluorescent, chain-terminating nucleotides
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Activity

Imagine that you are working in a laboratory as a lab assistant. You have a small
fragment of DNA that you are going to sequence. You perform PCR using
modified primers. Below is the resulting gel. What is the sequence of the
original DNA? Explain your answer.
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Facts

e Kary Mullis earned Nobel Prize in 1993, for recognition of his invention of
the PCR technique.



e DNA can be extracted from almost anything that has come from a person’s
body — the root of a hair, a tiny spot of blood or semen at a crime scene, or
saliva where someone has drunk from a cup.

Literacy

1. What is the function of PCR?
2. Where PCR is used?
3. What is sequencing?

Terminology

at risk - KayinTe / B 01acHOCTH;

crime scene - KbIJIMbIC OPHBI / MECTO TIPeCTYTI/IeHUS;
electrophoresis - asekrpodopes;

genetic makeup - reHeTUKa/bIK KypaMbl / TeHETUUECKUN COCTaB;
invention - eHepTabbIC / 1300peTeHuUE;

sequencing - ceKkBeHHpJiey / CeKBeHHPOBaTh;

tagged - TaHbOaaHFaH / MeUeHbI;

to assemble - yxuHay / cobpars;

to determine - aHBIKTAY / OTIpe/IEe/TUTh;

to record - Tipkey / perMCTpPUPOBATh;

to target - GarbITTay / HAaINIPABJISATh.



13.5 Genetic engineering

You will:

e explain the stages of genetic engineering manipulations.

STQ

How to insert genes into an organism?

Key terms

e Sticky ends - short lengths of unpaired bases;
e Vector - delivers recombinant DNA to the cells of the organism.

Research time

Make a research and write at least three advantages and disadvantages of genetic
engineering.

Text

Genetic engineering involves transfer of a gene from one organism to another.
Transferred gene should be expressed (producing protein) in new host organism.
The new DNA molecule made from two different organisms is called
recombinant DNA. The organism which now expresses the new gene or genes is
known as a transgenic organism or a genetically modified organism (GMO).

The steps of genetic engineering manipulations

The are many ways of producing GMO, but following steps are general
principles of genetic engineering.

Production of human insulin:



i

Human insulin gene is isolated from a chromosome by restriction enzymes,
for example, EcoRI. They produce sticky ends. Sticky ends can easily form
hydrogen bonds with complementary sequences of bases on another DNA
cut with the same restriction enzyme;

Plasmid DNA (vector) is cut with the same restriction enzyme, and sticky
ends are produced. pBR322 is a vector, which contains origin of replication
(ori) where replication starts, antibiotics resistance genes, and restriction
sites for restriction enzymes, such as EcoRI, BamHI, and PstI;

The insulin and plasmid DNA are joined by sticky ends, and enzyme ligase
joins the DNA backbone. The new molecule is now called recombinant
DNA;

The recombinant DNA is introduced into bacteria;

The bacteria which take up recombinant DNA are identified. For this
purpose, they are grown on a medium which contains ampicillin or
tetracycline antibiotics. Bacteria which take up recombinant DNA survive,
because they have antibiotics resistance gene;

The survived bacterial cells are cloned, and grown at an industrial scale in
large amounts;

Human insulin is extracted from the bacteria and purified.
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Genetic engineering is used in many ways in our life, these are some fields of its
application:

¢ medicine - production of pharmaceutical products, such as hormones,
vaccines and antibiotics;

e agriculture - GM plants and animals;

¢ environmental cleanup - biofuels and biodegradation of wastes;

¢ industry - production of enzymes, washing powders, dietary products, etc.

Activity

Work in pairs to answer following questions.
A eukaryotic gene, which is responsible for growth hormone, has “sticky ends
produced by the restriction endonuclease BamHI.

»



This gene is added to a mixture containing BamHI and a bacterial plasmid
pBR322. This mixture is incubated for several hours, exposed to DNA ligase,
and then added to nutrient medium where this bacteria grow. The bacteria are
allowed to grow overnight and they produce colonies. Samples of these colonies
are then grown in four different media:

A) nutrient medium + ampicillin

B) nutrient medium + tetracycline

C) nutrient medium + ampicillin and tetracycline

D) nutrient medium without antibiotics

1. The gene will be inserted into which part of plasmid?

2. Bacteria that contain the plasmid, but not the eukaryotic gene, would grow
in

3. Bacteria containing a plasmid into which the eukaryotic gene has integrated
would grow in

4. Bacteria that do not take up any plasmids would grow on which media?

Facts

e Poplar tree is the product of genetic engineering that can absorb polluted
water through their roots and clean it before the water is released back into
the air.

Literacy

1. List three advantages of genetic engineering methods compared to selective
breeding methods.

2. What is a vector and why it is needed?

3. Why is antibiotic resistance gene is necessary in a plasmid?

Terminology

biodegradation - 6uoOTUSITBIK, bIZBIPAY / GUOIOTUe CKUM pacra/;
industrial scale - eHipicTik MesIIep / MpoMbIiiLIeHHbIN MaciTab;
medium - opTa / cpeja;

poplar tree - Tepek / TOMO/b;

sticky ends - >kabbICKAK, yIIITap / JITIKKE KOHLIbI;



to clone - KlOHZAY / KIOHUPOBATH;

to express - KOpCeTy / BbIpaXKaThb;

to take up - OpbIH any / 3aHSITh;

transgenic organism - TpaHCTeH/[i OpraHu3M / TPAaHCTe€HHBIN OpPTraHU3M;
vector - BeKTOp.



13.6 Application of genetic
engineering

You will:

e explain the stages of genetic engineering manipulations.

STQ

Where genetic engineered organisms can be used?

Key terms

e Cephalosporins - are a class of -lactam antibiotics originally derived from
the fungus Acremonium, which was previously known as
“Cephalosporium”;

¢ Chlorinated hydrocarbons - are very potent nerve toxins to insects, and their
initial use led to significant improvements in insect control;

e Growth factors - compounds that are capable of stimulation of growth,
division and differentiation of cells;

¢ Vaccine - immunobiological drug, which is used to produce immunity
against infectious diseases.

Research time

Do the research to the given organisms and explain their role in the genetic
engineering. How scientists manipulate their genes, is it harmful to these
organisms? Explain your answer with evidence.

Escherichia coli
Drosophila melanogaster
Arabidopsis thaliana
Zebrafish



e Tobacco mosaic virus

Text

Medicine

Pharmaceutical proteins produced by genetic engineering are insulin, growth
hormone, factor VIII - blood clotting factor, growth factors, etc. Growth factors
are used to treat ulcers in stomach and scars on skin.

Transgenic plants have been engineered to produce vaccines that can be taken
effectively by mouth. They include vaccines against rabies and cholera. Banana
has been used, which is cheap and widespread.

The development of recombinant DNA techniques and their application to
antibiotic producing microorganisms has allowed yield increments. The design
of biosynthetic pathways gives rise to new antibiotics. For example, genetically
engineered fungus Cephalosporium acremonium, produced more cephalosporin
(antibiotics), and produced new penicillin G.

Agriculture

Desirable traits in agricultural crops, such as enhancement of shelf life of fruits
and vegetables, delayed ripening and resistance to spoilage, insects and disease,
as well as abiotic factors are interest of genetic engineering. For example, shelf
life of transgenic tomato is longer than non-transgenic tomato.

The goals of creating a transgenic animal are milk yield, to make a sheep with
better quality wool, a domestic animal with leaner meat, or a cow that will
mature in a shorter time. Transgenic salmon is engineered, and it is bigger than
non-transgenic salmon.

Environmental cleanup

Pollution of environment is one of the major problems nowadays. Genetically
engineered microorganisms can be used in treating polluted water and soil. They
degrade oil products, chlorinated hydrocarbons and other harmful compounds,
because they have introduced genes responsible for degrading harmful
compounds.

Ethanol (alcohol), produced from fermented sugar, could replace, or at least
supplement, petrol. Ethanol produces less pollution than petrol. Fatty acids and



glucose can be converted to ethanol by anaerobic respiration. There are some
GM microalgae that produce more fatty acids than non-GM microalgae.

Industry

Fungi (like Aspergillus) or bacteria (like Bacillus) are common organisms used
to produce the enzymes. To ‘improve’ the action and to enhance production of
the enzymes coded by the genes, new genes can be introduced into the microbes.
Enzymes produced by these microbes are used to clarify juices, enhance flavour,
maximize juice extraction, make cheese, produce lactose-free milk in food
industry.

Enzymes are used in preparing washing powders. They contain mainly proteases
and lipases, to remove egg, meat, blood, fat stains. They save energy, because
there is no need for boiling water.

Activity

Divide into groups of 4 members. Select roles and read scenario. Present a
family debate.

Roles Characteristics

Mrs Kuralay | genetic engineer

Husband likes foreign holidays and fast cars
Daughter vegetarian and member of a local animal rights group
Son very religious and has strong views on “man playing God"

Scenario: Mrs Kuralay has managed to transfer some cattle growth hormone
genes into a chicken. She tells her family that modified chickens will grow even
faster. However, fast-growing chickens may have trouble standing, suffer from
weak hearts and chronic pain. Chickens can be slaughtered sooner and therefore
farmers will kill more chickens per year and make more money. She is going to
patent her invention and hopes to make a lot of money from it.

Facts

¢ Golden rice is the product of genetic engineering which contains beta-
carotene 20 times higher than in normal rice and it prevents the vitamin A



deficiency.

Literacy

1. What characteristics of microorganisms are used in treating polluted
ecosystems?

2. Why you should wear gloves while using washing powders which contain
enzymes?

3. Explain why lactose-free milk is produced.

Terminology

cholera - ThIpbICKAK / X0/€Pa;

counterpart - Keripme / KOIus;

enhancement - KyIeuTy / ycusaeHue;

growth factors - ecy dakropsapsl / hakTopbl poCTa;
increment - eCiM / IpUPOCT;

leaner - »xyka / ToOIUH;

microalgae - Mukpobasnabipap / MUKPOBOAOPOC/IH;
rabies - KyTbIpy / GellleHCTBO;

ripening - micy / co3peBaHue;

ulcer - »kapa / s3Ba.



13.7 Ethics of GMO application

You will:

e discuss ethical issues of application of genetically modified organisms.

STQ

What are disadvantages of GMO?

Key terms

e Crop plants - are plants that are grown by humans for food and other
resources;

e Ethical question - involve consideration of conflicting moral choices and
dilemmas;

e Organic certification - is a certification process for producers of organic
food and other organic agricultural products;

e Transgenic organism - an organism which contains DNA form another
organism, and also called genetically modified organism.

Research time

What potential dangers happen if genetically modified microorganisms contact
with the outside environment? Make a research and make a mind map.

Text

Genetically modified (GM) organisms are used in some countries, and mainly
crop plants rather than animals. How have GM organisms affected our society?
Can we see any improvements in our lifestyle and health? Are there any damage
and harm from using GMQO?



Benefits of GMO

In the past, the organisms with desirable traits were obtained by selective
breeding methods, nowadays we can create GM organisms in a short period of
time. By the help of creating GMO, it is possible to improve nutritional content
of food, for example, vitamin A rich rice, increase the yields of crops and
domestic animals, produce different pharmaceuticals, such as vaccines,
antibiotics, hormones. These pharmaceuticals can be produced by GM plants,
and used effectively by eating these plants.

Enzymes are made for use in food industry, but obtaining them by traditional
methods are ineffective. Rennin is an enzyme which is used in cheese
production, traditionally it was obtained from cow calves and it was to obtain
enough enzyme to satisfy demand, but now it is produced by GM microbes.

Possible risks of GMO

Generally GMO are seen unnatural and unsafe compared to organisms produced
by selective breeding methods. Concerns about GM crops are the modified crop
plants may become agricultural weeds or invade natural habitats, the introduced
gene(s) may be transferred by pollen to wild relatives and unmodified plants
growing on a farm with organic certification, the modified plants may be a direct
hazard to humans, domestic animals, by being toxic or producing allergies, GM
seeds are expensive, and growers mostly need to buy seeds each season.

One of the worries is that the vectors that carry genes, mainly contain antibiotic
resistant genes. if this antibiotic resistance gene is transferred to harmful
microbes in our body, they would obtain high resistance to antibiotics.

Ethical questions

There is a debate between two groups: 1) some people consider GMO as a
solution to food shortage, the scarcity of environmental resources and weeds and
pests infestations; and 2) independent scientists, environmentalists, farmers and
consumers who warn that GM food introduces new risks to food security, the
environment and human health.

There are different levels of ethics for different GMO. For example, the pain of
an animal is minimal and potential benefit is high, which makes ethical question
an easy one, in case of studying diseases in GM animals.

For now, it is hoped that people will become more educated on the ethical



concerns about GMO, which will contribute further research and accountability

in this field.
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Activity

Discuss with your friends following questions by Think-Pair-Share method:

In what circumstances use of genetic engineering is acceptable?

Is it acceptable to modify an organism that produces useful product?
Is it acceptable to engineer an animal to study diseases?

Is it acceptable to modify crops to improve yields? And in what cases?
Should products containing GMO be labeled in markets?

Should we accept use of GMO in our country?

Facts

e In 2009, animals became factories for pharmaceuticals. Genetically



modified animals produce various drugs which are used in medicine. For
example, human alpha-antitrypsin is produced by sheep — this is used to
treat people with emphysema

e The first genetically modified crop approved for sale in the U.S., in 1994,
was the FlavrSavr tomato. It had a longer shelf life, because it took longer
to soften after ripening

Literacy

1. What is GMO?
2. Are GMO bad or good? Explain your answer.
3. Where GMO are used?

Terminology

accountability - »kayarnkepIiIisiik / OTBeTCTBEHHOCTb;

calve - Oy3ay / TelleHOK;

demand - Ka)XeTTi/iK / HyX/ia;

desirable - KakeT / >ke/jlaTeIbHbIN;

food shortage - Taram >xeTicreyiiisiri / JeUIUT efibl;

harvest - eHiM / yporkaii;

infestation - 3aKbIM / 3apakeHue;

nutritional content - KOpeKTiK KypaMbl / MUTaTe/bHOE COZlePKaHue;
pharmaceuticals - dhapmatieBTUKabIK Tperiapartap / (papMmaiieBTHUeCKUe
Tiperaparsbi;

purification - Ta3apTy / OUMCTKa;

¢ to invade - GachIm Kipy / BTOpraTbCs.



Problems

Test questions with one right answer

1. What are stages of PCR?

A) replication-transcription-translation

B) initiation-elongation-termination

C) denaturation-annealing-elongation

D) prophase-metaphase-anaphase-telophase
E) denaturation-renaturation

2. What is biotechnology?

A) using living organisms to supply us with useful substances
B) using robots in biology

C) using new technology to save the nature
D) creating robots similar to living organisms
E) using smartphones on biology lessons

3. What does EcoRI produce?

A) insulin

B) plasmid

C) vector

D) sticky ends



E) ligase

4. Extraction of metals from their ores by microbes:
A) bioremediation

B) bioleaching

C) acidification

D) annealing

E) restriction

Test questions with several (max 3) right answers

1. Which living organisms are used in daily life?
A) yeasts

B) Azospirillum bacteria

C) Lactic acid bacteria

D) Molds

E) Acidithiobacillus ferrooxidans
F) Sulfuric acid bacteria

G) E. coli

H) Mycoplasma

2. Materials needed for PCR:

A) DNA ligase

B) H20



C) Oxygen gas

D) DNA polymerase
E) bacteria

F) DNA primers

G) restriction enzymes
H) free nucleotides

3. Materials needed for insulin production:
A) DNA primers

B) restriction enzymes
C) ligase

D) plasmid

E) DNA polymerase
F) 950C temperature
G) buffer solution

H) free nucleotides

Matching questions

1. Match these processes with temperatures they require:
1. Denaturation
2. Annealing

3. Elongation



A) 36-38C

B) 72C

C) 50-68C

D) 102-104C

E) 94-98C

F) 44-45C

2. Match these organisms with the fields they are used in:
1. Acidithiobacillus ferrooxidans
2. Yeasts
3. Azospirillum bacteria

A) diary products production

B) bread production

C) stimulate plant growth

D) production of aflatoxins

E) bioleaching

F) insulin production



ANSWERS



HER ANSWERS Ll
1. MOLECULAR BIOLOGY AND BIOCHEMISTRY 1 2 3

Answers for the tests with one correct answer A D B

Answers for the tests with several correct answers A CE C,DH E,FH
Matching questions 1-D, 2-E, 3-B 1-B, 2-E, 3-D

2. CELL BIOLOGY 1 2 3 4
Answers for the tests with one correct answer B C D D
Answers for the tests with several correct answers B EF A, D F B CF
Matching questions 1-B, 2-F, 3-C 11-E, 2-A, 3-B |

3. NUTRITION 1 2 3 4
Answers for the tests with one correct answer D D D A
Answers for the tests with several correct answers AE,G ADH CEH
Matching questions 1-D, 2-F, 3-A [ 1-A, 2-C, 3-E |

4. TRANSPORT 1 2 3

Answers for the tests with one correct answer C E B

Answers for the tests with several correct answers €..F A E A DG
Matching questions 1-0,2-8, 3 |1-£2:¢ 3D

5. RESPIRATION 1 2 3 4
Answers for the tests with one correct answer C C E A
Answers for the tests with several correct answers C,FG AEG A DG
Matching questions 1-E,2-A, 3-C | 1-E; 2-C;.3-F

6. EXCRETION 1 2 3 4
Answers for the tests with one correct answer A B E D
Answers for the tests with several correct answers (,DG A E ACG
Matching questions 1-F, 2-D, 3-A 1-E, 2-D, 3-A

7. CELL CYCLE 1 2 3 4
Answers for the tests with one correct answer C A B
Answers for the tests with several correct answers | A, D A D E,G
Matching questions 1-A, 2-0, 3-F | 1-B,2-E, 3-C

8. HEREDITY AND VARIABILITY 1 2 3 4
Answers for the tests with one correct answer E C C A
Answers for the tests with several correct answers D,G B DE DG
Matching questions 1-C, 2-F 3-D 1-D, 2-E, 3-A
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HERl ANSWERS il
9. EVOLUTION 1 2 3 4
Answers for the tests with one correct answer D C C C
Answers for the tests with several correct answers (EG AEH B EF
Matching questions 1-E, 2-B, 3-F [ 1-D, 2-B, 3-A
10. COORDINATION AND REGULATION 1 2 3 4
Answers for the tests with one correct answer A B E A
Answers for the tests with several correct answers A CE E F EH
Matching questions 1-B, 2-D, 3-C [ 1-C, 2-F 3-F
11. MOVEMENT 1 2 3 4
Answers for the tests with one correct answer B B E C
Answers for the tests with several correct answers A, D F B CE ACF

: : 1-B, 2-A, 3-D, [1-B,CEG
Matching questions AC 2A. D F H
12. BIOMEDICINE AND BIOINFORMATICS 1 2 3 4
Answers for the tests with one correct answer C B D D
Answers for the tests with several correct answers A, DG - .
Matching questions 1-C, 2-E, 3-F 1-E, 2-F, 3-A
13. BIOTECHNOLOGY 1 2 3 4
Answers for the tests with one correct answer ¢ A D B
Answers for the tests with several correct answers A CD D, FH B, CD
Matching questions 1-E, 2-C, 3-B [ 1-E, 2-B, 3-C




GLOSSARY

A

Abdomen: The part of the body of a vertebrate containing the digestive and
reproductive organs; the belly.

Absorption: uptake of substances by a tissue.

Acid: A chemical that reacts easily with other substances and turns litmus paper
red; less than 7 on the pH scale

Acidification: the buildup of hydrogen cations, also called protons, reducing the
pH;

Acne: inflammatory disease of the sebaceous gland

Actin: type of protein that forms microfilaments and responsible for many types
of cell movements;

Action potential: short-term change of charge across cell membrane, in the result
of moving of ions out and into of the cell;

Active immunity: is immunity in an organism resulting from its own production
of antibody or lymphocytes

Active site: the part of an enzyme that interacts with the substrate during
catalysis.

Active transport: transport of large molecules with energy loss.
Adaptation: a process that fits organisms to their environment.
Adenosine: a molecule consisting of an adenine and a ribose sugar;

Aerobic respiration: the process of breakdown organic molecules using oxygen.



Aflatoxins: are poisonous carcinogens that are produced by certain molds
(Aspergillus flavus and Aspergillus parasiticus) which grow in soil, decaying
vegetation, hay, and grains;

Agglutination: adhesion of separate parts
Aging: the process of getting older;
AIDS: acquired immunodeficiency syndrome.

Albinism: Albinism is a range of disorders varying in severity. They are all
caused by a reduction or absence of the pigment melanin, often causing white
skin, light hair, and vision problems.

Allele: versions of gene for one trait.
Alveoli: tiny air sacs found in a lung which is used for gas exchange
Amino Acid: A molecule that joins with other amino acids to form proteins

Ammonia: a strongly basic compound of nitrogen and hydrogen that is very
soluble in water and formed in nature by-product of protein metabolism.

Amylase: enzyme, which breaks down carbohydrates.
Anabolism: complex molecules are synthesised from simple ones;
Anaerobic respiration: respiration without oxygen;

Anaerobic respiration: the process of breakdown organic molecules without
oxygen.

Analyze: Think about the different parts of a problem or situation to figure out
how it is related to the whole.

Angiosperms: flowering plants
Antagonistic pair of muscles: a pair of muscles which have opposite functions.

Antibodies: are used by the immune system to destroy pathogens;



Antidiuretic hormone: a hormone released by the posterior pituitary gland that
increases the absorption of water by the kidney.

Antimicrobial resistance: the ability of a microorganism to stop an antimicrobial
effect;

Aromatic rings: are hydrocarbons that contain benzene;

Arteriosclerosis: a disease of the arteries characterized by the deposition of fatty
material on their inner walls.

Artery: Blood vessel that carries blood away from the heart
Arthropods: animals with segmented body, jointed limbs and exoskeleton

Asexual Reproduction: Reproduction that happens without sex; one organism
creates one or more organisms

Atmosphere: a layer of gases which surrounds the Earth.

Atom: The smallest unit of a substance that has all of the properties of that
substance

ATP: ‘energy currency’ in living things;

ATP synthase: an enzyme responsible for ATP production.

ATP yield: total number of ATP molecules synthesised during respiration;
Atrium: upper chamber of heart that receives blood from the body and lungs
Autosome: chromosome that carry genes for the body traits.

Auxin: plant hormone that regulates growth and other processes of plants.

B

B cells: a kind of lymphocyte that provide humoral immunity

Backbone: the row of connected bones that go down the middle of the back and



protect the spinal cord.

Bacteria: The kingdom of life which has no cell membrane or nucleus and is
always unicellular

Beriberi: a disease causing inflammation of the nerves and heart failure, ascribed
to a deficiency of vitamin B1.

Bile: a yellow or greenish liquid that is made by the liver and that helps the body
to digest fats.

Binomial nomenclature: a system of nomenclature in which each species is
given a unique name that consists of a generic and a specific term.

Biofertilizer: a fertilizer which contains living microorganisms which help plant
growth,

Biogeochemical cycle: the flow of chemical elements and compounds between
living organisms and the environment.

Bioleaching: the extraction of metals from their ores by microbes;

Biological classification: Organization of how living things are related to each
other

Biology: The study of living things

Biomechanics: a science that studies applying the basic principles of mechanics
to living organism.

Bionics: the applying of biological methods of nature to the study and design of
engineering technology.

Bioreactor: a device in which biological active substances are produced by iving
organisms;

Biotechnology: using of biological processes or organisms to produce different
products.

Blastula: early stage of development, two-layered ball like structure



Body cell: All of the cells in an organism not involved in reproduction
Bond: An electrical force that links atoms together

Brain: organ that serves as the center of the nervous system in all vertebrate and
most invertebrate animals.

Brain-Computer Interfaces: a system for exchanging information between the
brain and an electronic device.

Bronchi: major air passages of the lungs which diverge from the windpipe.

Bundle of His: the bundle of cardiac muscle fibers that conducts the electrical
impulses which regulate the heartbeat.

C

Calorie: Measure of energy, usually contained in food

Cancer: Disease where cells grow in an uncontrolled way

Canines: a pointed tooth between the incisors and premolars

Canines: a pointed tooth between the incisors and premolars of a mammal.
Capillaries are blood vessels that connect arteries and veins

Carbohydrate: An essential chemical in all cells that is broken down to form
sugars; glucose, sucrose, lactose, galactose

Carbon Dioxide: Molecule made up of one carbon and two oxygens, produced
by animals and other organisms; main contributor to manmade global warming

Carbon: a widely distributed element that forms organic compounds in
combination with hydrogen, oxygen, etc.

Carcinogen: any chemical or physical factor, that cause cancer.

Carrying capacity: the number of organisms which a region can support without
environmental degradation.



Catabolism: complex molecules are degraded to simple ones;

Catalyst: a substance that causes or accelerates a chemical reaction.

Cell: the smallest unit of life;

Cell cycle: a life of a cell from one cell division to the next one;

Cell cycle: it a period of cell life from one cell division to the next cell division.
Cell differentiation: A process where cells change to perform different roles
Cell division: A process where one cell becomes more than one cell

Cell membrane: Surrounds the cell and keeps it together; also decides what
material enters and leaves

Cell organelle: Parts of the cell that perform specific functions
Cell wall: The stiff outer layer of a cell that protects the cell and gives it shape
Cell: The basic structural and functional unit of all organisms

Cellular respiration: the process of breakdown organic molecules producing
energy.

Cellular respiration: The process where organisms get energy from organic
molecules

Cellulose: a substance that is the main part of the cell walls of plants and that is
used in making various products (such as paper)

Centrosome: an organelle, which plays role in cell division.

Cephalosporins: are a class of -lactam antibiotics originally derived from the
fungus Acremonium, which was previously known as “Cephalosporium”;

Characteristic: A distinguishing quality of something; generosity is one of his
best characteristics

Checkpoint: a particular moment in the life of a cell, at which cells “decide” to



continue cell cycle or do not;

Chemical potential energy: absorbed or released energy during chemical
reaction;

Chemiosmosis: is the movement of ions across a membrane, down their
concentration gradient;

Chest cavity: internal space of chest where heart and lungs are located.

Chitin: a kind of polysaccharide which is found in the structure of fungi cell
walls and insect skeleton.

Chlorinated hydrocarbons: are very potent nerve toxins to insects, and their
initial use led to significant improvements in insect control;

Chloroplast: Organelle in plants and some other organisms which is responsible
for photosynthesis

Cholinergic synapses: synapses that use the acetylcholine as a neurotransmitter.

Chromatin: a fluid inside a nucleus, consisting of DNA, proteins and other
molecules.

Cilia: a short structure, used for movement.

Cladogram: a branching diagram showing the cladistic relationship between a
number of species;

Classification: systematic arrangement in groups or categories according to
established criteria.

Cloning genes: process of isolation of needed fragment of DNA and making
many copies of the fragment in vitro;

Closed circulatory system: blood is contained inside blood vessels, circulating
unidirectionally.

Codominance: when the neither phenotype is dominant, the individual expresses
both phenotypes.



Cohesion: the sticking together of particles of the same substance;

Compound: A chemical combination of two or more atoms (of different
elements)

Concentration gradient: gradual change in the concentration of solutes present in
a solution between two regions;

Consumer: Living thing that eats other living things
Cotyledon: part of the seed that will grow into the leafs.

Covalent Bond: A type of chemical bond where electrons are shared between the
atoms

Cristae: folds of inner membrane of mitochondria:

Crop: organ used for storage of food in birds.

Crossing over: exchange of pieces between non-sister chromatids.

Cystitis: inflammation of urinary bladder or urethra by infection of bacteria.

Cytokinesis: the division of the cytoplasm.

D

Decomposer: A type of living thing that survives by consuming dead organic
matter

Deforestation: the cutting down of trees without replacing them.

Denaturation: process of altering the shape of a protein without breaking the
peptide bonds that from primary structure.

Dentine: hard dense bony tissue forming the bulk of a tooth, under the enamel.
Dermis: thick layer of skin under epidermis

Development: growth from one cell to multicellular organism



Dialysate: the liquid into which material passes by way of the membrane in
dialysis

Diaphragm: a large flat muscle that separates the lungs from the stomach area
and that is used in breathing.

Diarrhea: an intestinal disorder that causes pass waste from your body very
frequently and in liquid state

Dicot: plant with two cotyledons(seed leaves)

Differentiation: Process where cells grow and become different than their mother
cell

Diffusion: movement of substances from the region of higher concentration to
the area of lower concentration;

Digestion: breaking down big molecules into small molecules.

Disaccharide: a double sugar composed of two molecules of monosaccharides
linked.

DNA: double-stranded nucleic acid that contains the genetic information;

DNA replication: process by which DNA makes a copy of itself when cell
divides.

DNA: a molecule that store and transmit genetic information.

DNA: Abbreviation for deoxyribonucleic acid, which contains the genetic
instructions for all forms of life

Dominant: A genetic characteristic that is always expressed by the organism

Donor: a person who gives some of their blood or a part of their body to help
someone.

Double helix: structure formed by two strands of DNA.

Dynamic work of muscles: muscle contract and relax to move different parts of
your body.



E

Ectoderm: the outermost layer of cells or tissue of an embryo in early
development

Eczema: inflamed skin characterized by redness, itching, and scaly.

Edema: a condition characterized by an excess of watery fluid collecting in the
cavities or tissues of the body.

Egg cell: female reproductive cell.

Electrocardiography: the process of recording the electrical activity of the heart
over a period of time using electrodes. (ECG)

Electrocytes: a modified muscle or nerve cell that generates electricity.

Electron carriers: accept electrons from one molecule and donate them to
another molecule;

Electroreception: the biological ability to perceive natural electrical stimuli.
Electroreceptors: cells capable of detecting electric fields.

Elimination: the passing of undigested material out of the body.

Embryo: an unborn baby less than eight weeks.

Embryology: The study of how organisms develop; the more closely related two
organisms are, the more similar they are as they develop

Emulsification: the breakdown of large fat droplets into smaller droplets.

Enamel: the white, compact, and very hard substance covering and protecting
the dentin of a tooth.

Endoderm: the innermost layer of cells or tissue of an embryo in early
development.

Endoplasmic reticulum: a network of membranous tubules in the cytoplasm of



cell.

Endoplasmic reticulum: Organelle that produces proteins and fats
Energy: the ability to do work.

Energy: The property of something’s ability to do work

Enuresis: frequent inability to control urination known as bedwetting.

Environment: The complex of physical, chemical, and biotic factors (e.g.,
climate, soil, living things) that act upon an organism or an ecological
community and ultimately determine their forms and survival

Eon: a major division of geological time, subdivided into eras;
Epidermis: outermost layer of the skin
Era: a major division of time that is a subdivision of an eon.

Erosion: the wearing away of land by different forces (water, wind, ice, living
organism, temperature) cause.

Erythrocyte: are red blood cells, which carry oxygen

Esophagus: the part of the digestive system which connects the throat to the
stomach.

Ethical question: involve consideration of conflicting moral choices and
dilemmas;

Eukaryote: A type of organism that has a true nucleus in its cell(s)
Evolution: the change in groups of organisms over a long period of time.
Excretion: process of elimination of wastes from the body

Excretory system: a system that removes excess water and unnecessary products.
It consists of kidneys, ureter, urinary bladder, and urethra.

Exhalation: movement of air out of lungs.



Exoskeleton: external skeleton that supports and protects an animal’s body.

Exponential growth: development at an increasingly rapid rate in proportion to
the growing total number or size.

F

Facilitated diffusion: molecules diffuse through the cell membrane with the help
of special proteins;

Fast-twitch fibers: muscle fiber that contracts relatively rapidly, utilized
especially in actions requiring the maximum effort of short duration;

Fern: seedless, nonflowering vascular plant which lives in tropical to temperate
regions.

Fetus: the unborn embryo from its eighth week of development till its birth.
Fiber: a thin, threadlike structure.

Fibrous proteins: composed of long linear polypeptide chains that are bundled
together to form strand or sheets.

Filament: group of myofibrils;
Filtrate: a solution produced from filtration .

Filtration: renal process whereby fluid in the blood is filtered across the
capillaries of the glomerulus and into the urinary space of Bowman’s capsule;

Fixed joint- joint between two bones that doesn’t move

Flagellum: a long structure, used for movement.

Fluid: Anything that flows; both gases and liquids are considered fluids
Food poisoning: becoming ill after eating spoiled food

Forensics: science that use of scientific knowledge or methods in solving crimes



Fossils: the remains of organisms which lived long time ago.
Fraternal twins: twins those are developed from two zygotes.

Fungi: The kingdom of living things that are eukaryotic and make their own
energy; mushrooms, yeast, molds

G

Galvanometer: an instrument for detecting and measuring small electric currents.
Gametes: The cells that are responsible for sexual reproduction; sperm, eggs
Gametogenesis: process by which gametes are produced.

Gene: a segment of DNA which codes a particular protein.

Genetic drift: is the change in the frequency of an existing allele in a population
due to random sampling of organisms.

Genetic engineering: constructing new DNA from DNA of different species.

Genetic marker: is a gene or DNA sequence with a known location on a
chromosome that can be used to identify individuals or species;

Genetic variation is the difference or diversity in gene alleles in a population;
Germ: A small organism that causes disease

Gills: respiratory organ of aquatic animals.

Gizzard: a muscular, thick-walled part of a bird’s stomach for grinding food.
Glia: cell that feeds and protects the nerve cell.

Globular proteins: coiled into compact shapes with hydrophilic outer surface
make them water soluble;

Glycolysis: splitting of glucose molecule into two pyruvate molecules



Glycolytic fibers: muscle fibers primarily use glycolysis to generate ATP;

Glycosidic linkage: is a type of covalent bond, formed between
monosaccharides.

GMO: genetically modified organisms.

Goggles: A safety device used whenever the eyes could be injured by a chemical
or physical experiment

Golgi apparatus: Organelle that packages proteins and fats so that they can leave
the cell

Greenhouse effect: the Sun’s radiation is trapped in the atmosphere and leads to
a warming of the Earth.

Greenhouse gas: a gas in the atmosphere which can trap the heat escaping from
Earth.

Growth factors: compounds that are capable of stimulation of growth, division
and differentiation of cells;

Growth medium: is a medium on which microbes grow.

Growth: The increase of size of an individual; can also be the presence of
something

Gymnosperm: a group of plant that have seeds unprotected by an ovary or fruit,
including the conifers, cycads, and ginkgo.

H

Heart attack: blocking of heart arteries which brings to death of heart muscles

Heart automaticity: the ability of the heart cells to self-excitation without any
external influences.

Heart conduction system: controls the heart rate and generates electrical
impulses which conducts them throughout the muscle of the heart, stimulating
the heart to contract.



Hemoglobin: reddish-brown pigment, which give blood its color and carry
oxygen;

Heredity: the passing of a trait from parents to offspring.

Heterotroph: Living thing that needs to consume other organisms for food
heterozygous appear intermediate trait.

HIV: human immunodeficiency virus.

Homeostasis: Maintenance of a constant internal environment in an organism.

Homologous chromosomes (also called homologs): a pair of chromosomes in
diploid cells. They have same shapes, sizes, and genes. Each of them comes
from a different species;

Homology: similarity resulting from common ancestor.

Humoral immunity: antibody-mediated immunity

Humoral regulation: regulation by the endocrine system.

Hybrid is an offspring resulting from cross-breeding;

Hydrolysis: the cleavage of chemical bonds by the addition of water.
Hydrophilic: water loving, having a strong affinity for water;

Hydrophobic: water fearing, tending not to dissolve in, mix with, or be wetted by
water.

Hypertension: high blood pressure

Hypodermis: the deepest part of the skin which contains fat cells

I

Identical twins: twins that are produced from a single zygote.



Immunity: ability to completely fight off disease
Incisor: tooth at the front of the mouth, adapted for cutting and biting.
Incomplete dominance: when both alleles for the trait have same level of affect.

Inflammation: physical condition in which part of the body becomes reddened,
swollen, hot, and often painful.

Ingestion: the process of taking food, drink, or another substance into the body.

Inhibitor: a substance which slows down or prevents a particular chemical
reaction or other process.

Intercourse: physical sexual contact between individuals.

Interphase: a part of a cell cycle, when cell is not dividing.

J

Joint: the area where two bones are attached for the purpose of permitting body
parts to move.

K

Kidney stones: formation of stones that block urine flow caused mostly by
unhealthy diet.

Kidney transplant: a surgical procedure to remove a healthy, functioning kidney
from a living or brain-dead donor and implant it into a patient with non-
functioning kidneys.

Kidney: either of a pair of bean-shaped organs in the back part of the abdominal
cavity that forms and excrete urine, regulate fluid and act as endocrine glands.

Kingdom: Most general classification of living things (sometimes placed under
“Domains”)

Krebs cycle: is a cycle of biochemical reactions, which produces CO2, NADH,



FADH2 and ATP.

L

Lactate: the end by-product of lactic acid fermentation;

Large intestine: end part of the intestine that is wider and shorter than the small
intestine.

Leukemia: Cancer of the blood or bone marrow
Leukocyte: white blood cells, which protect the organism
Lichen: A combination of a fungus and an algae that help each other

Life cycle: The series of stages in form and functional activity through which an
organism passes between origin and expiration

Limbs: an arm or leg of a person or four-legged animal, or a bird’s wing.

Linear magnification: the ratio of image length to object length measured in
planes.

Lipase: enzyme, which breaks down lipids.
Lipids: biomolecules that are soluble in organic solvents and insoluble in water

Liquid: The state of matter where the particles are loose and form the shape of
their container but do not necessarily fill up the container

Living thing: An organism
Lymph: fluid that circulates through lymphatic system

Lymphatic system: network of tissues and organs that help rid the body of
toxins, waste and other unwanted materials.

Lymphocyte: A lymphocyte is a type of white blood cell that is part of the
immune system. There are two main



Lysosome: an organelle in the cytoplasm of cells containing degradative
enzymes.

Lysosome: Organelle that digests food and waste in the cell

M

Malignant tumor: a group of cancer cells, which can travel throughout the body
via blood or lymph vessels;

Matrix: fluid which fills the mitochondria;
Mechanoreceptors: sensory receptor that responds to mechanical pressure

Membrane potential: the difference between charge outside and inside of the
cell.

messenger RNA: a type of RNA that convey genetic information from DNA to
the ribosome, where they specify the amino acid sequence of the protein;

Micrograph: a photograph of an image under the microscope.
Mitochondrion: is an oval-shaped organelle, that is ‘power house of the cell’;
Mitosis: a type of cell division;

Monosaccharide: a simple sugar, the basic unit of carbohydrates;
Multicellular: many celled organism.

Muscle contractions: a process in which muscles become short, moving our
body.

Muscle fatigue: decrease in muscle ability to generate force, because of
tiredness.

Mutagenesis is a process by which the genetic information of an organism is
changed, resulting in a mutation;

Mutation is a change in DNA of an organism;



Myelin sheath: a lipid-rich substance that surrounds the axon of some nerve cells

Myofibril: a contractile fibril of skeletal muscle, composed mainly of actin and
myosin;

Myoglobin: store oxygen in tissues;

Myosin: the protein that converts chemical energy to the mechanical energy and
cause the muscle contraction.

N

Natural selection: the process whereby organisms better adapted to their
environment tend to survive and produce more offspring.

Nausea: sickness at the stomach, an involuntary impulse to vomit an atom;
fission, fusion

Nephron: a unit of filtration in a kidney that regulates water balance and
removes toxins.

Neural regulation: regulation by nervous system.
Neuron: a nerve cell.

Neuroprosthetic: Any biomedical engineered device designed to be linked to the
peripheral or central nervous system and enhance the cognitive, motor, or
sensory abilities of an organism.

Neurotransmitters: chemicals that carries messages between neurons or between
neurons and muscles.

Ninhydrin reagent: chemical that reacts with free amino groups of amino acids.

Nitrogen fixation: is a process by which nitrogen in the Earth’s atmosphere is
converted into ammonia (NH3) or other molecules available to living organisms.

Nitrogen: a chemical element that is a gas with no colour or taste, forms most of
the earth’s atmosphere and is a part of all living things.



Nonreducing sugar: sugar that cannot donate electrons to other molecules and
therefore cannot act as a reducing agent;

Nonvascular plant: plants without vascular tissue such as mosses.

Nucleic acid: In the nucleus of a cell, there are two major types of nucleic acids:
DNA and RNA

Nucleotide: the basic building block of nucleic acid polymers; an organic
compound made up of a nitrogenous base, a sugar, and a phosphate group.

Nucleotide: monomer of DNA that consists of sugar, phosphate group, and
nitrogenous base.

Nucleotides: These are found on a strand of DNA or RNA as a sequence of bases

Nucleus: In biology, this refers to the middle of a cell; in physical science, this
refers to the center of an atom

Nutrient: Any molecule that is needed for an organism to survive

O

Objective: Based upon fact
Observation: Noticing or paying attention
Offspring: Children, of any organism

Open circulatory system: organisms with open circulatory system have open
ended vessels. Blood leaves the vessels and enters to the body space.

Order: Classification of living things between Class and Family
Organ system: Group of organs that together perform a common function
Organ: Group of tissues that perform a certain function

Organelle: Part of a cell that performs a function for the cell



Organic certification: is a certification process for producers of organic food and
other organic agricultural products;

Organic molecule: A molecule that contains carbon atoms bonded together
Organic: Comes from living things

Organism: A living thing that can live and reproduce independently
Organogenesis: formation of organs

Origin of replication: starting point of DNA replication;

Osmoreceptor: any of a group of cells sensitive to rise in the solute concentration
of the blood;

Ovary: organ that produces female gametes and female sex hormones.

Oxidation-reduction reactions: involves transfer of electrons between two
chemical substances;

Oxidative fibers: muscle fibers primarily use aerobic respiration to generate
ATP;

Oxidative phosphorylation: is the reaction in which cells use enzymes to oxidize
nutrients, by releasing energy which is used to produce ATP.

Oxidizing agent: oxidises other substances and gains electrons.

Oxygen saturation: the ratio of the amount of oxygen bound to the hemoglobin

P

Pacinian corpuscles: one type of mechanoreceptor cell which are sensitive to
vibration and pressure.

Partial pressure: a measuring of oxygen concentration;

Passive immunity: the immunity resulting from the injection of antibodies or
lymphocytes from another organism



Passive transport: transport of small molecules without energy loss.

PCR: polymerase chain reaction which is used to make many copies of DNA
molecule fragment;

Pepsin: enzyme, which breaks down proteins.

Peristalsis: the involuntary constriction and relaxation of the muscles of the
intestine or another canal, creating wave-like movements which push the
contents of the canal forward.

Permanent teeth: second set of teeth in mammals that grows as the milk teeth are
shed

Phagocytes: leukocytes which digest viruses and bacteria
Phosphate bonds: high energy containing bonds.
Phosphorylation: addition of phosphoryl group during the reaction

Photosynthesis: process by which plant convert energy from sunlight into
chemical energy.

Photosynthesis: The process that happens in plants and some other organisms
which takes the sun’s energy and turns it into usable energy; 6CO2 + 6H20 +
Light = C6H1206 (glucose) + 602

Phylogenetic tree: a diagram showing the evolutionary interrelations of a group
of organisms derived from a common ancestral form;

Placenta: connects the developing fetus to the uterine wall to allow nutrient
uptake, via the mother’s blood supply during pregnancy.

Plant hormones: organic substances that control plant development and growth.
Plasma: liquid part of blood.

Plasmid DNA: is a small DNA molecule within a cell that is physically separated
from a chromosomal DNA;

Plasmid: ring-shaped DNA molecule of bacteria.



pollen: the fertilizing element of flowering plants, consisting of fine, powdery,
yellowish grains or spores, sometimes in masses.

Pollination: the transfer of pollen from the anther to the stigma.

Pollution: contamination of environment by rubbish, oil spill and so on.
Polymer: large molecule or macromolecule composed of many repeated parts
Polyploidy: organism which contain more than two sets of chromosomes.

Polysaccharides: a large molecule composed of a long chains of monosaccharide
units bound together by glycosidic linkage.

Population: a group of organisms of one species that live together.

Positive geotropism: growth of plants towards the gravity.

Premolar: situated in front of the molar teeth.

Producer: Living thing that makes its own energy from the sun

Prokaryote: A type of living thing that is single-celled and has no true nucleus
Protein: A sequence of amino acids

Protist: Kingdom of life made up of single-celled eukaryotes

Pulmonary circulation: movement of blood from the heart to the lungs for
oxygenation, then back to the heart again.

Pulp cavity: the space within a tooth that contains the pulp.
Pulp: soft part of the tooth where blood vessels and nerves are found.

Pulse: the regular beating of the heart, especially when it is felt at the wrist or
side of the neck.

Purkinje fibers: networks of fibers that receive conductive signals originating at
the atrioventricular node, and simultaneously activate the left and right
ventricles.



Pyruvate oxidation: conversion of pyruvate into acetyl-CoA

R

Reabsorption: renal process that returns filtered water and nearly all major
nutrients to blood;

Reaction: When one or more substances are changed into other substances

Recombinant DNA: a molecule of DNA which is produced from DNA of
different organisms;

Recombination is shuffling existing alleles to produce new combinations of
genes.

Reducing agent: reduces other substances and loses electrons;

Reducing sugar: sugar that serves as a reducing agent due to its aldehyde or
ketone group in its molecular structure;

Refractory period: a period immediately during which a nerve or muscle is
unresponsive to further stimulation.

Regeneration: The process that creates something over again

Replication: is a process of DNA copying.

Reproduce: To create more of

Reproduction: The process of creating offspring

Research: Discovering information that other scientists have already published
Resistance: (Biology) Ability to fight off some amount of disease

Resource: A supply of something that can be used when needed

Respiratory minute volume: the amount of inhaled or exhaled air in a minute.

Respiratory rate: rate of breathing



Resting potential: the resting state of a cell, when outside is positive, inside is
negative.

Restriction enzymes: enzymes that cut DNA at specific sites.

Restriction site: are locations on a DNA molecule containing specific sequences
of nucleotides, which are recognized by restriction enzymes;

Ribosomal RNA: component of ribosome functioning in protein synthesis.

Ribosome: sphere-shaped organelle composed of protein and rRNA that serves
as the site of protein synthesis;

RNA: single-stranded nucleic acid that function in protein synthesis.

Robotics: an applied science that includes mechanical engineering, electrical
engineering, computer science and developing automated technical systems.

S

Salivary glands: glands which produce saliva

Saltatory conduction: is the propagation of action potentials along myelinated
axon from one node of Ranvier to the next node, increasing the conduction
velocity of action potentials

Sarcomere: structural unit of the myofibril where structural and contractile
proteins are organized in a specific sequence.

Saturated: Completely full; for a solution, the most amount of solute that can be
put into the solvent

Scabies: skin disease with itching and small raised red spots, caused by the itch
mite.

Sebaceous gland: (oil gland)a small gland in the skin which secretes a
lubricating oily matter (sebum) into the hair follicles to lubricate the skin and
hair.

Secondary sex characteristics: sex characteristics that appeared during puberty.



Secretion: renal process that removes additional wastes from the blood and adds
them to the filtrate.

Selective breeding: intentional breeding of animals or crops with particular
characteristics;

Selectively permeable: crossing of the cell membrane by some molecules.
Semi-movable joints: joints between bones in which the motion is limited

Senescence cells: our cells, that can not divide or die; when human becomes
older their number increases.

Sex chromosomes: chromosome that carry genes which have a role in sex
determination.

Sexual reproduction: The combination of two individuals (genetically) to form
one or more new organisms

Sexually transmitted disease: an infection that can be transferred from one
person to another through sexual contact.

Sigmoid curve: a mathematical function having a characteristic “S”-shaped
curve.

Sink: plant organ that store sugar.

Slow-twitch fibers: muscle fiber that contracts relatively slowly and is resistant
to fatigue.

Small intestine: narrow upper part of the intestine where digestion of food
completes and absorption starts

Solute: substance dissolved in a solution.
Solution: homogeneous mixture of two or more substances.
Solvent; able to dissolve other substances.

Speciation: the formation of new and distinct species.



Species: the group of organisms with similar features, which can interbreed and
produce viable and fertile offspring;

Specific heat capacity: the amount of heat per unit mass required to raise the
temperature by one degree Celsius;

Sperm cell: male reproductive cell.
Spinal cord: cord of nerve tissue located within the vertebral column.
Spindle fibers: microtubules, which play important role in mitosis;

Spleen: an abdominal organ involved in the production and removal of blood
cells in most vertebrates and forming part of the immune system.

Starch: A kind of storage polysaccharide found in plants.

Static work of muscles: muscles stay contracted to hold your body in certain
position.

Stem cell: A type of cell that can turn into any other type of cell.

Sternum: Flat bone that connects ribs to each other forming the front part of rib
cage.

Sticky ends: short lengths of unpaired bases;
Stimulus: Anything that affects an organism
Stomach: saclike organ which store and digest food

Stomata: pores on the underside of the leaf which accelerate gas exchange and
transpiration.

Stroke: death of brain tissue occurred as a result of artery blockage
Struggle for existence: competition between organisms of a population;

Substance: A type of matter that has the same properties; water, oxygen, carbon
dioxide, diamond



Substrate: the substance on which an enzyme acts.

Surface area: the amount of surface or the outer surface that the cells or
organisms have.

Synapse: a junction between two nerve cells, consisting of a gap across which
impulses pass by diffusion of a neurotransmitter.

Systemic circulation: movement of blood from the heart through the body to
provide oxygen and nutrients to the tissues of the body while bringing
deoxygenated blood back to the heart.

T

T cells: leukocytes that provide cell-mediated immunity

T tubules: small tubule which run transversely through a striated muscle fiber
and through which electrical impulses are transmitted from the sarcoplasm to the
fiber’s interior.

Tagged primer: tag is a molecule that is attached chemically to primer in order to
aid in the labeling and detection of a biomolecule.

Taxon: is a group of one or more populations of an organism or organisms seen
by taxonomists to form a unit.

Telomere: a fragment of DNA at the end of each chromosome, that protects
genes from being damaged after the replication;

Testcross: cross which is made for to determine dominant trait genotype in
organism by using recessive gene.

Testes: organs that produce male gametes and male sex hormones.
Tetter: any of various eruptive skin diseases
Theory: one explanation for different facts and observations.

Thermoregulation: the control of body temperature.



Threshold: a particular value which action potential have to reach.

Tidal volume: volume of gas inhaled or exhaled in each respiration, during a
normal, regular breathing

Tissue fluid: fluid between cells
Tissue: Group of cells that perform a similar function
Tonoplast: the membrane that is surrounds plant vacuole.

Tonsil: either of two small masses of lymphoid tissue in the throat, one on each
side of the root of the tongue.

Toxin: a poisonous substance and especially one that is produced by a living
thing

Trachea: a large membranous tube reinforced by rings of cartilage, extending
from the larynx to the bronchial tubes and conveying air to and from the lungs;
the windpipe.

Trait: characteristic of an organism.

Transfer RNA: a cloverleaf shaped RNA that transports specific amino acid to
the ribosome;

Transgenic organism: an organism which contains DNA form another organism,
and also called genetically modified organism.

Translocation: movement of organic compounds inside of the plant.
Transpiration: the loss of water as vapor.

Triglyceride: an energy-rich compound made up of a single molecule of glycerol
and three molecules of fatty acid.

Tropomyosin: a rod-shaped protein attached to actin in a regularly repeating
sequence;

Troponin: a component protein that is associated with each actin-tropomyosin
complex;



Typhoid: an infectious bacterial fever with an eruption of red spots on the chest
and abdomen and severe intestinal irritation.

U

Ultraviolet: A form of electromagnetic radiation that has more energy than
visible light; most ultraviolet light is usually blocked in our atmosphere by ozone

Unicellular: Made up of one cell
Urea: a substance found in urine and also made from ammonia,

Urea: a water-soluble organic compound, synthesized from ammonia and
carbon, formed by the metabolism of proteins and excreted in the urine.

Ureter: a muscular duct or tube conveying the urine from a kidney to the bladder
or cloaca

Urethra: the duct by which urine is conveyed out of the body from the bladder,
and which in male vertebrates also conveys semen.

Uric acid: an almost insoluble compound a breakdown product of nitrogenous
metabolism.

Urinary bladder: a membranous sac in many vertebrates that serves for the
temporary retention of urine and discharges by the urethra.

Urine: a mixture removed from our body, it consists of water, urea, salts and
other excretory substances.

Urine: liquid waste excreted by the kidneys, in humans being a yellowish,
slightly acid

\"

Vaccine: immunobiological drug, which is used to produce immunity against
infectious diseases.

Vacuole: Organelle that stores nutrients in the cell



Variation: differences among organisms in one population.
Variation: variety of traits in species.

Vascular: relating to or denoting the plant tissues (xylem and phloem) which
conduct water, sap, and nutrients in flowering plants, ferns, and their relatives.

Vector: delivers recombinant DNA to the cells of the organism.
Veins: are blood vessels that transport blood to the heart

Vena cava: any of the large veins by which in air-breathing vertebrates the blood
is returned to the right atrium of the heart.

Ventricle: one of two sections of the heart that pump blood out to the body.
Vesicle: saclike membranous structure that store and transport cellular products.
Vessel: tube shaped structure that carries blood in the body.

Virus: A small particle that contains DNA or RNA and is able to reproduce only
inside of a living cell

Vital capacity: greatest amount of air that can be forced from the lungs after
maximum inhalation

Vitamin: organic molecule essential for body processes

Volume: a space taken up by a cell or an organism.

A%

Wax: an oily organic compound insoluble in water but soluble in organic
solvents; essential structural component of living cells (along with proteins and
carbohydrates).

Y

Yeast: an organism of the kingdom Fungi lacking chlorophyll and feeding on



organic matter; ranging from unicellular or multicellular organisms to spore-
bearing syncytia.

Z

Zygote: fertilized egg cell which is formed from the union of female egg cell
with a male sperm cell.
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