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				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 realize that this textbook is completely different from any  other usual textbook full of theoretical passages. Every chapter contains useful information, interesting facts, tasks for individual and group work. You will also learn how to conduct researches 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 English language. Each page contains the translation 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 a 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, “Astana-kitap”
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					- explain the fundamental importance of water for life on Earth.
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					Water

				

			

			
				
					You will
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					1.1

				

			

			
				
					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 positively near the hydrogen atoms and negatively near the oxygen atom. The negative ends of water molecules attract the positive ends of other water molecules forming hydrogen bonds.

				

			

			
				
					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.

				

			

			
				
					Water’s polarity is caused by its V-shape.

				

			

			
				
					Pond skaters supported by the force of the surface tension

				

			

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

				

			

			
				
					 

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

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

					Solvent - able to dissolve other substances.

				

			

			
				[image: ]
			

			
				
					Key terms
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						Facts
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					Water is the only substance found pure in all three states of matter on the Earth.
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					Dehydration of organic compounds. 
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					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 than ice

					

					
						 has lower amount

						of heat to vaporise
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					Lesson opener question

				

			

		

		
			
				Chapter title
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					Lesson objectives
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					Definitions of main terms
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					Activities to do during the lesson by students

				

			

		

		
			
				[image: ]
			

			
				[image: ]
			

		

		
			[image: ]
		

		
			
				[image: ]
			

			
				[image: ]
			

		

		
			
				[image: ]
			

			
				[image: ]
			

		

		
			
				[image: ]
			

			
				[image: ]
			

		

		
			
				[image: ]
			

			
				
					Main text
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					Interesting facts
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					Water takes the high amount of heat to vaporize

				

			

			
				[image: ]
			

			
				[image: ]
			

			
				
					Research time
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					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?
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					Literacy
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						Facts
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					Water covers three-quarter of the Earth’s surface, but unfortunately, only about 0.3% is usable by humans. 

				

			

			
				
					Another important property of water is its transparency. Research and find out its significance for plants and animals. Write a report about it.
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					abundant - мол / обильный;

					consequence - салдар / последствие;

					dispersed - таралған / рассеянный;

					dissolved - еріген / растворенный;

					essential - қажетті / необходимый;

					lattice - тор / решетка;

					motion - қозғалыс / движение;

					resistant - төзімділік / стойкий;

					solvent - еріткіш / растворитель;

					specific heat capacity - меншікті жылу сыйымдылығы / удельная теплоемкость;

					surface tension - беттiк керiлic / поверхностное натяжение;

					transparency - мөлдірлік / прозрачность.
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						Terminology
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						Labwork
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					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?

				

			

			
				
					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, three test tubes, water bath, Benedict’s solution, droppers, tweezers.

					Safety precautions:

					1. Be careful with boiling water

					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.

					3. 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.

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

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

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

				

			

			
				
					

					
						Test samples

					

					
						Carbohy-drates

					

					
						Color

					

					
						 Reducing or Nonreducingsugars

					

					
						 Chemicalstructure

					

					
						1st test tube

					

					
						 

					

					
						 

					

					
						2nd test tube

					

					
						 

					

					
						 

					

					
						3rd test tube

					

					
						4th test tube
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				New terms of the chapter 
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				Research related to the lesson
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				 Questions to reviewthe chapter

			

		

		
			
				Experiment of the chapter
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				MOLECULAR BIOLOGY AND BIOCHEMISTRY

			

		

		
			
				1

			

		

		
			
				1. Structure of an antibody

				2. Enzyme-substrate interaction

				3.  Immobilization of enzymes

				4. Activator and inhibitor

				5. Enzyme activity

				6. Protein synthesis

				7. Transcription

				8. Translation

				9. Genetic code
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				- explain the interaction between the antigen and the antibody 
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				Structure of an antibody

			

		

		
			
				You will
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				1.1

			

		

		
			
				An antibody is a globular glycoprotein. The function of the antibody is to recognize foreign molecules or cells (sometimes tissues) in the body, which are called antigen. Antibodies form a group of plasma proteins called immunoglobulins. Each antibody is a Y-shaped molecule consisting of four polypeptide chains: two identical heavy chains and two identical light chains. The chains are linked together by disulfide bonds. The light and heavy chains each have constant and variable regions. The constant regions of all antibodies are the same. The variable region in each antibody is made up of different sequences of amino acids. Therefore, the variable region differs in each type of antibodies. The variable region of antibodies forms three-dimensional shape called antigen binding site, which binds to the antigen. Antigen binding site is formed from loops of the polypeptide chain. The amino acid sequence in this loop can vary significantly without changing the constant region of an antibody. Each antibody specifically binds to its antigen. 

			

		

		
			
				The structure of T cell antigen receptor

			

		

		
			
				The structure of B cell antigen receptor

			

		

		
			
				3D structure of antibodies

			

		

		
			
				Antibody - a protein produced in response to a specific antigen by plasma cells;

				Antigen - any substance (such as a molecule or cell) foreign to the body that evokes an immune response;

				Antigen binding site - a region on an antibody that binds to antigens.
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				Key terms

			

		

		
			[image: ]
		

		
			
				[image: ]
			

			
				[image: ]
			

			
				
					Facts

				

			

			
				
					[image: ]
				

				
					[image: ]
				

			

		

		
			
				With their unique combination of specificity and diversity antibodies are not only essential for fighting off infections, they are also useful for laboratory experiments, where they can be used to identify, purify and study other molecules.
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				Specific immune cells called T and B cells have antigen recognizing proteins called antigen receptor. The structure of the antigen receptor of B cell is similar to an antibody. It has two heavy and two light chains bound with disulfide bonds. Each chain has constant and variable regions. The region of heavy chain which is bound to the membrane is called the transmembrane region. The antigen receptor of T-cells slightly differs from B-cells. The antigen receptor of T-cells consists of two different polypeptide chains, an α chain and a β chain linked by a disulfide bonds. The transmembrane region of the antigen receptor is attached to the plasma membrane of the cell. At the top of the molecule, there is also a variable region of α chain and a β chain which forms antigen binding site. The rest part of the molecule is made up of 

			

		

		
			
				Why do babies which did not feed on breast milk enough get ill more often than other babies?

			

		

		
			
				
					The structure of antibody
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				Activity

			

		

		
			
				Research time

			

		

		
			
				A. The diagram shows an antibody molecule.

				a. Name:

				the regions X and Y 

				the bond labeled Z. 

				show the light and heavy chains of an antibody

				b. Explain how the structure of an antibody is related to its function.

				B. Draw a T cell antigen receptor. Label the V and C regions. Label the antigen-binding sites, disulfide bridges, and a transmembrane region. Where are these features located relative to the V and C regions?

				C. Consider a pencil-shaped protein with two antigens, Y (the “eraser” end) and Z (the “point” end). They are recognized by antibodies A1 and A2, respectively. Draw the diagram and label the antibodies binding to an antigen to form an antigen-antibody complex.

			

		

		
			
				1. Explain the structure of an antibody.

				2. How antigen binding site interacts with antigen?

				3. Why the amino acid sequences of variable regions differ in each antibody?
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					Facts
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				Mother milk is important for child development. It is source of essential nutrients and vitamins. Also, it contains maternal antibodies, which protect the infant organism during first years of life. That’s why children who did not have milk are exposed to diseases often.

			

		

		
			
				Among all nucleated human cells, only B and T cells lose DNA during their development and maturation. In a short essay (100–150 words), discuss the relationship between this loss and DNA as heritable biological information, focusing on similarities between cellular and organismal generations.
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				antibody - антидене / антитело; 

				antigen - антиген;

				counteract - қарсы тұру / противодействовать;

				evoke - іске қосу / пробуждать;

				fit - сәйкес келу / соответствовать;

				immunoglobulin - иммуноглобулин;

				slight - елеусіз / незначительный.
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					Terminology
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				Each antibody recognizes specific antigen

			

		

		
			
				constant regions. 

				Biological properties of the antigen-binding site depend on physical interactions with antigens. Regardless of its strength, the binding of an antibody to antigen molecules always shows high specificity. Each antibody can bind to only to one or few antigens from thousands of other antigens. The ability of binding of the antibody with a high selectivity and affinity to antigens depends on the formation of many noncovalent interactions (hydrogen bonds, electrostatic attraction, van der Waals interactions etc.) between the antigen-binding site of antibody and antigen. Individually each noncovalent interaction is weak, so to form effective binding many bonds should be formed simultaneously. This is possible only if the surface of the antigen binding site fits very tightly to an antigen, like hand and glove. When antibody has poorly matching antigen-binding site to the antigen, few noncovalent interactions occur, the antibody and antigen separate rapidly as they come together.  The human body can produce a lot of different antibodies, which will recognize any antigen found in nature. The Y-shaped antibody has two antigen binding site, each of them is complementary to the antigen.
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				Literacy
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				- explain the mechanism of formation of the enzyme-substrate complex
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				enzyme-substrate Interaction

			

		

		
			
				You will
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				1.2

			

		

		
			
				An enzyme is a globular protein molecule, which speeds up any chemical reactions. Like all globular proteins, enzyme molecules are coiled into a three-dimensional shape, where hydrophilic R-groups of the polypeptide chain are arranged on an outer side site of the molecule. There is a specific region in the molecule, called active center, where any molecule can bind. The molecule which binds to the active site is a substrate of the enzyme. During the chemical reaction, enzyme molecules bind with a substrate by active center specifically. The structure of enzyme does not change during the reaction.  The idea that the enzyme has a particular shape into which the substrate fits precisely is known as the lock and key hypothesis. The lock and key hypothesis was first postulated in 1894 by Emil Fischer. In this hypothesis, the lock is the enzyme, and the key is the substrate. Only the correctly sized key (substrate) fits into the keyhole (active site) of the lock (enzyme). The substrate is held in the active site of the enzyme by temporary bonds which forms between R-groups of enzyme and substrate amino acids. This intermediate structure is called the enzyme-substrate complex. Each enzyme acts only on its substrate. The enzyme is said to be specific to substrate like an antibody to an antigen. The enzyme can speed up different types of reactions in which a substrate molecule can be split into two or more molecules. Also, it may catalyze the joining of the molecules. The molecule finally formed after enzyme-substrate complex is called product. Now the enzyme is ready to bind another substrate.  Later researchers modified the lock and key hypothesis. In 1959 there was evidence that enzyme molecules are more flexible than suggested before. The modern hypothesis is similar to the lock and key hypothesis and known as an induced fit hypothesis. The induced fit hypothesis states that the shape of the enzyme and sometimes substrate changes slightly during the formation of the enzyme-substrate complex. It makes the catalysis even more efficient. 

			

		

		
			
				The lock and key mechanism illustration

			

		

		
			
				Lock and key mechanism of enzymes

			

		

		
			
				 How enzyme-substrate interaction is similar to antigen-antibody interaction?

			

		

		
			
				 

				Enzyme - a protein molecule which accelerates chemical reactions in the cell;

				Substrate - a molecule acted upon by an enzyme;

				Active center - the region of an enzyme where substrate molecules bind and undergo a chemical reaction.
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				Key terms
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				Key

				(substrate)

			

		

		
			
				Lock

				(enzyme)

			

		

		
			
				Correct fit

				(will react

			

		

		
			
				Incorrect Key

				(substrate)

			

		

		
			
				Lock

				(enzyme)

			

		

		
			
				No reaction
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				Literacy
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				1. What is the role of an active center in the enzyme?

				2. Why must the enzyme fit substrate specifically?

				3. How the enzyme lowers activation energy?
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				Activity

			

		

		
			
				A. Label the following terms in the following picture Enzyme	_____  Product(s)	_____ Substrate _____ Active site _____B. The diagram below shows a model of how an enzyme molecule acts on the substrate.1) Name this model _________________________________2) Complete Stage 2 and Stage 3 of this model3) A cell contains a small amount of this enzyme, yet each enzyme molecule can act on thousands of substrate molecules in a minute.Explain what happens to this enzyme molecule, after Stage 3, to allow it on thousands of substrate molecule.
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				arranged - орналасқан / расположены;

				coiled - түйілген / обмотанный;

				distort - бұрмалау / искажать;

				evidence - дәлел / доказательство

				keyhole - құлыптың оймасы / 

				замочная скважина;

				postulate - негіз етіп алу / постулировать;

				temporary - уақытша / временный.
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					Terminology
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				 All enzymes are catalysts: the molecule that increases the rate of reaction. Without enzymes, most reactions inside the cell would take million years to proceed. In many chemical reactions, conversion of the substrate into the product requires extra energy. This energy is called activation energy. The enzyme decreases the activation energy of the reaction. The enzyme may hold the substrates in such a way as to distort the substrate bonds closer to their form in the transition state. This reduces the amount of energy needed to complete the transition.
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				Research time

			

		

		
			
				Compare lock and key hypothesis and induced fit hypothesis. And write a report.

			

		

		
			
				
					Enzyme lowers the activation energy of reaction
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					Facts
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				Most of us are heading for lactose intolerance. Bad news if you’re an ice cream lover: research shows that about 75 percent of the world’s population loses the ability to break down lactose, by an enzyme called lactase, at some point, meaning that many naturally become lactose intolerance over time.
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					Facts
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				Immobilised enzymes can be used as drugs for either local or systemic application (including soluble and insoluble immobilised enzymes for thrombolytic therapy, and for the treatment of both malignant diseases and some in-born enzyme deficiencies)

			

		

		
			
				 

				- explain the formation mechanism of the enzyme-substrate complex
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				Immobilization of enzymes

			

		

		
			
				You will
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				1.3

			

		

		
			
				Enzymes play a crucial role in commercial applications. They can be used in medicine, food technology, and industrial processing. However, obtaining the enzymes is expensive, and companies do not want to buy the enzymes every time. There are several solutions to solve this problem. One of the ways is to immobilize enzymes. We will explain the immobilization of enzymes using lactase enzyme as an example. 

				 Lactase enzyme converts the lactose in the milk to glucose and galactose. Some people cannot digest the lactose; therefore companies produce the milk without lactose. During the enzyme immobilization process lactase firstly is mixed with a solution of sodium alginate. Then the mixture of sodium alginate and enzyme (lactase) is added to a solution of calcium chloride. When the mixture reacts the calcium chloride solution, they form “beads.” The enzyme is held in the bead, so it is immobilized. These beads can be packed into the columns. The milk containing enzyme substrate is trickled steadily over the columns containing immobilized lactase enzyme (“beads”). As the substrate runs over the surface of beads, the enzyme (lactase) catalyzes a reaction that converts substrate (lactose) into the products (glucose and galactose). The products continue to trickle down the column, and are collected and purified.

				 Immobilization of the enzymes has several advantages than just mixing the enzyme with milk. Firstly, if you just mix the enzyme with milk, you would have a problem to get lactase back again. So, you lose not only the expensive enzyme (lactase), but also you would have milk contaminated with the enzyme. Using the immobilized enzyme helps you to keep and re-use the enzymes repeatedly and the resulting milk will be enzyme-free. The second advantage is that immobilized enzyme is more tolerant to physical changes, such as temperature and pH, than enzymes in solution.

				The immobilized enzyme is more stable because its molecules are held in alginate, and does not denature easily.

			

		

		
			
				The mixture of sodium alginate and lactase mixes with a solution of calcium chloride.

			

		

		
			
				Most people cannot digest lactose in the milk. How do milk companies help people with lactose intolerance to drink milk?

			

		

		
			
				 

				Lactase - an enzyme which catalyses the hydrolysis of lactose to glucose and galactose;

				Alginate - a salt of alginic acid;

				Immobilized enzyme - an enzyme attached to an inert, insoluble material;

				Lactose intolerance - the inability to digest lactose, a component of milk and some other dairy products.
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				Key terms
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				1. What is the advantage of the immobilization of an enzyme?2. Why can some people not digest the lactose? 3. Imagine you have contaminated milk with an enzyme. How would you clean the solution?
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				Literacy
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				bead - моншақ / бусина;

				column - баған / столбец;

				contaminated - ластанған / загрязненный;

				immobilization - иммобилизация

				purify - тазарту / очищать;

				steadily - тұрақты / постоянно;

				tolerance - төзімділік /терпимость;

				trickle - құйылу / просачиваться.
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					Terminology
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				Using immobilized enzyme to clean milk from lactose
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				Labwork
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				Pre-lab questions: 

				1. What are the substrate and products of lactase?

				2. Where is lactase found in the organism?

				Methods and Materials: 

				Beakers, graduated cylinder, balance, pipets, syringe, alginic acid, sodium salt, CaCl2, lactase enzyme.

				Safety precautions:

				1. Be careful with chemicals.

				2. Be careful with syringes.

				Procedures: 

				1. Dissolve 30g of sodium alginate in 1 liter to make a 3% solution.

				2. Mix approximately 0.015 g of enzyme with 10 ml of 3% (wt.) sodium alginate solution.

				3. The beads are formed by dripping the polymer solution from a height of approximately 20 cm into an excess (100 ml) of stirred 0.2M CaCl2 solution with a syringe and a needle at room temperature.

				4. Draw the beads into your notebooks.

				Results: 

				
					Picture

				

				
					«Beads»

				

				Post-lab questions: 

				1. How is enzyme immobilized?

				2. What is the importance of enzyme immobilization?

				3. What other enzymes are useful to immobilize?

			

		

		
			
				Investigation of the effect of immobilization of enzymes on their activity
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				Research time

			

		

		
			
				Enzyme immobilization helps companies to save money on enzymes. Which enzymes other than lactose are useful to immobilize? Explain your answer and write an essay about it.
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					Facts

				

			

			
				
					[image: ]
				

				
					[image: ]
				

			

		

		
			
				Antibiotic penicillin is an example of an enzyme inhibitor. It covalently modifies the enzyme transpeptidase, thereby preventing the synthesis of bacterial cell walls and killing the bacteria

			

		

		
			
				 

				- compare competitive and non-competitive inhibition of enzymes
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				Activator and inhibitor

			

		

		
			
				You will
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				1.4

			

		

		
			
				Enzyme accelerates all chemical reactions inside the cell. The regulation of enzyme activity is crucial for an organism. There are several molecules which block the enzyme activity; some molecules increase the enzyme activity. The molecules or compounds that decrease the enzyme activity are called inhibitors. Each inhibitor effects on the enzyme in different ways. Some of them bind to the active site of the enzyme to block the enzyme’s affinity to the substrate so that the substrate is not converted to the product. Other inhibitors do not bind to the active site; they change the structure of the active site making the binding of substrate impossible.

				Inhibitors are divided into different groups according to their chemical structure: ions (Hg+, Fe2+, Cu+, Pb2+), small organic molecules (diisopropylphosphofluoridate, oligomycin) and large organic molecules (peptides, proteins, etc.). However, this classification does not reflect the mechanism of their interaction with the enzyme. 

				The active site of the enzyme fits substrate molecules perfectly. Many inhibitors attach to the enzyme by weak interactions. They bind to the active site of the enzyme competing with the enzyme substrate. Inhibitor mimics the substrate shape and binds to the active site making substrate-enzyme complex impossible. This type of inhibition is called competitive inhibition. Competitive inhibition can be overcome by increasing the concentration of substrate. It means that if there is more substrate in the solution, substrate molecules can easily bind to the active site, and the enzyme function is unaffected. If the substrate concentration decreases and the inhibitor concentration increases, the enzyme function is blocked. Therefore, this type of competition is called competitive inhibition. 

				Another type of inhibition is known as non-competitive inhibition. In non-competitive inhibition, inhibitors don’t compete with the substrate directly. The inhibitor binds to the specific site of the enzyme (not active site) and disrupt the normal arrangement of hydrogen bonds and hydrophobic interactions in the enzyme. As a result, the active site of the enzyme becomes incapable of binding the substrate. While the inhibitor is attached to the enzyme, enzyme function is blocked, no matter how much substrate present. 

				Inhibitors are important for organisms. Many metabolic reactions must be finely controlled and stopped at the right time; so the enzymes do not consume too much energy. Also, inhibitors are used as a defense mechanism in some organisms. For example, fungi use inhibitors to fight against bacteria; plants use different inhibitors as poisons to defend themselves from being eaten. Some organisms use enzyme inhibitors not only for defense but also to get food.

				Inhibitors play an important role in the development of different sciences (biochemistry, physiology, pharmacy, agriculture, ecology) as well as the technologies (production of pharmaceutical drugs, insecticides, pesticides, chemical weapons, etc.). For example, many pharmacological drugs are inhibitors.

			

		

		
			
				 How does penicillin work?

			

		

		
			
				 

				Enzyme activator - molecule that binds to an enzyme and increases its activity;

				Enzyme inhibitor - molecule that binds to an enzyme and decreases its activity.
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				Key terms
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				The inhibition of enzyme

			

		

		
			
				Plants use different poisons, which are inhibitors, to defend themselves from being eaten

			

		

		
			
				The graph shows how competetive and non-competetive inhibitors act on enzymes. 

			

		

		
			
				Enzyme activators are chemical molecules or compounds that increase the rate of enzymatic activity. Ions, small organic molecules, as well as peptides, proteins, and lipids can act as activators. There are many enzymes which are specifically activated by small inorganic molecules, mainly by cations such as Ca2+. Calcium ions (Ca2+) are used as secondary messengers in nervous and muscular systems. The enzymes, which uses Ca2+, as the secondary messenger has a specific binding site to Ca2+ ions. The binding with Ca2+ ions changes the structure of the enzyme making the production of enzyme-substrate complex easier; as a result, the activity of enzyme increases. 

				Cations can bind not only with enzyme but also with the substrate increasing its affinity to the enzyme. For example, magnesium ions (Mg2+) interact with ATP or with other nucleotides that are negatively charged. It decreases their charge and provides effective binding of nucleotides to the active site of various enzymes; as a result, the activity of enzyme increases. 
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				activator - активатор;

				affinity - ұқсастық / сродство;

				arrangement - орналасу /расположение;

				disrupt - болдырмау / срывать;

				inhibitor - ингибитор;

				interact - бірлесіп әрекет қылу / взаимодействовать;

				venom - у / яд.
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					Terminology
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				Research time

			

		

		
			
				Research and find different examples еhe effect of drugs and heavy metal ions on enzyme activity. Explain their mechanism of work and write an essay about it.
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				- compare competitive and noncompetitive inhibition of enzymes

			

		

		
			[image: ]
		

		
			
				Enzyme activity

			

		

		
			
				You will
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				1.5

			

		

		
			
				If all biochemical processes inside will work simultaneously, there will be chaos. All cells in the body have to regulate processes which are going on inside. Enzyme activity regulation is crucial at this point. Different mechanisms cause the enzyme to alter its shape, and therefore its can switch on or off their functions. 

			

		

		
			
				Later, deep studying of feedback regulation showed that all enzymes have two different binding sites, one site (active center or active site) for the substrate and another one is for recognizing regulatory molecules. These two sites depend on each other. The regulatory molecules bind to the regulatory site and change the conformation of the active site, making the enzyme ready for binding with a substrate (making enzyme active). 

				The enzyme can be found in two states. In the first state, the enzyme 

			

		

		
			
				Inside the cell, there are thousands of different types of enzymes which perform their functions at the same time within the same small volume of cytoplasm. Enzymes generate a network of metabolic pathways, each of them contains chains of biochemical reactions in which product of one enzyme becomes the substrate for another. 

				One type of enzyme activity regulation occurs when other molecules (not substrates) bind to a specific site on the enzyme, called regulatory site, inhibit the activity of the enzyme. During feedback inhibition, an enzyme acting early in a reaction pathway is inhibited by the late product of that pathway. Thus, when a large quantity of final product begins to accumulate, the final product of the pathway binds and inhibits the metabolic activity of the earlier enzyme. As a result, it limits further entry of substrates into that reaction pathway, so the metabolic activity of the whole process slows down. Feedback inhibition can work almost instantly and is rapidly reversed when product levels fall. Feedback inhibition is an example of negative regulation: it prevents an enzyme from acting. Enzymes also can be regulated by positive regulation - the activity of the enzyme is stimulated by the product. 

			

		

		
			
				How enzymes “understand” when to stop or start working?

			

		

		
			
				 

				Feedback inhibition - a cellular control mechanism in which an enzyme activity is inhibited by the end product.

				Allosteric regulation (allosteric control) - the regulation of an enzyme by binding an effector molecule at a site other than the active site of the enzyme.

				Regulatory site - part of an enzyme, to which the product of the enzyme-substrate interaction binds and down-regulates the active site of the enzyme by altering the conformation so as to prevent further binding to the substrate.
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				Key terms
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				Feedback inhibition

			

		

		
			
				Allosteric regulation

			

		

		
			
				Feedback inhibition regulates the flow through biosynthetic pathways. Enzyme 1 is the first enzyme of the pathway gives the product A which is the substrate for enzyme 2 and so on. Finally, the end product of pathway binds to the regulatory site of enzyme 1 changes the conformation of the active site and inhibits the whole pathway.
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				Research time

			

		

		
			
				Find the examples of negative and postitive feedback in different enzymes. Answer the questions below:

				1. What is the name of the enzyme?

				2. What are the substrates and the products of the enzyme?

				3. Which molecule regulates the enzyme activity?

				4. Explain why in this example the negative or positive feedback is used?
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				Literacy

			

		

		
			
				[image: ]
			

			
				[image: ]
			

		

		
			
				1. What is the important in the regulation of enzyme activity?

				2. What is the role of inhibitor on allosteric regulation?

				3. How the increasing the concentration of final product affects on positive feedback inhibition?
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				Labwork

			

		

		
			
				 1. Trypsin is an enzyme, which breaks down protein molecules, such as albumen to amino acids. A student investigated the effect of substrate concentration on activity of trypsin. Six different concentrations of albumen were prepared and trypsin was added to each in turn. The student measured the time for albumen to break down and then calculated the rate of reaction. The investigation was carried out at 35oC. The results are shown on the graph below.
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				a) Explain the results shown on the graph.

				b) The student repeated the investigation at 25oC. Draw on the graph a curve to show the results that you would expect.

				c) What will happen if you add inhibitor for trypsin? Draw on the graph a curve to show the results that you would expect.

				2. During infections of lungs, phagocytes move from the blood to the lining of the alveoli. Phagocytes release the enzyme elastase to digest the cell wall of bacteria which causes infection pathway through the alveolar wall. And most people produce a glycoprotein, alpha 1-antitrypsin (AAT), which inhabits the elastase and so prevents widespread breakdown of alveoli. The inhibitory action of ATT was investigated using enzyme trypsin. 

				a) Plot the graph of the rate of reaction.

				a.1 When AAT inhibit elastase by allosteric regulation.

				a.2 When AAT inhibit elastase by competing with bacteria cell wall.

				b) Explain how you would adapt the student’s investigation with trypsin to find out how AAT acts as an inhibitor.

			

		

		
			
				In allosteric inhibition inhibitor binds to the enzyme and changes the conformation of the active site making impossible binding with the substrate, in allosteric activation activator works conversely.

			

		

		
			
				is active; in the second state, the enzyme is inactive. The switching between two states (conformations) depends on binding of the special molecule, or ligand, to the regulatory site of the enzyme. It activates or inactivates the enzyme. This type of regulation is called allosteric regulation (from the Greek allo, “other,” and stere, “solid” or “shape”). The ligand which activates the enzyme is called activator while inhibiting ligand called inhibitor.
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				conformation - конформация;

				conversely - кері / наоборот;

				instantly - тез арада / мгновенно;

				investigation - зерттеу / исследование;

				simultaneously - бір уақытта / одновременно;

				widespread - кеңтараған / широко распространенный.
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					Terminology
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				The effect of inhibitors and activators on the rate of enzymatic reactions
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				- describe transcription and translation in the process of protein biosynthesis
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				Protein synthesis

			

		

		
			
				You will
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				1.6

			

		

		
			
				In 1902 British physician Archibald Garrold noticed that each gene synthesizes specific enzyme which catalyzes the specific chemical reaction in the cell. He suggested that symptoms of the inherited disease are caused by an inability to make a specific enzyme. For example, people with a disease called alkaptonuria have black urine, because it contains chemical alkapton which gives a dark color to urine. Garrold suggested that people with alkaptonuria inherited the gene which cannot synthesize the enzyme which converts alkapton to the next product in the chemical pathway. That is why they have alkapton in urine. Several decades later researchers supported the Garrold’s hypothesis that each gene dictates the production of a specific enzyme, later named “one gene-one enzyme” hypothesis. In 1958 George Beadle and Edward Tatum from Stanford University proved the “one gene-one enzyme” hypothesis and won the Nobel Prize.

				 As researchers learned more about proteins, they reconsidered the “one gene-one enzyme” hypothesis. First of all, not all proteins are enzymes. For example, the hemoglobin molecule, which transports oxygen in the body, consists of four polypeptide chains: two alpha and two beta chains. Alpha and beta chains are synthesized from two distinct genes. Beadle and Tatum’s idea was therefore restated as the “one gene-one polypeptide” hypothesis.

				Genes located in DNA (deoxyribonucleic acid) provide instructions for protein synthesis. But genes do not build a protein directly. There is a “bridge” between DNA and protein synthesis, called mRNA (messenger ribonucleic acid). The structure of RNA is similar to DNA, except that it contains ribose instead of deoxyribose sugar and nitrogenous base uracil instead of thymine. Also, DNA is double stranded, and RNA is single stranded. Thus, DNA strand has nucleotides A (adenine), G (guanine), C (cytosine), and T (thymine) as its nitrogenous base, while RNA strand has A, G, C and U (uracil) as its base. 

				The protein synthesis, or “getting” from DNA to protein, goes in two main stages: transcription and translation. The synthesis of the protein includes the flow of genetic information from DNA to protein via RNA. This concept was named central dogma of molecular biology.

			

		

		
			
				 How is DNA related to the enzymes?

			

		

		
			
				 

				The central dogma - describes the basic framework for how genetic information flows from a DNA sequence to a protein production inside cells;

				Transcription - the process of transcribing or making a copy of genetic information stored in a DNA strand into a complementary strand of RNA;

				Translation - the process in which ribosomes in the cytoplasm synthesize proteins after the process of transcription of DNA to RNA.
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				Key terms
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				Central dogma

			

		

		
			
				Transcription is the process of synthesis of RNA from DNA, or in other words copies the information from DNA to RNA. The information is written in the same language but in different form. During the transcription process, one strand of DNA is used as a template for new synthesizing RNA strand. The new synthesized RNA is called messenger RNA (or mRNA) and carries a transcript of gene information to protein.

				Translation is the process of synthesis of polypeptide chain from mRNA by ribosomes. Ribosomes are tiny organelles which “read” the information from mRNA and synthesize polypeptide chain of amino acids in the right order as it was coded in mRNA (indirectly in DNA).

			

		

		
			
				Protein synthesis in prokaryotes. Both stages (Transcription and translocation) occurs in the cytoplasm
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					Facts
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				The concept of central dogma was stated by Francis Crick in 1957. Later in 1970, scientists found an enzyme called reverse transcriptase in retroviruses, which uses RNA as a template for DNA synthesis.
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				dictate - мәжбүр ету / диктовать;

				directly - тікелей / непосредственно;

				physician - дәрігер / врач;

				restate - қайта жариялау / вновь

				заявить;

				transcription - транскрипция;

				translation - трансляция.
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				Activity

			

		

		
			
				1. Write the central dogma: ________________ → _________________ → __________________

				2. The process of converting the DNA code into mRNA is called ________________________, and this

				process occurs in the __________________ of the cell.

				3. The process of converting mRNA codons into amino acids is called ________________________, and this

				process occurs in the __________________ of the cell.

				4. A string of amino acids makes up a ___________________.

				5. Instead of thymine, RNA has the base ____________________.

				6. A strand of genetic code reads: CCATTGGATAA. Is this a strand of DNA or RNA? How do you know?

			

		

		
			
				[image: ]
			

			
				
					Terminology
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				Literacy
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				1. What is the central dogma of molecular biology?2. What is the role of mRNA in protein synthesis?3. Why does DNA not synthesize the protein directly?

			

		

		
			
				For each gene, one strand of DNA used as a template to synthesize mRNA, then the information in RNA converted to protein

			

		

		
			
				Basically, the transcription and translation processes are the same in all organisms, but there are some differences in the flow of genetic information between the prokaryotic and eukaryotic cells. 

				Prokaryotic cells do not have nuclear envelope. Both translation and transcription processes occur in the cytoplasm. Translation can start before the transcription is finished. 

				In eukaryotes, transcription and translation processes are separated by nuclear envelope. Transcription occurs in the nucleus, while translation in the cytoplasm. mRNA must be modified in various ways before it leaves the nucleus.
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				Protein synthesis in eukaryotes. The nucleus separates the transcription and translation.
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				Research time

			

		

		
			
				There is an enzyme in viruses which synthesizes DNA from RNA called reverse transcriptase. Why RNA cannot be synthesized from proteins?
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				- describe the transcription and translation in the process of protein biosynthesis
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				Transcription

			

		

		
			
				You will
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				1.7

			

		

		
			
				The messenger RNA (mRNA) transfers information from DNA to protein. It is synthesized from the template strand of the gene (or DNA). An enzyme which synthesizes the RNA from DNA is called RNA-polymerase. RNA-polymerase does not need any primers; it can start from any point. 

				There is a specific sequence of nucleotides on DNA called promoter, which initiates the transcription. RNA-polymerase recognizes and binds to the promoter and starts to synthesize RNA molecule complementary to the DNA strand. The RNA synthesis continues until it reaches the second special sequence of DNA that stops the transcription. This sequence of DNA is called terminator. The region of DNA from promoter to terminator is called a transcription unit. 

				Scientists distinguish three main stages of RNA transcription. These are initiation, elongation, and termination. These three stages are common for all living organisms, but there are several differences between prokaryotic and eukaryotic cells. 

			

		

		
			
				The promoter of DNA funtions as a starting point for RNA-polymerase. Recognizing the promoter is essential for RNA-polymerase in a way that it ensures transcription begins at the right place. In bacteria, part of the RNA polymerase itself specifically recognizes and binds to the promoter. In eukaryotes, a complex of proteins called transcription factors mediate the binding of RNA polymerase and the initiation of transcription. The promoter of eukaryotes, in contrast to the prokaryotic promoter, consists of the sequence of thymine and adenine nucleotides (about 25 nucleotides) commonly called TATA box. Transcription factors and TATA box form initiation complex at the eukaryotic promoter. Once the appropriate transcription factors are firmly attached to the promoter, RNA polymerase binds to the DNA. Two DNA strands unwind and transcription begins.

			

		

		
			
				As RNA polymerase moves along the DNA, it unwinds the double helix of DNA, exposing about 10–20 DNA nucleotides at a time for pairing with RNA nucleotides. The enzyme adds nucleotides to the 3’end of the growing RNA molecule as it moves along the double helix. As RNA polymerase moves along the DNA template, the new RNA separates from the DNA, and the DNA double helix re-forms.

			

		

		
			
				Bacteria and eukaryotes terminate the transcription in different ways. In bacteria, the transcription proceeds through a terminator sequence in the DNA. The transcribed terminator (an RNA sequence) functions as the termination signal, causing the polymerase to detach from the DNA and release the transcript, which requires no further modification. In eukaryotes, the RNA-polymerase transcribes a sequence on DNA called polyadenylation signal, which consists of six nucleotides (AAUAAA). This is called a “signal” because once this stretch of six RNA nucleotides appears, it is immediately bound by specific enzymes in the nucleus. Then, at the point about 10-35 nucleotides downstream 

			

		

		
			
				How does cell “find” the starting point of the gene from millions of nucleotides?

			

		

		
			
				 

				Transcription unit - the sequence of nucleotides in DNA that codes for a single RNA molecule, along with the sequences necessary for its transcription; normally contains a promoter, an RNA-coding sequence, and a terminator;

				RNA splicing - a modification of the pre-mRNA transcript in which introns are removed and exons are joined prior to translation. 
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				Key terms
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				Initiation

			

		

		
			
				Elongation

			

		

		
			
				Termination
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				three main stages of transcription

			

		

		
			
				Transcription: synthesizing mRNA from DNA 
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					Facts

				

			

			
				
					[image: ]
				

				
					[image: ]
				

			

		

		
			
				In the 1980s Thomas Cech, at the University of Colorado at Boulder, was studying the splicing of introns from pre-mRNA of Tetrahymena thermophila. He noticed that the cutting of introns occurs without any participation of cellular components. Cech and colleagues did not find any proteins or other molecules which were involved in splicing. After much work, Cech proposed that intron sequence portion of the RNA could break and reform phosphodiester bonds. After several years the RNA molecules which work as enzymes were found. They were named ribozymes. Today we know that ribozymes are involved in functional part of the ribosome, they play role in protein synthesis. 

			

		

		
			
				In eukaryotic cells, before pre-mRNA reaches the cytoplasm, it must be modified.Pre-mRNA is modified from both ends. The 5’ end receives the modified 5’ cap, which contains modified guanine (G) nucleotide. 3’ end is also modified before the mRNA exits the nucleus. The 3’ end contains the polyadenylation signal, AAUAAA. A specific enzyme adds 50-250 additional adenine (A) nucleotides after the polyadenlation signal, as a result, a poly-A tail is formed. The 5’ cap and poly-A tail have important biological role. Firstly, they facilitate the transport of mRNA to the cytoplasm. Second, they protect the mRNA from degradation by hydrolytic enzymes. Third, they help the ribosomes to attach to the 5’ end of mRNA.

				Another remarkable stage of mRNA modification is an RNA splicing. Most of the mRNA nucleotides will be cut down by enzymes before the mRNA reaches the cytoplasm. The remaining portions of mRNA will be reconnected with each other. This cut-and-paste job is similar to editing a movie. 

				The sequence of DNA nucleotides that codes for a eukaryotic polypeptide is usually not continuous; it is split into segments. The non-coding segments of nucleic acid that lie between coding regions are called intervening sequences, or introns. The other regions are called exons, because they are eventually expressed, usually by being translated into amino acid sequences. The cutting of introns from pre-mRNA occurs by large complexes of proteins and small RNAs called spliceosome. 
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				Literacy
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				1. What is a transcription unit?2. Which factor are necessary for the initiation of transcription?3. How can the eukaryotic cell regulate the protein synthesis by modifying the mRNA?

			

		

		
			
				RNA modification

			

		

		
			
				from the AAUAAA sequence, enzymes cut the RNA transcript from the polymerase, releasing the pre-mRNA (unmodified RNA). RNA polymerase continues the transcription until the specific enzyme meets the polymerase and dissociates it from the DNA. 
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				Modification of pre-mRNA 
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				Activity

			

		

		
			[image: ]
		

		
			
				The process of transcription in a eukaryotic cell is shown on a picture. Show the following structures.

			

		

		
			
				
					structure 

				

				
					number on picture

				

				
					structure 

				

				
					number on picture

				

				
					Poly-A tail

				

				
					Intron

				

				
					5’Cap

				

				
					Exon

				

				
					pre-mRNA

				

				
					Promoter

				

				
					RNA

				

				
					Terminator
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				exon - экзон;

				firmly - қатты / твердо;

				intron - интрон;

				peel - қабық / корка; 

				promoter - промотор;

				transcription unit - транскрипция бірлігі / транскрипционная единица.
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					Terminology
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				5'

			

		

		
			
				5'

			

		

		
			
				3'

			

		

		
			
				3'

			

		

		
			
				RNA

			

		

		
			
				mRNA

			

		

		
			
				Process

			

		

		
			
				Start

				codon

			

		

		
			
				Stop

				codon

			

		

		
			
				Intron

			

		

		
			
				Polyadenylation

			

		

		
			
				Splicing

			

		

		
			
				Capping

			

		

		
			
				Intron

			

		

		
			
				Intron

			

		

		
			
				Intron

			

		

		
			
				Exon

			

		

		
			
				Exon

			

		

		
			
				Exon

			

		

	
		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				22

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				 

				- describe the transcription and translation in the process of protein biosynthesis
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				Translation

			

		

		
			
				You will
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				1.8

			

		

		
			
				The stage of protein synthesis after the transcription is called translation, because during the translation process the information coded in the DNA is “translated” into the amino acid sequence. After leaving the nucleus, mRNA binds with ribosomes located in the cytoplasm. 

				Ribosomes consist of two subunits: large and small subunits. This two subunits work together during the translation process. The function of a ribosome is to “read” or “scan” the nucleotide sequences (genetic code) on mRNA. 

				The ribosome reads the genetic code by three nucleotides, or by triplets, called codons. In either bacteria or eukaryotes, the start codon (AUG) signals the start of translation.

				In the cytoplasm, there is another type of RNA called transfer RNA (tRNA). The tRNA has two functional ends. One of them joins with any of 20 types of amino acids, while the second end has triplet bases (anticodon), which link with a complementary triplet (codon) on the mRNA.

				In the initiation, the first step of translation, a small ribosomal subunit binds to both the mRNA and a specific initiator tRNA, which carries the amino acid methionine. In bacteria, the small subunit of ribosome binds the mRNA at a specific RNA sequence, just upstream of the AUG start codon. In eukaryotes, the small subunit connected to the initiator tRNA binds to the 5’ cap of the mRNA and moves, downstream along the mRNA until it reaches the start codon (AUG); the initiator tRNA then binds to the start codon. After this, the large subunit of ribosome attaches to the small subunit. 

				In the elongation, second stage step of translation, two tRNA molecules fit onto the ribosome. tRNAs bring amino acids to the ribosome. When the second tRNA attaches to the ribosome, the amino acid from the first tRNA binds to the amino acid on the second tRNA forming a dipeptide. The first tRNA (now without an amino acid) leaves the ribosome to bring another amino acid from the cytoplasm, while another tRNA (the third) brings new amino acid. Note that tRNA’s anticodon must be complementary to the codon on mRNA. The genetic code on mRNA is important because it determines the arrangement of amino acids in a protein. The ribosome and the mRNA move relatively to each other, unidirectionally from 5’ to 3’ of mRNA, codon by codon. And new tRNAs which are complementary to mRNA sequence will come with amino acids. 

				The final stage of translation is termination. Elongation continues until a stop codon in the mRNA. The triplets UAG, UAA, and UGA don’t code any amino acids, but instead, act as a signal to stop the translation. When ribosome meets any of stop codons large subunit and small subunits detach from each other releasing the protein and mRNA into the cytoplasm. mRNA is then digested by hydrolytic enzymes. 

				At the end of translation one polypeptide chain is formed. Then polypeptide chain leaves the ribosome and goes to further modifications, like getting the second and third levels of organizations of protein.

			

		

		
			
				How is protein synthesized?

			

		

		
			
				 

				Translation - a step in protein biosynthesis wherein the genetic code carried by mRNA is decoded to produce the specific sequence of amino acids in a polypeptide chain.

				Codon - a sequence of three nucleotides which together form a unit of genetic code in an RNA molecule.

				Anticodon - a sequence of three nucleotides forming a unit of genetic code in a transport RNA molecule, corresponding to a complementary codon in messenger RNA.
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				Key terms
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				Two-dimentional shape of transport RNA (tRNA) The anticodon triplet is unique to each tRNA type, and each tRNA can bind only its own amino acid.

			

		

		
			
				Acceptor stem

			

		

		
			
				Variable loop

			

		

		
			
				Anticodon

			

		

		
			
				Anticodon loop

			

		

		
			
				D loop

			

		

		
			
				TψC loop
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				Research time
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					Facts
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				Usually, several ribosomes work on the same mRNA strand at the same time. They can be observed, in the form of polyribosomes, using an electron microscope.

			

		

		
			
				Antibiotics used in medicine block the protein synthesis in the bacterial cell. Why these antibiotics are not harmful to the human cell? Do a research and write a report about it. 
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				Literacy
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				1. What is the function of tRNA in translation process?

				2. Which codon is used as a start codon?

				3. Why the matching of anticodon with codon is important?
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				Translation process. Note that triplet AUG is used as a start codon, and a polypeptide is always synthesized in one direction, from the initial methionine at the amino end, also called the N-terminus, toward the final amino acid at the carboxyl end, also called the C-terminus
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				Activity

			

		

		
			
				1. Fill the table below with complementary nucleotides.

			

		

		
			
				2. Complete the table.

			

		

		
			
				
					mRNA codon

				

				
					tRNA anticodon

				

				
					DNA triplet from which it was transcribed

				

				
					AUU

				

				
					AAU

				

				
					CGG

				

				
					AGU

				

				
					GTA

				

				
					AAA

				

				
					CUA

				

			

		

		
			
				
					Transcription

				

				
					Translation

				

				
					The place where the process occurs

				

				
					The molecule used as a template

				

				
					The molecule produced by the process

				

				
					The components (molecules) used in process

				

				
					One other molecule that is essential for the process to occur
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				anticodon - антикодон;

				codon - кодон;

				determine - анықтау / определять;

				relative - қатысты / относительно;

				triplet - триплет.
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					Terminology
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				- explain the properties of genetic code
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				Genetic code

			

		

		
			
				You will
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				1.9

			

		

		
			
				In mRNA, there are only four types of nucleotides: adenine (A), guanine (G), uracil (U) and cytosine(C). But there are 20 amino acids, and one nucleotide cannot transcribe one amino acid. In this case, translation cannot be considered as a direct one-to-one correspondence between a nucleotide in RNA and an amino acid in a protein. The rule by which the nucleotide sequence of the gene is translated into the amino acid sequence is known as a genetic code. 

				In 1961 scientists deeply researched the genetic code on mRNA. They estimated that one amino acid is transcribed by three nucleotides (triplet). That means four nucleotides on mRNA give 64 possible combinations (like AUG, UUA, etc). So some amino acids are transcribed by more than one triplet. Each group of three consecutive nucleotides in RNA is called a codon, and each codon specifies one amino acid. 

				However, the 3 of 64 codons are not transcribed by cell, they are used as stop codons during the translation. Also, the codon AUG has a double function: it codes the amino acid methionine (Met) and functions as an “initiation” signal or start codon. 

				The genetic code is nearly universal, shared by organisms from the simplest bacteria to the most complex plants and animals. The mRNA codon CCG, for instance, is translated as the amino acid proline in all organisms whose genetic code has been examined. Only slight differences have been found; these occur chiefly in the mRNA of mitochondria and some fungi and protozoa.

				There is redundancy in the genetic code, but no ambiguity. Redundancy means that one amino acid can be coded by more than one triplet. “No ambiguity” means that one codon triplet cannot code more than one aminoacid. For example, although codons GAA and GAG both codes glutamic acid (redundancy), neither of them ever codes any other amino acid (no ambiguity). The redundancy in the code is not altogether random. In many cases, codons that are synonyms for a particular amino acid differ only in the third nucleotide base of the triplet. 

				Genetic messages usually begin with the mRNA codon AUG, which signals the protein synthesizing machinery to begin translating the mRNA at that place. As AUG also stands for methionine, polypeptide chains begin with methionine when they are synthesized. However, an enzyme may subsequently remove this starter amino acid from the chain. 

				To start from right nucleotide is very important for the organism because genetic code has its reading frame. It means that changing one nucleotide can cause a crucial change in amino acid sequence. For example, the mRNA with nucleotide sequence AUG-UAA-CGA-GGG-CU normally gives us methionine-leucine-proline-glycine, and then deleting the adenine from the first triplet gives us another nucleotide sequence: UGU-AAC-GAG-GGC-U. As a result, a new nucleotide sequence makes new amino acid: cysteine-asparagine-glutamic acid-glycine.

			

		

		
			
				How does a ribosome “know” the sequence of aminoacids in the protein it synthesizes?

			

		

		
			
				 

				Genetic code - the set of rules used by living cells to translate information encoded within genetic material (DNA or mRNA sequences) into proteins.

				Reading frame - a way of dividing the sequence of nucleotides in a nucleic acid (DNA or RNA) molecule into a set of consecutive, non-overlapping triplets.

			

		

		
			[image: ]
		

		
			
				Key terms
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				Wrong reading frame of nucleotide sequence can be fatal for whole polypeptide sequence
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					Facts
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				The universality of the genetic code is beneficial. For example, bacteria can be programmed by the insertion of human genes to synthesize certain human proteins for medical use, such as insulin. Such applications have produced many exciting developments in the area of biotechnology.
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				Literacy
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				1. What is the genetic code? List the properties of genetic code.

				2. Which codons are used as stop signal? 

				3. How the changing the reading frame effects on protein structure?

			

		

		
			
				Genetic code
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				Activity

			

		

		
			
				 Use your codon chart or the chart to determine the amino acid sequence. Remember to read through the strand and only start on AUG and stop when it tells you to stop. Note that UAA, UGA and UAG are the stop codons. Follow the example below:

				 Example:

				 DNA AGA CGG TAC CTC CGG TGG GTG CTT GTC TGT ATC CTT CTC AGT 

				 mRNA UCU GCC AUG GAG GCC ACC CAC GAA CAG ACA UAG GAA GAG UCA 

				 protein start - glu – ala –thre – hist – asp –glu – threo - stop

				 acid acid

				1. DNA CCT CTT TAC ACA CGG AGG GTA CGC TAT TCT ATG ATT ACA ATC

				 mRNA 

				 protein 

				2. DNA AGA ACA TAA TAC CTC TTA ACA CTC TAA AGA CCA GCA CTC ATC

				 mRNA 

				 protein 

				3. DNA TAC CTT GGG GAA TAT ACA CGC TGG CTT CGA TGA ATC CGT ATC

				 mRNA 

				 protein 

				4. DNA TAA ACT CGG TAC CTA GCT TAG ATC TAA TTA CCC ATC

				 mRNA 

				 protein 

				5. DNA CTA TTA CGA TAC TAG AGC GAA TAG AAA CTT ATC ATC

				 mRNA 

				 protein
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				ambiguity - екі ұштылық / двусмысленность;

				consecutive - тізбекті / последовательный;

				genetic code - генетикалық код / генетический код;

				non-overlapping - жабылып кетпеу / не перекрываются;

				reading frame - оқу реті / рамка считывания;

				redundancy - артықтық / избыточность.
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					Terminology
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				check yourself

			

		

		
			
				Test questions with one right answer

				1. Which bond hold together the heavy and light chains of antibody?

				A. Hydrogen bond

				B. Ionic bond

				C. Disulfide bond

				D. Van der Waals interactions

				2. Which of the following is not found in antibody structure? 

				A. Light chain

				B. Constant region 

				C. Heavy chain

				D. Active site

				E. Variable region

				3. Who first postulated the “lock and key” hypothesis?

				A. T. Cech

				B. F. Crick

				C. E. Fischer

				D. A. Garrod

				E. E. Tatum

				4. What is activation energy?

				A. The energy produced by enzymes

				B. The energy required to start the reaction

				C. The energy produced after enzyme-substrate formation 

				D. The energy needed to stop the reaction

				E. The energy needed to immobilize the enzyme

				Test questions with several (max 3) right answers

				1. Which of the following are properties of enzyme?

				A. Rises the activation energy

				B. Can bind to any substrate

				C. Generally made up of carbohydrates

				D. Accelerates chemical reactions

				E. Can be regulated by other molecules

				F. Lowers the activation energy

				2. Which of the following are not found in modificated mRNA of eukaryotes?

				A. Poly-T tail

				B. Protein coding sequence

				C. 5’Cap

				D. Poly-A tail

				E. Stop codon

				F. Introns

				3. Which of the following are properties of genetic code?

				A. Consist of four nucleotides

				B. Consist of three nucleotides

				C. Universality

				D. Reading frame is important

				E. Reading frame is not important 

				Matching questions

				1. Match the definitions

				 1) Antibody

				 2) Active site of enzyme

				 3) Enzyme activator

				A. Protein produced in response to foreign molecule

				B. Any foreign substance that evokes immune system

				C. Molecule that bind to enzyme and increase their activity

				D. The region of an enzyme where substrate molecules bind and undergo a chemical reaction

				E. Molecule that bind to enzyme and decrease their activity

				F. A molecule acted upon by an enzyme

				2. Match the definitions

				 1) Translation

				 2) Transcription

				 3) Central dogma

				A. The basic framework of genetic information flow from DNA to protein

				B. Set of rules used by living organism to translate the information in RNA to protein

				C. The sequence of three nucleotides in RNA 

				D. The step of protein synthesis where information in protein is translated RNA

				E. The step of protein synthesis where information in RNA is translated to protein

				F. The process of transcribing genetic information from DNA to RNA
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				CHAPTER

			

		

		
			
				NUTRITION

			

		

		
			
				2

			

		

		
			
				1. Chloroplast

				2. Pigments of photosynthesis

				3. Light phase of photosynthesis

				4. Dark phase of photosynthesis

				5. Leaf anatomy of С3 and С4 plants

				6. Rate of photosynthesis

				7. Chemosynthesis
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				Research time

			

		

		
			
				Take a potato and cut it in half. After sometime you will see that part of potato will become green. Explain why it happens? 

			

		

		
			
				 

				- establish the relationship between the structure and function of chloroplast
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				chloroplast

			

		

		
			
				You will
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				2.1

			

		

		
			
				Most of the plant and other photosynthetic organisms contain organelles, plastids, called chloroplasts. They absorb solar energy and convert it into chemical energy. Chloroplasts conduct photosynthesis. Immature stems, unripened fruit and other green parts of a plant have chloroplasts, but a major section of photosynthesis in most plants are leaves. Chloroplasts located in the cells of the mesophyll tissues. Gas exchange occurs by tiny pores called stomata. Water absorbed and moved from the root to the leaves by veins. Furthermore, leaves export sugar to the root and other parts of the plant by the veins. 

				In different organisms, chloroplasts differ in structure, size and quantity in the cell. The chloroplast is a double-membraned organelle which surrounds the stroma. Smooth outer membrane protects the outside of the chloroplast and the inner membrane controls which molecules can pass in and out of the chloroplast. The outer and inner membranes and the fluid between them all together compose the chloroplast envelope. Liquid part inside the chloroplast where thylakoids float called stroma. Light-independent reactions take place in the stroma. Within the stroma is a system made up of sacs containing chlorophyll called thylakoids. Light-dependent photosynthetic reactions occur in thylakoids. Thylakoid sacs of chloroplasts often stacked into columns called the grana. Some grana are connected by longer lamellae called intergranular or stromatic thylakoids. Also in the stroma found chloroplast DNA, chloroplast ribosomes, starch granules and etc.

			

		

		
			
				How is the chloroplast a link between plant and environment?

			

		

		
			
				 

				Chloroplast - a plastid in green plant cells in which photosynthesis takes place;

				Stroma - a colorless dense fluid located within chloroplast.
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				Key terms
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				Chloroplast
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				Thylakoid
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					Facts
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					Facts
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				A mesophyll cell has about 30–40 chloroplasts and each about 2–4 μm by 4–7 μm.

			

		

		
			
				The most abundant protein in plant is the RuBisCO, which is a carbon fixating protein in photosynthesis dark phase
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				Activity

			

		

		
			
				Use the picture above and fill the table below.
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				Literacy
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				1. Where can the starch granules be found in the chloroplast? 

				2. Why are most chloroplasts located in leaves?
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				envelope – қабығы / оболочка;

				immature – жетілмеген / незрелый;

				quantity – саны / количество;

				sac – қап / мешок;

				solar energy – күн энергиясы / солнечная энергия;

				unripened – піспеген / незрелый.
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					Terminology
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					№

				

				
					Name

				

				
					Function
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				- establish the relationship between the structure and function of chloroplast
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				Pigments of photosynthesis

			

		

		
			
				You will
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				2.2

			

		

		
			
				Light is necessary for the plant organism. It is absorbed by special molecules called pigments. Light is used in the process of photosynthesis.

				Pigments are colorful substances which absorb light of a certain wavelength. Various pigments receive light of different wavelengths, and the wavelengths that are absorbed disappear. Not absorbed portions of the electromagnetic spectrum are reflected. They determine the color of the pigments. So, the green pigment, chlorophyll, absorbs red and blue colors, while the green color is reflected. 

				The visible light of the electromagnetic spectrum includes wavelengths from 380 to 750 nm. Substances that absorb the entire visible light of the spectrum appear black. 

				The composition of pigments depends on the habitat of organisms. Photosynthetic bacteria and algae have different pigment composition such as chlorophylls, bacteriochlorophylls, bacteriorhodopsin, carotenoids, phycobilins. Pigments of photosynthesis in higher plants are less diverse. Pigments that are in plastids can be divided into three groups: chlorophylls, carotenoids, phycobilins.

			

		

		
			
				At present, about ten chlorophylls are known. The main pigments, without which photosynthesis does not go, are chlorophyll A for green plants and bacteriochlorophyll for bacteria. Chlorophylls A and B differ in color: chlorophyll A has a blue-green tint, and chlorophyll B has a yellow-green one. The content of chlorophyll A in the leaf is about three times higher than that of chlorophyll B. Chlorophylls and carotenoids are insoluble in water, but well soluble in organic solvents.

			

		

		
			
				Carotenoids are yellow and orange pigments. Carotenoids are found in all higher plants and in many microorganisms. These are the most common pigments with a variety of functions. The main representatives of carotenoids in higher plants are two pigments - carotene (orange) and xanthophyll (yellow). Unlike chlorophylls, carotenoids do not absorb red rays.

			

		

		
			
				Phycobilins - red and blue pigment found in cyanobacteria and some algae. Studies have shown that red algae and cyanobacteria in addition to chlorophyll A contain phycobilins. Examples of phycobilins are phycocyanin and phycoerythrin. Red algae mainly contain phycoerythrin, and cyanobacteria - phycocyanin. Unlike chlorophylls and carotenoids, which are located in membranes, phycobilins are concentrated in special granules that are closely associated with thylakoid membranes.

			

		

		
			
				How can we get vitamin A without eating it?

			

		

		
			
				 

				Chlorophyll - a light-absorbing green pigment;

				Carotenoid - a light-absorbing yellow, orange or red pigments;

				Phycobilins - pigments of red algae and cyanobacteria.
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				Key terms
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				Chlorophyll

			

		

		
			
				Carotenoids

			

		

		
			
				Phycobilin
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				Structural formula of chlorophyll molecule

			

		

		
			
				Structural formula of β-Carotene molecule

			

		

		
			
				Structural formula of phycobilin molecule
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					Facts
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				Research time

			

		

		
			
				Below given an electromagnetic spectrum. Determine an absorption spectrum of the light by chlorophyll, carotenoid and phycobilin.

			

		

		
			[image: ]
		

		
			
				solvent – еріткіш / растворитель;

				spectrum – спектр;

				tint – реңк / оттенок;

				to reflect – шағылдыру / отражать;

				wavelength – толқын ұзындығы / длина волны.

			

		

		
			
				Joseph Pelletier and Joseph Caventou French scientists who in 1817 isolated from the leaves a green substance and called it chlorophyll.
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					Terminology
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				Rf value

			

		

		
			
				Joseph Pelletier

			

		

		
			
				Joseph Caventou
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					Labwork
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				Pre-lab questions:

				1. Explain why chlorophyll A is main pigment?

				2. What is the reason that carotenoid is insoluble in water?

				Methods and Materials: filter paper, leaf, coin, acetone, beaker, strip, ruler.

				Procedures: 

				1. Cut a strip of coffee filter (or filter paper). Draw a horizontal line with a pencil (not pen) about half an inch from the bottom. Place a leaf on the line and roll a coin over it so that you get a line of green pigment on the filter. Using a different part of the leaf, roll the ccoin again over the same line. Repeat this process until the line is fairly dark.

				2. Put about an inch of acetone in the beaker (isopropyl alcohol will also work.) 

				3. Tape the top of the coffee filter strip to a pencil and balance the pencil across the top of the beaker. 

				4. It is very important that the bottom of the filter strip is in the acetone, but the green spot is not in the liquid. If the acetone touches the spot directly, the pigment will just dissolve away.

				5. Observe what happens to the liquid in the beaker and the spot on the filter paper. Results will take about 20 minutes.

				Results: 

				
					Band Color

				

				
					Plant Pigment

				

				
					Distance (mm)

				

				
					Rf (use formula)

				

				
					Yellow to Yellow-orange

				

				
					Carotene

				

				
					Yellow

				

				
					Xanthophyll

				

				
					Bright Green to Blue Green

				

				
					Chlorophyll a

				

				
					Yellow Green to Olive Green

				

				
					Chlorophyll b

				

				Post-lab question:

				1. Which of the pigments is the most soluble? Explain your answer.

				2. Which of the pigments is the least soluble? Explain your answer.
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				The process of chromatography separates molecules because of the different solubilities of the molecules in a selected solvent. In paper chromatography, paper marked with an unknown, such as plant extract, is placed in a developing chamber with a specified solvent. The solvent carries the dissolved pigments as it moves up the paper. The pigments are carried at different rates because they are not equally soluble. A pigment that is the most soluble will travel the greatest distance and a pigment that is less soluble will move a shorter distance.

				 The distance the pigment travels is unique for that pigment in set conditions and is used to identify the pigment. The ratio is the Rf (retention factor) value.
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				The study of the content of photosynthetic pigments in the cells of various plants

			

		

	
		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				32

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				Research time

			

		

		
			
				Prove that the law of conservation of energy is attached to the process of photosynthesis.

			

		

		
			
				 

				- explain the processes occurring during the light phase of photosynthesis
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				Light phase of photosynthesis

			

		

		
			
				You will

			

		

		
			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

		

		
			
				2.3

			

		

		
			
				Photosynthesis is a process that occurs in the daylight in the chloroplasts of a plant cell. In the process, there are two cycles of reactions which successively and continuously following one after another - the light and dark phases.

				All processes in the light phase of photosynthesis occur only with the participation of light energy. The light phase is based on photosynthetic molecular structures called photosystems I and photosystems II. Plants and blue-green algae have both photosystems, photosynthesizing bacteria have photosystem I. Only photosystem II can split water, release oxygen and take electrons from hydrogen.

				Under the action of photons, the electrons of chlorophyll are excited and leave the molecule. After that, they fall onto the outer side of the thylakoid membrane, which ultimately charges negatively. Oxidized chlorophyll molecules are restored by taking electrons from water. This leads to the photolysis of water: 

			

		

		
			
				 

				Why do plants produce oxygen only during the day?

			

		

		
			
				 

				Photosystem - a biochemical mechanism in plants which involve different chlorophyll protein complexes and absorbs light energy for photosynthesis. 

				Photon - a particle representing a quantum of light or other electromagnetic radiation.

				ATP - adenosine triphosphate is a high energy molecule which can be found in every cell and uses like energy currency of life. 
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				Key terms
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				Hydroxyl ions give their electrons, turning into reactive radicals •OH and after they join to form water and free oxygen:

			

		

		
			
				Oxygen is deleted outwardly and protons accumulate inside the thylakoid. As a result, on the one side of the thylakoid membrane due to the H+ is charged positively and another side due to electrons is charged negatively. When the potential difference between the outer and inner sides of the thylakoid membrane increases, the protons are pushed through the ATP synthase channels and ADP is phosphorylated to ATP. Furthermore atomic hydrogen is used to restore the specific carrier NADP+ to NADP•H+.

			

		

		
			
				Thereby photolysis of water occurs in the light phase, which is accompanied by three major processes:

				 ATP synthesis;

				 formation of NADP·H+;

				 formation of oxygen.

				Oxygen diffuses into the atmosphere, ATP and NADPH+ are transported to the stroma of the chloroplast and participate in the processes of the dark phase.

			

		

		
			
				Photophosphorylation

			

		

		
			
				Photophosphorylation is the process of synthesis of ATP from ADP and Pi due to the energy of light. Photophosphorylation may be cyclic and noncyclic according to the water presence.
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				photon – фотон;

				photolysis – фотолиз;

				quantum – кванттық / квант;

				to accumulate – жинақталу / накапливать;

				to split – бөлу / расщепление.
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				Activity

			

		

		
			
				A student made an experiment and used the apparatus below. The Elodea was exposed to different light intensities and the rate of photosynthesis was estimated by counting the number of bubbles of gas produced per minute.

			

		

		
			
				a) Construct a line graph of the results.

				b) Describe the effect on the rate of bubbling of increasing the light intensity from 4 to 6 units.

				c) Suggest a method of changing the light intensity in this experiment.
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					Terminology
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					Facts
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					Facts
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				NADP is a coenzyme that catalyzes redox reactions in living cells.
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				Literacy
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				1. When does photolysis of water occur in the plant?

				2. How are electrons released?

				3. How does ADP become ATP?
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					Light intensity

				

				
					0

				

				
					1

				

				
					2

				

				
					3

				

				
					4

				

				
					5

				

				
					6

				

				
					Number of bubbles per minute

				

				
					0

				

				
					6

				

				
					12

				

				
					17

				

				
					22

				

				
					22

				

				
					22

				

			

		

		
			
				The first steps in the light phase begin with photosystem II. Because it was discovered later than photosystem I.
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				Light phase of photosynthesis
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				- explain the processes occurring during the dark phase of photosynthesis
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				Dark phase of photosynthesis

			

		

		
			
				You will
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				2.4

			

		

		
			
				How does dark phase of photosynthesis depend on light reaction?

			

		

		
			
				 

				RuBP - ribulose bisphosphate is the main acceptor of CO₂ in the reaction of carbon dioxide fixation.

				RuBisCO - an enzyme that catalyzes the addition of CO₂ to the ribulose bisphosphate in the first stage of the Calvin cycle.
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				Key terms
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					Facts
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				In 1961 Melvin Calvin win the Nobel Prize for decoding the mechanism fixation of CO2 in the process of photosynthesis.

			

		

		
			
				The dark phase of photosynthesis is associated with carbon fixation reactions that take place in the stroma and continue in the cytoplasm without absorption of light. During the light phase of photosynthesis, accumulates a high level of ATP and NADPH. However, by themselves, these high-energy compounds are not able to synthesize carbohydrates from CO2. It becomes obvious that the dark phase of photosynthesis is a complex process, including a large number of successive reactions that are possible only after the light phase has been completed.

				In plants of different ecological and systematic groups, there are several different ways of binding CO₂ to carbohydrates, but the main path for all plants is the Calvin cycle. The method of CO₂ assimilation into carbohydrates was decoded only in the middle of the 20th century by American biochemist Melvin Calvin and his colleagues using the example of unicellular green algae.

				The Calvin cycle and the citric acid cycle are similar. When some molecules enter and others exit the cycle, a starting material is regenerated. But the citric acid cycle is a catabolic reaction which oxidizing acetyl CoA and using the energy to produce ATP, while the Calvin cycle is an anabolic reaction, makeup carbohydrates from smaller molecules and consuming energy. Carbon enters the Calvin cycle in the form of CO₂ and exit in the form of sugar. The cycle consumes ATP as an energy source and NADPH as reducing power for adding high-energy electrons to make the sugar. However, the carbohydrate produced directly from the Calvin cycle is not glucose. It is actually a three-carbon sugar called glyceraldehyde 3-phosphate (G3P). The Calvin cycle divides into three phases: carbon fixation, reduction, and regeneration.

			

		

		
			
				In the first stage, carbon fixation takes place with the participation of enzymes and ATP, obtained in the light phase of photosynthesis. The Calvin cycle takes CO₂ molecules from the air, and preassemble molecules called ribulose bisphosphate, or RuBP, each containing five carbons. An industrious enzyme called rubisco that welds one carbon atom from a CO2 molecule with the RuBP chain to build an initial six carbon sequence. The product of the reaction is so energetically unstable that it splits in half, forming two molecules of phosphoglycerate.

			

		

		
			
				ATP delivers energy, while NADPH affixes one hydrogen to each of the PGA chains, changing them into molecules called glyceraldehyde 3 phosphates or G3Ps. Glucose needs six carbons to form, made from two molecules of G3P, which incidentally have six carbons between them, but it is a not sugar. 

				The Calvin cycle works like a sustainable production line, meaning that those original RuBPs that used things at the start, need to be recreated by reusing materials within the cycle now. Each RuBP needs five carbons and manufacturing glucose takes a whole six. Something 

			

		

		
			
				Carbon fixation

			

		

		
			
				Reduction
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				acceptor - акцептор;

				affix - аффикс;

				manufacturing - өндіріс / производство;

				to accumulate - жинақтау / накапливать.
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				Activity

			

		

		
			
				Fill the following table.
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					Terminology
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				Regeneration

			

		

		
			
				doesn’t add up. The fact is that the production line is not the only one, at the same time, five others are working. This means that not one carbon is soldered to a single chain of RuBP, but six carbon atoms to six RuBP.

			

		

		
			
				That creates 12 G3P chains instead of just two, meaning that all together, 36 carbons exist. The precise number needed to manufacture sugar, and rebuild those RuBP. Of the 12 G3Ps, two are selected to form six carbon glucose chain. Other 10 G3P go back on the production line to regenerate the RuBP acceptor.
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					Facts
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				RuBisCO works very slowly, it is necessary that there are many of its molecules in chloroplasts. Usually it is more than 50% of the total amount of chloroplast proteins.
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				Literacy
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				1. With whose help phosphoglycerate changing into glyceraldehyde 3 phosphates?

				2. Explain difference between citric acid cycle and calvin cycle.

				3. Describe at what stage and how is carbon fixation occurs?

			

		

		
			
				
					Questions

				

				
					Light phase

				

				
					Dark phase

				

				
					Where take place?

				

				
					Which are the main processes occurring?

				

				
					What are the initial substances?

				

				
					What substances are formed as a result of this phase?

				

				
					What is the source of energy?

				

				
					What substances catalyzes the reaction of photosynthesis?
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				- study carbon fixation paths in C3 and C4 plants
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				Anatomy of C3 and C4 plants

			

		

		
			
				You will
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				2.5

			

		

		
			
				During the time, plants have formed specific structures that provide the process of photosynthesis. The main organ of photosynthesis in higher plants is the leaf. Features of the structure of this organ allow the process of absorption of solar energy and convert it into the energy of organic compounds. Depending on the method of fixation of carbon dioxide, there are certain differences in the structural organization of the leaf blade. Most cultivated plants of middle latitudes have an anatomical structure, which allows carbon dioxide to be fixed due for chemical reactions of the Calvin cycle (C3 path).

			

		

		
			
				The first product of this type of photosynthesis is three-carbon compound. C3-photosynthesis was discovered before C4-photosynthesis and it was described in the previous topic Dark Phase.

				Characteristic features of C3 photosynthesis:

				acceptor of CO2 is RuBP

				carboxylation reaction of RuBP catalyzes RuBisCO

				as a result of carboxylation of RuBP, a six-carbon compound is formed, which decomposes into two PGA. PGA is reduced to G3P. Part of the G3P goes to the regeneration of RuBP, other turns into glucose.

			

		

		
			
				Also, C3 plant has photorespiration. This is light-dependent absorption of oxygen and carbon dioxide. At the beginning of the last century, it was found that oxygen suppresses photosynthesis. As it turned out, for RuBisCO, the substrate can be not only carbon dioxide, but also oxygen.

				Wheat and rice are C3 plants and important in agriculture. In hot, dry days their stomata partially close and C3 plants produce less sugar because the declining level of CO2 in the leaf starves the Calvin cycle. Moreover rubisco is able to bind O2 in place of CO2. As CO2 becomes deficient within the air spaces of the leaf and O2 builds up, rubisco adds O2 to the Calvin cycle instead of CO2. The product splits, and a two-carbon compound leaves the chloroplast. Peroxisomes and mitochondria within the plant cell rearrange and split this compound, releasing CO2.

			

		

		
			
				In this type of photosynthesis the first product is the four-carbon compounds. It was found that in some plants like maize, sugarcane the first products of photosynthesis are four-carbon acids. 

				In 1966, Australian scientists Hatch and Slack showed that C4-plants practically do not have photorespiration and they absorb carbon dioxide much more effectively. C4-plants are characterized by a special anatomical structure of the leaf. There are two distinct types of photosynthetic cells: bundle-sheath cells and mesophyll 

			

		

		
			
				Why does corn give more crop than rice?

			

		

		
			
				 

				Photorespiration - process which occurs in the light and consumes O2 while producing CO2.
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				Key terms
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				C3 plants

			

		

		
			
				Photorespiration

			

		

		
			
				C4 plants
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				Research time

			

		

		
			
				Find out why different plants are grown in countries with the same climate.
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					Facts
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					Facts
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				The path of carbon transformations in C4 plants was called Hatch-Slack.

			

		

		
			
				The majority of plants and crop plants are C3 plants.
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				maize - жүгері / кукуруза;

				sugarcane - қант құрағы / сахарный тростник;

				to rearrange - қайта құрылу / 

				перестраиваться;

				to starve - ашығу / голодать;

				to split - ажырату / расщепить.
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					Terminology
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				Literacy
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				1. Why does photorespiration leads to lower crop of C3 plants? 

				2. Explain difference between Calvin cycle and Hatch-Slack pathway.

				3. How do different methods of fixation of carbon dioxide affect the plants?

			

		

		
			
				cells. CO2 is fixed in the cytoplasm of mesophyll cells, the acceptor is phosphoenolpyruvate (PEP), as a result of PEP-carboxylation, oxaloacetate is formed. The process is catalyzed by PEP carboxylase. In contrast to RuBP carboxylase, PEP carboxylase has a high affinity for CO2 and, most importantly, does not interact with O2. Oxaloacetate is converted to malate, then it is decarboxylated and dehydrated to form pyruvate, CO2 and NADPH2.

				Pyruvate returns to the mesophyll cells and regenerates with ATP to PEP. CO2 is again fixed by RibB carboxylase with the formation of PGA. The regeneration of FEP requires ATP energy, so almost twice as much energy is needed as with C3 photosynthesis.
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				Sugarcane uses the C4 path, minimizing photorespiration.
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					Labwork
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				Pre-lab questions:

				1. What is the difference between C3 and C4 plants?

				2. What are examples of C3 and C4 plants?

				Methods and Materials: microscope, fixed C3 and C4 plant stem slides.

				Procedures: 

				1. Observe fixed C3 and C4 plant stem slides under the microscope

				2. Draw the pictures of C3 and C4 plant stems.

				3. Compare two different stems.

				Results: 

				
					Plant

				

				
					Picture

				

				
					C3 stem

				

				
					C4 stem

				

				Post-lab question:

				1. What is the difference in stem structure between C3 and C4 plant stems?

				2. How does it help the plants to live in particular conditions?

			

		

		
			
				Anatomy of C3 and C4 plants
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				Research time

			

		

		
			
				How can factors that affect the rate of photosynthesis be investigated? Do research about it.

			

		

		
			
				 

				- investigate and explain the limiting factors of photosynthesis
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				rate of photosynthesis

			

		

		
			
				You will
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				2.6

			

		

		
			
				The intensity or speed of the process of photosynthesis in a plant depends on various internal and external factors.

				Internal factors include:

				- leaf structure and chlorophyll content

				- accumulation of photosynthesis products in chloroplasts

				- the effect of enzymes

				- the presence of small quantities of necessary inorganic substances

				To external factor:

				- light;

				- ambient temperature;

				- a concentration of carbon dioxide and oxygen in the atmosphere.

			

		

		
			
				Plants absorb 85 - 90% of the light energy that falls on them, but only 1 - 5% of the absorbed light energy goes into photosynthesis. The remaining energy is used for transpiration and other processes.

				The intensity of light has a great influence on the process of photosynthesis. With increasing light intensity, photosynthesis also accelerates, but there is no direct proportional relationship between light intensity and photosynthesis. The dependence of photosynthesis on the amount of light will be different for different plants. In relation to the intensity of light, the plants are divided into 2 groups: heliophilous and shade-tolerant. The first grow well in open places, in bright light, the second - in the shade. These plants also differ in the intensity of photosynthesis: in heliophilous plants, photosynthesis increases with increasing illumination, in shade-tolerant plants ones it remains at the same level.

			

		

		
			
				Chlorophyll in plant cells is formed at a temperature of from 2°C to 40°C. Temperature has a great influence on the process of photosynthesis. When the temperature rises by 10°C, the intensity of photosynthesis approximately doubles. The enhancement of photosynthesis, however, occurs only to a temperature of 30–35°C, its further increase leads to a decrease in photosynthesis, and at 40–45°C it stops.

				Thus, artificially regulating the gas composition of the atmosphere, providing plants with light, water, heat, can increase the intensity of photosynthesis and, consequently, increase the productivity of plants.

			

		

		
			
				Also on the intensity of photosynthesis affects the content of carbon dioxide in the atmosphere. On average, the atmosphere contains 0.04% carbon dioxide by volume, and its content remains unchanged. The deficit is quickly balanced by the intake of carbon dioxide from the soil as a result of the vital activity of microorganisms. In greenhouses in the morning, when photosynthesis is high, the content of carbon dioxide quickly falls below normal and the plants go hungry. Therefore, in greenhouse conditions, it has already become the practice to increase the carbon dioxide content to 1-2%. However, increasing the concentration of carbon dioxide is inefficient with a weak light intensity, because carbon dioxide does not have time to be processed in the leaves 

			

		

		
			
				Why do people increase the concentration of carbon dioxide in greenhouses?

			

		

		
			
				 

				Heliophilous plant - plants which adapted to life in open, well-lit areas;

				Shade-tolerant plant - plants which grow mainly in shady habitats.
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				Key terms
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				Light intensity

			

		

		
			
				Temperature

			

		

		
			
				Carbon dioxide concentration
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					Facts
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				Blackmann formulated the Law of limiting factors in 1905 during investigating factors affecting the rate of photosynthesis.
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				accumulation - жинақтау / накопление;

				ambient - айналадағы / окружающий;

				illumination - жарықтандыру / освещение;

				intensity - қарқындылық / интенсивность.
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					Terminology
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				into organic compounds and acts toxic. With an increase in the intensity of light with a simultaneous increase in the amount of carbon dioxide, the intensity of photosynthesis also increases.

				Thus, artificially regulating the gas composition of the atmosphere, providing plants with light, water, heat, can increase the intensity of photosynthesis and, consequently, increase the productivity of plants.
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					Labwork
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				Pre-lab questions:

				1. Under what conditions the intensity of photosynthesis increases?

				2. Explain the reason when the process of photosynthesis stops at the temperature above 40°C.

				Methods and Materials: sodium bicarbonate (baking soda), liquid soap, syringe, sheet, hole puncher, timer, light source, plastic cups, beakers, foil

				Procedures: 

				1. Mark 3 plastic glasses: lamp light, room light and darkness;

				2. Get 300 ml of bicarbonate solution. (Contains 1/8 teaspoon of sodium bicarbonate);

				3. Add 1 drop of soap to the bicarbonate solution. If your solution is excessively frothy, then add more water and bicarbonate;

				4. Punch 30 identical leaf discs in texture and thickness, avoiding large leaf vessels (10 for each test);

				5. Remove the plunger of the syringe and place 10 leaf disks in the cylinder of the syringe;

				6. Replace the piston, being careful not to damage the leaf discs. Push the piston until only a small amount of air and leaf disks remain in the barrel;

				7. Draw a small amount of sodium bicarbonate solution into the syringe. Turn the syringe over and press the syringe to hang the leaf disks in the solution.

				8. Push down on the plunger to remove as much air as possible from the syringe.

				9. Hold your finger over the syringe bore and pull out the plunger to create a vacuum. Hold this for 10 seconds while rotating the syringe to further suspend the leaf disks in the solution.

				10. Release the vacuum and, if necessary, repeat step 8, another 2-3 times until all the leaf discs are drowned. If the leaf discs do not sink, add more soap to the bicarbonate solution.

				11. Pour the discs and solution into the labeled cup.

				12. Add bicarbonate solution until the cup is ½ full.

				13. Place the cups in the appropriate lighting conditions and start the countdown.

				14. Record the number of floating disks ach 5 minutes from 0 until 60 minutes in the table. Gently rotate the cup with a mixing stick to mix all the stuck discs apart from each other or against the wall of the cup.

				15. For testing in the dark, wrap the glass with tin foil to close the plastic cup when you are not observing. To test lamp light, place a plastic cup under the lamp.

				Results: 

				
					lamp light

				

				
					room light

				

				
					darkness

				

				
					time

				

				
					# floating leaf disks

				

				
					time

				

				
					# floating leaf disks

				

				
					time

				

				
					# floating leaf disks

				

				
					0

				

				
					0

				

				
					0

				

				
					5

				

				
					5

				

				
					5

				

				Post-lab question:

				1. Explain the differences in number of floating disks uncer different conditions.

			

		

		
			
				The study of mesophyllum leaf C3 and C4 plants using micropreparations
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				- compare the features of photosynthesis and chemosynthesis

			

		

		
			[image: ]
		

		
			
				Chemosynthesis

			

		

		
			
				You will

			

		

		
			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

		

		
			
				2.7

			

		

		
			
				Chemosynthesis is a type of autotrophic nutrition, where the primary source of energy is not sunlight, but chemical oxidation reactions of substances. Chemosynthesis is observed only in some prokaryotes. Many chemosynthetic organisms live in places inaccessible to other organisms like at great depths or in anoxic conditions. Chemosynthetic organisms do not depend on the energy of sunlight directly as plants. 

				The similarity of chemosynthesis with photosynthesis:

				1. autotrophic nutrition

				2. energy is stored in ATP and then used for the synthesis of organic substances.

				Differences of chemosynthesis:

				1. energy source - redox chemical reactions,

				2. only some bacteria and archaea make chemosynthesis;

				3. cells do not contain chlorophyll;

				4. as a carbon source for the synthesis of organics, may be used carbon monoxide, formic acid, methanol, acetic acid, etc.

				Chemosynthetic organisms receive energy during the oxidation of sulfur, iron, manganese, hydrogen sulfide, ammonia, nitrite. Depending on the substrate chemosynthetic organisms are divided into groups: iron bacteria, sulfur bacteria, methane-forming archaea, nitrifying bacteria and others. Chemotrophs play an important role in the circulation of substances, especially nitrogen, support soil fertility.

			

		

		
			
				There are various reactions of chemosynthesis, they all differ depending on the chemosynthetic bacteria.

			

		

		
			
				These bacteria, which live in the earth and water, receive their energy through ammonia and nitrous acid, they play a very important role in the nitrogen circulation. Nitrous acid, obtained by this reaction, forms salts and nitrates in the earth, contributing to its fertility.

			

		

		
			
				They live in fresh and marine waters. Due to the chemosynthesis reaction,formed iron ore deposits by oxidation of ferrous iron to ferric. In addition to energy, carbon dioxide is produced in this reaction.

			

		

		
			
				How various organisms living in the depth ocean are able to produce a food?

			

		

		
			
				 

				Chemotrophs - organisms that obtain energy by the oxidation the inorganic substances.
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				Key terms
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				Chemosynthesis reactions

			

		

		
			
				Nitrifying bacteria

			

		

		
			
				Iron-oxidizing bacteria

			

		

		
			[image: ]
		

		
			[image: ]
		

	
		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				41

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				[image: ]
			

			
				[image: ]
			

			
				
					Facts
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				Chemosynthesis of bacteria was discovered by the Russian biologist S. N. Winogradsky in second half of 19th century.
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				anoxic - оттексіз / бескислородный;

				depth - тереңдік / глубина;

				fertility - құнарлылық / плодовитость;

				inaccessible - қол жетімсіз / недоступный;

				iron ore - темір рудасы / железная 

				руда;

				lack - болмауы / отсутствие;

				redox - тотығу-тотықсыздану / окислительно-восстановительный;

				to accumulate - жинақтау / накапливать
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					Terminology
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				Many phototrophic bacteria and non-photosynthetic bacteria are attributed to sulfur bacteria. They are found in fresh and salt waters. The study of sulfur bacteria served as a basis for S. N. Vinogradsky to establish chemosynthesis. Sulfur bacteria oxidize hydrogen sulfide to sulfur. 

			

		

		
			
				Sulfur bacteria
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				Activity

			

		

		
			
				Fill the following table.
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				Literacy
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				1. Tell about the benefits of iron-oxidative bacteria.

				2. Why don't some organisms use solar energy but use chemical energy?

				3. In your opinion, what is the main difference between chemosynthesis and photosynthesis?
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					Features

				

				
					Photosynthesis

				

				
					Chemosynthesis

				

				
					Energy source

				

				
					Take place

				

				
					Pigments

				

				
					What happen with oxygen

				

				
					Organism
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				In result free sulfur accumulates in the bacterial cells in the form of grains. With a lack of hydrogen sulfide, bacteria oxidize the free sulfur into sulfuric acid.
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				check yourself

			

		

		
			
				Test questions with one right answer

				1. Liquid part inside the chloroplast where thylakoids float:

				A. Grana

				B. Lamellae

				C. Stroma

				D. Matrix

				E. Chlorophyll

				2. What is the name of a process which chemical decomposition caused by light?

				A. Electrolysis

				B. Calvin cycle

				C. Citric acid cycle

				D. Photolysis

				E. Carbon fixation

				3. Acceptor of CO2 in C4 plants.

				A. RuBP

				B. RuBisCO

				C. PGA

				D. G3P

				E. PEP

				4. Where do light-dependent photosynthetic reac-tions take place?

				A. Stroma

				B. Grana

				C. Matrix

				D. Lamellae

				E. Chlorophyll

				Test questions with several (max 3) right answers

				1. Which of the following are features of C3 photosyn-thesis?

				A. Pyruvate is formed

				B. Acceptor is PEP

				C. RuBP catalyzes RuBisCO

				D. Malate is formed

				E. Acceptor is RuBP

				F. A six-carbon compound is formed

				2. Which processes occur in the dark phase?

				A. Production of ATP

				B. Carbon fixation

				C. Photophosphorylation

				D. Formation of RuBP

				E. Reduction

				F. Regeneration

				G. Photolysis

				3. Which processes occur in the light phase?

				A. Carbon fixation

				B. ATP synthesis

				C. Formation of glucose

				D. Formation of NADP·H+

				E. Formation of oxygen

				F. Formation of FAD

				G. Formation of PGA

				Matching questions

				1. Match the definitions

				 1) Iron-oxidizing bacteria

				 2) Nitrifying bacteria

				 3) Sulfur bacteria

				A. Oxidize hydrogen manganese

				B. Takes role in the nitrogen circulation

				C. Oxidize hydrogen sulfide

				D. Takes role in formation of ammonia

				E. Forms iron ore deposits

				F. Oxidize ammonia

				2. Match the definitions

				 1) Chlorophyll

				 2) Carotenoid

				 3) Phycobilins

				A. A pigments which can be found in prokaryotes 

				B. A pigments of red algae and cyanobacteria

				C. A light-absorbing green pigment

				D. A light-absorbing violet pigment

				E. A light-absorbing orange or green pigments

				F. A light-absorbing yellow or red pigments
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				CHAPTER

			

		

		
			
				MATERIAL TRANSPORT 

			

		

		
			
				3

			

		

		
			
				1. Translocation 

				2. Horizontal transport

				3. Transport through cell membrane

				4. Mechanism of active transport

				5. Role of active transport

				6. Water potential
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				- explain mechanism of translocation of materials in plants
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				Translocation

			

		

		
			
				You will

			

		

		
			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

		

		
			
				3.1

			

		

		
			
				Several conditions play important role in maintenance of plant growth and development. One of them is transport of materials through the plant. Water, minerals and salts need to be delivered from root to leaves and flowers through the xylem. Sugars are transported from sites of photosynthesis through the phloem to lower parts such as root, flower and fruit. Water and salts move upwards. In contrast, movement of sugars occurs in both directions, upward and downward, at the same time. Transport of the products of photosynthesis through phloem is known as translocation. 

				Under term “translocation” we mean movement of phloem sap from site of sugar production to sites of usage or storage. We define part of plant which produces sugar as sugar source, and part which uses or stores sugar as sugar sink. Sugar sources are usually leaves, and sinks are fruits, roots, bulb and tubers.

				Sugar consuming parts of plant differ in energy requirements and in a way of unloading the phloem. Sometimes there are more sinks than sources in one plant. In these case, plant can discard some of its flowers, seeds or fruits. This process is called self-thinning. 

				Phloem sap moves through sieve-tube elements. Phloem sap is aqueous solution that may contain amino acids, hormones and minerals besides sugar. Sieve-tube elements are specialized cells that serve as a pipelines for translocation.

			

		

		
			
				Why do beetroots contain very high concentration of sugar even though they 

				grow in soil and cannot photosynthesize?

			

		

		
			
				 

				Translocation - movement of sugars from sites of production to sites of usage 

				Sieve-tube elements - specialized cells in plants that serves as pipelines for translocation

				Phloem sap - aqueous solution rich for sugars
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				Key terms

			

		

		
			[image: ]
		

		
			
				Phloem sap always moves from source to sink because of pressure difference. This difference is maintained by loading of sap from source into tube and unloading at sink. Loading of sap into sieve-tube requires active transport as its concentration higher in tube. Active transport of sugar is conducted by hydrogen pumps. When sugar is loaded into 

			

		

		
			
				Bulk flow of phloem sap 
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					Facts
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				Phloem sap flows from source to sink at rates as great as 1 m/hr.
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				Flow of phloem sap 

			

		

		
			
				Cotransport
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					Facts
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				Removing sinks is useful practice in horticulture. For example, since large apples command a much better price than small ones, growers sometimes remove flowers or young fruits so that their trees produce fewer but larger apples.

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			
				Activity

			

		

		
			
				Choose the right answer for each statement.
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				Research time

			

		

		
			
				Find out about parts of plants that can store sugar in great amounts and their usage in everyday life.
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				Literacy
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				1. What does phloem sap contain?

				2. How is positive pressure in sieve-tube generated?

				3. Which parts of plants may serve as sugar source?
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					Statement

				

				
					True

				

				
					False

				

				
					Translocation is movement of sugar through phloem

				

				
					Water moves only upwards

				

				
					Sugar can be transported both upwards and downwards

				

				
					“Sugar sinks” produce sugar during photosynthesis

				

				
					Sugars require active transport

				

				
					Positive pressure in phloem is generated near sugar sinks.
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				bulk flow - көлемдік ағын / объемный поток

				besides - басқа / помимо

				conduct - өткізу / проводить

				horticulture - бағбаншылық / садоводство

				pipeline - құбыржол / трубопровод

				sap - шырын / сок

				sieve-tube - елеуіш құбыр / сито-видная труба 

				translocation - орнын ауыстыру / перемещение
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					Terminology

				

			

			
				
					[image: ]
				

				
					[image: ]
				

			

		

		
			
				sieve-tube, water potential decreases. This causes tube to take up water by osmosis. Consequentially positive pressure is generated. This pressure difference causes bulk flow of phloem sap from source to sink.

				1. Unloading of sugar in sieve tube causes water potential to decrease. It results in entering of water to phloem by osmosis.

				2. Entrance of water into sieve tube generates positive pressure forcing phloem sap (sugar) to move down the tube.

				3. Water loss and download of phloem sap into sink weakens the pressure

				4. During translocation from leaves to roots xylem returns water from sink to source.
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				Research time

			

		

		
			
				Make observation about how many liters of water plants consume every day. For this you will need a plant with distinct seen roots. Put some water into transparent vase and place the plant in it. Be careful, don’t let the other parts of plant except roots sink in the water. Fix the plant so that it won’t drown. Measure the amount of water in the vase every day during one week. Write your observations in table and make conclusions. 

				Tips: 1. Dilute water with some earth so the plant could get necessary minerals.

				 2. Make metering signs on the vase. 

			

		

		
			
				 

				- explain apoplastic, symplastic and transmembrane ways of transporting material
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				3.2

			

		

		
			
				Besides the translocation through phloem, transport system of plant involves movement of water from soil to shoot system through xylem. Before water reaches the xylem, it has to go through some compartments of plant tissue. 

				There are two major compartments in plant tissue - the apoplast and the symplast. The apoplast consists of everything external to the plasma membranes of living cells and includes cell walls, extracellular spaces, and the interior of dead cells such as vessel elements and tracheids. The symplast consists of the entire mass of cytosol of all the living cells in a plant, as well as the plasmodesmata.

				These two compartments provide 3 distinct ways of transport: apoplastic, symplastic and transmembrane pathways (see the picture below).

				In the apoplastic route water and minerals move along the cell wall and extracellular spaces. 

				In the symplastic route materials move along the continuum of cytosol. In this route materials pass through the plasma membrane only for once. After entering one cell materials can move from one cell to another via plasmodesmata.

				In transmembrane route materials move out of one cell and enter neighbouring cell across the cell wall. Materials in this route cross plasma membrane many times as it travels from one cell to the next.

			

		

		
			
				Endodermis of root cortex functions as selective barrier between xylem and and outside the xylem. Water entering via symplast reaches endodermis and goes through the plasmodesmata and enter the xylem.

				Water entering via apoplast reaches endodermis and gets blocked by dead end. This blocking barrier is called Casparian strip. In order to enter xylem water has to pass through selectively permeable plasma membrane of an endodermal cell. In this pathway unneeded and toxic substances are kept out. 

				The last stage in soil-to-xylem pathway is the passage of water and minerals into tracheids and vessel elements of xylem. These water-conducting cells lack protoplasts when mature and become parts of the 

			

		

		
			
				The tallest redwood in the world is 115m in height. How does its leaves on the top easily take up water from the soil? 

			

		

		
			
				Apoplast - a space lying outside the plasma membrane consisting of intercellular spaces along with cell wall. It is a non-living part of the plant.

				Symplast - inner side of the plasma membrane in which water and low-molecular-weight solutes can freely diffuse.
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				Horizontal transport

			

		

		
			
				Soil-to-xylem pathway
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					Facts

				

			

			
				
					[image: ]
				

				
					[image: ]
				

			

		

		
			[image: ]
		

		
			
				cortex - қабық / кора

				discharge - жүк түсіру / разгрузка

				distinct - бөлек / отдельный

				permeable - өткізгіш / проницаемый

				strip - төсем / прокладка

				selective - іріктеуіш / избирательный 

				tracheids - түтікшелер / трахеиды
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					Terminology
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				Literacy
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				1. Why are there many ways of transporting water?

				2. What may happen to plants if Casparian strips didn’t exist?

			

		

		
			
				Mimosa pudica can move its leaves very fast due to fast transmission of electric signals through the symplast. 
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				Activity

			

		

		
			
				Compare apoplastic, symplastic and transmembrane ways of transporting material. Tick the right answers in each box.

			

		

		
			
				
					Apoplastic way

				

				
					Symplastic way

				

				
					Transmembrane way

				

				
					Moves along cytosol

				

				
					Moves along cell wall

				

				
					Passes through plasma membrane only once

				

				
					Passes through plasma membrane many times

				

				
					Moves via plasmodesmata

				

				
					Toxic materials are prevented from entering

				

				
					Gets blocked by Casparian strip

				

			

		

		
			
				Comparison of apoplastic and symplastic routes

			

		

		
			
				
					Apoplastic routes

				

				
					Symplastic routes

				

				
					1. Water enters the cell wall.

					2. Water moves through the cell wall.

					3. Water may move from cell wall to cell wall through the intercellular spaces.

					4. Water may move directly from cell wall to cell wall. 

				

				
					1. Water enters the cytoplasm by osmosis through the partially permeable cell surface membrane.

					2. Water moves into the sap in the vacuole, through the tonoplast by osmosis.

					3. Water may move from cell to cell through the plasmodesmata.

					4. Water may move from cell to cell through adjacent cell surface membranes and cell walls.
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				Apoplastic pathway

			

		

		
			
				Symplastic pathway
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				apoplast. Endodermal cells discharge minerals from their protoplast into their own cells. Both diffusion and active transport are involved in this transfer of water and minerals from the symplast to the apoplast. Finally the water and minerals enter the tracheids and vessel elements, where they are transported to the shoot system by bulk flow.

			

		

		
			
				
					Soil-to-xylem pathway 

					1. Apoplastic way 

					2. Symplastic way 

					3. Transmembrane way 

					4. Endodermis 

					5. Xylem
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					Symplastic

					route

				

			

			
				
					Apoplastic

					route

				

			

			
				
					Plasma

					membrane

				

			

			
				
					Casparian strip

				

			

			
				
					Root

					hair
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				- explain different mechanisms of transport through cell membrane
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				3.3

			

		

		
			
				Cells of living organisms are surrounded by cell membrane. This structure probably the most important part of a cell. It plays crucial role in maintaining interaction between cell and its environment. Cell membrane regulates exchange of different materials. It is selectively permeable - it has ability to select between entering materials. Besides the transport function, cell membrane receives different hormonal messages by means of receptors on its surface. 

				The ability of cell membrane to transport and function selectively depends on its structure. The cell membrane is primarily composed of a mix of proteins and lipids. Depending on the membrane’s location and role in the body, lipids can make from 20 to 80 percent of the membrane, with the remainder being proteins. While lipids help to give membranes their flexibility, proteins monitor and maintain the cell’s chemical climate and assist in the transfer of molecules across the membrane. 

				There are 5 different mechanisms by which material exchange occurs through the cell membrane. These are: diffusion, facilitated diffusion, osmosis, active transport and bulk transport.

			

		

		
			
				Molecules inside the cell are always on move. One result of this movement is diffusion, when molecules spread out equally onto available space. Diffusion always occurs from site of high to low concentration, or, according to concentration gradient. 

				As a result of diffusion, molecules or ions tend to reach an equilibrium situation, where they are evenly spread within a given volume of space. Diffusion of substances through plasma membrane is kind of passive transport because it doesn’t require energy. 

				However, large molecules such as glucose and amino acids cannot diffuse through the cell membrane easily. Transport of these molecules can be achieved with the help of special proteins. This type of transport is called facilitated diffusion. Facilitated diffusion involves two highly specific proteins. Channel proteins allow ions to diffuse through cell membrane. Aquaporins are kind of channels that allow water to move rapidly across cell membranes. Other proteins called “carrier proteins” hold substance and change their shape in order to transfer through membrane.

			

		

		
			
				How can water pass through phospholipid bilayer of cell membrane? 

			

		

		
			
				Diffusion - net movement of molecules from a region of higher concentration to a region of lower concentration

				Osmosis - spontaneous net movement of solvent molecules through a selectively permeable membrane into a region of higher solute concentration

				Bulk transport - movement of macromolecules through the cell membrane 
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				Transport through cell membrane

			

		

		
			
				[image: ]
			

			
				[image: ]
			

			
				
					Facts
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				Aquaporin

			

		

		
			
				Diffusion and facilitated diffusion
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				A single human aquaporin-1 channel facilitates water transport at a rate of roughly 3 billion water molecules per second.
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				Molecular structure of aquaporin

			

		

		
			
				Molecular structure of the membrane

			

		

		
			
				Steroid hormone

			

		

		
			
				Aquaporin

			

		

		
			
				CO2

			

		

		
			
				O2
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				bulk - жүк / груз

				enclose - қоршау / окружать

				equilibrium - тепе-теңдік / равновесие

				facilitate - жеңілдету / облегчать

				flexibility - иілгіштік / гибкость

				globe - шар

				obstacle - бөгет / препятствие

				selectively permeable - избирательно проницаемый

				spread - таралу / распространение
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				Research time

			

		

		
			
				Make experiment about diffusion of paint in water. For this experiment you need food coloring, salt, hot and cold water, 4 transparent glass and stopwatch. Drop couple droplets of food coloring to the water’s edge and start timing. Repeat it with every glass. Write your observation and make conclusion.

				Glass-1: hot water

				Glass-2: cold water

				Glass-3: hot salty water

				Glass-4: cold salty water
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					Terminology
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				Diffusion of water through cell membrane is called osmosis. Direction of water diffusion is determined by water potential. Water potential literally means potential energy of water to perform an action. If there is no obstacle water moves from region of higher potential to region of lower potential. Concentration of substances and physical pressure can affect water potential. In the picture below, fresh water in the first glass diffused to salt water according to concentration of salt. Water in the second glass diffused in reverse direction because of pressure applied on it. Water potential determines the direction of diffusion, while aquaporins, transport proteins on cell membrane which can open and close, determines rate of diffusion.

				Diffusion is effective mechanism of transport for short distances. But it’s rate is too low to transport materials through the entire plant. Long-distance transport occurs through bulk flow, the movement of liquid in response to a pressure gradient. The bulk flow of material always occurs from higher to lower pressure. Long-distance transport occurs within the phloem and xylem.

			

		

		
			
				Channels and carrier proteins are great for letting specific small molecules cross the membrane, but they are too small to let a cell take up macromolecules or cells, in the case of white blood cell.

			

		

		
			
				This type of transport is called endocytosis. Endocytosis involves engulfing of the substance by the cell surface membrane to form a small sac. There are two forms of endocytosis. Phagocytosis or ‘cell eating’ – is the bulk uptake of solid material. Pinocytosis or ‘cell drinking’ – is the bulk uptake of liquid.

			

		

		
			
				Instead, cells need bulk transport mechanisms, in which large particles are moved across the cell membrane. These mechanisms involve enclosing the substances to be transported in their own small globes of membrane, which can then bud from the membrane to move the substance across. 
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				Literacy
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				1. Why doesn’t diffusion require energy?

				2. What is the role of stomata in plants?

				3. Compare adhesion and cohesion.
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				Diffusion of paint and gas

			

		

		
			
				Osmosis

			

		

		
			
				Osmosis

			

		

		
			
				Bulk transport
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				Outside the cell

			

		

		
			
				cell membrane

			

		

		
			
				vesicle

			

		

		
			
				Cytoplasm
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				- explain mechanism of active transport on the example of sodium-potassium pump
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				Mechanism of active transport

			

		

		
			
				You will
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				3.4

			

		

		
			
				As you know, diffusion of materials into cell membrane always occurs from site of higher concentration to site of lower concentration of substances (picture A). But some transport proteins can transport substances against the concentration gradient, that is from site of lower concentration to site of higher concentration (picture B). Since this transport is carried out by proteins, it is active transport and it requires energy. ATP supplies energy for most active transports. One way ATP powers active transport is by transferring a phosphate group directly to a carrier protein. This may cause the carrier protein to change its shape, which moves the molecule or ion to the other side of the membrane.

			

		

		
			
				Can materials be transported from lower concentration to higher?

			

		

		
			
				Potassium-sodium pump - protein pump involved in active transport of potassium and sodium

				Phosphorylation - attachment of phosphoryl group protein pump
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					Facts
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				The 60 -70 % of the energy from electrically active nerve cells’ may be given to transfer Na+ out of the cell and K+ into the cell.
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				Active transport lets a cell to maintain internal concentration of substances regardless the concentration outside the cell. For example, animal cells have higher concentration of potassium ions and lower concentration of sodium ions inside the cell than outside of it. Plasma membrane help maintain the necessary concentration by pumping Na+ out of the cell and K+ into the cell.

				In the picture below you can observe work of potassium-sodium pump.
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					Active transport

				

			

			
				
					Passive transport
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					High Concentration

				

			

			
				
					High Concentration

				

			

			
				
					A

				

			

			
				
					B
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					Low Concentration

				

			

			
				
					Low Concentration
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				In kidney cells, up to 25 % of the energy produced by the cell is used for transport;
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				affinity - әуестік / влечение

				phosphorylation - фосфорлау / фосфорилирования

				pump - сорғы / насос

				regardless - қарамастан / несмотря на

				release - выпуск / шығару
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				Research time

			

		

		
			
				Ouabain, a plant substance used in some cultures to poison hunting arrows, disables the sodium-potassium pump. What change in the resting potential would you expect to see if you treated a neuron with ouabain? Explain.
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					Terminology
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				Literacy
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				1. What would happen if the amount of potassium and sodium moving in and out was the same?

				2. How is it possible for ions to move against the concentration gradient?
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				1. Sodium ion in the cytoplasm binds to, the affinity for Na+ is high when protein has this shape. Na+ binding stimulates phosphorylation.

				2. Phosphorylation causes protein to change in shape, reducing affinity for Na+, which is released outside.

				3. The new shape of protein has high affinity for K+. Binding of K+ causes phosphate group to release. 

				4. After loss of phosphate group protein takes it primary shape releasing K+ ions into cytoplasm of cell. 

				Role of this potassium-sodium pump is to pump three sodium ions out of the cell at the same time as allowing two potassium ions enter into the cell for each ATP molecule used. Both sodium and potassium are positively charged, as a result, inside of the cell becomes more negative than the outside. In such way a potential difference is created across the membrane.
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				Activity

			

		

		
			
				
					Statement

				

				
					Diffusion

				

				
					Osmosis

				

				
					Active transport

				

				
					Movement occurs only from area of low concentration to area of high concentration

				

				
					Movement can occur against the concentration gradient

				

				
					Requires special protein channels

				

				
					Requires energy

				

				
					Water movement across xylem
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				Sodium-potassium pump
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				- identify role of ion pump in maintenance of membrane potential
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				Role of active transport

			

		

		
			
				You will
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				3.5

			

		

		
			
				All cells have voltage across their plasma membrane. Voltage is electrical potential energy. It occurs because of charge difference between inside and outside of a cell. This difference in voltage is called membrane potential. Membrane potential affects the movement of charged substances. 

				In animals, membrane potential of resting neuron is between -60 and -80 mV. Electrical impulses from other neurons and stimulus coming from outside of the cell change membrane potential of resting neuron. In the table below you can see concentration of ions inside and outside a resting neuron.

			

		

		
			
				Why is active transport needed? 

			

		

		
			
				Membrane potential - the potential difference between the interior of a cell and the interstitial fluid beyond the membrane

				mV - millivolt, 1/1000 of a volt, a measure of electrical potential
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					Ion

				

				
					Inside the cell

				

				
					Outside the cell

				

				
					Sodium (Na+)

				

				
					15

				

				
					150

				

				
					Potassium (K+)

				

				
					140

				

				
					5

				

			

		

		
			
				This gradient in animal cell is maintained by sodium-potassium pump. It uses ATP energy for active transport of sodium outside the cell and potassium inside the cell. For every exchange of 3 to 2 ions, only a few mV is generated, which is not enough to reach the membrane potential. For this reason there are many ion channels on the surface of membrane. Do not confuse pump with channel. Pump carries out active transport and needs energy to do it, while through channel occur free diffusion, which is type of passive transport and do not require any energy. Channels may be closed and open as well. Everytime ions diffuse through channels they simultaneously transfer electrical voltage with them. There is significant concentration of Na+ ions on membrane, but very few of them pass through the channel into the cell as number of open sodium channels are little. In contrast, there are large number of open potassium channels which let the K+ ions freely exit the cell. Outflow of K+ results in a net negative charge inside the cell, thereby, maintaining the membrane potential of a neuron.
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				Blue - sodium channels; red - potassium channels; green - sodium-potassium pump.
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					Facts
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				Outflow of K+ ions from pulvinar cells of Mimosa pudica aids in fast movement of its leaves. 
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				Active transport
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				appropriate - сәйкес / подходящее

				accumulates - шоғырлану / скапливаться 

				fluctuate - тербелу / колебаться

				in contrast - қарама-қайшы / противоположность

				interstitial fluid - аралық / промежуточный

				precisely - дал / точно

				simultaneously - бір уақытта / одновременно
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				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 situation.

			

		

		
			
				[image: ]
			

			
				
					Terminology
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				Literacy
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				1. Which substances need special channels to pass through the cell membrane?

				2. Compare properties of ion pump and ion channels.

				3. How is membrane potential regulated?

			

		

		
			
				Ion channels have two important properties. First, they show ion selectivity, allowing only for some ions to pass. Ion selectivity depends on the diameter and shape of the ion channel. An ion channel is narrow enough in places to force ions into contact with the channel wall so that only those ions of appropriate size and charge are able to pass. 

				Second property of ion channels is that they are not open always. Ion transport would be of no value to the cell if the many thousands of ion channels in a cell membrane were open all the time and there were no means of controlling the flow of ions through them. More than a million ions can pass through an open channel each second, which is 1000 times greater than performance of transport proteins. 

				In an animal cell that is in an unstimulated, or “resting,” state, the negative charges inside the cell are largely balanced by K+. K+ is actively imported into the cell by the Na+ pump, which generates a K+ gradient across the plasma membrane. The plasma membrane, however, also contains a set of K+ channels known as K+ leak channels. These channels randomly fluctuate between open and closed states no matter what the conditions are inside or outside the cell; when they are open, they allow K+ to move freely. In a resting cell, these are the main ion channels open in the cell membrane, making the membrane much more permeable to K+ than to other ions.

				When flow of positive and negative ions across the cell membrane is precisely balanced, no further charge difference accumulates across the cell membrane. This state is known as resting membrane potential. 

			

		

		
			
				Importance of ion channels
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				Activity

			

		

		
			
				The graph below shows condition of a cell after treating it with ouabain. Ouabain is a toxic compound obtained from certain trees. A cell treated with high dose of this substance dies after several minutes, because Na+-K+ channels fail to function properly. 

				 Match each statement with numbers in the graph. Grey bar on the graph represents a break in a time (up to several minutes).

			

		

		
			
				1. Magnitude of depolarization is small due to other (Cl− , Ca2+) channels in this cell. __

				2. Treating Na+-K+ channels with ouabain leads to a rapid depolarization. ___

				3. After short period of time membrane potential reaches zero. ___

				4. Continuous treatment of a cell with ouabain leads to further depolarization . ___

			

		

		
			[image: ]
		

	
		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				54

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				 

				- investigate the water potential of cells in solutions with different salt concentrations
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				Water potential

			

		

		
			
				You will
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				3.6

			

		

		
			
				Water potential is the tendency of water molecules to move from one place to another. We can measure the ability of water to move in different solutions. Water potential of pure water is equal to zero, it means pure water has no tendency to move in any direction. If we mix pure water with salt it becomes solution, and salt in this solution is called solute. Water potential of solution changes according to concentration of solutes in it. Water always moves from site of higher potential to lower potential.

				Imagine permeable cell membrane, if you add the same amount of salt inside and outside of this cell, their water potential will be equal, and amount of water moving inside and outside the cell will be same. Any two solutions with equal concentration of dissolved solutes are called isotonic solution.

				 If you increase concentration of salts outside the cell, water potential out of the cell will decrease causing water to go out from the cell. Solution where concentration of dissolved solutes are less than outside the cell is called hypertonic solution. 

				If concentrations of dissolved solutes are greater than outside the cell we call it hypotonic solution. In this case water will move into the cell. You can see the differences between isotonic, hypotonic and hypertonic solutions in the picture below.

				Beside solutes, water potential is also affected by pressure. If some pressure is applied on plant cell, water potential and direction of movement will also change. We sign water potential with ψ sign. Values of pressure and solute with ψp and ψs signs. Overall equation for water potential is ψ=ψ+ψs.

				 If the intracellular environment has a lower ψ than the extracellular environment, the cell will gain water and swell. For example, 

				 inside the cell: ψp = +3, ψs = -12 ψ= -9;

				 extracellular: ψp = 0, ψs = 0 ψ=0

				If the intracellular environment has a value of ψ that is higher than the value of the extracellular environment, the cell will lose water. For example,

				 inside the cell: ψp = +3, ψs = -12 ψ=-9

				 extracellular: ψp = 0, ψs =-15 ψ=-15

			

		

		
			
				Imagine a cell that is flaccid (plasma membrane is not pressed against cell wall) as a result of losing water. Pressure inside the cell is equal to 0. If we place this cell into hypotonic solution, cell will begin to swell. It happens because plasma membrane presses the cell wall. 

				Plants in such condition are turgid. We can consider that turgid plants are healthy plants. For comparison, animal cells cannot survive in turgid condition for a long. 

				Now if we place flaccid cell into hypertonic solution, water will diffuse out of the cell.This process in plants is called plasmolysis. Continuous plasmolysis may result in wilting. Animal cells never undergo plasmolysis. They shrink due to water loss and will die after critical level.

			

		

		
			
				How does water go from roots to leaves against the gravitational force? 

			

		

		
			
				Water potential - ability of water molecules to move freely in solution.

				Plasmolysis - contraction of the protoplast of a plant cell as a result of loss of water from the cell.
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				Key terms
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					Facts
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				Each day we lose a little more than a cup of water (237 ml) when we exhale.
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				Response of water molecules to different solutions

			

		

		
			
				Response of plant to hypotonic and hypertonic solutions
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				isotonic solution

			

		

		
			
				hypotonic solution

			

		

		
			
				hypertonic solution
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					Facts
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				The pull of transpiration and cohesion of water together can pull water 100m up a tree trunk. 
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				flaccid - солып қалған / вялый

				response - жауап / ответ

				shrink - жиырылу / сокращаться

				solute - еріген зат / растворенное вещество

				swell - ісініп кету / разбухание

				turgid - қоқиған / напыщенный

				wilting - солу / увядание
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					Terminology
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				Importance of water potential can be observed during transport of xylem sap by loss of great amount of water vapor from leaves. This mechanism is called transpiration. The driving force for transpiration is the difference in water potential between the soil and the atmosphere surrounding the plant. During transpiration water moves by osmosis from the xylem to the leaves. Water evaporating from the spaces within leaves escapes through small pores called stomata. 

				According to cohesion-tension hypothesis, transpiration generates force, which pulls xylem sap upward. At the same time cohesion of water molecules supports this pulling force. Therefore, xylem sap is always under negative pressure, or tension.

				Cohesion and adhesion facilitate the transport of water by bulk flow. Adhesion is attractive force between water and other molecules. Attraction between water molecules and walls of xylem resists against downward force of gravity.

				Cohesion is attractive force between water molecules. It makes possible to pull column of xylem sap from above without separating water.

			

		

		
			
				Transpiration

			

		

		
			
				
					Turgid and wilted plants
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						Labwork
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				Pre-lab questions:

				1. What is the plasmolysis?

				2. When does deplasmolysis occur?

				3. Why water potential in pure water greater than in solution?

				Materials: microscope slides and cover glass, dissecting needle, tweezers, scalpel, pipette, laboratory dishware, salt solution, water.

				Safety precautions:

				1. Be careful with boiling water

				2. Work carefully with tweezers and scalpel

				Procedures 1: Prepare drug peel of onion scales.

				1. Wipe the glass slide.

				2. Pipette onto a glass slide placed 1-2 drops of water.

				3. Remove the peel with white onion scales and put in a drop of water on the slide.

				4. Spread a thin skin of a dissecting needle.

				5. Paint the skin of the onion drop of iodine solution.

				6. Cover drug coverslip so that beneath no air bubbles.

				7. Set the prepared specimen on the stage microscope.

				8. Review and to sketch a multicellular structure peel onion scales, sign visible cell organelles.

				Procedures 2: Carry out and observe plasmolysis and deplasmolysis.

				1. Remove the drug from the microscope stage, on a glass slide close to the cover glass to put a drop of saline solution.

				2. On the opposite side of the cover glass, and close to it, a strip of filter paper placed, which is pulled up water until salt solution entering a coverslip is not completely replaces it. After a while, start plasmolysis.

				3. Then, without removing the cover glass, pull the filter paper where plasmolysis is going and replace it with water, there will deplasmolysis.

				4. Sketch a few cells with the different form plasmolytic. 

				Results: Write down your observations.

				Post-lab questions:

				1. How do fast plasmolysis and deplasmolysis occur?

				2. Determine type of solutions you used to conduct the experiment. 

			

		

		
			
				Determination of the water potential of cells in solutions with different concentrations of salts
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				check yourself

			

		

		
			
				Test questions with one right answer

				1. Which of the following substances is not transported through phloem?

				A. Hormone

				B. Water 

				C. Glucose

				D. Amino acids

				E. Organic materials

				2. Which part of plant can be considered as “source”?

				A. Bulb

				B. Tuber

				C. Root

				D. Leave 

				E. Fruit

				3. Which termine describes attractive force between water molecules?

				A. Cohesion

				B. Adhesion

				C. Transpiration

				D. Guttation

				E. Osmosis

				4. During maintenance of membrane potential _____ sodium ions are pumped out and to _____ potassium ions are pumped into the cell. 

				A. 1 / 2

				B. 2 / 3

				C. 3 / 2

				D. 1 / 3

				E. 3 / 1

				Test questions with several (max 3) right answers

				1. Choose statements that describe hypotonic solution

				A. Concentrations of dissolved solutes are greater than outside the cell 

				B. Equal concentration of dissolved solutes 

				C. Water will go out from the cell

				D. Concentration of dissolved solutes are less than outside the cell

				E. Water will move into the cell 

				F. No water movement will take place

				G. Animal cell will lyse in this solution

				H. Animal cell will shrink

				2. Choose statements that describe hypertonic solution

				A. Concentrations of dissolved solutes are greater than outside the cell 

				B. Equal concentration of dissolved solutes 

				C. Water will go out from the cell

				D. Concentration of dissolved solutes are less than outside the cell

				E. Water will move into the cell

				F. No water movement will take place

				G. Animal cell will lyse in this solution

				H. Animal cell will shrink

				3. Which of the statements describe plasmolysis process?

				A. Occurs in hypotonic solution 

				B. Occurs in hypertonic solution 

				C. Water diffuses out of the cell

				D. Water enters the cell

				E. Only plant cells undergo plasmolysis

				F. May result in wilting 

				G. Cells become turgid

				H. Cell begins to swell

				Matching questions

				1. Choose correct statements for each solution

				 1) Isotonic

				 2) Hypotonic

				 3) Hypertonic 

				A. Cell will gain organic molecules

				B. Cell will gain water

				C. Cell will loose organic molecules

				D. Cell will loose water

				E. Cell will undergo mitosis

				F. Organelles of cell will die because of water presence

				G. Amount of water going out and in is same

				2. Define properties of adhesion, cohesion and transpiration

				 1) Adhesion

				 2) Cohesion

				 3) Transpiration

				A. Transport of materials into the cell

				B. Attractive force between different molecules

				C. Transport of materials out of the cell 

				D. Shrinking of a cell due to water lose

				E. Lysing of a cell due to water accumulation

				F. Attractive force between same molecules

				G. Evaporation of water through leaves
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				CHAPTER

			

		

		
			
				Coordination and regulation

			

		

		
			
				4

			

		

		
			
				1. Regulation systems in biology

				2. Hormonal signal transduction

				3. Plant hormones
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				- describe regulation systems in biology

			

		

		
			[image: ]
		

		
			
				regulation systems in biology

			

		

		
			
				You will
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				4.1

			

		

		
			
				Almost any complex organism has the ability to maintain its physiological internal balance, that is because they have controlling systems that are uniquely and tightly dependent on each other. Together they try to manage and keep all physiological processes in a body stable to nearly constant. In general, these whole complex and dynamic controlling mechanism together is called as a homeostasis. To understand better what is homeostasis, let’s read several examples related to it. Assume that you started running outdoor, after a while, you will figure out that your heart has started beating quicker and breath rate has increased, you’ll start sweating to drop your body temperature. Anyway, if you keep running, systems all together will try to find out their optimum, trying to return back, to its initial condition. However, the whole information about inner conditions inside the body is controlled mainly by two systems: Nervous and Hormonal system. Here some factors that are maintained by homeostasis: 

				body temperature

				metabolic wastes, particularly carbon dioxide and uric acid

				blood pH

				blood glucose concentration

				water potential of the blood

			

		

		
			
				Most control mechanisms in living organisms use a negative feedback to control the internal environment. As a result, the factor fluctuates around a particular ‘ideal’ value, or set point. This involves a receptor (or sensor) which detects internal or external stimuli and an effector. This mechanism keeps changes in the factor within narrow limits is known as negative feedback. So, negative feedback always tries to minimize displacement of homeostasis. 

				In these systems, a n increase in the factor results in positive feedback.

				Usually, when we have breakfast, we eat high-calorie food, especially enriched with carbohydrates. Increase in glucose level in the blood because of intake of diet is considered as a positive feedback. To stabilize glucose level, your pancreas will start to secrete insulin hormone, which will affect your liver and muscle cell, so that they absorbed excess sugar. The secretion of the hormone, in this case, will be considered as negative feedback. After the sugar level becomes constant and stabilized, assume that you started to run, after several minutes your body becomes exhausted, the body will require more glucose because of its lack. Physical exercise dropped the level of sugar in your blood because of active consumption by your muscle cells, and this factor is also counted for the positive feedback because it destabilized homeostasis. The secretion of glucagon hormone will cause negative feedback, which will help to increase the presence of sugar in the blood.

			

		

		
			
				Have you ever wondered how organs in the body system work together in a hormony?

			

		

		
			
				 

				Regulation system - involve negative feedback as it minimizes the difference between the actual value of the factor and the ideal value or set point. The factor never stays exactly constant but fluctuates a little above and a little below the set point.

				Homeostasis - is self-regulation, a keeping of a constant internal environment, a basic property of all self-organizing system.

				Internal environment- the internal environment of an organism refers to all

				the conditions inside the body
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				Key terms
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				Principles in working on a feedback mechanism
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				Research time

			

		

		
			
				Why it is so important to do an exercise in the mornings? What are the benefits to do so?
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				Activity

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			
				Literacy
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				1. Increasing the rate and depth of breathing gets more oxygen into the blood and gets rid of more carbon dioxide from the blood. Why does your pulse rate remain high after the exercise?

				2. Explain negative feedback from this exercise. Which body systems are directly involved in our case? 

				3. Do you control your breathing rate consciously? What makes you breathe faster and deeper when you exercise?

				4. Write down in your notebook one example related to body regulation system, and try to describe how do systems work and how are they controlled?

			

		

		
			
				[image: ]
			

			
				[image: ]
			

			
				
					Facts
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				Homeostatic control is achieved using negative feedback mechanisms:

				*If the level of something rises, control systems reduce it again

				*If the level of something falls, control systems raise it again

			

		

		
			
				How exercise affects breathing rate?

				You can manually measure your breathing rate by counting the number of times that you breathe out in a minute.

				Please try to record your results in a table:

			

		

		
			
				Try to do squats for one minute

				As soon as you have finished, sit down and start to count your breathing rate. (light exercise)

				 Try to do same the same, just only for three minutes, then after record your breathing rate and see the differences.

				You may repeat this twice and calculate 

				 averages

			

		

		
			
				
					breathing rate/ breaths per minute-1

				

				
					at rest

				

				
					light exercise

				

				
					heavy exercise

				

				
					1

				

				
					2

				

				
					average
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				Performing exercise.

			

		

		
			
				Receptors sense change in factor while effectors receive information

				from control center. A negative feedback control loop.
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				displacement - жылжыту / смещение;

				enriched - байытылған / обогащенный;

				fluctuate - теңселу / колебаться.
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				- be able to explain the mechanism of hormonal affection
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				Hormonal signal transduction 

			

		

		
			
				You will
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				4.2

			

		

		
			
				We know the nervous system and endocrine system are the two controlling systems of the body. The endocrine system controls the body with the help of hormones they release. The endocrine glands produce hormones. These endocrine glands release hormones that bind with specific receptors on target cells which further proceed to trigger intracellular signals either by altering membrane permeability, acting through second messenger system or activating specific genes to form new proteins. Second messengers are intracellular signaling molecules released by the cell in response to exposure to extracellular signaling molecules—the first messengers. Second messengers trigger physiological changes such as proliferation, differentiation, migration, survival, and apoptosis. They are one of the triggers of intracellular signal transduction cascades. Any secreted messenger(molecule) is a ligand as well as hormones. The ultimate goal of a signal-transduction pathway is to amplify the signal, to give a bigger response against stimuli that provides chances for coordination/regulation of the body.

				Cell interactions and communications are required for development and cell fate decisions in the conditional specification. There are many ways in which cells communicate. At some level, these all involve chemical signals hormones or ligands. Anything that binds to a receptor of any kind molecule or atom is a ligand. Two key components of a signaling event are the ligand and receptors. Receptors are usually proteins on the surface of a cell membrane that receive chemical signals.

				Starting with receptors, they are specific for every different signaling molecule. Their sensitivity and responsiveness are dependent on both, the number of receptors and its affinity. Also, the site of the receptor might be:

				Present in or on the surface of the cell membrane. 

				In the cytoplasm; 

				In the cell nucleus.

				The chemical nature of the ligand determines the required location for the receptor. For largely charged ligands (hormones) - hydrophobic messengers, such as insuline, cannot freely pass through the cell membrane. Instead, to get inside the target cell and influence on it, they combine with a receptor on the cell surface in order to get inside the cell.

				For lipophilic ligands (hormones), such as estrogen, can freely diffuse through cell membranes, receptors may be located within the cytoplasm or nucleus.

				Hormonal signal transduction can be concluded in three stages:

				1. Reception: A cell detects a hormone from the outside of the cell. A signal is detected when the hormone (also known as a ligand) or any chemical signal binds to a receptor protein on the surface of the cell or inside the cell.

				2. Transduction: When the hormone binds the receptor it changes the receptor protein in some way. This change initiates the process of transduction. Signal transduction is usually a pathway of several steps. 

			

		

		
			
				Each cell in your body communicating with other cells, what methods do they use? How is that literally possible?

			

		

		
			
				 

				Ligand, or signal - a molecule that conveys information from one cell to another.

				Receptor - a molecule that binds a signal molecule and controls a cell response.

				Signal transduction - is the process by which a chemical or physical signal is transmitted through a cell as a series of molecular events.

				Transduction - conversion of a stimulus from one form to another.

				Convey - to transport or to carry; to take from one place to another.

				Intracellular signal transduction - the chains of molecules that relay signals inside a cell.
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				Research time

			

		

		
			
				Research on how the hormones calcitonin, parathyroid hormone, and vitamin D regulate blood calcium levels. Explain how insulin and glucagon regulate blood glucose levels. Explain how the mechanism of signal transduction is regulated.
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				1. What is the difference between endocrine and nervous systems?

				2. How insuline and estrogen transfer information into the cell? What are the similarities and differences between them?

				3. How would adrenaline transduce the signal? Explain your answer.

				4. How would cortisol transduce the signal? Explain your answer.
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					Facts
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				Ligands interact with plasma membrane receptors to begin the process of signal transduction. Many signal transduction pathways involve a series of changes in different relay molecules in the pathway, ultimately causing an intracellular response to the signal molecule. Other types of signals (steroid hormones for instance) can diffuse through the cell membrane and interact with intracellular receptors. This is how a molecule like testosterone can cause transcription of specific genes.

			

		

		
			
				Cell communications. Basic components of the signaling pathway. One signal molecule(ligand) triggers the target cell to produce another type of messenger which will affect other cells. 

			

		

		
			
				Each relay molecule in the signal transduction pathway changes the next molecule in the pathway.

				3. Response: Finally, the hormone(signal) triggers a specific cellular activity or secretion of the secondary messenger in response. 

			

		

		
			
				Cell-cell signaling involves the transmission of a signal from a sending cell to a receiving cell. However, not all sending and receiving cells are next-door neighbors, nor do all cell pairs exchange signals in the same way. The main difference between the different categories of signaling is the distance that the signal travels through the organism to reach the responder cell.

				Signaling within, between, and amongst cells is subdivided into the following groups:

				Intracrine signals are produced by the target cell that stays within the target cell.

				Autocrine signals are produced by the target cell. Releasing a ligand that binds to receptors on its own surface- a cell signals to itself. Sometimes autocrine cells can target cells close by if they are the same type of cell as the emitting cell. An example of this is the immune cells.

				Juxtacrine signals target adjacent (touching) cells. 

				Paracrine signals target cells in the vicinity of the emitting cell. Neurotransmitter represents an example.

				Endocrine signals target distant cells. Endocrine cells produce hormones that travel through the blood to reach all parts of the body.

			

		

		
			
				Forms of signaling
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				alter - өзгерту / изменять;

				permeability - өткізгіштік / проницаемость;

				trigger - себеп болу / побуждать.
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				- investigate the influence of stimulators on plant growth
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				Plant hormones

			

		

		
			
				You will

			

		

		
			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

		

		
			
				4.3

			

		

		
			
				As the plants require oxygen, water, sunlight, and nutrition to grow and develop, they do require certain chemical substances to manage their growth and development. These chemicals substances are called Plant Growth Substances and are produced naturally by the plants itself.

				The plant growth regulators substances are small and simple molecules but have diverse chemical compositions. They are also called plant hormones or phytohormones. Plant Growth Regulators are divided into two major groups – plant growth promoters, e.g. – auxins, gibberellins, and cytokinins; and plant growth inhibitors e.g. – abscisic acid, ethylene.

				Note: Ethylene can be grouped either into the promoters or into the plant inhibitors.

				Molecules known as plant hormones or plant growth regulators are responsible for most communication within plants. These chemicals are produced by a variety of tissues. And they are transported by vascular tissue or by nearby cells by diffusion or active transport.

				Let’s look up for some of them:

				Auxin influences many aspects of growth; elongation and development of shoot and root system, maturation of fruits.

				Gibberellin stimulates seed germination and controlling stem elongation.

				Cytokinins are produced in the regions where cell division occurs; mostly in the roots and shoots. They help in the production of new leaves, lateral shoot growth, chloroplasts in leaves etc. They help in overcoming apical dominance and delay aging of leaves.

				Abscisic acid (ABA) is the major player in mediating the adaptation of the plant to environmental stresses such as shortage of water. ABA is also often referred to as an inhibitory rather than stimulatory hormone. It is involved in the closure of stomata, bud and seed dormancy.

				These hormones may interact with receptors on the surface of cells or in the cytoplasm or nucleus.

				Ethylene is a simple, gaseous plant growth regulator, synthesis by most of the plant organs including ripening fruits and aging tissues. It is an unsaturated hydrocarbon having double covalent bonds between and adjacent to carbon atoms.

				Ethylene is used as both plant growth promoters and plant growth inhibitors. Ethylene is synthesized by the ripening fruits and aging tissues.

			

		

		
			
				How do plants use hormones, photoreceptors, and signal transduction pathways to help regulate growth and development?

			

		

		
			
				 

				Growth substances - plant hormones or phytohormones.
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				Lab researcher injecting test liquid in potato sample

			

		

		
			
				Germinating seed. 
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				Pre-lab questions:

				1. Which types of tropism does a root have? 

				2. How do plant hormones affect root growth? 

				Materials: corn seeds, Petri dish, water, auxin solution, filter paper.

				Procedure: 

				1. Prepare 0.01%, 0.001%, 0.0001% and 0.00001% solutions of auxin.

				2. Sink the first filter paper into distilled water and place it into the Petri dish #1. 

				3. Sink the second filter paper into 0.01% solution of auxin and place it into the Petri dish #2. 

				4. Sink the second filter paper into 0.001% solution of auxin and place it into the Petri dish #3. 

				5. Sink the second filter paper into 0.0001% solution of auxin and place it into the Petri dish #4. 

				6. Sink the second filter paper into 0.00001% solution of auxin and place it into the Petri dish #5. 

				7. Place corn seeds into each Petri dish.

				8. Place Petri dishes into a dark warm place for one week.

				9. After one week measure the length of the roots of corn seeds in each Petri dish.

				Results: 
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				Auxin stimulates cells to pump hydrogen ions (protons) into the cell wall. This acidifies the cell walls which leads to a loosening of the bonds between cellulose microfibrils and the matrix that surrounds them. The cells absorb water by osmosis and the pressure potential causes the wall to stretch so that these cells become longer, or elongate.

			

		

		
			
				Did you know that bamboo trees may grow up 90cm in a 24 hour? What is it that gives bamboo its rapid growth?

			

		

		
			
				General scheme how affects auxin on water intake in the cell. 

				Potassium ion channels allow to an increase in potassium ion concentration in the cytoplasm, so that decreases water potential and makes it flow inside the cell. This decreases the water potential so water enters in through aquaporins.
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				1. Why would plants bend towards the light?

				2. What would you happen if you water a plant with solution of water and abscisic acid?

				3. Are fruits treated with plant hormones dangerous or not? Explain your answer.
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				The effect of auxin on root growth

			

		

		
			
				Post-lab questions:

				1. Which of the Petri dishes has the shortest root? Explain why.

				2. Which of the Petri dishes has the longest root? Explain why.

				3. How does auxin affect the root growth in plants?

			

		

		
			
				
					Root length

					(mm)

				

				
					distilled water

				

				
					0.01% solution of auxin 

				

				
					0.001% solution of auxin 

				

				
					0.0001% solution of auxin 

				

				
					0.00001% solution of auxin
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				dormancy - ұзақ ұйқы / спячка;

				elongation - ұзарту / удлинение;

				germination - тұқымның көктеуі / прорастание.
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				check yourself

			

		

		
			
				Test questions with one right answer

				1. The term used to describe the ability of a living organism to adjust to changing environmental conditions by regulating their internal processes is

				A. regulation

				B. homeostasis

				C. inhibition

				D. feedback

				E. metabolism

				2. Which of these following system is one the main part of the regulatory system?

				A. Respiratory system

				B. Endocrine system

				C. Brain

				D. Urinary system

				E. Cardiovascular system

				3. Which of the following cannot be a ligand?

				A. Hormone

				B. Organelle

				C. Signaling molecules

				D. Atoms

				E. Signaling molecule

				4. Which of the cellular communication methods has short-range communication?

				A. Intracrine signaling

				B. Juxtacrine signaling

				C. Paracrine signaling

				D. Reception

				E. Intracellular transduction

				Test questions with several (max 3) right answers

				1. What conditions or substances must remain constant in the body?

				A. Body temperature

				B. Negative feedback

				C. Oxygen/carbon dioxide levels

				D. Body weight

				E. Positive feedback

				F. Wastes, toxins

				G. Mood

				2. Which of the following factors are causing positive feedback?

				A. The increasing glucose level in the blood than normal

				B. Secretion of insulin

				C. Decreasing glucose level in the blood

				D. secretion of glucagon 

				E. Drinking a cup of lemonade

				F. Meditating, stabilize breathing

				G. Stopping playing football

				3. Where does binding of a ligand to the receptor may take place?

				A. In the cytoplasm

				B. Inside the nucleus

				C. On cell membrane

				D. On cell wall

				E. On nuclear membrane

				F. On Mitochondrial membrane

				G. In the blood

				Matching questions

				1. Some group of phytohormones is given below, match them with corresponding chemicals:

				 1) Promoter

				 2) Inhibitor

				 3) Both promoter and inhibitor

				A. Auxin

				B. Abscisic acid 

				C. Cytokinin

				D. Gibberellin 

				E. Ethylene

				2. Match the definitions

				 1) Coleoptile

				 2) Juxtacrine

				 3) Ligand

				A. The first step in germination of seed

				B. A protein (or lipoprotein) on the cell surface or within the cell that specifically binds a signaling molecule, called a ligand

				C. covers young shoot; emerges from the ground first

				D. Communication that takes place via junctions between adjacent cells

				E. A light-absorbing orange or green pigments

				F. chemicals released by cells that interact with receptors
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				CHAPTER

			

		

		
			
				Reproduction

			

		

		
			
				5

			

		

		
			
				1. Gametogenesis

				2. Spermatogenesis and oogenesis
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				- analyze the scheme of gametogenesis in humans
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				Gametogenesis

			

		

		
			
				You will
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				5.1

			

		

		
			
				Gametogenesis is the biological process of germ cell formation. The process of formation of female germ cells(ovum) in the organism is called oogenesis. It occurs in the female gonads - ovaries. In male individuals, a formation of germ cells(sperm) is called spermatogenesis. And it takes place in the seminiferous tubules of the testes.

				Gametogenesis consists of several stages - multiplication, growth, and cell maturation. The process of spermatogenesis also includes the stage of formation, which is not present during oogenesis.

			

		

		
			
				Why gametogenesis in the female body begins before birth, and in the male at the stage of puberty?

			

		

		
			
				 

				Gametogenesis - the biological process of germ cell formation.

				Gonads - an organ that produces gametes.

				Sperm cell - the mature motile male sex cell.

				Egg cell - the mature non-motile female sex cell.
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				Key terms
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					Facts
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				Sperm cell is 80,000 times smaller than an egg cell.

			

		

		
			
				1. Reproduction stage. The cells from which the male and female gametes are subsequently formed are called spermatogonia and oogonia. They carry a diploid set of chromosomes. At this stage, primary germ cells repeatedly divide by mitosis, at the result, their number significantly increases. Spermatogonia multiply during the reproductive period in the male body. Reproduction of oogonia occurs mainly in the embryonic period. In the ovaries of the female body, the process of reproduction of oogonia most intensively takes place between 2 and 5 months of fetal development.

				2. Growth stage. Cells grow in size and turn into spermatocytes and oocytes. This stage corresponds to interphase I of meiosis. An important event of this period is the replication of DNA molecules with a constant number of chromosomes. They acquire a double-stranded structure and the genetic formula of the cells during this period looks like 2n2c.

				3. Maturation stage. In this stage, two successive divisions occur - meiosis I and meiosis II. After the first division, spermatocytes and second-order oocytes are formed with the genetic formula n2c, after the second division, spermatozoa and mature eggs are formed. Differences in the way of oogenesis and spermatogenesis, in addition to the transfer of genetic information, have a certain biological meaning associated with different functional purposes of male and female gametes. The accumulation in the cytoplasm of the egg of a large number of spare nutrients is necessary since on this “base” the development of the daughter organism from the fertilized egg is carried out.

				 Uneven cell division during oogenesis and ensures the formation of a large egg cell. The function of the sperm cells is to find an egg, penetrate it and deliver its chromosome set. Their existence is short-lived, and therefore there is no need to store a large number of substances in the cytoplasm. And since the spermatozoa in the mass deaths in the process of searching for the egg, a huge number of them are formed.

				The central event in the process of gametogenesis is the reduction of the diploid set of chromosomes (during meiosis) and the formation of haploid gametes.

			

		

		
			
				Stages of gametogenesis
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				Research time

			

		

		
			
				Find out why sperm cells do not need to store large number of substances in the cytoplasm. Write a report.
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				existence - тіршілік / существование;

				germ cell - жыныстық жасуша / половая клетка;

				non-motile - қозғалыссыз / неподвижные;

				mature - жетілген / зрелый;

				motile - жылжымалы / подвижный;

				oogenesis - оогенез;

				spermatogenesis - сперматогенез;

				to correspond - сәйкес келу / соответствовать;

				uneven - тақ / нечетный.
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				Activity

			

		

		
			
				Complete the following picture use the table below. And answer the question.

			

		

		
			
				1. In which stage replication of DNA molecules occurs?

				2. When maturation stage is begin?

				3. When spermatozoa and mature eggs are formed?

				4. In which stage take place formation of haploid gametes?
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					Terminology
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					oogenesis

				

				
					ovum

				

				
					meiosis I

				

				
					spermato-genesis

				

				
					spermatozoa

				

				
					meiosis II
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				Literacy
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				1. Why is growth stage important? Explain it.

				2. Describe maturation stage, what happens after the first division?

				3. What is the biological meaning of differences between oogenesis and spermatogenesis?
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				- explain the differences between spermatogenesis and oogenesis
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				Spermatogenesis and oogenesis

			

		

		
			
				You will
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				5.2

			

		

		
			
				The maturation and growth of male and female germ cells is an important process on which the birth of healthy children depends. At some stages of the course of gametogenesis, there are certain similarities in women and men. The first three stages of spermatogenesis, as well as oogenesis, are similar to each other, then maturation occurs with some peculiarities. By comparing these complex processes, it is possible to distinguish the difference between each of the stages of the biological plan. The main difference is that the sperm is formed more than eggs.

				Although the initial stages of gamete development are similar, there are certain differences. For example, the development of male sex cells is longer, it is accompanied by their active division. During oogenesis, their growth takes longer. At the stage of maturation in the body of a man, 4 cells exit from the original, they are called spermatids. The female organism at this stage produces only one single egg cell with the presence of 3 polar cells. Describing the features of the stages of their formation, it is worth noting that the spermatozoa gain more pronounced outlines. But the eggs do not have a pronounced, clear form.

				The first three stages of the development of gametes in the male and female body have some similarities, but then their growth, as well as the formation, is completely different.

			

		

		
			
				 

				Spermatogenesis - the production or development of mature sperm cells.

				Oogenesis - the production or development of an egg cell.
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				Key terms

			

		

		
			[image: ]
		

		
			
				Why male organism aimed at producing a huge number of male gametes?

			

		

		
			
				This stage begins with the original germ cells. During the course of complex developmental processes in the female and male body, gametes are formed, which will divide during mitosis, resulting in an increase in their total number.

				In the body of a man, cell division occurs from the onset of puberty to old age; in the female womb, such changes take place only during the embryonic period.

			

		

		
			
				During this period, a rapid increase in gametes is observed in volumes both during oogenesis and spermatogenesis. The original cells as a result of numerous transformations become oocytes and spermatocytes belonging to the 1st order. At this stage of development, oocytes grow, increasing in size, compared with spermatocytes, they, like a sponge, absorb nutrients. The accumulation process does not occur in the body of a man since future spermatozoa need activity and mobility, which cannot be achieved in the presence of nutrients.

			

		

		
			
				What happens during this period? At this stage is the division (meiosis), which occurs twice. After the first meiosis, the formation of oocytes, as well as spermatocytes (2 orders). The result of the subsequent division is the formation of sperm and eggs with the presence of 3 polar bodies.

			

		

		
			
				Reproduction

			

		

		
			
				Growth

			

		

		
			
				Maturation
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					Facts
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				Acne is a pretty general phenomenon when teens start to struggle with during puberty. With puberty comes the hormonal changes and teens are affected by them.
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				immature - immature / незрелый;

				mobility - мобильділік / мобильность;

				path - жол / путь;

				subsequent - кезектегі / последующий;

				womb - жатыр / утроба.
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					Terminology
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				The final phase of the maturation stage of the male gamete is its formation when oogenesis is absent.

				The final process involves the formation stage, which is possible only during spermatogenesis. An immature male gamete becomes a sperm cell with the presence of a head, as well as a flagellum.

			

		

		
			
				 Formation

			

		

		
			
				Differences gametogenesis due to the different purpose of germ cells. The stages of spermatogenesis described above are aimed at producing a huge number of male gametes, because for the successful conception to take a difficult path, the goal will reach only 1-2 active spermatozoa.
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				Literacy
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				1. What is the feature of maturation stage?

				2. Why is the final stage possible only during spermatogenesis?

				3. Why don't spermatocytes need nutrients?
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				Activity

			

		

		
			
				Construct a Venn Diagram comparing spermatogenesis and oogenesis.
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					spermatogenesis

				

			

			
				
					oogenesis
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				Research time

			

		

		
			
				Egg cell is produced by meiosis. During meiosis 4 haploid cells are formed. Explain what happens to other three cells during oogenesis.
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				check yourself

			

		

		
			
				Test questions with one right answer

				1. Which following stage is corresponds to interphase I

				A. Reproduction

				B. Maturation

				C. Growth

				D. Synthesis

				E. Duplication

				2. Which of the following statements accurately describes gametogenesis?

				A. Gametogenesis always results in haploid cells

				B. Gametogenesis is not necessary in mammals

				C. Gametogenesis always starts with diploid cells

				D. Gametogenesis only occurs in plants

				E. None of the above

				3. Gametogenesis is the formation of

				A. Gonads

				B. Ova

				C. Sperms

				D. Gametes

				E. Testis

				4. How many ootids are formed in oogenesis

				A. Only one

				B. Two

				C. Three

				D. Four

				E. Five

				Test questions with several (max 3) right answers

				1. Stages of gametogenesis

				A. Growth

				B. Duplication

				C. Formation

				D. Reproduction

				E. Oogenesis

				fF.Maturation

				2. What's happening in Growth stage?

				A. Meiosis I

				B. Maturation

				C. Genetic formula is 2n2c

				D. Replication of DNA

				E. Meiosis II

				F. Cells grow in size

				G. Mitosis

				3. Which three stages of spermatogenesis and oogenesis are similar to each other.

				A. Duplication

				B. Replication

				C. Reproduction

				D. Division

				E. Maturation

				F. Formation

				G. Growth

				Matching questions

				1. Match the definitions

				 1) Ovaries

				 2) Gonads

				 3) Gametogenesis

				A. Mature motile male sex cell

				B. Cells grow in size and turn into spermatocytes

				C. Formation of female germ cells occurs

				D. The accumulation in the cytoplasm of the egg

				E. Organ that produces gametes

				F. Biological process of germ cell formation

				2. Match the definitions

				 1) Growth

				 2) Maturation

				 3) Reproduction

				A. The final phase of the maturation stage

				B. This stage begins with the original germ cells

				C. The central event in the process of gametogenesis 

				D. Possible only during spermatogenesis

				E. At this stage oocytes grow and increasing in size

				F. This stage occurs twice
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				CHAPTER

			

		

		
			
				Growth and development

			

		

		
			
				6

			

		

		
			
				1. Stem cells

				2. Practical application of stem cell 
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				- explain process of specialization of stem cells and their practical application
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				Stem cells 

			

		

		
			
				You will
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				6.1

			

		

		
			
				In contrast with simple cells, stem cells have ability to get specialized during development. They are universal building material: under skillful genetic manipulation and corresponding functional and anatomical environment stem cell will grow into anything that is necessary to organism, from brain neurons to tissue cells lining the intestine.

				During embryonic development zygote divides multiple times and increases in number. The first few divisions of blastomere produces cells with similar properties. Cells in the next stages of division starts to differentiate.When zygote grows into ball shape some cells will be lying on the surface and some will be inside the ball. This is the key moment of differentiation: outer layer of ball will form tissues of placenta while inner cells will differentiate into tissues and organs of embryo. Location and structure are important factors that determine role and function of a cell. Stem cells are classified into 4 types according to their ability to differentiate. 

				Stem cells 

				1. Totipotent 

				2. Pluripotent 

				3. Multipotent 

				4. Unipotent

				Totipotent stem cells are the only cells capable to reproduce all organs of embryo, including placenta and umbilical cord.

				Pluripotent stem cells are source of cells produced by germ layers (ectoderm, mesoderm and endoderm).

				Multipotent stem cells are able to produce several types of specialized cells as blood cells, liver cells and brain cells.

				Unipotent stem cells can differentiate only into one certain type of cell.

			

		

		
			
				 

				Stem cells - biological cells that can differentiate into other types of cells

				Differentiation - irreversible process where cells develop and mature into specialized cells
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					Facts
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				According to Science magazine isolation and cultivation of embryonic stem cells is the third most important discovery in biology after “decoding double helix of DNA” and “completion of Human Genome Sequencing”.

			

		

		
			
				How is it possible for zygote to differentiate into different cells?
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				Cultivation and differentiation of a stem cell

				According to origin and source of production stem cells can be divided into two groups.
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				Researchtime
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					Facts
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				Ratio of stem cell and typical cells in people above 60 years is 1:1,000,000.

			

		

		
			
				For a long time it has been believed that regeneration of myocard is impossible. Scientist and doctors excluded the presence of stem cells in tissues of heart. But nowadays, it is estimated that heart contains pool of immature cardiomyocytes. Find out about information about these stem cells. When are they activated?
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				cultivation - өсіру / выращивание

				exclude - шығару / исключать

				mature - кемел / зрелый

				renewal - жаңару / обновление

				umbilical cord -кіндік / пуповина
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					Terminology
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				Regeneration of heart muscle

				Nowadays, discovery of stem cells led to development of several biomedical disciplines like:

				- cultivation technologies (obtaining and storing) of stem cells 

				- formation of stem cell banks (storage, identification, managing)

				- cell transplantation

				- tissue engineering 

				- regenerative medicine.

			

		

		
			
				Regeneration of heart muscle

				Nowadays, discovery of stem cells led to development of several biomedical disciplines like:

				- cultivation technologies (obtaining and storing) of stem cells 

				- formation of stem cell banks (storage, identification, managing)

				- cell transplantation

				- tissue engineering 

				- regenerative medicine.

			

		

		
			
				Organs and tissues of an adult human that need frequent renewal of cells have unipotent regional stem cells. These cells are highly specialized - they can produce only certain types of cells. Bone marrow, brain, spinal cord, blood, epithelium of skin and digestive track, endothelium of vessels, skeletal muscles, pancreas, liver and other organs contain stem cells. These cells are activated during damage and responsible for renewal of cell population. Stem cells of adults have two qualitative features. Firstly, they produce cells of own species throughout the life maintaining the renewal. Secondly, they produce cells with similar morphological and functional features. 

				Until some time it was believed that nerve cells don’t regenerate. But recent studies show that some strictly localized areas of brain can undergo neurogenesis and renew their cells. Neural stem cells are multipotent cells with ability to differentiate into any type of mature cell in nervous system.

				Hematopoietic stem cells(HSC) provide regeneration of blood cells and cells of immune system (erythrocyte, thrombocyte, lymphocyte, monocyte etc.) throughout the human life. Sources of HSC are bone marrow and peripheral blood.

			

		

		
			
				Embryonic stem cells

			

		

		
			
				Somatic stem cells

			

		

		
			
				Embryonic stem cells are obtained from the cell mass of blastocyst. These cells are pluripotent and able to differentiate into all types of cells of adult organism. The main source of these cells are abortive material and materials left after artificial fertilization. Another unique source of embryonic stem cells is placental-umbilical cord blood. This type of blood can be obtained only once - during birth. Once taken, it can be preserved for decades and used for regeneration of any tissue and organs and even for treatment of different diseases.
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				Literacy
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				1. What is the difference of stem cells from other cells?

				2. Where stem cells can be found?

				3. What is the significance of stem cells?

			

		

		
			
				Inner cell mass

			

		

		
			
				Morula

			

		

		
			
				Blastocyst

			

		

		
			
				ES cells

			

		

		
			
				Neurons

			

		

		
			
				Organs

			

		

		
			
				Bone cells

			

		

		
			
				Blood cells

			

		

		
			
				Muscle

			

		

		
			
				Hematopoietoc stem cells
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				- explain process of specialization of stem cells and their practical application
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				Practical application of stem cell 

			

		

		
			
				You will
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				6.2

			

		

		
			
				Regenerative medicine - is modern branch of medicine, which can help in rehabilitation of impaired organs and whole organism by stimulating inner regenerative processes. The most investigated path of regenerative medicine is cellular technologies. This method helps to create cultures of universal donor stem cells. These type of cells can be transplanted to any patient if to delete genes that makes cell “foreign” for recipient’s organism. 

				Numerous clinical studies are being conducted worldwide researching the suitability of stem cells for the regeneration of many diseases and disorders. Umbilical cord blood and tissue that is rich in stem cells will be an important therapeutic option in future medicine.

				Stem cells have been applied in the treatment of serious diseases for more than 55 years. They are applied especially to treat cancers, which require high-dose chemotherapy within the scope of medical care. 

				Besides cancer, several hundred thousand people come down with common diseases like dementia, which belongs to the neurodegenerative diseases, cardiac infarction, stroke, arthritis, or diabetes every year. The lifelong therapy causes enormous costs in the healthcare system. Stem cell therapy offers great potential for the treatment of such diseases. 

				Stem cells have already been applied successfully for: 

				Hematopoietic disorders

				Immunodeficiency

				Metabolic disorders

				Cancer

				In clinical studies and treatment attempts, stem cell therapies are tested with the following indications:

				Autoimmune diseases

				Impairments of the brain

				Impairments of the brain

				Multiple sclerosis

				Autism

				Hearing loss

				HIV

			

		

		
			
				Regenerative medicine - is modern branch of medicine, which can help in rehabilitation of impaired organs and whole organism by stimulating inner regenerative processes
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				Key terms
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				How can you use stem cells to cure diseases?
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				Even if it is looks like that application of stem cell is changing the world for better, ethically it has proved extremely controversial. The thing that makes this area especially contentious is the source of the cells, and in particular use of human embryos. 

				Most people would not agree with the idea of killing another human being in order to provide spare parts or cells for another. Because in terms of its moral status, the embryo is as much a human being as a 

			

		

		
			
				Moral ethics
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				impaired - әлсіреген / ослабленный;

				controversial - даулы / спорный;

				dilemma - қиын жағдай / затруднительное положение;

				neurodegenerative - нейродегенеративтi / нейродегенеративный;

				rehabilitation - оңалту / реабилитация;

				regenerative - регенерациялық / регенеративный;

				womb - жатыр / матка.
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				Debate about moral ethics of using embryo as a stem cell. Divide into following groups: Patients, scientists, society and embryo. States of groups are as following:

				patients are those who need stem cell therapy because it is the only treatment for them. 

				scientist have been working on stem cells for 25 years; it is their only way of income. 

				embryo depends on results of this debate, it also has its own opinion. 

				society is against the idea of using embryo in medicine.

				Purpose of this debate is to generate as many as possible arguments against other groups. 
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				Activity
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				new-born baby. We should not judge the status of the embryo by its state of development, but by what it will become. From the completion of fertilisation onwards we should see the embryo as having the status of the human being which it should become. Once a human life has been created, even in an embryo, it is not for other humans to destroy it or cause it to be destroyed. 

				Others are in doubt about the status of a few cells in the earliest stage of human development. At the blastocyst stage, a human embryo created by IVF(In vitro fertilisation) expresses no bodily characteristics, it is not conscious and it cannot feel anything. It could not survive outside the womb. It has not implanted in the womb. Faced with the scientific case, people developed idea that embryo has no moral significance. At this point it is not a human person; it is just a ball of cells. Beside this, as it was mentioned earlier, stem cells can cure many diseases and even sometimes it is the only way of treatment. 

				 Many people, however, fall somewhere in between these opposite poles. They see the human need, but they think the human embryo is more than just nameless cells, and yet it is not the same as a baby. So it presents an ethical dilemma without easy answers.
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					Facts
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				Ratio of stem cell and typical cells in people above 60 years is 1:1,000,000.
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				Researchtime

			

		

		
			
				Research and find more examples of stem cells application in medicine.
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				Literacy
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				1. What is egenative medicine?

				2. What diseases can you cure using stem cells?

				3. What are the problems of using stem cells?
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				check yourself

			

		

		
			
				Test questions with one right answer

				1. Which type of stem cells are differentiated only into one certain type of cell?

				A. Multipotent

				B. Totipotent

				C. Pluripotent

				D. Unipotent

				2. Which type of stem cells are able to produce several types of specialized cells as brain cells?

				A. Multipotent

				B. Totipotent

				C. Pluripotent

				D. Unipotent

				3. Which type of stem cells are source of cells pro-duced by germ layers?

				A. Multipotent

				B. Totipotent

				C. Pluripotent

				D. Unipotent

				4. What discipline has stem cell development led to?

				A. Bioengineering

				B. Regenerative medicine

				C. Bioinformatics

				D. Bionics

				Test questions with several (max 3) right answers

				1. Which of the following indications stem cell thera-pies are tested?

				A. Autism

				B. Influenza

				C. HIV

				D. Malaria

				E. Headache

				F. Autoimmune diseases

				2. Which of the following contain stem cells 

				A. Bone marrow

				B. Hair

				C. Liver cells

				D. Saliva

				E. Sperm cell

				F. Epithelium of skin

				G. Nail

				3. Which of the following are types of the stem cells

				A. Unipotent

				B. Somatic cells

				C. Body cells

				D. Totipotent

				E. Embryo

				F. Cancer cells

				G. Pluripotent

				Matching questions

				1. Match the definitions

				 1) Obtained from the cell mass of blastocyst

				 2) Investigated path of regenerative medicine

				 3) Expresses no bodily characteristics

				A. Bioengineering

				B. Mother cells

				C. Cellular technologies

				D. Embryonic stem cells

				E. Embryo created by IVF

				F. Simple cells

				2. Match the definitions

				 1) Cancer

				 2) Bone marrow

				 3) Totipotent stem

				A. Obtained from the cell mass 

				B. Simple cells

				C. Reproduce all organs of embryo

				D. Have already been applied 

				E. Obtained only once

				F. Source of hematopoietic stem cells
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				Heredity and variation
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				1. Spontaneous mutations

				2. Statistical methods in genetics

				3. Human genome
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				- find the relationship of mutations with the repair, recombination, and replication of deoxyribonucleic acid
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				Spontaneous mutations

			

		

		
			
				You will
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				7.1

			

		

		
			
				Why some people which do not drink alcohol or smoke can have cancer?

			

		

		
			
				 

				Spontaneous mutation - a mutation that arises naturally and not as a result of exposure to mutagens.
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				Key terms
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				Spontaneous mutations arise from a variety of sources, including errors in DNA replication, spontaneous lesions, and transposable genetic elements. 

				An error in DNA replication can occur when an illegitimate nucleotide pair (say, A–C) forms in DNA synthesis, leading to a base substitution.

				Each of the bases in DNA can appear in one of several forms, called tautomers, which are isomers that differ in the positions of their atoms and in the bonds between the atoms. The forms are in equilibrium. The keto form of each base is normally present in DNA, whereas the imino and enol forms of the bases are rare. The ability of the wrong tautomer of one of the standard bases to mispair and cause a mutation in the course of DNA replication was first noted by Watson and Crick when they formulated their model for the structure of DNA.

				Mispairs can also result when one of the bases becomes ionized. This type of mispair may occur more frequently than mispairs due to imino and enol forms of bases.
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				Pairing between the normal (keto) forms of the bases.

			

		

		
			
				All the mispairs described so far lead to transition mutations, in which a purine substitutes for a purine or a pyrimidine for a pyrimidine. The bacterial DNA polymerase III has an editing capacity that recognizes such mismatches and excises them, thus greatly reducing the observed mutations. Another repair system corrects many of the mismatched bases that escape correction by the polymerase editing function.

			

		

		
			
				Transitions

			

		

		
			
				In transversion mutations, a pyrimidine substitutes for a purine or vice versa. Transversions cannot be generated by the mismatches . With bases in the DNA in the normal orientation, creation of a transversion by a replication error would require, at some point in the course of replication, mispairing of a purine with a purine or a pyrimidine with a pyrimidine. Although the dimensions of the DNA double helix render such mispairs energetically unfavorable, we now know from X-ray diffraction studies that G–A pairs, as well as other purine–purine pairs, can form.

			

		

		
			
				Transversions
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				Research time

			

		

		
			
				Find how does cells avoid spontaneous mutations of DNA.
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				illegitimate - ақылға сыймайтын / нелогичный;

				lesion - бұзылу / повреждение;

				mispair - дәл келмеу / несовпадение;

				spontaneous - кенеттен / спонтанный;

				tautomer - таутомер.
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					Terminology
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				Literacy
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				1. What is the reason of spontaneous mutation?

				2. What is the difference between transition and transversion?

				3. What is the difference between depurination and deamination?

			

		

		
			
				The deamination of cytosine yields uracil.

			

		

		
			
				Frameshift mutations. 

			

		

		
			
				A frameshift mutation is a genetic mutation caused by indels (insertions or deletions) of a number of nucleotides in a DNA sequence that is not divisible by three. Due to the triplet nature of gene expression by codons, the insertion or deletion can change the reading frame (the grouping of the codons), resulting in a completely different translation from the original. The earlier in the sequence the deletion or insertion occurs, the more altered the protein. A frameshift mutation is not the same as a single-nucleotide polymorphism in which a nucleotide is replaced, rather than inserted or deleted. A frameshift mutation will in general cause the reading of the codons after the mutation to code for different amino acids. The frameshift mutation will also alter the first stop codon ("UAA", "UGA" or "UAG") encountered in the sequence. The polypeptide being created could be abnormally short or abnormally long, and will most likely not be functional

			

		

		
			
				In addition to replication errors, spontaneous lesions, naturally occurring damage to the DNA, can generate mutations. Two of the most frequent spontaneous lesions result from depurination and deamination.

				Depurination, the more common of the two, consists of the interruption of the glycosidic bond between the base and deoxyribose and the subsequent loss of a guanine or an adenine residue from the DNA.

			

		

		
			
				Frameshift mutations. 

			

		

		
			
				Spontaneous lesions
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				- use statistical methods to analyze the authenticity of inheritance characteristics 
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				Statistical methods in genetics

			

		

		
			
				You will
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				7.2

			

		

		
			
				How to find the type of inheritance of the trait?

			

		

		
			
				 

				χ2 test - a statistical method assessing the goodness of fit between a set of observed values and those expected theoretically.
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				Key terms
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				If you cross two heterozygous yellow and round seeded pea plants, you would expect the following probabilities of different offspring phenotypes:

				9/16 - yellow and round;

				3/16 - yellow and wrinkled;

				3/16 - green and round;

				1/16 - green and wrinkled.

				However, it does not mean that if you have 144 offspring pea plants, 81 will be yellow and round, 27 will be yellow and wrinkled, 27 will be green and round and 9 will be green and wrinkled. 9:3:3:1 ratio shows only the probability of getting these phenotypes. 

				Sometimes you can get a different number of phenotypes. This difference can be due to chance or because others genes are involved in the control of the given phenotype. To check if the difference is due to chance chi-squared test (χ2 test) is used. It compares observed results with expected results and it allows to decide whether there is a significant difference between them or not using the following formulae.

				where,

				∑ - sum of;	O - observed value;	E - expected value.

				So, the larger the number of comparisons, the larger the chi-squared value is. To correctly find if the difference between the observed and expected values is significant we need to consider the number of our calculated values. This aspect is called the number of degrees of freedom. To find the number of degrees of freedom, calculate the number of data classes minus one.

				Then compare the calculated χ2 value with the table of χ2 values and find the probability that the differences between expected and observed values are due to chance. The probability of 0.05 is the critical probability. If the χ2 value represents the probability larger than 0.05 then the differences between the values are due to chance. If the χ2 value represents the probability smaller than 0.05 - the differences are not significant. 
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				Research time

			

		

		
			
				There is another statistical test used to compare to sets of data. This test is called t-test. Find the differences between the chi-squared test and t-test.
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					Degrees of freedom

				

				
					Probability greater than

				

				
					0.1

				

				
					0.05

				

				
					0.01

				

				
					0.001

				

				
					1

				

				
					2.71

				

				
					3.84

				

				
					6.64

				

				
					10.83

				

				
					2

				

				
					4.60

				

				
					5.99

				

				
					9.21

				

				
					13.82

				

				
					3

				

				
					6.25

				

				
					7.82

				

				
					11.34

				

				
					16.27

				

				
					4

				

				
					7.78

				

				
					9.49

				

				
					13.28

				

				
					18.46
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					Facts
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				In 1900, Karl Pearson an English mathematician published a paper on the χ2 test which is considered to be one of the foundations of modern statistics

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			
				Example 1
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				Assume you have the following number of observed phenotypes:

				86 - yellow and round;

				26 - yellow and wrinkled;

				24 - green and round;

				8 - green and wrinkled.

				This ratio does not show us exactly 9:3:3:1 ratio. So, we need to use the chi-squared test to find if the difference from the expected ratio is significant or not. 

				Firstly, we find the expected numbers of each phenotype. To find it we find the total number of the offspring and multiply this number by 9/16, 3/16, 3/16 and 1/16. It is better to record the numbers into the table like the one below. 

				Then we calculate the difference between the expected and observed values and square the difference. Finally, we divide each squared difference by the expected value and add up all the answers.
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					Phenotypes of plants

				

				
					yellow and round

				

				
					yellow and wrinkled

				

				
					green and round

				

				
					green and wrinkled

				

				
					Observed number (O)

				

				
					86

				

				
					26

				

				
					24

				

				
					8

				

				
					Expected ratio

				

				
					9

				

				
					3

				

				
					3

				

				
					1

				

				
					Expected number (E)

				

				
					81

				

				
					27

				

				
					27

				

				
					9

				

				
					O − E

				

				
					5

				

				
					-1

				

				
					-3

				

				
					-1

				

				
					(O − E)2

				

				
					25

				

				
					1

				

				
					9

				

				
					1

				

				
					((O - E)2/E

				

				
					0.31

				

				
					0.04

				

				
					0.33

				

				
					0.11
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				The next step is to find the number of degrees of freedom. In the given example we have 4 classes of data. So the degrees of freedom are: 

				4-1=3.

				Now we look at the third row of the table, it represents the degrees of freedom equal to 3.

				Our χ2 value is equal to 0.79. It is much smaller than the value 7.82 which represents the probability of 0.05. So we can say that the difference between our observed and expected results is due to chance, and there is no significant difference between what we expected and what we actually got.

			

		

		
			
				The allele for grey fur in a species of animal is dominant to white, and the allele for long tail is dominant to short. Suppose you crossed two heterozygous animals for both traits and got the following offspring: 

				grey, long 54

				grey, short 4

				white, long 4

				white, short 18

				Use a χ2 test to determine whether or not the difference between these observed results and the expected results is significant.
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				Labwork
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				probability - ықтималдық / вероятность;

				significant - елеулі / значительный.
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					Terminology
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				Analysis of the reliability of inheritance of characters
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				- discuss the significance of the “Human Genome” project
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				Human genome

			

		

		
			
				You will
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				7.3

			

		

		
			
				Human traits and characteristics depend on the genes in the cells. The complete set of genes in an organism is called the genome. By studying the genome scientists find out causes of genetic diseases and their treatment. 

				Nowadays, using sequencing technology scientists can find the sequence of nucleotides in individual genes. In mid 1980s people started creating human genetic and physical maps of human genome. It led to the beginning of Human Genome Project in October 1, 1990. It was organised by an international consortium that included research groups from universities and institutes all over the world. 

				The goals of the Human Genome Project were to identify all the human genes and locate them within the human DNA, obtain the nucleotide sequence of human DNA, and to develop technologies of alteration of the human genes.

				By 1995 94% of the human genome was sequenced. In April 2003, the scientists announced that sequencing of human genome was complete. 

				The data from the Human Genome Project suggest that human genome contains around 22000 genes. It is approximately 3.2 billion base pairs in length. 

				Some flow and potential utilizations of the Human Genome Project incorporate the enhanced analysis and treatment of hereditary illnesses, for example, cystic fibrosis, Huntington disease, and Duchenne muscular dystrophy. The undertaking may likewise empower scientists to distinguish the genetic basis of common disorders, for example, cancer, diabetes, and heart diseases, which include adjustments in a few genes.

			

		

		
			
				How many genes does human cell have?

			

		

		
			
				 

				Genome - the complete set of genes or genetic material present in a organism.
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				Key terms
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				Research time

			

		

		
			
				After the Human genome was sequenced, scientists started to study genomes of other organisms. Find out which organisms and why did they choose?
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				Sequencing is a method used to determine the nucleotide sequence in the DNA. During Human Genome Project whole-genome shotgun approach of sequencing was used. Firstly, DNA is randomly cut, cloned and sequenced. Then powerful computers assemble the resulting very large number of overlapping short sequences into a single continuous sequence.

				After some time, new methods of sequencing were used. One of them is sequencing by synthesis. In this technique, many very small DNA fragments (each about 400–1,000 base pairs long) are sequenced at the same time, and computer software rapidly assembles the complete sequence. Because of the sensitivity of these techniques, the fragments can be sequenced directly; the cloning step is unnecessary. Sequencing by synthesis resulted in massive increases in speed and decreases in the cost of sequencing entire genomes.

				Sequencing of the first human took about 13 years and cost about $100 million. In 2007, the genome of scientist James Watson was sequenced in four months and cost $1 million. So, sequencing become faster and cheaper nowadays.

			

		

		
			
				Sequencing
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				Whole-genome shotgun approach to sequencing
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					Facts
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				Humans, mice, and the puffer fish have approximately the same number of genes; clearly, the complexity of an organism is not a simple function of the number of genes in its genome, nor of the size of its genome.
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				assemble - жинау / собирать;

				consortium - бірлестік / консорциум;

				genome - геном;

				sequence - реттілік / последовательность;

				undertake - әрекет қылу / предпринимать.

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			
				Activity

			

		

		
			
				1. Order the following DNA fragments into one overall sequence.

				a. TATTAG

				b. TACCCCGA

				c. AATTACATAT

				d. TAGTTGCGATTGTA

				e. CGAAT

				f. ATTGTAC

				2. Assuming that the length of one nucleotide is 0.34nm, what is the length of the given DNA?

				3. What is the sequence of the complementary DNA strand of the given DNA?

				4. What is the sequence of mRNA transcribed from the given DNA?

				5. Using the genetic code given on the page ???, find the amino acid sequence translated from the mRNA transcribed from the given DNA (Do not forget to start the translation with a start codon). 

			

		

		
			
				[image: ]
			

			
				
					Terminology
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				Literacy
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				1. How many years did it take to sequence the human genome?

				2. How did scientists sequence the human genome?

				3. How is Human Genome Project important?
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				CGCCATCAGT

			

		

		
			
				CGCCATCAGT

			

		

		
			
				ACGATACTGGT

			

		

		
			
				AGTCCGCTATACGA

			

		

		
			
				CGCCATCAGTCCGCTATACGATACTGGT

			

		

		
			
				AGTCCGCTATACGA

			

		

		
			
				ACGATACTGGT

			

		

		
			
				1. Cut the DNA from many copies of an entire chromosome into overlapping fragments short enough for sequencing

				2. Clone the fragments in plasmid or other vectors

				3. Sequence each

				fragment

				4. Order the sequences into one overall sequence with computer software
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				check yourself

			

		

		
			
				Test questions with one right answer

				1. What is the mutagen?

				A. The gene in DNA which is not used

				B. Abnormal protein produced by organism

				C. Agent which causes mutation

				D. Whole human genome

				E. Mutation in DNA

				2. Which one of the following can not be mutagen?

				A. Radiation

				B. Chemicals

				C. Ultraviolet light

				D. X-rays

				E. Spoiled food

				3. When χ2 test is used?

				A. to solve the hard mathematical equations

				B. to test fit between a set of observed values and those expected theoretically..

				C. to determine human genome sequence

				D. to test mutation in DNA

				E. to make connection between gene and protein

				4. What is the genome?

				A. Mutation in DNA

				B. Abnormal sequence of nucleotides

				C. Complete set of genes present in a organism 

				D. The gene in DNA which is not used

				E. Agent which causes mutation

				Test questions with several (max 3.) right answers

				1. Which of the following cause mutation in human organism?

				A. Radition

				B. Error during DNA replication

				C. Active lifestyle

				D. Healthy diet

				E. X-rays

				F. Morning exercises

				2. Which of the following cause spontaneous mutation in DNA? 

				A. External agents

				B. Error in DNA repairation

				C. Error in DNA replication

				D. Error in DNA recombination

				E. Mutagens

				F. X-rays

				3. Which of the following is true due to human genome?

				A. Adenine pairs with Guanine

				B. Cytosine pairs with Thymine

				C. It is impossible to sequence whole human genome

				D. Sequencing the genome can be useful in the understanding the genetic disorders

				E. Human traits depend on genes

				F. Human genome completely sequenced

				Matching questions

				1. Match the following definitions

				 1) DNA repair

				 2) DNA recombination

				 3) DNA replication

				A. Mutation of DNA

				B. Correction the damaged DNA

				C. Sequencing the DNA

				D. Destroying the DNA

				E. Producing the new sequence of DNA

				F. Copying the DNA

				2. Match the following definitions

				 1) Spontaneous mutation

				 2) Mutagens

				 3) Genome

				A. Mutation caused by external factor

				B. Mutation that is not harmful to organism

				C. Part of sequenced genes

				D. Complete set of genes

				E. Useful set of genes

				F. Mutation that arises naturally, not by external factors
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				CHAPTER

			

		

		
			
				Cell biology

			

		

		
			
				8

			

		

		
			
				1. Identifying main components of cell

				2. Linear calculation of cell magnification

				3. Calculating cell size
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				- identify and describe the main components of cells using micrographs
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				Identifying main components of cell

			

		

		
			
				You will
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				8.1

			

		

		
			
				Different cells may have various functions and structure. But almost all cells share some common characteristics. Doesn’t matter if it is plant cell or animal cell, organelles like cell membrane, cytoplasm and nucleus are common for them. 

				Cell membrane separates living cell from external environment. As a boundary of a cell it controls everything that is entering and exiting the cell. From this point, cell membrane is selectively permeable. This feature allows to prevent from entering toxic materials and for some substances to pass more easily than other. 

				Cytoplasm is jelly-like, transparent substance which fills the cell. It mostly consists of water and dissolved nutrients. In the cytoplasm all organisms are suspended and bound together. Cytoskeleton in the cytoplasm gives a cell its shape. 

				The nucleus contains most of genes in the cell. It is usually the most noticeable organelle in the cell. Almost all cells have one nucleus while some may have more than one or even no nucleus.

				Nucleus is considered as the controlling centre of the cell. It regulates the metabolic processes in the cell by directing the synthesis of functional proteins such as enzymes.

				Another main component in cell is cell wall. Cell wall is found in plant, 

			

		

		
			
				What makes cell alive?

			

		

		
			
				 

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

				Cytoplasm - the material or protoplasm within a living cell, excluding the nucleus.

				Nucleus - organelle found in eukaryotic cell containing most of genetic material
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				Key terms
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					Facts
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				Not all cells in human body have one nucleus. Erythrocytes don’t have nucleus, while skeletal muscle cells may have many nucleus.
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				Animal cells

			

		

		
			
				Plant cells
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				Fluorescence, dark-field and bright-field microscopy
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				Research time

			

		

		
			
				Development of microscope lasted for many centuries. Investigate scientist who made contribution to development of microscope.
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					Facts
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				boundary - шекара / граница

				flea - бүрге / блоха

				specimen - нұсқа / образец

				suspended - ілулі / подвешенный

				transparent - мөлдір / прозрачный
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					Terminology
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					Labwork
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				Pre-lab questions:

				1. Why do we use electron micrographs to identify some of the organelles?

				2. Why some organelles cannot be identified by using light microscopes?

				Materials: ready micrographs of different organisms

				Procedures : 

				1. Observe ready micrographs of cell.

				2. Identify cell membrane, cytoplasm and nucleus on each micrograph.

				3. Describe each organelle in micrograph.

				4. Draw micrographs on notebook.

				Post-lab questions:

				1. Why one organelle may have different sizes in cells?

				2. How do you distinguish between different organelles?

			

		

		
			
				Identify and describe the main components of cells using micrographs

			

		

		
			
				The earliest microscopes were known as “flea glasses” because they were used to study small insects.
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				fungi, bacteria and algae cells. It gives rigidity, provides mechanical strength and supports the cell. Also cell wall has pores which allows some substances, including proteins, to pass into the cell while keeping other substances out.

				Investigating cells developed with the invention of microscope. The earliest microscopes use visible light to create images and were little more than magnifying glasses. Today, more sophisticated compound light microscopes are routinely used in microbiology laboratories. The various types of light microscopy include bright-field, dark-field, fluorescence, and phase contrast microscopy. Each method has specific applications and advantages, but the most commonly used in introductory classes and clinical laboratories is brightfield microscopy. In many research applications, electron microscopy is used because of its ability to produce higher quality images of greater magnification.
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				- determine the actual cell size
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				Linear calculation of cell magnification

			

		

		
			
				You will
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				8.2

			

		

		
			
				In order to measure objects in the microscopic world, we need to use very small units of measurement. Even 1 mm is very big scale for that. Our eyes incapable to see beyond the millimeters. But it doesn’t mean that invisible things do not exist. We can use different types of magnifying equipments to observe the microworld. For example, magnifying glass can zoom up to 15 times.Optical microscopes, which uses light to magnify, have a maximum magnification power of 1000. Electron microscopes, which use electrons, can magnify up to 1000000 times.

			

		

		
			
				a) Light microscope, b) Scanning Electron Microscope

				 and c) Transmission Electron Microscope 

			

		

		
			
				What is the real size of our body cells?

			

		

		
			
				 

				Linear magnification - the ratio of image length to object length measured in planes;

				Resolution - is the ability to distinguish between two objects very close together; the higher the resolution of an image, the greater the detail that can be seen

				Magnification - is the number of times greater that an image is than the actual object
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				Key terms
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					Facts
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				The smallest objects that the unaided human eye can see are about 0.1 mm long. That means that under the right conditions, you might be able to see an amoeba proteus, a human egg, and a paramecium without using magnification.
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				Generally, electron microscope is better than optical. That is because of its magnifying power and capability to project more detailed image. Electron microscope gives clear image, while light microscopes project blurry image when zooming in. This difference is because of resolution. Resolution is the ability to distinguish between two separate points. If the two points cannot be resolved, they will be seen as one point. In practice, resolution is the amount of detail that can be seen – the greater the resolution, the greater the detail. The maximum resolution of a light microscope is 200 nm. This means that if two points or objects are closer together than 200 nm they cannot be distinguished as separate. So light microscope will never show you anything smaller than 200nm. For contrast, hydrogen atom has diametre equal to 0.1nm; ribosome is 20-25nm; HIV is 100nm; lysosome and peroxisome have diameter of 200nm; human red blood cell is 9μm.
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				a) 

			

		

		
			
				b) 

			

		

		
			
				c) 

			

		

		
			
				
					Fraction of meter

				

				
					Unit

				

				
					Symbol

				

				
					Thousands of a meter    1/1000    10-3

				

				
					Millimeter

				

				
					mm

				

				
					Millions of a meter    1/1000000    10-6

				

				
					Micrometer

				

				
					µm

				

				
					Billions of a meter    1/1000000000    10-9

				

				
					Nanometer

				

				
					nm
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				Microscope magnification measures the total enlargement of the image of an object. 

				Magnification = observed size of the image / actual size, or, M=I/A

				The photo on the right shows a section through the same plant cells. To calculate the magnification of the plant cell labelled A in the photo we will use the formula given above. If we know its actual (real) length we can calculate its magnification using the formula. The real length of the cell is 80 μm (micrometers).

				Step 1. Measure the length of the cell in the photograph using a ruler. You should find that it is about 60 mm.

				Step 2. Convert mm to μm. 

				1 mm = 1000 μm,

				so 60 mm = 60 × 1000 μm = 60 000 μm

				Use the equation to calculate the magnification, M = I / A

				60 000 μm / 80 μm = 750. 

				So the image of plant cell is magnified 750 times.
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				Research time

			

		

		
			
				Find the magnification of nucleus (green) and mitochondria (red) on the picture. Assume that the real size of the cell is 90 μm.

			

		

		
			
				Different types of microscopes have different magnification powers. Fill the characteristics for light microscope, Transmission Electron Microscope and Scanning Electron Microscope.
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				assume - болжау / предполагать

				blurry - көмескі / размыто

				capability - қабілеттілік / способность

				enlargement - ұлғаю / увеличение

				magnification - ұлғаю / увеличение

				paramecium - кірпікшелі кебісше / инфузория туфелька

				resolution - айыру қабілеті / разрешающая способность 
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					Terminology
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				Literacy
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				1. Why are electron microscopes able to magnify object much more than light microscopes?

				2. Why does light microscopes often give you image with bad resolution?

			

		

		
			
				Calculating the magnification of cell organelles
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				Activity
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						Type of microscope

						Characteristic

					

					
						Light microscope

					

					
						Transmission Electron Microscope

					

					
						Scanning Electron Microscope

					

					
						Year of invention

					

					
						Magnification power

					

					
						Principle of work

					

					
						Light (photon)

					

					
						Field of usage

					

					
						Advantages
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				- determine the actual cell size of cell
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				CALCULATING CELL SIZE

			

		

		
			
				You will
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				8.3

			

		

		
			
				Calculating linear magnification of a cell or an organelle doesn’t let us to know the actual size. Sometimes biologists need to calculate the linear size of a microelement or part of specimen. To conduct this type of measurement they need special transparent eyepiece graticule - equipped with scale or grid and, stage micrometre with calibrating slide-ruler. Using these tools we can determine length and width of an object in micrometers.

				Eyepiece graticule is a special lens with marking beneath the main lenses. This additional lens has scale divided into many units for micro-metric measurements. The dividing value of eyepiece graticule is equal to 0.1mm. While observing any object the value of division will depend on combination of eyepiece and objective. Here is given table with some combination of eyepiece and objective and their value of division.

			

		

		
			
				How can you calculate the size of the cell?

			

		

		
			
				 

				Eyepiece graticule - special lens with measuring scale

				Object micrometre - a tool used for the precise measurement of very small objects
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				Key terms
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					Objective

				

				
					Eyepiece(ocular)

				

				
					Value of division

				

				
					100x

				

				
					10x

				

				
					0.001 mm = 1 μm (micrometre)

				

				
					40x

				

				
					10x

				

				
					0.0025 mm

				

				
					20x

				

				
					10x

				

				
					0.005 mm

				

				
					10x

				

				
					10x

				

				
					0.01 mm

				

				
					4x

				

				
					10x

				

				
					0.025 mm

				

			

		

		
			
				However, in the production of lenses, it is considered to be some inaccuracy of magnification in the range of 2-2.5%. So the objectives produced as 100x may in fact be 97.5x or 102.5x. For this reason every time observer has to calibrate eyepiece graticule for each objective. The calibration is made by another tool called stage micrometre.

				Stage micrometre is a miniature transparent slide with measuring scale. In most cases the scale is in the form of 1mm ruler divided into 10 or 100 parts. The division value of these parts is equal to 0.01mm. By placing stage micrometre on a microscope stage we can easily calibrate the eyepiece graticule.
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					stage micrometre 

				

			

		

		
			
				
					Eyepiece graticule
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				cheek - бет / щека

				eyepiece graticule - окуляр торы / окулярная сетка

				inaccuracy - дәлсіздік / погрешность 

				miniature - шағын / миниатюрный

				overlap - сәйкес келу / совпадать

				precise - дәл / точный

				transparent - мөлдір / прозрачный
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					Terminology
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				Now let’s measure the diameter of human cheek epithelial cell given in the picture above.

				The cell lies between 40 and 60 on the eyepiece graticule scale (pic.1). So it measures 20 eyepiece units. To know the actual size of eyepiece unit we have to calibrate it.

				 Next we will place the stage micrometre on a stage and bring it into focus. For the eyepiece graticule shown in the picture, 100 units measure 0.25 mm on stage micrometre. Hence, the value of each eyepiece unit is: 0.25 / 100 = 0.0025mm = 2.5μm.

				The diameter of the cell shown on the scale measures 20 eyepiece units and so its actual diameter is: 20x2.5μm=50μm

				This diameter is greater than that of many human cells because the cell is a flattened epithelial cell.

			

		

		
			
				(a) Human cheek epithelial cell under eyepiece graticule

			

		

		
			
				(b) Calibrating eyepiece gratitude with stage micrometre
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					Labwork
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				Pre-lab questions:

				1. What is eyepiece graticule?

				2. What stage micrometer?

				3. How calibration of eyepiece graticule is carried out?

				Materials: Eyepiece graticule, stage micrometre, ready specimens. 

				Procedures : 

				1. Fix a specimen on a stage.

				2. Measure diameter of the object in eyepiece units (as on the picture “a” above).

				3. Replace specimen with the stage micrometer.

				4. Rotate the eyepiece (containing the eyepiece micrometer) and move the stage micrometer until the two scale lines overlap each other (as on the picture “b” above).

				5. Find the value of eyepiece unit.

				6. Find the diameter of observing object.

				7. Fill the table with the dates you got.

				Results:

			

		

		
			
				Determine actual size of a cell using eyepiece graticule and stage micrometre

			

		

		
			
				Post-lab questions:

				1. What is difference between eyepiece graticule scale and stage micrometer scale?

				2. How do you find value of units on graticule scale?

			

		

		
			
				
					Specimen №

				

				
					Magnification

				

				
					Diameter in units

				

				
					Value of units

				

				
					Diameter of observing object

				

				
					1

				

				
					2

				

				
					3
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				check yourself

			

		

		
			
				Test questions with one right answer

				1. Find magnification of an organelle where the real length of the cell is 50μm, length of the cell in the image is 40mm. 

				A. 450

				B. 800 

				C. 500

				D. 1,500

				2. Find the real size of a cell if the length of this cell in image is 20mm and the magnification is equal to 1,000.

				A. 20 μm 

				B. 0.04 μm

				C. 20 nm

				D. 40 nm

				3. Find the diameter of a cell using following parameters: 

				The cell lies between 50 and 60 on the eyepiece graticule scale; in eyepiece graticule 100 units measure 0.20 mm on stage micrometre.

				A. 10 μm

				B. 15 μm

				C. 8 μm

				D. 20 μm 

				4. Which cell doesn’t have nucleus?

				A. Nerve cell

				B. Erythrocyte 

				C. Muscle cell

				D. Leukocyte 

				 

				Test questions with several (max 3) right answers

				1. Which of the components are common for both plant and animal cells?

				A. Chloroplast 

				B. Cell wall

				C. Cytoplasm

				D. Vacuole

				E. Flagellum

				F. Centrioles

				G. Nucleus

				2. What are the functions of cell wall?

				A. Protein synthesis

				B. Energy supply

				C. Supports the cell

				D. Gives rigidity

				E. Produces lipid

				F. Gives green color

				G. Regulates diffusion

				3. Researcher has specimens of 7 different cells. The real sizes of cells are given below. Which of the specimens can researcher see clearly using simple light microscope? 

				A. 0.25 μm 

				B. 0.1 μm

				C. 150 nm

				D. 100 nm

				E. 0.001 mm 

				F. 200 nm 

				G. 0.0001 mm

				Matching questions

				1. Match organelles with their functions

				 1) Cytoplasm 

				 2) Nucleus 

				 3) Cell membrane 

				A. Energy supply

				B. Exchange of materials 

				C. Protein synthesis

				D. Packaging materials

				E. Controlling cellular activity 

				F. Maintain shape of a cell 

				G. Gives rigidity 

				2. Find equivalent values of:

				 1) 1 nm

				 2) 1 mm

				 3) 1 μm

				A. 0.01 μm

				B. 10000 nm

				C. 1000000 nm 

				D. 0.01 mm

				E. 0.001 μm

				F. 10 nm

				G. 1000 nm
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				CHAPTER

			

		

		
			
				BIOTECHNOLOGY

			

		

		
			
				9

			

		

		
			
				1. Microbiological research techniques

				2. Growth media 

				3. Inoculation of microbes

				4. Gram positive and negative bacteria

				5. The recombinant DNA technology

				6. Application of recombinant DNA

				7. Plasmids in gene cloning 

				8. Cloning of organisms

				9. Microclonal propagation

				10. Application of enzymes
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				- describe and explain the stages of microbiological research
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				Microbiological research techniques

			

		

		
			
				You will
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				9.1

			

		

		
			
				Microbiological research mainly focuses on the collection of microbial biomass, inoculation methods, determination of physiological, morphological and biochemical characteristics of microbes, and the procedures related with the aseptic techniques. Microbiological research is carried out in several stages:

				1. Inoculation of the material collected to enrichment media. For some types of microbes, they are preliminary prepared for inoculation, and then they are incubated under conditions that correspond to the properties of the microbe.

				2. The choice of the optimal set of appropriate nutrient media for the further inoculation and accumulation of the microbe, taking into account the nature and properties of the microbe.

				3. The investigation of inoculated microbes. Isolation of pure cultures from targeted colonies for further study using a combination of primary media.

				4. Investigation of the morphological properties of grown microbes.

				5. The study of the phenotypic characteristics of selected pure cultures, first of all, biochemical properties.

				6. Determination according to the classification tables of the taxonomic position of the selected culture in accordance with the objectives of the study (genus, species).

			

		

		
			
				There are bacteria everywhere. How can you keep your working place clean from bacteria?

			

		

		
			
				 

				Aseptic technique - using practices and procedures to prevent contamination from pathogens.
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				Key terms
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				Aseptic technique is a set of routine measures that are taken to prevent cultures, sterile media stocks, and other solutions from being contaminated by unwanted microorganisms. 

				The purpose of the sterilization process is the complete removal or destruction of all living microorganisms and spores inside or on the surface of the object. The nutrient medium, laboratory dishes, tools, solutions, etc could be undergo sterilization. 

				The methods of thermal sterilization include: burning in the flame of Bunsen burner; boiling; dry heat (hot steam) sterilization; sterilization by saturated steam under pressure (autoclaving); fractional sterilization (tindalization), pasteurization.

				Probably the easiest way to create a relatively sterile environment on the laboratory bench is by using a simple gas-powered Bunsen burner. However, it is limited to heat-resistant materials. The ability of the Bunsen burner flame to heat things very quickly makes it an ideal choice for sterilizing inoculating loops, warming glass bottle necks, or igniting alcohol on culture spreaders.

				Boiling is the simplest method of sterilization. Membrane filters are sterilized by boiling in distilled water. Metal tools, small glass parts are best boiled in special closed devices. 

			

		

		
			
				Aseptic techniques
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				Bunsen burner

			

		

		
			
				Sterilizing medical instruments in autoclave

			

		

		
			[image: ]
		

	
		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				95

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				Research time

			

		

		
			
				Research and find which of sterilization kills the most number of bacteria, which kills the least.
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					Facts
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				The first man to stop bacterial contamination was Louis Pasteur. He invented the technique of treating milk and wine, a process now called pasteurization.
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				to expose - ұшырату / подвергать;

				tungsten - вольфрам;
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					Terminology
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				Literacy
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				1. What are aseptic techniques?

				2. Why is it important to follow aseptic techniques while working with bacteria?

				3. Does sterilization kill all the microorganisms? Explain your answer.

			

		

		
			
				Fractional sterilization (tyndallization or fluid sterilization steam) is used to sterilize nutrient media and solutions, which deteriorate when using temperatures higher than 100°C. The liquid is brought to 100°C and continue to withstand at this temperature 10 min. During this time, all the vegetative cells die, only spores will be viable. Then the liquid is cooled to a temperature that is optimal for spore germination (30°C) and after several hours steam is passed through again. Two or three such cycles are usually sufficient to destroy all existing spores. 

				Pasteurization consists of a single warm-up of the material at temperatures below 100°C and is aimed at the destruction of vegetative cells. In microbiology, it is used to obtain cultures of spore-forming bacteria. 

				Dry hot air sterilization is carried out in drying boxes. Sterilization mode: 160-170°C for 2 hours. It is assumed that both cells and spores are destroyed. In this way, glass dishes, tools, etc are sterilized. 

				Sterilization with saturated steam under pressure or autoclaving - one of the most effective sterilization methods, as the object being sterilized is exposed simultaneously both high temperature and increased vapor pressure. Both vegetative cells and spores of microorganisms die. The process is carried out in special devices - autoclaves. Nutrient media, solutions, dishes, tools, filters, and etc. are sterilized by this method. 

				Cold sterilization uses chemicals or carry out the impact on the object factors of a physical nature. Chemical methods of suppressing the activity of microorganisms involve the use of disinfectants and antiseptics with non-specific effect or use of antibiotics and synthetic antimicrobials with selective antimicrobial action. Disinfectants include acids or bases, halogens, heavy metals, phenolic compounds, aldehydes, ketones, alcohols, amines, and peroxides. 

				Reagents such as antibiotics, drugs, sugars, amino acids, vitamins, and complex media that are either flammable or would be denatured by heat are usually sterilized by filter sterilization. The method consists in passing liquids and gases through special small-pored filters (bacterial), the pore diameter of which does not exceed 0.45-0.2 micrometers. Filters trap microorganisms due to the pore structure of their matrix. Vacuum or pressure is required to pass the solution through the filter. 

				Sterilization using irradiation suitable for thermolabile materials. Ultraviolet rays (250-270 nm) is used to sterilize centrifuge tubes, tips for pipettes, materials from thermolabile plastic. Exposure time determined by lamp power, exposure time, degree and the species composition of microorganisms of contaminated material. Vegetative forms are more sensitive to radiation than spores, which are 3 - 10 times more resistant.
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					Facts
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				- describe and explain the stages of microbiological research

			

		

		
			[image: ]
		

		
			
				Growth media

			

		

		
			
				You will
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				9.2

			

		

		
			
				What conditions are necessary for bacteria to grow fastly?

			

		

		
			
				Growth medium - medium containing various compounds of complex or simple composition, which are used for the reproduction of microorganisms in the laboratory or industrial scales
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				Key terms
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				In 1881 Robert Koch demonstrated a new technique at the International Medical Congress in London. According to his technique, he started using solid media instead of broth media, and used gelatin as gelling agent. Solid media are more useful than broth media to isolate pure cultures of bacteria and to subculture them.

			

		

		
			
				Growth medium in microbiology is called medium containing various compounds of complex or simple composition, which are used for the reproduction of microorganisms in the laboratory or industrial scales. Any growth medium must meet the following requirements: contain all nutrients necessary for growth in an easily digestible form; have optimum moisture, viscosity, pH, isotonic, and, transparent. 

			

		

		
			
				According to the composition, the growth medium are divided into natural and synthetic. 

				Natural media are prepared from products of animal and plant origin, which contain undefined composition. In natural media valuable food products (meat, etc.) are replaced by non-food: bone and fish, yeast, blood clots. These media widely used in microbiology. They are used for isolation, cultivation, biomass production and maintenance of cultures of microorganisms. 

				Synthetic media are prepared only from certain organic and inorganic compounds, taken at precisely specified concentrations and dissolved in distilled water. They are easily prepared. The main purpose of such growth media is to study the characteristics of the physiology and metabolism of microorganisms, the selection of genetic recombinants, etc.

			

		

		
			
				Solid medium contains agar at a concentration of 1.5-2.0% or some other, mostly inert solidifying agent. Bacteria grow as colonies or in streaks. It is useful for isolating bacteria or for determining the colony characteristics of the isolate. 

				Semisolid media are prepared with agar at concentrations of 0.5% or less. They have soft custard like consistency and are useful for the cultivation of microaerophilic bacteria or for determination of bacterial motility.

				Liquid (Broth) medium contains specific amounts of nutrients but don’t have trace of gelling agents such as gelatin or agar. Broth medium serves various purposes such as propagation of large number of organisms, fermentation studies, and various other tests, for example sugar fermentation tests.

			

		

		
			
				Growth media

			

		

		
			
				Natural and synthetic media

			

		

		
			
				Solid, semisolid and liquid media
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				Types of media according to consistency (solid, semisolid and liquid media)
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					Terminology
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				Many special purpose media are needed to facilitate recognition, enumeration, and isolation of certain types of bacteria. To meet these needs, numerous media are available.

			

		

		
			
				The stages of medium preparation: 

				1. cooking is made on open fire, water bath, autoclave; 

				2. the establishment of the optimum pH; 

				3. clarification is done if the medium becomes cloudy or dark after cooking; 

				4. filtration; 

				5. pouring; 

				6. sterilization; 

				7. control for contamination after sterilization of the medium.

			

		

		
			
				Types of special purpose media

			

		

		
			
				The stages of growth media preparation
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					Facts
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				A Petri dish, named after the German bacteriologist Julius Richard Petri, which was designed in 1887 is used in all research all over the world nowadays. It is a shallow cylindrical glass or plastic lidded dish that biologists use to culture cells.
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				Activity

			

		

		
			
				Suppose that you are working in a microbiology laboratory, and you have different types of bacteria. Your task is to identify what type of growth media is suitable for the following bacteria given in the table.

			

		

		
			
				
					Characteristics of microbe

				

				
					Consistency of medium (solid, semisolid, liquid)

				

				
					Purpose of medium

				

				
					1) Clostridium botulinum is a bacterium which causes food poisoning in canned meat, where oxygen is scarce

				

				
					2) MacConkey agar is a medium which is used for culturing of gram-negative bacteria

				

				
					3) Staphylococcus aureus is a bacterium which grows in a medium which contains bovine heart blood that becomes transparent because of β-hemolytic activity

				

				
					4) Unknown microbes were collected from oil contaminated area, and were grown on agar media

				

				
					5) This type of medium is used to obtain large amount of bacteria, should be constantly shaked, and used to test whether microbe can ferment glucose
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				1. What are optimal conditions for bacterial growth?

				2. Which medium can grow the most types of bacteria?

				3. Which medium is the easiest to make?
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				Research time

			

		

		
			
				There is another classification of media: selective medium, differential medium and enriched medium. Research and find the difference between them and when each of one is used.
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				– describe and explain the stages of microbiological research
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				Inoculation of microbes
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				9.3

			

		

		
			
				There are different ways of inoculation of microorganisms into growth media. Usually microbes are inoculated in solid, semisolid and broth media.

			

		

		
			
				How do you place bacteria into the medium?

			

		

		
			
				 

				Inoculation - the act of introducing microorganisms into a culture medium;
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				Key terms
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				Inoculation of microorganisms is usually carried out by inoculating loop. A small amount of bacterial biomass is picked up by loop. Then transferred into liquid medium aseptically. 

			

		

		
			
				Inoculation on slant agar in test tubes is carried out as in liquid medium. The only difference is that the new medium is slant agar medium. Inoculating loop is moved to the bottom of the tube, and by touching the surface of the medium, conduct a serpentine manner or straight streaks from the bottom to upwards.

			

		

		
			
				Inoculation on the surface of the agar medium in Petri dishes can be produced using inoculating loop. The cells of microorganisms are taken from the agar or liquid medium by inoculating loop, slightly open the lid of the Petri dish and make a streak on the surface of the medium. The cup is closed and placed upside down in a thermostat.

			

		

		
			
				Microorganisms are transferred from a liquid medium. A predetermined volume of liquid culture is poured to the surface of the medium using a sterile pipette. At the same time rotating the cup and carrying out a circular motion with a sterile spatula, the suspension is distributed over the surface of the medium. This method is called spread plate. In pour plate method, bacterial suspension and growth medium are poured together, and swirled to mix, then incubated. The main difference between them is in spread plate, microbes grow on the surface, while in pour plate method, microbes grow in and on the surface of the medium. 

			

		

		
			
				Liquid medium

			

		

		
			
				Slant agar medium

			

		

		
			
				Streak plate method

			

		

		
			
				Pour and spread plate techniques

			

		

		
			
				[image: ]
			

			
				
					Bacteria growing in broth media
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					Microbe growing on slant agar medium

				

			

		

		
			
				Inoculation techniques

			

		

		
			
				
					Inoculation by streak plate method
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				1. Inoculating loop is heated until it is red

			

		

		
			
				6. Tube is uncapped and mouth is flamed

			

		

		
			
				7. Slant surface is streaked

			

		

		
			
				8. Tube mouth is flamed and recapped

			

		

		
			
				9. Loop is flamed and returned

			

		

		
			
				2. Cap is removed and mouth is heated

			

		

		
			
				3. Ornagism is picked with inoculating loop

			

		

		
			
				4. Mouth of tube is flamed.

			

		

		
			
				5. Slant culture is recapped.
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				Labwork

			

		

		
			
				Examine the microflora of fermented milk products on different media prepared by a teacher. Guess which media are used and explain their features. 
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				to expose - ұшырату / подвергать;

				tungsten - вольфрам;
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					Terminology
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				This medium is suitable for cultivation of microaerophilic bacteria, studying cell motility and chemotaxis. When using 0.1–0.4% agar, gel-forming substances stratify the medium in such a way that convection currents unable to mix the oxygen-rich upper layers of the medium with lower layers. The only way for oxygen penetration into more deep layers in this case is diffusion, which creates a gradient of oxygen concentrations. When the medium is inoculated by inoculating needle, microaerophiles begin to grow somewhere below the surface, where the oxygen concentration is favorable for them. Anaerobes begin to grow in the lower part of the semi-fluid environment.

			

		

		
			
				Incubation is a process by which microbes inoculated in growth media grow under suitable conditions. Usually this process is performed by incubator. Incubator is a device used to grow and maintain microbiological cultures or cell cultures. The incubator maintains optimal temperature, humidity and other conditions such as the CO2 and oxygen content of the atmosphere inside. 

				The intervals of growth temperatures of different microorganisms vary. In mesophilic, most known bacteria, optimum temperature is in the range of 25°- 37°C. In thermophiles, it is significantly higher - from 45° to 80°- 90°C. Psychrophiles develop well in the temperature range 5°-10°С. Temperature deviations from the optimum adversely affect on the development of microorganisms. 

			

		

		
			
				The replica method uses sterile pieces of velvet with a short, hard and thick pile. Velvet is placed on a special table for replicas, the diameter of which smaller than the diameter of a Petri dish. Petri dishes with agar medium and formed colonies of microorganisms impose on the velvet and slightly pressed. The Petri dish is carefully removed, and velvet with prints of colonies after that can serve as a stamp for inoculation of other dishes with medium.

			

		

		
			
				Semisolid medium

			

		

		
			
				Incubation

			

		

		
			
				Replica method

			

		

		
			
				Spread and pour plate techniques

			

		

		
			
				Replica plating
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					Inoculation by using needle in semisolid medium
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					Scientist putting medium into incubator
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				The study of microflora of fermented milk products on different nutrient media

			

		

		
			
				9mL of molten agar medium

			

		

		
			
				Diluted bacterial suspension

			

		

		
			
				1mL

			

		

		
			
				0.1mL

			

		

		
			
				Solid agar medium

			

		

		
			
				Spread plate medium

			

		

		
			
				Spread plate medium

			

		

		
			
				Bacterial colonies on surface

			

		

		
			
				Bacterial colonies on surface

			

		

		
			
				Incubation

			

		

		
			
				Incubation
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				- compare gram-positive and gram-negative bacteria
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				Gram-positive and gram-negative bacteria

			

		

		
			
				You will
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				9.4

			

		

		
			
				 

				Gram stain technique(test) - the staining method used to separate and classify bacterial species into two large groups (gram-positive and gram-negative).

				Gram-positive bacteria - bacteria that give a positive (dark violet or purple color) result in the Gram stain test.

				Gram-negative bacteria - bacteria that give a negative ( pink or red color) result in the Gram stain test.
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				Key terms
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				A key feature of nearly all prokaryotic cells is the cell wall, which maintains cell shape, protects the cell, and prevents it from bursting in a hypotonic environment. The cell walls of prokaryotes differ in structure from those of eukaryotes. In eukaryotes that have cell walls, such as plants and fungi, the walls are usually made of cellulose or chitin. In contrast, most bacterial cell walls contain peptidoglycan, a polymer composed of modified sugars cross-linked by short polypeptides.

			

		

		
			
				By Gram stain technique, bacteria are differed from each other by cell wall composition. The structure of a bacterium’s cell wall determines the staining response. Gram-positive bacteria have simpler walls with a relatively large amount of peptidoglycan. Gram-negative bacteria have less peptidoglycan and are structurally more complex, with an outer membrane that contains lipopolysaccharides. 

			

		

		
			
				Gram stain technique

			

		

		
			
				Differences between gram-negative and gram-positive bacteria

			

		

		
			
				Gram-negative (right) and gram-positive (left) bacteria

			

		

		
			
				Gram-negative bacteria

			

		

		
			
				Gram-positive bacteria

			

		

		
			
				How can you distinguish different types of bacteria?
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					Characteristics

				

				
					Gram-positive

				

				
					Gram-negative

				

				
					Color  after Gram staining

				

				
					dark violet or purple

				

				
					pink or red

				

				
					Cell wall

				

				
					single layered, straight, very rigid, less elastic

				

				
					double layered, wavy, less rigid, more elastic

				

				
					The rigidity of cell wall is due to

				

				
					high proportion of peptidoglycans (%80)

				

				
					less proportion of peptidoglycans (%80)

				

				
					Thickness of cell wall

				

				
					20-15 nm, sometimes 80 nm

				

				
					12-7,5 nm

				

				
					Production of endospores

				

				
					present

				

				
					absent

				

				
					Usually produce

				

				
					exotoxins

				

				
					endotoxins

				

				
					Effect of antibiotics

				

				
					more susceptible

				

				
					more resistant

				

				
					Effect on human and animal

				

				
					very few are pathogenic

				

				
					most of them are pathogenic

				

				
					Gram staining

				

				
					thick layer of peptidoglycan, the crystal violet enters the cell, where it forms a complex with the iodine in the stain. Too large to pass through the thick cell wall, this complex is not removed by the alcohol rinse. Result: The crystal violet masks the red safranin dye.

				

				
					thin layer of peptidoglycan, The crystal violet–iodine complex can pass through this thin cell wall and hence is removed by the alcohol rinse. Result: The safranin dye stains the cell pink or red.
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				transduction - трансдукция;

				transfection - трансфекция;

				transformation - трансформация;

				to encode - кодтау / кодировать;

				to expose - ұшырату / подвергать;

				tungsten - вольфрам;
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					Terminology
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						Facts
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					The Gram stain procedure was originally developed in 19th century by the Danish physician Hans Christian Gram to differentiate pneumococci from Klebsiella pneumonia. 
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					Research time

				

			

			
				
					Antibiotics affect gram-positive bacteria more than gram-negative bacteria. Explain why.
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					Labwork
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				Pre-lab questions:

				1. Explain the structure of the cell wall of bacteria

				2. What is the purpose of gram staining?

				Materials: Microscope, microscope slides, inoculating loop, Bunsen burner, clean glass slides, painting paper with crystal violet or 1% crystal violet or gentian violet solution, Lugol solution, 96% ethanol, 0.1% solution of fuchsin or Pfeifer solution, pure control cultures (with a known type of stain) of gram-positive and gram-negative bacteria, immersion oil for microscopy.

				Safety precautions : 

				1. In case of accidental contact of biological material on the table, etc. that place must be thoroughly wiped with a disinfectant solution.

				2. Be careful while using different dyes.

				Procedures : 

				1. Prepare on one slide three fixed bacterial smear: 

				a) control gram-negative culture on the one end of slide; 

				b) control gram-positive culture on the other end of slide; 

				c) culture of investigation in the center of the slide. Smears should be thin, the bacteria cells should be evenly distributed, otherwise staining will be wrong.

				2. Smears are stained with crystal violet for 2 minutes.

				3. Crystal violet is washed off with Lugol’s solution and smears are poured with the same solution for 2 min.

				4. Lugol’s solution is washed off and stained smears discolored with 96% ethyl alcohol by immersing slide with smears into a glass of ethyl alcohol for 30 sec or rinsing the slide with pipette for 30 sec.

				5. Thoroughly wash the glass with water (preferably distilled water) and put 0.1% solution of fuchsin or Pfeifer solution on the slide.

				6. After 2 minutes the solution is drained, the slide is thoroughly washed with water, dried with filter paper and see under microscope, using immersion oil. Gram-positive bacteria are stained in blue-purple color, and gram-negative - in red or pink color of additional dye (fuchsin).

				7. Draw each preparation.

				Results:

				Post-lab questions:

				1. Why ethyl alcohol is used in this experiment?

				2. Why gram-negative bacteria are colored in red color?

				3. Why do you use control samples of bacteria?

			

		

		
			
				
					Samples

				

				
					Drawing

				

				
					Gram-positive bacteria

				

				
					Gram-negative bacteria

				

				
					Culture of investigation

				

			

		

		
			
				Gram staining of bacteria
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				- explain ways of obtaining recombinant DNA
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				The recombinant DNA technology

			

		

		
			
				You will
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				Biolistics - is a method by which vector DNA containing transgene is coated on gold or tungsten particles and transferred by bombardment into host cell;

				Chymosin - is an enzyme produced by stomach of some animals, and converts caseinogen into insoluble casein protein;

				Microinjection - the DNA is injected directly into the nucleus of the cell being transformed;

				Recombination of DNA - is a process of genetic material exchange by rupturing and connection of different molecules.
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				Key terms

			

		

		
			[image: ]
		

		
			
				Recombinant DNA technology, which is also called gene cloning, is a general term that includes a number of experimental protocols. These protocols lead to the transfer of genetic information (DNA) from one organism to another. 

				There are three approaches to make recombinant DNA: 1) Transformation, 2) Transfection (non-bacterial transformation), and 3) Transduction (phage introduction) 

			

		

		
			
				The transformation experiment generally has the following steps:

				- The DNA from a donor organism (foreign, cloned DNA) is extracted, cleaved or cut by restriction enzymes, and joined (ligated) by ligase enzyme to another DNA (a cloning vector molecule) to form a new, recombinant DNA molecule 

				- This cloning vector–foreign DNA construct is transferred into and maintained within a host cell. The introduction of DNA into a bacterial host cell is called transformation

				- Those host cells that take up the DNA construct (transformed cells) are identified and selected or isolated from those that do not. The insert contains a selectable marker which allows for identification of recombinant molecules. An antibiotic marker is often used so a host cell without a vector dies when exposed to a certain antibiotic, and the host with the vector will live because it is resistant. 

				- Protein product encoded by the cloned DNA sequence is produced in the host cell and analyzed.

			

		

		
			
				The process of foreign DNA uptake by host cell driven by mechanical or chemical factors is classified under non-bacterial transformation, also termed as transfection. This is a process very similar to transformation, which was described above. The only difference between the two is non-bacterial does not use bacteria such as E.coli for the host. In this case, mainly animal cell is used as a host. 

				Different methods of transfection are microinjection, liposome mediated, biolistics etc. In microinjection, the DNA is injected directly into the nucleus of the cell being transformed. In biolistics, the host cells are bombarded with high velocity microprojectile, such as tungsten that have been coated with DNA. By mixing a cationic lipid with the material to produce liposomes which fuse with the cell membrane and deposit DNA inside the cell. 
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				Transfection

			

		

		
			
				
					Different methods of introducing recombinant DNA into host cell
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					Transformation process
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				How can you insert a gene into DNA?
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				Research time

			

		

		
			
				Transformation is a method by which bacterial cells take in DNA. One of the important part of recombinant DNA producing procedure is determination of transformed cells. There are different ways of determination of transformed cells. Research about 2 ways, which are commonly used. Write a report about it. 
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				Activity

			

		

		
			
				For molecular cloning, both the foreign DNA that contains the target sequence and the cloning vector must be cut producing sticky ends. This is possible by restriction enzymes. Imagine that you work in a laboratory of molecular biotechnology, and you want to construct recombinant DNA. You are given vector p7012. A schematic of the vector p7012 is shown in figure below. The restriction enzymes listed cut only where indicated; they do not cut anywhere else in the vector or inserted DNA.

			

		

		
			[image: ]
		

		
			
				transduction - трансдукция;

				transfection - трансфекция;

				transformation - трансформация;

				to encode - кодтау / кодировать;

				to expose - ұшырату / подвергать;

				tungsten - вольфрам;

			

		

		
			
				[image: ]
			

			
				
					Terminology
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				Phage vector is used to carry and replicate foreign DNA inside the bacterial host system. The phage DNA inserts into the host chromosome by recombination. Phage λ had short regions of single-stranded DNA with complementary base sequences called “cohesive” (cos) sites. Base pairing between the complementary cos sites allows the linear DNA to form a circle within the host bacterium. Circularized viral DNA can be integrated into the bacterial DNA by homologous recombination between attP site of viral DNA and attB site of bacterial DNA. 

			

		

		
			
				Transduction
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					Bacteriophage λ genome (DNA) circularization and recombination with bacterial genome 
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				A schematic of gene W is below. You want to clone all of gene W DNA into the p7012 vector.
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				You have three different strategies that you could use to clone gene W into p7012, and obtain colonies that contain a recombinant plasmid.

				A) Strategy 1 uses the restriction enzyme KpnI to cut the vector and restriction enzyme KpnI to cut Gene W

				B) Strategy 2 uses the restriction enzyme(s) EcoRI and SalI to cut the vector and restriction enzyme(s) EcoRI and XhoI to cut Gene W

				C) Strategy 3 uses the restriction enzyme(s) EcoRI and KpnI to cut the vector and restriction enzyme(s) EcoRI and KpnI to cut Gene W

				- EXPLAIN by reasoning why these 3 ways are possible to obtain colonies that contain a recombinant plasmid.
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				Literacy
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				1. List the stages of transformation.

				2. The restriction enzyme HindIII recognizes the sequence 5’-AAGCTT-3’, cutting between the two As. Draw the double-stranded sequence before and after the enzyme cuts it.

				3. What would happen if the restriction site of any restriction enzyme is found in antibiotics resistance gene? Would your transformation be successful by using this vector molecule?

			

		

		
			
				Cos site

			

		

		
			
				Cos site

			

		

		
			
				Cos

			

		

		
			
				Cos

			

		

		
			
				AttP

			

		

		
			
				AttB
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				AttR

			

		

		
			
				Linear phage λ genome 

			

		

		
			
				Circular phage λ genome 

			

		

		
			
				Integrated λ genome to bacterial genome 

			

		

		
			
				Homologous recombination

			

		

		
			
				Bacterial genome 
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				- explain ways of obtaining recombinant DNA
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				Application of recombinant DNA 
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				Recombinant DNA is widely used in biotechnology, medicine and research. Recombinant DNA technology is used in production of different therapeutic purposes, diagnosis of different diseases, gene therapy, production of transgenic microorganisms, plants and animals which are very important in agriculture. But the most common application of recombinant DNA is in basic research, in which the technology is important to most current work in the biological and biomedical sciences.

				Gene therapy is based on the transfer of certain genes into the body’s cells. The main problem of gene therapy is the development of effective and safe way to transfer the necessary genes to the defective body cells. To deliver normal gene, it uses different vectors, most often - different viruses. 

			

		

		
			
				One of the applications of recombinant DNA technology is production of therapeutic substances, for example, antibodies, hormones, enzymes, vaccines, growth factors, interferons and etc. The use of recombinant DNA technology is always effective when the desired substance is impossible to obtain in a different way and when it is safer for humans and the environment. For example, antigens to create vaccines against uncultivable microorganisms (Plasmodium malaria, causative agent of syphilis) can be obtained only by recombinant DNA technology. Genetically engineered interferon exceeds the activity of interferon obtained from blood leukocytes, and much cheaper than the latter. Preparation of drugs from pathogens of dangerous infections (plague, cholera) can be replaced by engineering their recombinant strains of non-pathogenic bacteria.

				Creation of transgenic microbes, plants and animals is very important, because they started production of proteins that are normally not produced by them. The current stage of development of genetic engineering of plants is called “metabolic engineering”. The main purpose of it is not to improve the quality of the plant, instead to make the plant produce completely new compounds used in medicine, chemical production and other areas. These compounds can be, for example, special fatty acids, beneficial proteins with a high content of essential amino acids, modified polysaccharides, edible vaccines, antibodies, interferons and other “medicinal” proteins. Important areas of creation of transgenic animals by recombinant DNA technology is the production of proteins and growth factors used in science and medicine, xenotransplantation problems, agricultural and food needs, modeling of diseases and the study of fundamental biological processes.

				Recombinant DNA is also used to identify, map and sequence genes, and to determine their function. rDNA probes are employed in 

			

		

		
			
				Why do you need to change a DNA of an organism?

			

		

		
			
				 

				Gene expression - is a process by which information stored in a gene is converted into functional product - protein or RNA;

				Gene therapy - is a method of delivery of normal functioning gene into the cell to replace defective gene ;

				Interferon - is a group of signaling proteins made and released by host cells in response to the presence of several pathogens, such as viruses, bacteria;

				Nucleic acid probe - is a complementary strand to the target DNA or RNA sequence;
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				Key terms
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				Research time

			

		

		
			
				Genetic engineering of plants already become an important branch of food production and other useful products. Write the main steps and draw the diagram of getting transgenic plant using Ti-plasmids.
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					Recombinant DNA is delivered by virus
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					Facts
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				In 1990 was the first successful attempt correction of gene defects in inherited T-cell immunodeficiency. T-lymphocytes with a transgene - a normal gene were transplanted in two patients. There were complete recovery in both patients after several infusions.

			

		

		
			
				Xenotransplantation is the transplantation of organs and tissues from an organism of one species into the organism of another species. It is one of the area where recombinant DNA technology is used to solve the problems of organ transplantation. 
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				cholera - тырысқақ / холера;

				intact - толық / целый;

				latter - соңғы / последний;

				necessary - қажетті / необходимое;

				plague - оба / чума;

				to label - белгілеу / метить;

				widely - кеңінен / широко.
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				Activity

			

		

		
			
				Suppose that you are studying embryonic development of the fruit fly. You are observing the place of expression of genes using in situ hybridization method. Using the given micrograph, answer the following questions. 
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					Terminology
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				Literacy
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				1. What are the reasons that some therapeutic products are produced only by the recombinant DNA technology?

				2. What are the advantages of producing transgenic plants for metabolic engineering?

				3. What are the purposes of gene therapy?
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				analyzing gene expression within individual cells, and throughout the tissues of whole organisms. 

				Let’s say that we have cloned a gene that we think plays an important role in the embryonic development of one animal. In order to find out this, we should find corresponding mRNA in the embryo of this animal. We can detect the mRNA by nucleic acid hybridization method with molecules of complementary sequence. The complementary sequence molecule can be DNA or RNA, and it is called a nucleic acid probe. Using our cloned gene as a template, we can synthesize a probe complementary to the mRNA. For example, if part of the sequence on the mRNA were 5’-...GCGUUGACC…-3’, then we can produce the complementary DNA probe, and it would have 3’-...CGCAACTGG…-5’ sequence. Each DNA probe is labeled with fluorescent tag, so we can follow them in the embryo during hybridization. Then these probes are allowed to bind with the complementary mRNAs produced by animal embryo cells. Different genes can be observed at the same time by using different fluorescent tags. Because this technique allows us to see the mRNA in place (or in situ, in Latin) in the intact organism, this technique is called in situ hybridization.
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					Hybridization of DNA probe and target DNA 
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				- explain ways of obtaining recombinant DNA
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				Plasmids in gene cloning
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				Scientists face some difficulties when they study particular gene function, because there are thousands of genes in DNA molecule, and a gene of interest might constitute only 1/100,000 of a chromosomal DNA molecule. In order to work with specific gene, scientists use a method called DNA cloning. Scientists can produce multiple identical copies of a gene by this method. Generally bacterial cells such as E.coli are used for cloning, because they have plasmids. 

			

		

		
			
				Plasmids are self-replicating, double-stranded, circular DNA molecules that are found in bacteria as independent extrachromosomal genetic material. Plasmids can range in size from less than 1 kb to more than 500 kb. Each plasmid has a sequence that functions as an origin of DNA replication; without this site, it can not replicate in a host cell. A plasmid also has only a small number of genes. These genes may be useful sometimes, but may not be required for survival or reproduction under most conditions.

			

		

		
			
				As autonomous, self-replicating genetic elements, plasmids have the basic features to make them potential vectors for carrying cloned DNA. The more important features are the plasmids should have restriction sites into which the foreign DNA can be cloned or inserted and, one or more selectable markers for identifying recipient cells that carry the cloning vector–foreign DNA construct. 

				Plasmids which are used in cloning are obtained from bacteria and they are changed in an efficient way for cloning. The foreign DNA is also obtained from host cell, and they are both used for producing recombinant DNA. The recombinant DNA is then returned into bacteria cell, and it starts to replicate in a host bacteria. Because the dividing bacteria replicate the recombinant plasmid and pass it on to their new generations. The inserted foreign DNA and genes are cloned at the same time. For example, pBR322 is a plasmid vector, which consists of 4361 base pairs. It contains origin of replication, selectable markers such as ampicillin and tetracycline genes, and there are more than forty restriction sites like EcoRI, BamHI and PstI. 

				The bacterial plasmids are widely used, because they can be 

			

		

		
			
				Can DNA travel from one organism to another?

			

		

		
			
				 

				DNA cloning - the production of multiple copies of a specific DNA segment;

				Recipient cells - are the cells which receive foreign DNA in a structure of plasmid;

				Vector - is a DNA molecule used as a vehicle to artificially carry foreign genetic material into another cell.
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					Plasmid DNA in a bacterium cell
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				Research time

			

		

		
			
				Plasmids are extrachromosomal genetic material of a bacterium. There are different types of plasmids. Make a research about types of plasmids and their functions.
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					Plasmid pBR322, vector molecule, containing antibiotics resistance genes
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				In the plot of Michael Crichton’s Jurassic Park novel, parts of the plasmid pBR322 are used to recreate dinosaur DNA.

			

		

		
			
				pBR322 is a plasmid vector, which was named after the researchers who constructed it. The p stands for “plasmid”, and BR for “Bolivar” and “Rodriguez”. 
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				feature - ерекшелік / особенность;

				origin - басы / начало;

				particular - нақты / конкретный;

				to constitute - қалыптастыру / составлять;

				to insert - енгізу / вставить;
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				Activity

			

		

		
			
				Mapping of DNA restriction sites is an important part of working in a molecular biotechnology lab because such maps are used to plan cloning strategy and to verify when a DNA clone has been successfully constructed. 

				A) As an example, suppose that you are working with a 6,000 bp plasmid that has restriction sites for EcoR I and BamH I. 

				1) A plasmid is digested with EcoR I and three fragments are obtained, a 1000 bp, a 2000 bp and a 3000 bp. How many sites for EcoR I are there? Draw the restriction map of this plasmid. 

				2) Then the same plasmid is digested with BamH I and two fragments are produced: a 2100 bp and a 3900 bp. How many sites for BamH I are there? Draw the restriction map of this plasmid. 

				3) The same plasmid is then digested both with EcoR I and BamH I and fragments with the sizes 900, 1000, 1100, 1200 and 1800 bp are found . Draw the restriction map of the plasmid. 

				B) You take three individual samples of the plasmid and digest them with EcoRI, HindIII, and with both EcoRI and HindIII. You then run the digested DNA on an agarose gel to see the fragments. Draw the restriction map of this plasmid.
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				1. Why should plasmid vectors contain many restriction sites?

				2. What is the importance of selectable markers in a structure of a plasmid molecule?

				3. The restriction site for an enzyme called PvuI is the following sequence:

				 5’-C G A T C G-3’

				 3’-G C T A G C-5’

				Staggered cuts are made between the T and C on each strand. What type of bonds are being cleaved? 

				One strand of a DNA molecule has the following sequence: 5’-CCTTGACGATCGTTACG-3’. Draw the other strand. Will PvuI cut this molecule? If so, draw the products.

			

		

		
			
				manipulated by inserting foreign DNA in a test tube, and easily introduced into bacterial cells. The production of multiple copies of a single gene is a type of DNA cloning is called gene cloning. 

				Gene cloning is useful for two basic purposes: to make many copies (amplify) of a particular gene and to produce a protein product. Many copies of a cloned gene could be used in basic research or introduce a new characteristic or metabolic activity into any organism. Since one gene is only a very small part of the total DNA in a cell, the ability to amplify such DNA fragments, by cloning is important for any application.
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				Cloning of a carrot by F.C.Steward

			

		

		
			
				 

				- explain ways of cloning organisms
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				Scientists have been developing methods for cloning whole multicellular organisms from single cells. Cloning produces one or more organisms that are genetically identical to the “parent”. This is often called organismal cloning. 

				The first experiments of plants and animals cloning started over 50 years ago in order to answer basic biological questions. For example, researchers tried to find answers to questions such as whether all genes are conserved or some genes lost during the process of differentiation. One way to answer these questions is to see whether a differentiated cell can generate a whole organism. 

			

		

		
			
				The first cloned plants were carrot, which was done by F. C. Steward and his students at Cornell University in 1950s. The conclusion of their experiment is that differentiated cells of the root could grow into the new genetically same as the parent plant in cell culture. These results showed that differentiation does not necessarily involve irreversible changes in the DNA. 

				In plants, at least, mature cells can “dedifferentiate” and then develop into different cell types of the organism. Any cell with this potential is said to be totipotent. Plant cloning is mainly used in reproduction of many agricultural crops, and ornamental species. 

			

		

		
			
				Differentiated cells of animals usually develop much less into different cell types of an animal organism rather than plants. To find out whether differentiated animal cells are totipotent, scientists designed an experiment which includes nucleus transplantation. Nucleus transplantation involves removing the nucleus of an unfertilized or fertilized egg and replacing it with the nucleus of differentiated cells. 

				The successful experiment of nucleus transplantation was conducted 

			

		

		
			
				Why clones are similar to their parent individuals?

			

		

		
			
				 

				Dedifferentiation - reprogramming of differentiated cells into undifferentiated cells;

				Differentiation - is the process by which cell changes into another type of a cell;

				Surrogate mother - a woman who becomes pregnant usually by artificial insemination or surgical implantation of a fertilized egg;

				Totipotency - is cell’s potential to differentiate into other cells types.
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				There is no any report about human cloning. In 2005, South Korean researcher, Woo Suk Hwang, fabricated evidence that he had successfully cloned human embryos. The journal Science later retracted two studies published by him. 
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				Research time

			

		

		
			
				Reproductive cloning of animals may enable researchers to make copies of animals with the potential benefits for the fields of medicine and agriculture. Write a report about the potential benefits of cloned animals.
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				Activity

			

		

		
			
				1) Mule is the offspring of a male donkey (jack) and a female horse (mare). Mules are infertile. Scientists could produce more mules from the mule given in a figure below by cell cloning. Draw the diagram on poster that shows how scientists could produce clones of mules.

				2) Divide into 2 groups (one group supports cloning, another does not). Discuss about ethical questions raised by cloning.
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				1. What is dedifferentiation? 

				2. List the potential benefits of cloning of organisms.

				3. How can you explain the difference in the percentage of developed tadpoles in an experiment conducted by F.C.Steward?

			

		

		
			
				by John Gurdon in 1970s on frog species Xenopus laevis. They transplanted the nucleus from embryo and tadpole into the enucleated (no nucleus) egg cell. Transplanted nucleus directed normal development, but they found that normal development is related with the age of donor nucleus. Donor nucleus from frog embryo develops normally into tadpoles rather than from the donor nucleus of differentiated cell. 

				From these results, Gurdon concluded that something in the nucleus does change as animal cells differentiate. In frogs and most other animals, nuclear potential tends to be restricted more and more as embryonic development and cell differentiation progress.

				In 1997, researchers at the Roslin Institute in Scotland cloned lamb Dolly from differentiated cells of the sheep by nuclear transplantation. They grow mammary cells in poor medium. They transplanted the nucleus of mammary cells into egg cells, then implanted them into surrogate mother. By successful embryonic development, Dolly was born.

				Analysis of the DNA of Dolly showed that it is the same as donor nucleus. But at the age of 6, Dolly suffered from some diseases and was euthanized. The reason of Dolly’s premature death is that her cells were in some way not quite as healthy as those of a normal sheep. 

				There are many examples of cloned animals, but the viability of cloned animals is very low, and high occurrence of abnormalities and defects. And also cloned animals of the same species do not always look or behave identically. In a herd of cows cloned from the same cultured cells, certain cows are dominant in behavior and others are more submissive.
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				dedifferentiation - дедифференциация;

				differentiation - дифференциация;

				herd - табын / стадо;

				irreversible - қайтымсыз / необратимый;

				ornamental - сәндік / декоративный;

				submissive - бас иетін / покорный;

				surrogate mother - суррогаттық ана / суррогатная мать;

				totipotent - тотипотентті / тотипотентный;

				to fabricate - қолдан жасау / подделывать;

				to retract - алып тастау / убирать.
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				- describe methods of microclonal propagation of plants
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				Microclonal propagation - using of techniques in vitro for quickly obtaining plants identical to the original plant. It is an integrated process in which plant cells, tissues or organs of selected plants are isolated, surface-sterilized, and incubated in growth-promoting, sterile environment to produce many clonal plantlets.

			

		

		
			
				There are at least 5 stages of microclonal propagation: 

				- 1) selection and preparation of explant source - it depends mainly on the quality of source (mother) plant. The plant should be free from infections and diseases, viable and vigorous, or able to respond to culture conditions that induce intensive cell division and regeneration; 

				- 2) establishment of explant in culture - it results in tissue activation and multiplication. The explant may range in size from 0,1 mm (meristems) to about 1 cm (bulb scales, stem). This stage is usually carried out on agar-based medium. The medium content and growth regulators are chosen according to type of plant tissue and multiplication methods; 

				- 3) rapid multiplication - generation of numerous clonal propagules. The regeneration and proliferation depend on growth regulators combinations. A high proportion of cytokinins usually stimulates multiplication of axillary and adventitious shoots, and higher proportion of auxins is required for callus proliferation. 

				- 4) plantlet establishment, elongation and rooting - the resulting plantlets are transferred to the final in vitro stage. This stage is organized to stop rapid multiplication and to induce the establishment of a fully developed plantlet: shoot elongation and root formation. 

				- 5) acclimatization - the healthy plantlet is usually incapable of existence in “natural” field and or greenhouse conditions: 4-8 weeks in an acclimatization greenhouse provide a weaning process. Light intensity, temperature, and humidity are main factors which are regulated during acclimatization process. 

			

		

		
			
				How is it possible to propagate many plants during winter?

			

		

		
			
				Stages of microclonal propagation

			

		

		
			
				Сallus - is a growing mass of unorganized plant parenchyma cells, and can be formed in vitro;

				Explant - a piece of plant parts or tissues that are aseptically cut and used to initiate a culture in a nutrient medium;

				Microclonal propagation - propagation of plants by a variety of tissue and cell culture methods;

				Proliferation - is a process by which cells are increased in number;

				Propagules - a reproductive particle released by an organism that may germinate into another.
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				The diversity of plant species that can be propagated in vitro has dramatically increased, and it is now practiced on a commercial scale worldwide, resulting in over 500 million plants annually; 50-75% of them flowers and ornamental plants
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					Microclonal propagation of plants in vitro on agar-based medium

				

			

		

		
			
				
					Main stages of microclonal propagation
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				The microclonal propagation mostly involves in vitro propagation by four methods:

				1. Multiplication by axillary buds/apical shoots.

				2. Multiplication by adventitious shoots.

				3. Organogenesis: the formation of individual organs such as shoots, roots, directly from an explant (lacking preformed meristem) or from the callus and cell culture induced from the explant.

				4. Somatic embryogenesis: the regeneration of embryos from somatic cells, tissues or organs.

			

		

		
			
				Through microclonal propagation, a large number of plants can be grown from a piece of plant tissue within a short period, can be carried out throughout the year, irrespective of the seasonal variations, and it requires small space. It is suitable alternative for many plants that are highly resistant to conventional propagation, and the small sized propagules obtained in microclonal propagation can be easily stored for many years (germplasm storage), and transported across international boundaries. 

				It is possible to produce disease-free plants through microclonal propagation. Meristem tip cultures are generally employed to develop pathogen-free plants. Microclonal propagation also used in selection and generation of transgenic plants. 

			

		

		
			
				Methods of microclonal propagation

			

		

		
			
				Importance of microclonal propagation 
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				The “Plant Factory” is a laboratory of microclonal propagation which is established in 2017 by Kazakh National University named after al-Farabi and Dankook University from South Korea.

			

		

		
			
				Different growth regulators are used for formation of shoots and roots during microclonal propagation of plants. Research about types of growth regulators and their application in different stages of microclonal propagation.
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				1. List stages of microclonal propagation.

				2. Why pathogen-free plants can be obtained by microclonal propagation?

				3. What is somatic embryogenesis? Explain its importance in microclonal propagation.
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				Different methods of microclonal propagation
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					Scientist works in the laboratory for microclonal reproduction of plants
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				adventitious shoots - қосалқы өркендер / добавочные побеги;

				axillary - төбе / пазушный;

				callus - каллус;

				conventional - дәстүрлі / традиционный;

				elongation - созылу / удлинение;

				establishment - енгізу / введение;

				explant - эксплантат;

				microclonal propagation - микроклондық көбейту / микроклональное размножение;

				plantlets - өскіндер / проростки;

				propagules - өсінділер / ростки;

				vigorous - күшті / сильный;

				weaning - алыстату / отлучение;
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				– discuss the possibility of using enzymes in medicine, chemistry and industry
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				Application of enzymes

			

		

		
			
				You will
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				9.10

			

		

		
			
				Enzymes are applied to many fields of people’s daily life. Advantages of using enzymes are natural, non toxic, catalyze specific reactions, active under mild conditions and at low concentrations, can control rate of reaction, can be inactivated.

			

		

		
			
				Most genetic diseases are a result of a particular enzyme deficiency. Similarly certain bacteria are more pathogenic because of an enzyme activity they have. Uses of enzymes in medicine include: 

				- Analytical tests: glucose oxidase along with peroxidase are used to detect the level of glucose in diabetics; 

				- The testing for the presence of some enzymes in a blood sample can help to diagnose disease. If a patient has complaints for liver, probably liver is damaged, and enzymes leak into the bloodstream. Monitoring the presence of these enzymes in a blood, can conclude that there is a liver damage or disease;

				- Therapeutic enzymes: enzyme deficiencies are replaced by enzymes which are used as medicines. For example, the use of blood clotting factors to treat haemophilia, or the proteases are used to degrade fibrin, to prevent the formation of blood clots;

				- Proteases are used to clean wounds and therefore accelerate the healing process;

				- There are pills which contain amylase, lipase and protease. They are used to help digestion for people who have digestion problems. 

				- Dietary purposes: making lactose free products for patients suffering from lactose intolerance (lactase breaks lactose to glucose and galactose).

			

		

		
			
				There are numerous applications of enzymes in industry, for example in food, beverage, textiles and detergent processes. 

				- Enzymes can be used in the meat-packing industry. Enzyme papain hydrolyses peptide bonds which is used for tenderizing meat and beef. Enzymes also used in manufacturing of cheese. For example, rennin (chymosin) converts milk protein casein to curd. Amylases improve bread quality and increase shelf life, thus they are used in bread baking. Lactase is used in preparing ice-cream, because it prevents formation of lactose crystals.

				- Yeast enzymes are used in beverage industry. 

				- Enzymes can be used in the textile industry. Cellulases remove cellulose microfibrils, which are formed during washing in clothes. Leather industry uses proteolytic and lipolytic enzymes in leather processing. 

				- The biological washing powders contain proteases and lipases for use in the textile industries. They are effective in removing stains in clothes caused by proteins (blood, egg and gravy), and fats (grease).

			

		

		
			
				How can you use enzymes in daily life?

			

		

		
			
				 

				Biofertilizer - is a fertilizer which contains living microorganisms which help plant growth,
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				Key terms
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					Facts
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				Enzymes such as pectinase, xylanase and cellulase improve the liberation of the juice from the pulp. Pectinases and amylases are used in juice clarification.

			

		

		
			
				Enzymes in medicine

			

		

		
			
				Enzymes in industry
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				Enzymes are used in different chemical reactions. Bioethanol is a biofuel used in cars. It can be produced from starchy plant materials. Enzymes are used to convert starch to bioethanol. Corn, wheat, bamboo, or other grasses can be used as sources of starch for bioethanol production. 

				Enzymes also used in drug manufacture. The chemical synthesis of complex drugs is often difficult and companies turn to enzymes to perform chemical conversions. 

				Different enzymes such as DNA polymerase, RNA polymerase, transcriptase are widely used in synthesis reactions of genetic engineering methods. 

			

		

		
			
				Plastics manufactured by traditional methods come from non-renewable hydrocarbon resources. They consist of long polymer molecules that are tightly bound to one another and cannot be broken down easily by decomposing microorganisms. Biodegradable plastics can be made using plant polymers from wheat, corn or potatoes, and consist of shorter, more easily degraded polymers.

				Since biodegradable plastics are more water soluble, many current products that contain them are a mixture of biodegradable and non-degradable polymers. Certain bacteria can produce granules of plastic within their cells. The genes for enzymes involved in this process have been cloned into plants which can produce the granules in their leaves. The cost of plant-based plastics limits their use, and they have not met with widespread consumer acceptance.

			

		

		
			
				Bioethanol is a biofuel that has already met with widespread public acceptance. You might already be using bioethanol when you add fuel to your vehicle. Bioethanol can be produced from starchy plant materials using enzymes capable of efficiently making the conversion. At present, corn is a widely used source of starch, however increasing interest in bioethanol is raising concerns as corn prices rise and corn as a food supply is being threatened. Other plants including wheat, bamboo, or other grasses are possible candidate sources of starch for bioethanol production.

				It is debatable whether the cost of making bioethanol is less than for the consumption of fossil fuels, in terms of greenhouse emissions. Bioethanol production (growing crops, shipping, manufacturing) still requires a large input of non-renewable resources. Technological research and manipulation of enzymes to make the process more efficient, thus requiring less plant material or consuming fewer fossil fuels, are in the works to improve this area of biotechnology.
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				Research time

			

		

		
			
				Bioethanol is used as a biofuel in cars. Bioethanol is environmentally more safe and comes from renewable sources. Research about the process of bioethanol production and find out which enzymes are used in it. Draw a diagram and write a report.
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				acidification - қышқылдандыру / подкисление;
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					Terminology
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				Literacy
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				1. Some people are lactose-intolerant. Explain how biotechnology can be used to allow people with this condition to eat milk products. 

				2. What are the advantages of using enzymes in medicine?

				3. Why should people wear gloves when they use biological washing powders?

			

		

		
			
				Enzymes in chemistry

			

		

		
			
				Biodegradable Plastic

			

		

		
			
				Bioethanol
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					Facts
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				The company Novozymes has made headlines for many promising discoveries, such as an enzyme called Acrylaway, designed to reduce acrylamide, the harmful chemical that’s a byproduct of the cooking process in French fries, crackers and other foods.
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				check yourself

			

		

		
			
				Test questions with one right answer

				1. What is the purpose of using aseptics?

				A. Cultivation of bacteria

				B. To investigate biochemical properties

				C. To prepare sterile media stocks

				D. To isolate cultures

				2. How do scientists distinguish between recombi-nant and non-recombinant molecule during transfor-mation?

				A. By adding restriction enzymes

				B. By exposing them to certain antibiotic

				C. By adding ligase enzyme

				D. By “encoding” the DNA

				3. Recombinant DNA is not used for:

				A. Production of therapeutic substances

				B. Creation of transgenic microbes, plants and animals

				C. Identification, mapping and sequencing genes, and to determine their function 

				D. Inoculation, cultivation of gram-negative bacteria

				4. Which of the followings is not property of a plas-mid?

				A. Has large number of genes

				B. Capable of self-replication

				C. Can replicate in a host cell

				D. Can carry foreign DNA 

				Test questions with several (max 3) right answers

				1. Which of the followings are not field of microbio-logical research?

				A. Preparing optimal media

				B. Isolation of pure cultures

				C. Investigation of the morphological properties

				D. Application in medicine

				E. Determination of species

				F. Prevention from contamination

				G. Application in bioengineering

				2. Choose right requirements of growth media.

				A. Optimum pH

				B. Acidic medium

				C. Absence of oxygen

				D. Transparency

				E. Presence of nutrients

				F. Hypertonic solution

				G. High temperature

				3. Which of the followings are the properties of gram-positive bacteria?

				A. Color after staining is red 

				B. High proportion of peptidoglycans 

				C. Absence of teichoic acid

				D. Absence of outer membrane 

				E. Do not produce endospores

				F. Sensitive to antibiotics 

				G. Most species are pathogenic

				Matching questions

				1. Match properties of sterilization with their types.

				 1) Using ultraviolet rays

				 2) Using small-pored filters

				 3) Conducted by suppressing the activity of micro-organisms

				A. Bunsen burner

				B. Boiling 

				C. Irradiation 

				D. Dry hot air sterilization

				E. Cold sterilization

				F. Autoclaving

				G.Filter sterilization

				H. Cold sterilization

				2. Match stages of microclonal propagation of a plant with their descriptions:

				 1) Acclimatization 

				 2) Plantlet establishment

				 3) Preparation of explant source

				A. Activation of tissues

				B. Rapid multiplication of cells

				C. Inducing shoot elongation and rooting

				D. Generation of clonal propagules

				E. Preparing plantlet to live in natural conditions

				F. Proliferation of callus

				G. Placing plant into agar-based medium

				H. Selecting a plant to propagate 
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				CHAPTER

			

		

		
			
				BIOMEDICINE AND BIOINFORMATICS
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				1. Electromagnetic waves

				2. Epigenetics

				3. Bioinformatics

				4. In Vitro Fertilization and its meaning

				5. The value of monoclonal antibodies and their manufacture

				6. Monoclonal antibodies
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				- be capable to describe the effects of electrical waves on human body
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				electromagnetic waves

			

		

		
			
				You will
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				10.1

			

		

		
			
				Radio Frequency (RF) 

				Bioengineers are faced many times with the following two questions: “What are the effects of radio waves on human health?” and, more specifically, “What health risks are associated with the use of cell phones, mobile radios, microwave radios, microwave ovens, broadcast radio and television transmitters, power lines, and X-rays?”. People are interested whether the use of moblie phones is associated with cancer. Many have heard or read about possible links between cell phones and cancer, but conclusions are rarely definitive. Now we will attempt to answer these questions, but first, we must develop a basic understanding of electromagnetic radiation (EMR).

			

		

		
			
				According to their frequency and energy, electromagnetic waves can be classified as either ionizing radiations or non-ionizing radiations (NIR).

				NIR can not cause ionization however have been shown to produce other biological effects, for instance by heating, altering chemical reactions or inducing electrical currents in tissues and cells.

			

		

		
			
				What are the physiological impacts of wireless technology on the human body? Does wireless technology impact the human body in any manner?

			

		

		
			
				 

				Electromagnetic radiation- is the flow of energy through free space or through a material medium in the form of the electric and magnetic fields.
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				Key terms
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				Classification of electromagnetic waves

			

		

		
			
				A graphical representation of the spectrum of electromagnetic energy or radiation in ascending frequency (decreasing wavelength).

			

		

		
			
				Illustration of non-ionizing and ionizing specters.
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				AM

			

		

		
			
				100 m

			

		

		
			
				1 m

			

		

		
			
				1 cm

			

		

		
			
				1000 nm

			

		

		
			
				10 nm

			

		

		
			
				0.01 nm

			

		

		
			
				0.0001 nm

			

		

		
			
				Atom Size

			

		

		
			
				Building Size

			

		

		
			
				0.01 cm

			

		

		
			
				Radio waves

			

		

		
			
				Infrared

			

		

		
			
				Ultraviolet

			

		

		
			
				Gamma rays

			

		

		
			
				X-rays

			

		

		
			
				FM

			

		

		
			
				TV

			

		

		
			
				Radar

			

		

		
			
				TV Remote

			

		

		
			
				Light bulb

			

		

		
			
				Sun

			

		

		
			
				X-ray machine

			

		

		
			
				Radioactive elements
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				electromagnetic - электрмагнитті / электромагнитный;

				fatigue - шаршағандық / утомление;

				frequency - жиілік / частота;

				sufficient - жетерлік / достаточный.
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					Terminology
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				1. Penetration of different wave spectrums through different obstacles. 

				2. Doctor examining chest x-ray film of patient at hospital.
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				Research time
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					Facts
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				Practically all the fuels that modern society uses—gas, oil, and coal—are stored in forms of energy received from the Sun as electromagnetic radiation millions of years ago. Only the energy from nuclear reactors does not originate from the Sun.

			

		

		
			
				Explore the applications in usage of electromagnetic waves in daily life.

			

		

		
			
				Ionizing radiation contains sufficient electromagnetic energy to remove atoms and molecules from the tissue and alter chemical reactions in the body (converting molecules totally or partly into ions). X-Rays and Gamma rays are two forms of ionizing radiation. These rays are known to cause damage, which is why a lead vest must be worn when X-rays are taken of our bodies, and heavy shielding surrounds nuclear power plants.
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				The power density of any source of EMR is not only related to the power level at the source but increases rapidly as the distance from the source decreases. A common concern today, since more and more people are using cell phones than ever before, is that cell phone antennas radiate near a person’s head. Cell phones, however, radiate very little power. So, even while close to the head, they are not considered a danger. Some studies suggest that potential health hazards could be linked to excessive exposure to high-power densities of non-ionizing radiation. These health hazards include:

				• Cancer

				• Tumors 

				• Headaches

				• Fatigue

				• Alzheimer’s Disease

				• Parkinson’s Disease

				Researchers, however, are unsure of specific long-term effects resulting from prolonged exposure to non-ionizing radiation.
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				Activity

			

		

		
			
				Make a discussion about benefits and harm of electromagnetic and sound waves.
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				Literacy
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				1. What is radio frequency?

				2. What is the difference between ionizing and non-ionizing radiation?

				3. Which type of radiation is the most dangerous? Explain your answer.

				4. Which type of radiation is the ast dangerous? Explain your answer.
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					Facts
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				- explain the importance of epigenetics in studying the mechanisms of gene regulation that do not affect the sequence of genes
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				Epigenetics

			

		

		
			
				You will
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				10.2

			

		

		
			
				Human genome sequence is a big deal. Our genome and DNA is composed of just four nucleotides but, those four nucleotides are used over and over again to create this extraordinary volume which is us. In fact we inherit 3 thousand million of those letters from mother and 3 thousand million from father. Sometimes it just takes one of those to be wrong and you can have a devastating disease. So the genome sequence is very important.. 

				Word epigenetic refers to the meaning of “above” or “on top of” genetics, so factors which affect phenotype expression won`t make a change on their genome or genotype. Epigenetics study of how the expression of DNA can be changed without changing the structure of DNA itself, it regulates how much or whether some genes should be expressed or not, but never changes the gene sequence.

				To understand better, here is one example: In mammals it is pretty easy to understand whether any cell belongs to male or female individual by sequencing them. Because in mammals gender is determined by whether or not we have a Y chromosome. However for crocodiles, the same procedure won’t run, because in crocodiles gender is not determined by genetics, it`s determined by the temperature at which eggs develop. That is what we call epigenetic phenomena, basically two things are genetically identical and yet in terms of their phenotype may become different from one another.

			

		

		
			
				A tiny chemical tag of carbon and hydrogen form a methyl group which may stick to any gene to cause it stop functioning. Any living creature possess millions of tags on their genes, some of them like methyl groups may attach to genes directly inhibiting their function.

				Other types grab the proteins called histones, around which genes coil and tighten or loosen them to control gene expression. Distinct methylation and histone patterns exist in every cell, constituting a sort of second genome - the epigenome. An epigenome consists of a record of the chemical changes to the DNA and histone proteins of an organism; these changes can be passed down to an organism’s offspring. Changes to the epigenome can result in changes to the structure of chromatin and changes to the function of the genome.

				Methylation of a gene involves adding the chemical group CH3 to 

			

		

		
			
				Why skin cells differ from a brain cell or a muscle cell although all three type of cells contain exactly the same DNA?

				Does any thought or any movement may cause epigenetic effect on your physical appearance?

			

		

		
			
				 

				Genome - the complete set of genes or genetic material present in a cell or organism;

				Epigenome - consists of a record of the chemical changes to the DNA and histone proteins of an organism; these changes can be passed down to an organism's offspring via transgenerational epigenetic inheritance.

			

		

		
			[image: ]
		

		
			
				Key terms
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				Environmental factors actually cause your cells and affects genetic code indirectly. Your genetic code itself is always the same, but genes can be “turned on” or “turned off”.

			

		

		
			
				What exactly causes expression or repression of genes?

			

		

		
			
				For example, your diet can cause “epigenetic changes” to your DNA.
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					Even though twins share identical DNA material, they may have different traits, dissimilar fingerprints at least.
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				Research time

			

		

		
			
				Seek for informations about why any bee larva with complete set of chromosomes could become the queen of a bee swarm. How the destiny chooses to be a queen rather than become a worker bee? Do you think that the result you get from the research is due to epigenetics?
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				Literacy
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				1. What other epigenetic factors can alter the way our genes are expressed, making even identical twins different?

				2. Do you believe that you can boost your brain and your memory if you start read a lot?

				3. How the experiences of previous generations may affect who we are?

			

		

		
			
				the cytosine molecules of DNA. This causes a little bump, or blockage, in the path that RNA polymerase would take during transcription, preventing RNA polymerase from attaching to the gene. This prevents transcription, which effectively “shuts off” the gene.

				Their addition or removal can be caused by environmental factors such as: smoking, diet, stress and exercise.
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				DNA is coiled tightly around histones. A histone and DNA together is called a chromatin. Chromatins can be ‘open’ to allow reading of the genes or ‘closed’ depending on where the specific cell is located and its needs at the time (for example, chromatins controlling the synthesis for melatonin for skin pigmentation would be open in the skin cells but closed in the cells of the heart).

			

		

		
			
				Unlike behavior or stress, diet is one of the more easily studied, and therefore better understood, environmental factors in epigenetic change.

				Your mother’s diet during pregnancy and your diet as an infant can affect your epigenome in ways that stick with you into adulthood. Animal studies have shown that a diet with too little methyl-donating folate or choline before or just after birth causes certain regions of the genome to be under-methylated for life.

				For adults too, a methyl-deficient diet leads to a decrease in DNA methylation, but the changes are reversible when methyl is added back to diet.

				Experiments in mice show just how important a mother’s diet is in shaping the epigenome of her offspring. All mammals have a gene called agouti. When a mouse’s agouti gene is completely unmethylated, its coat is yellow and it is obese and prone diabetes and cancer. When the agouti gene is methylated (as it is in normal mice), the coat color is brown and the mouse has a low disease risk. Fat yellow mice and skinny brown mice are genetically identical. The fat yellow mice are different because they have an epigenetic “mutation.”

				When researchers fed pregnant yellow mice a methyl-rich diet, most of her pups were brown and stayed healthy for life. These results show that the environment in the womb influences adult health. In other words, our health is not only determined by what we eat, but also what our parents ate.

			

		

		
			
				Nutrition in epigenetics

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			
				These two mice are genetically identical and the same age

			

		

		
			
				Chromosome

			

		

		
			
				methyl group

			

		

		
			
				DNA 

				methylation

			

		

		
			
				EPIGENETIC MECHANISM

			

		

		
			
				epigenetic factor

			

		

		
			
				While pregnant, both of their mothers were fed Bisphenol A (BPA) but DIFFERENT DIETS:

			

		

		
			
				The mother of this mouse recieved a normal mouse diet

			

		

		
			
				The mother of this mouse received a diet supplemented with choline, folic acid, betaine and vitamin B12
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				epigenetics - эпигенетика;

				histone - гистон;

				methylation - метилирование.
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					Terminology
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				- describing the major role of bioinformatics
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				Bioinformatics

			

		

		
			
				You will
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				Bioinformatics involves the integration of computers, software tools, and databases in an effort to address biological questions. 

				Over the past few decades, major advances in the field of molecular biology, coupled with advances in genomic technologies, have led to an explosive growth in the biological data generated by the scientific community. The critical need to process and analyze such a deluge of data and turn it into useful knowledge has caused bioinformatics to gain prominence and importance. By now the quantity of data is vast and growing at an exponential rate.

				 Bioinformatics is the branch of biology that is concerned with the acquisition, storage, display and analysis of the information found in nucleic acid and protein sequence data,- interdisciplinary research area that applies techniques, methodologies, and tools in computer and information science to solve biological problems. The National Centre for Biotechnology Information (NCBI) defines bioinformatics as the field of science in which biology, computer science, and information technology merge into a single discipline. Bioinformatics can also be defined as conceptualizing biology in terms of molecules (in the sense of physical chemistry) and applying “informatics techniques” (derived from disciplines such as applied maths, computer science, and statistics) to understand and organize the information associated with these molecules, on a large scale. In short, bioinformatics is a management information system for molecular biology and has many practical applications. 

				 Bioinformatics has evolved into a full-fledged multidisciplinary subject that integrates developments in information and computer technology as applied to Biotechnology and Biological Sciences. Bioinformatics is involved in recording, annotation, storage, analysis, and searching/retrieval of nucleic acid sequence (genes and RNAs), protein sequence and structural information. 

				 Two important large-scale activities that employ bioinformatics are usually genomics and proteomics. Genomics refers to the analysis of genomes. A genome can be thought of as the complete set of DNA sequences that code for the hereditary material that is passed on from generation to generation. These DNA sequences include all of the genes (the functional and physical unit of heredity passed from parent to offspring) and transcripts (the RNA copies that are the initial step in decoding the genetic information) included within the genome. Thus, genomics refers to the sequencing and analysis of all of these genomic entities, including genes and transcripts, in an organism. Proteomics, on the other hand, refers to the analysis of the complete set of proteins or proteome. In addition to genomics and proteomics, there are many more areas of biology where bioinformatics is being applied (i.e., metabolomics, transcriptomics, and all other “-omics” researches). Each of these important areas in bioinformatics aims to understand complex biological systems.

				 Third one includes databases of the sequences and structural information as well as methods to access, search, visualize and retrieve 

			

		

		
			
				How many data is stored by biologists in various database sites?

			

		

		
			
				 

				Bioinformatics - is the collection, processing, and analysis of biological information and data using computer software.

			

		

		
			[image: ]
		

		
			
				Key terms
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				All the information we have about the genome of Plasmodium is now available in databases. This information is being used to find new methods to control the parasite. For example, being able to read gene sequences is providing valuable information in the development of vaccines for malaria.
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				2. Computer-based databases of biological information enable scientist to generate all sorts of data, from generating protein sequence and predicting protein domains to even producing 3D structures of proteins.

			

		

		
			
				1. Potential Types of Bioinformatic Data. 
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				First, bioinformatics organizes data in a way that allows researchers to access existing information and to submit new entries as they are produced, eg. the Protein Data Bank for 3D macromolecular structures. While data-curation is an essential task, the information stored in these databases is essentially useless until analyzed. Thus the purpose of bioinformatics extends much further.

				The second aim of bioinformatics is to develop tools and resources that aid in the analysis of data. For example, having sequenced a particular protein, it is of interest to compare it with previously characterized sequences. This needs more than just a simple text-based search and programs. Development of such resources dictates expertise in computational theory as well as a thorough understanding of biology.

				The third aim is to use these tools to analyze the data and interpret the results in a biologically meaningful manner. Traditionally, biological studies examined individual systems in detail, and frequently compare them with a few that are related. In bioinformatics, we can now conduct global analyses of all the available data with the aim of uncovering common principles that apply across many systems and highlight novel features.

				Many scientists today refer to the next wave in bioinformatics as systems biology, an approach to tackle new and complex biological questions. Systems biology involves the integration of genomics, proteomics, and bioinformatics information to create a whole system view of a biological entity.
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				Literacy
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				1. Why in your opinion do we move towards the use of bioinformatics?

				2. Try to find out interesting facts about HGP(Human Genome Project) the world’s largest collaborative biological project related to bioinformatics?

				3. Try to watch some video tutorials on how to use NCBI database through youtube channel? Share your learnings and results after practicing to the class.

			

		

		
			
				1. Potential Types of Bioinformatic Data. 

				2. Computer-based databases of biological information enable scientist to generate all sorts of data, from generating protein sequence and predicting protein domains to even producing 3D structures of proteins.

			

		

		
			
				Aim of bioinformatics
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				the information. It is concerned with the creation and maintenance of databases of biological information whereby researchers can both access existing information and submit new entries. Functional genomics, biomolecular structure, proteome analysis, cell metabolism, biodiversity, downstream processing in chemical engineering, drug and vaccine design etc. are some of the areas in which Bioinformatics is an integral component.

			

		

		
			
				The beginning of bioinformatics can be traced back to Margaret Dayhoff in 1968 and her collection of protein sequences known as the Atlas of Protein Sequence and Structure.

				Caenorhabditis elegans- round worm, was the first multicellular organism to have its genome fully sequenced. It has fewer than 1000 cells in its body, of which about 300 are nerve cells.
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				acquisition - дағдылану / приобретение;

				advance - жылжытылу / продвижение;

				deluge - тасқын / потоп;

				integration - біріктіру / интеграция.
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					Terminology
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				- acknowledge the value of another method in fertilization
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				In Vitro Fertilization and its meaning

			

		

		
			
				You will
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				In vitro fertilization (IVF) is a fertilization of an egg cell outside the body. Reproductive technology is used for infertility treatment and gestational surrogacy. The couple that has been trying to have a baby for a year unsuccessfully is considered infertile. A couple may need this medical procedure to have a baby due to a wide range of causes. 

				Several egg cells removed from a woman should be combined with sperm cells in laboratory conditions. This method increases the probability of egg cells to be easily fertilized by conventional way comparatively to its natural way; in some cases, fertilization also may be done manually (IVF-ICSI) and multiple eggs are desired because some eggs will not develop or fertilize after retrieval.

				The fertilized egg (zygote) undergoes embryo culture for 2–6 days after it is implanted(inserted) in the uterus of the same or another woman for normal gestation, with the intention of establishing a successful pregnancy. Some countries banned or otherwise regulate the availability of IVF treatment, giving rise to fertility tourism.

			

		

		
			
				Why is IVF considered to be unethical?

			

		

		
			
				 

				In vitro- “in glass”

				ICSI- Intracytoplasmic sperm injection

				Implantation- the process by which a fertilized egg attaches to the lining of the uterus.

				Fertilization- the fusion of a sperm and egg cell, which usually takes place in the fallopian tube.

				Unethical- not morally approvable; morally bad; not ethical.
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				Since the birth of the first ‘test tube baby’, Louise Brown, on July 25, 1978, some four million babies worldwide have been conceived by mixing eggs and sperm outside the body and returning the embryo to the womb to resume the normal development.

			

		

		
			
				The success rates of IVF depend on multiple factors, but undoubtedly age is a key factor. Doctors perform many tests to discover the cause of a couple’s infertility, including monitoring ovulation, hormone production, and hormone levels of the egg and the sperm donors (the woman and the man). Doctors usually look for physical reasons for infertility by performing a physical examination and a sonogram. They also determine sperm count, or the number of sperm secreted by a male, as well as sperm motility, or the way the sperm move. Also, the quality of the sperm used plays a major role when it comes to determining the chances of getting pregnant with IVF. Unfortunately, doctors in most cases cannot determine the cause of infertility.

				Just like other assisted reproductive technologies, IVF success rates are based on several factors, is the patient’s age one of the most influential ones.

				Experts have been able to establish a series of patterns to grade the odds for success in each case. Such percentages are:

				40% in women under 35

				Between 27-36% in women between 35 and 37

				Between 20-26% in women between 38 and 40

				Between 10-13% in women over 40

			

		

		
			
				Success rates
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				Research time

			

		

		
			
				1. Research on which famous people used IVF technology?

				2. It is about more than 30 years since IVF technology has been used since then more than one million families hopefully bore a child. Find articles about those people who are “tube” people. How did they feel themselves when they found out the truth, and what kind of lifestyle they have by now? 

				3. If you were infertile, which of the following options - adoption, surgery IVF, medication/pills or not having children -would you consider? What are the factors that make you choose?
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				Literacy
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				1. What are the elements that may affect the fertility rate?

				2. If the same embryo is implanted by IVF in two different women, will the babies be genetic twins?

				3. Do you think a parent should tell their child if they used an egg donor? Why or why not?

				How many children do you think have been born with the assistance of I.V.F.?

			

		

		
			
				In vitro fertilization has been a source of moral, ethical, and religious controversy since its development. Although members of all religious groups can be found on both sides of the issues, the major opposition has come from the Roman Catholic church, which in 1987 issued a doctrinal statement opposing IVF on three grounds: the destruction of human embryos not used for implantation; the possibility of in vitro fertilization by a donor other than the husband. Other ethical questions raised have involved the unusually high rate of multiple births (twins, triplets, etc.) associated with IVF. This issue is being addressed primarily through the development of better techniques aimed at using fewer fertilized embryos to achieve pregnancy.

				Since the first successful IVF procedure in 1978, the Islamic religious community has extensively discussed IVF. Egypt issued the first Sunni fatwa regarding IVF in 1980. 

				The tenets of this fatwa, which holds today, influence IVF practice in both the Sunni and Shi’a Muslim world that forbids:

				Third-party donation (male or female). 

				You can not adopt a child produced by third-party donation, as the child belongs to the mother; Posthumous or post-divorce IVF.

				All forms of surrogacy.

				Sperm banks are not allowed.

				Infertility is a common medical problem affecting millions of couples worldwide. As new and more effective treatments arise, a host of ethical issues are generated. IVF has also raised a number of unresolved moral issues concerning the freezing (cryopreservation) of ovaries, eggs, sperm, or embryos for future pregnancies. Anyway, despite all ethic issues, we should also consider that thousands of infertile families become happier through interfering this procedure, and thousands of tube babies are now adults and individuals like we are- among us leaving same life. Since IVF was pioneered by Sir Robert Edwards and Patrick Steptoe in 1978, IVF has helped millions of people become parents. That is another good side of how infertile people may become part of the valuable family. IVF treatment is like a miracle and gift of life because it helps many patients who would be otherwise unable to conceive.

			

		

		
			
				Ethical Issues
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				IVF (in vitro fertilization), ICSI process. ICSI stands for Intracytoplasmic Sperm Injection. The sperm is manually inserted inside the egg cell by microinjection.
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				gestational - жүктіліктік / гестационный;

				in vitro - сынауықта / в пробирке;

				infertility - бедеулік / бесплодие;

				surrogacy - суррогаттық / суррогатный.
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					Terminology
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				- understand the purpose of production of monoclonal antibodies and the way how they are yielded.
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				The value of monoclonal antibodies and their manufacture

			

		

		
			
				You will
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				As you already know, antibodies have important uses beyond fighting infections in the body and it is a part of our immune systems. They are large proteins that are produced by B cells- healthy plasma cells in our bone marrow, and they are secreted into the blood and they are floating in the bloodstream. They are kind of waiting there for organisms like bacteria to come in and they are labeling them for destruction. Technologies have been developed to clone the antibodies meaning that the same antibody can be produced countless of time in a petri dish and even newer technologies have been implemented to change these antibodies so that they attack a very specific protein. This specificity of antibodies has made them very desirable for use in the diagnosis and treatment of diseases.

				For a long time, the manufacture of antibodies on a large scale wasn`t possible. It would require a very large number of B cell clones to get identical or monoclonal antibodies(mAbs)). And there was a major barrier to achieve the basic aim. Actually, B cells that divide by mitosis do not secrete antibodies identical antibodies, instead, antibodies are produced in billions of forms, each with a different amino acid sequence and a different antigen-binding site. And plasma cell which produces a single type of antibodies does not divide. In fact, only plasma cells secrete antibodies specifically.

				And, to solve the problem, a new innovative idea of cell fusion came to scientists mind. They developed hybridoma, a small number of plasma cells producing a particular antibody was fused with tumor cells that continuously would divide by mitosis. The first discovery of a hybridoma technology was first reported and published in Nature by George Kohler and Cesar Milstein in 1975 with free of intellectual property(IP) rights. They could generate monoclonal antibodies from immunized a mouse spleen and been rewarded by a Nobel Prize in Physiology or Medicine in 1984 for their breakthrough 

			

		

		
			
				Antibodies are very useful and effective weapons against wide broad of antigens, and people continuously need a great amount of them for an artificial treatment and other various types of purposes, so how would you manage to get them in large quantities?

			

		

		
			
				 

				Monoclonal antibodies (mAbs) - the dominant group of recombinant identical proteins used in human therapy and diagnosis.

				Antigenicity - the capability to initiate an immune response. 

				Monoclonal means “coming from one clone of antibody-producing cells” these are called plasma cells. These antibodies are all the same and are all coming from the same clone of cells
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					Antigen is injected into the mouse, and new mAbs yielded.
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				B cells can create trillions of unique antibodies that provide precision targeting.
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				Literacy
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				1. Why should antibodies be customized?

				2. Which cells are capable to produce antibodies and which are the differences in these cells from each other? 

				3. Why are antibodies secreted by mouse cells dangerous for human use?

			

		

		
			
				Evolution of mAbs. 
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				innovation.

				The first generation of monoclonal antibodies was derived from B cell hybridomas in a mouse as we mentioned before, but these antibodies could possibly also act as antigens for the human body so that the antigenicity of these Mabs were prevented to use as medication for treating in human diseases. The next significant step toward the safe use of Mabs for treating human disease came with the chimerization of the antibodies to reduce antigenicity. Development of a process chimerization which means the replacement of heavy and light chain immunoglobulin its constant domains of the mouse antibodies with the corresponding human amino sequences generated these so-called ‘chimeric’ antibodies. This method gained the reduction of mouse protein content to about 35% of the sequence, without any changes in the antibody-binding specificity the effectiveness were improved in activation of effector cell functions (e.g., macrophages and T cells) that are important for treating some types of cancers. 

			

		

		
			
				In the second breakthrough, the antigen binding site framework V regions were replaced with human sequences. This generated ‘humanized’ Mabs which decreased the presence of mouse complementary determining region sequences until its 5-10% of the total humanized sequence of the immunoglobulin. The third clinically important type of monoclonal antibody is fully human in their protein sequence. These proteins are generated through screening of antibody display libraries derived from human immune cells or by screening antibody libraries using transgenic mice that are engineered to produce human antibodies. Chimeric, humanized and fully human antibodies are all potentially antigenic when used in humans, but chimeric followed by humanized antibodies are the most antigenic and safe.

				Monoclonal antibodies have had revolutionary consequences in biological research and clinical medicine, and have resulted in the generation of an industry with an economic impact measured in billions of dollars. It should be emphasized, for the benefit of those who believe that science should be planned to produce economically useful outcomes, that monoclonal antibodies were the result of basic research into the mechanism of generation of antibody diversity. It had no practical application in mind and, indeed, it took some time before the full scientific and economic impact was appreciated, even by the inventors of the technique.
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				hybridoma - гибридома;

				implement - жүзеге асыру / осуществлять;

				manufacture - өндіру / производство.
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					Terminology
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				- explain the usage of monoclonal antibodies in the diagnosis and treatment of diseases.
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				Monoclonal antibodies

			

		

		
			
				You will
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				10.6

			

		

		
			
				Why would any big pharmacological industry really come into play when the therapeutic use of mAbs appeared to become feasible?

			

		

		
			
				 

				Monoclonal antibody - an antibody produced by a single clone of cells or cell line and consisting of identical antibody molecules.
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				Key terms
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				Three class of elements that can be tagged on mAbs for diagnosing and treating purposes. 

			

		

		
			
				Chemical modification of monoclonal antibodies, demonstration of new series man-made antibody molecules.

			

		

		
			
				The production of mAbs as drugs advanced significantly over the last three decades particularly in diagnosing and in the treatment of cancer and autoimmune diseases. 

				The exact and reproducible specificity of these antibodies against disease and other goals allow them to act as high-affinity antagonists to neutralize or block and determining molecular events leading to the attenuation or prevention of disease processes. 

				 A lot of variety mAbs are existing by now that are available to diagnose dozens of different medical conditions. The advantage of mAbs that they can help in spotting the location of the clamp of specific proteins or cancer cells. In one of the case; mAbs are used to determine the location of blood clots who is suspected to have a deep vein thrombosis. The antibodies are yielded by injecting human fibrin into a mouse. The mouse synthesizes many plasma cells that secrete the new antifibrin antibody, and new plasma cells then obtained from the mouse spleen. The plasma cells are fused with tumor cells to form hybridomas that will secrete the antibody against fibrin, the protein found usually in blood clots. A radioactive chemical that produces gamma radiation is tagged to each antibody molecule to make radioactively labeled antibodies. Once they are inside the body’s bloodstream they will bind to any fibrin molecules. The radioactivity emitted antibodies are used to detect where they are stocking in the body, the exact position of Mabs are determined by using a gamma-ray camera in the patient’s body. The position of the labeled mAbs indicates the position of any blood clots. By the same method cancer cells may be effectively visualized by conjugation of fluorochrome molecules to antibodies as conjugation of normal organical molecules as it. They can be also used to identify the exact strain of a virus or bacterium that is causing an infection. Conjugated mAbs are also used routinely in blood type determination, and tissue typing before transplants, pregnancy tests, diagnosing of HIV infection by the help of self-antibodies produced against HIV.

			

		

		
			
				Using monoclonal antibodies in diagnosis
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				Research time

			

		

		
			
				Open any browser with an internet access, enter cyramza.com, and read possible side effects of this drug. CYRAMZA is another trade name of Ramucirumab antibody.
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					Facts

				

			

			
				
					[image: ]
				

				
					[image: ]
				

			

		

		
			
				1890 Von Behring and Kitasato discovered the serum of vaccinated persons contained certain substances, termed antibodies.
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				Literacy
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				Why can we not inherit antibodies?

				What are the advantages of using monoclonal antibodies in the diagnosis of a disease?

				Why do conjugated monoclonal antibodies may have side effects?
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				Research time

			

		

		
			
				Open any browser with an internet access, enter cyramza.com, and read possible side effects of this drug. CYRAMZA is another trade name of Ramucirumab antibody.

			

		

		
			
				Treatment via mAbs

				Some mAbs have had significant success in treatments that involve modifying immune responses. This monoclonal mAbs are trastuzumab, ipilimumab, infliximab, and rituximab.

				For example, Ramucirumab (ra’’ mue sir’ ue mab) injection is used to treat stomach cancer or cancer located in the area where the stomach meets the esophagus (the tube between the throat and stomach) when these conditions do not improve after treatment with other medications. Ramucirumab injection is in a class of medications called monoclonal antibodies. It works by stopping the growth of cancer cells.

				There are a number of considerations when using monoclonal antibodies for therapy. First, a target antigen must be selected. It is important that this antigen is presented uniquely by the tumor cells, but not normal cells. The immunogenicity of the monoclonal antibody itself is a concern because of how they are derived. As they are often derived from non-human monoclonal antibodies, they are capable of eliciting an immune response themselves.

				Finally, a decision as to whether or not the monoclonal antibody will be used alone or if it will be conjugated (i.e., attach radioisotopes, toxins, or chemotherapy) in order to get the desired therapeutic effect. There are some advantages when mAbs are conjugated to other elements such as a toxin, a cytotoxic agent, or a radioisotope. With conjugated monoclonal antibodies a toxin is actually bound to the antibody, which then attaches to the antigen. The antibody conjugate is absorbed into the cell itself, resulting in cell death. It is possible to attach a radioisotope such as iodide-131 to directly infuse the cancer cell with radiotherapy, and also mitigate the effects to normal surrounding tissue.

				Since last 60 years, there has been a great deal of progress and advancements in mAb development. The mAbs are really significant as they are highly specific and play a key role in diagnosing, in specific immunity against target antigens. They have various applications in areas of cell biology, biochemistry, biotechnology, immunology, and medicines. This study will help in understanding the current advancements of mAbs development and will benefit in further progress in the future.

			

		

		
			[image: ]
		

		
			
				Fluorescent dyes conjugated to tumor-specific monoclonal antibodies are emerging as a promising visual aid for tumor analysis and treatment of glioblastoma very recently in April 2018. Authors used NIRF(near-infrared fluorescent) and PET(positron emission tomography) for visualizing brain tumor regions.
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				treatment -емделу / лечение
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					Terminology
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				check yourself

			

		

		
			
				Test questions with one right answer

				1. How much of the electromagnetic spectrum can be seen with the naked human eye?

				A. None of the electromagnetic spectrum

				B. Only a very small portion of the electromagnetic spectrum

				C. All of the electromagnetic spectrum

				D. Most of the electromagnetic spectrum

				E. Radio waves

				2. Cancer doctors may use this type of electromagnetic spectrum wave to kill the infected cells. It also has the highest frequency and shortest wavelength.

				A. Power-lines

				B. Infrared

				C. X-rays

				D. Ultraviolet rays

				E. Wi-fi waves

				3. Can your epigenome change? When?

				A. Yes, of course, any time

				B. No, never

				C. Sometimes, depends on my mood

				D. It`s unclear

				E. Epigenome changes when the genome is influenced 

				4. What makes one cell type different from another cell type (like muscle cell vs. liver cell), given that they have the same DNA?

				A. There are specific ribosomes that synthesize proteins in their own way in each cell

				B. Your diet

				C. Depends on your gene expression

				D. Transcription of RNA

				E. A deletion that simultaneously removes two genes from the genome

				Test questions with several (max 3) right an-swers

				1. What makes one cell type different from another cell type from the point of view epigenetics?

				A. Attachment of a methyl group

				B. Expression of genes

				C. Oxygen/carbon dioxide levels

				D. Chromosome number

				E. Environmental factors

				F. DNA sequence

				G. Ribosomes

				2. How are the mice on p.119 similar and different? Mark the correct assumption(s).

				A. Genetically they are identical

				B. Fur color changed because of environmental factors

				C. The offspring of the yellow mouse will be influenced in a different manner 

				E. One of them gets smarter and stay alive for longer time of period than usual 

				F. The agouti gene disappears when one of the mice is differently treated and fed

				3. Which of these statements are incorrect?

				A. Fertilization of one egg cell occurs in uterus and might be in vitro at the laboratory

				B. Bioinformatics is the branch of biology

				C. Wi-fi electromagnetic waves can cause an acoustic neuroma

				D. Monoclonal antibodies may detect antigens and differ-ent type of diseases

				E. Our health doesn`t depend on what our parents ate

				F. X-rays are the ionizing type of radioactive wave

				G. Hybridoma technology was first reported and published in Nature by George Kohler and Cesar Milstein in 1975
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				1. Trophic levels

				2. Biodiversity

				3. Hardy–Weinberg principle

				4. Protecting endangered species

				5. Random sampling
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				- explain the rules of the ecological pyramid;

				 - create schemes of trophic levels in ecosystems
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				Trophic levels

			

		

		
			
				You will
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				11.1

			

		

		
			
				How much energy do organisms take when they eat?

			

		

		
			
				 

				Trophic level - a trophic level is the group of organisms within an ecosystem which occupy the same level in a food chain;

				Ecological pyramid - a graphical representation of the relationship between different organisms in an ecosystem.
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				Key terms
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				Some organisms obtain energy by eating other organisms, some produce energy from sunlight. Feeding relationship between different organisms is called a food chain. Each feeding level is called a trophic level, because different organisms feed at different levels.

				Autotrophs obtain energy from sunlight and convert it into the energy of chemical compounds. Examples of autotrophs are plants, algae and photosynthetic bacteria. These organisms are the base of the food chain. They are called producers.

				Heterotrophs obtain energy by feeding on other organisms. Organisms which feed on producers are called primary 

				consumers. They include most protists and some animals. Animals that eat producers are called herbivores.

				Organisms that feed on primary consumers are called secondary consumers. Some carnivores, animals which eat other animals, are examples of secondary consumers. Organisms which feed on secondary consumers are tertiary consumers and so on. 

				Thus, energy enters a food chain through primary producers and is passed to consumers. 

				Some energy is not passed from one trophic level to another. Part of this energy can be used by organisms which feed on dead plants or animals, called decomposers. 

				During every energy transfer from one level to another, some energy is always lost in the form of heat. It is the second law of thermodynamics. Also, some energy in organic materials is not consumed by the next trophic level. So, generally only about 10% energy is transferred to the next trophic level.
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				Trophic levels can be represented in a graphical form as ecological pyramids. There are several types of ecological pyramids: pyramids of biomass, pyramids of numbers and pyramids of energy.

				Pyramids of biomass represent the total dry mass of all the organism on the trophic level. Most biomass pyramids narrow sharply from primary producers at the base to top-level carnivores at the apex because energy transfers between trophic levels are so inefficient. In some ecosystems, the pyramid of biomass is inverted, meaning that at 

			

		

		
			
				Ecological pyramids

			

		

		
			
				[image: ]
			

			
				[image: ]
			

			
				
					Facts

				

			

			
				
					[image: ]
				

				
					[image: ]
				

			

		

		
			
				Some organisms can be at different trophic level at once. For example, human can eat vegetables and fruits, he is a primary consumer. Also, human can eat beef or lamb, he is a secondary consumer. These organisms are called omnivores.
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				Trophic levels
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				131
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				Research time

			

		

		
			
				 Use the table below and create a food chain and an energy pyramid of the food chain. Show the amount of energy produced and transferred at each trophic level and label each trophic level.
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				Activity

			

		

		
			
				The diagram above represents the food chain. Numbers show the amount of energy produced and transferred at each trophic level. The number in dark box represents the total energy produced by the trophic level, the number in light box represents the amount of energy which stays at the trophic level. Arrows represent the direction of energy transfer.

				1. Show the names of each trophic level labeled as A, B, C, D, and E.

				2. Calculate and find z. What does z represent?

				3. Calculate and find x and y.

				4. Which of all the trophic levels is the most efficient (uses the most amount of energy transferred to it)? 
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				least one trophic level has greater biomass than the one below it.n a pyramid of numbers, the widths of the boxes are proportional to the numbers of individuals present in the various trophic levels. Such pyramids are usually, but not always, upright. It means that number of producers mostly is larger than number of primary consumers. Number of primary consumers is larger than number of secondary consumers and so on.

				Pyramid of energy shows the rate of energy produced at each trophic level. The most amount of energy is produced by the producers. Primary consumers produce less energy than producers, because some energy primary consumers obtain is lost in the form of heat.

			

		

		
			
				Ecological pyramids. 

				a. Pyramid of energy. 

				b. Pyramid of biomass of the

				ordinary type. 

				c. Inverted pyramid of biomass. 

				d. Pyramid of numbers.

			

		

		
			
				
					Form of Energy

				

				
					 Energy amount (J)

				

				
					Solar radiation

				

				
					1000000

				

				
					Grass

				

				
					10000

				

				
					Mouse

				

				
					1000

				

				
					Snake

				

				
					100

				

				
					Eagle

				

				
					10
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				Literacy
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				1. Which trophic level has the highest amount of energy?

				2. Why are there less consumers than producers in the world?

				3. What would happen to the population if biomass of producers decreased significantly?
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				inefficient - тиімсіз / неэффективный;

				inverted - аударылған / перевернутый;

				obtain - алу / получать;

				trophic - қоректік / трофический.
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					Terminology
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				- to establish the relationship between species diversity and ecosystem stability
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				11.2

			

		

		
			
				Theoretical models suggest that there could be multiple relationships between diversity and stability, depending on how we define stability . Stability can be defined at the ecosystem level — for example, a farmer might be interested in the ability of a grassland ecosystem to maintain primary production for cattle forage across several years that may vary in their average temperature and precipitation.

				Figure below shows how having multiple species present in a plant community can stabilize ecosystem processes if species vary in their responses to environmental fluctuations such that an increased abundance of one species can compensate for the decreased abundance of another. Biologically diverse communities are also more likely to contain species that confer resilience to that ecosystem because as a community accumulates species, there is a higher chance of any one of them having traits that enable them to adapt to a changing environment. Such species could buffer the system against the loss of other species.

			

		

		
			
				How does diversity of organisms affect the ecosystem?
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				Research time

			

		

		
			
				Research and find what other factors affect ecosystem stability?

			

		

		
			
				Each rectangle represents a plant community containing individuals of either blue or green species and the total number of individuals corresponds to the productivity of the ecosystem. Green species increase in abundance in warm years, whereas blue species increase in abundance in cold years such that a community containing only blue or green species will fluctuate in biomass when there is interannual climate variability. In contrast, in the community containing both green and blue individuals, the decrease in one species is compensated for by an increase in the other species, thus creating stability in ecosystem productivity between years. 

			

		

		
			
				 

				Biodiversity - the variety of plant and animal life in the world or in a particular habitat, a high level of which is usually considered to be important and desirable;

				Ecosystem - a biological community of interacting organisms and their physical environment.
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				Key terms
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					Facts
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				Although over time it has increased, biodiversity has steadily gone down in the past 35 years.

			

		

		
			
				In contrast, if stability is defined at the species level, then more diverse assemblages can actually have lower species-level stability. This is because there is a limit to the number of individuals that can be packed into a particular community, such that as the number of species in the community goes up, the average population sizes of the species in the community goes down. For example, in figure below, each of the simple communities can only contain three individuals, so as the number of species in the community goes up, the probability of having a large number of individuals of any given species goes down. The smaller the population size of a particular species, the more likely it is to go extinct locally, due to random — stochastic — fluctuations, so at higher species richness levels there should be a greater risk of local extinctions. Thus, if stability is defined in terms of maintaining specific populations or species in a community, then increasing diversity in randomly assembled communities should confer a greater chance of destabilizing the system. 

			

		

		
			
				In this case, these communities are so small that they can only contain 3 individuals. For example, this could be the case for a small pocket of soil on a rocky hillslope. There are 3 potential species that can colonize these communities — blue, dark green, and light green — and for the sake of this example let’s assume that the blue species has traits that allow it to survive prolonged drought. Looking at all possible combinations of communities containing 1, 2 or 3 species, we see that, as the number of species goes up, the probability of containing the blue species also goes up. Thus, if hillslopes in this region were to experience a prolonged drought, the more diverse communities would be more likely to maintain primary productivity, because of the increased probability of having the blue species present.
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				Literacy
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				1. What is biodiversity?

				2. How does biodiversity affect the ecosystem stability?

				3. Is it better to have more diverse or less diverse ecosystem? Explain your answer.
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				abundance - молшылық / изобилие;

				compensate - есесін қайыру / компенсировать;

				diversity - әртүрлілік / разнообразие;

				drought - құрғақшылық / засуха;

				fluctuate - теңселу / колебаться;

				hillslope - төбе бөктері / склон холма;

				prolonged - ұзақ мерзімді / длительный;

				stochastic - стохастикалық / стохастический.
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					Terminology
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				- to establish the relationship between species diversity and ecosystem stability
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				11.3

			

		

		
			
				Evolution is not only the development of new species from older ones, as most people assume. It is also the minor changes within a species from generation to generation over long periods of time that can result in the gradual transition to new species. 

				The biological sciences now generally define evolution as being the sum total of the genetically inherited changes in the individuals who are the members of a population's gene pool. It is clear that the effects of evolution are felt by individuals, but it is the population as a whole that actually evolves. Evolution is simply a change in frequencies of alleles in the gene pool of a population. For instance, let us assume that there is a trait that is determined by the inheritance of a gene with two alleles--B and b. If the parent generation has 92% B and 8% b and their offspring collectively have 90% B and 10% b, evolution has occurred between the generations. The entire population's gene pool has evolved in the direction of a higher frequency of the b allele--it was not just those individuals who inherited the b allele who evolved. 

				This definition of evolution was developed largely as a result of independent work in the early 20th century by Godfrey Hardy, an English mathematician, and Wilhelm Weinberg, a German physician. Through mathematical modeling based on probability, they concluded in 1908 that gene pool frequencies are inherently stable but that evolution should be expected in all populations virtually all of the time. They resolved this apparent paradox by analyzing the net effects of potential evolutionary mechanisms.

				When a particular phenotypic trait is controlled by two alleles of a single gene, A/a, the population will be made up of three genotypes: AA, Aa and aa. Calculations based on the Hardy–Weinberg principle allow the proportions of each of these genotypes in a large, randomly mating population to be calculated.

				 The frequency of a genotype is its proportion of the total population. Th e total is the whole population (that is 1) and the frequencies are given as decimals (e.g. 0.25) of the total.

				 We use the letter "p" to represent the frequency of the dominant allele, A, in the population and the letter "q" to represent the frequency of the recessive allele, a. Then, since there are only two alleles of this gene: 

				p + q = 1 (Equation 1)

				 the chance of an offspring inheriting a dominant allele from both parents = p × p = p2

				the chance of an offspring inheriting a recessive allele from both parents = q × q = q2

				the chance of an offspring inheriting a dominant allele from the 

			

		

		
			
				Can you use Mendel principles of inheriitance to analyze a population?

			

		

		
			
				 

				Hardy–Weinberg principle - a principle stating that the genetic variation in a population will remain constant from one generation to the next in the absence of disturbing factors.
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				Key terms
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				Research time

			

		

		
			
				Find in which other conditions Hardy–Weinberg principle does not apply.
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				father and a recessive allele from the mother

				 = p × q = pq

				the chance of an offspring inheriting a dominant allele from the mother and a recessive allele from the father

				 = p × q = pq

				So, p2 + 2pq + q2 = 1 (Equation 2)

				These Hardy–Weinberg calculations do not apply when the population is small or when there is: 

				significant selective pressure against one of the genotypes

				migration of individuals carrying one of the two alleles into, or out of, the population

				non-random mating.
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				Example 1

			

		

		
			
				Problems
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				Calculating genotype frequency.

				The homozygous recessives in a population can be recognised and counted. Suppose that the incidence of the aa genotype is 1 in 100 individuals (1%).

				Then, q2 = 0.01 and q = √0.01 = 0.1

				So, using Equation 1:

				p = 1 – 0.1 = 0.9 and p2 = (0.9)2 = 0.81

				That is 81% of the population are homozygous AA.

				And, 2pq = 2 × 0.9 × 0.1 = 0.18

				Or, using Equation 2:

				2pq = 1 – (0.01 + 0.81) = 0.18

				That is, 18% of the population are heterozygous Aa.

			

		

		
			
				1. You have sampled a population in which you know that the percentage of the homozygous recessive genotype (aa) is 36%. Using that 36%, calculate the following:

				The frequency of the "aa" genotype.

				The frequency of the "a" allele.

				The frequency of the "A" allele.

				The frequencies of the genotypes "AA" and "Aa."

				The frequencies of the two possible phenotypes if "A" is completely dominant over "a."

				2. Within a population of butterflies, the color brown (B) is dominant over the color white (b). And, 40% of all butterflies are white. Given this simple information calculate the following:

				The percentage of butterflies in the population that are heterozygous.

				The frequency of homozygous dominant individuals.
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				Literacy
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				1. What is Hardy–Weinberg principle?

				2. What is p and q in Hardy–Weinberg equation?

				3. Why does Hardy–Weinberg principle not apply if there is non-random mating or mutations?
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				Godfrey Hardy
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				Wilhelm Weinberg
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				non-random mating - кездейсоқ емес жұптау / неслучайное спаривание.
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					Terminology
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				- to establish the relationship between species diversity and ecosystem stability
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				Protecting endangered species
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				11.4

			

		

		
			
				Conservation biologists are applying their understanding of landscape dynamics in establishing protected areas to slow biodiversity loss. Currently, governments have set aside about 7% of the world’s land in various forms of reserves. Choosing where to place nature reserves and how to design them poses many challenges. Should the reserve be managed to minimize the risks of fire and predation to a threatened species? Or should the reserve be left as natural as possible, with such processes as fires ignited by lightning allowed to play out on their own? This is just one of the debates that arise among people who share an interest in the health of national parks and other protected areas.

			

		

		
			
				Nature reserves are protected “islands” of biodiversity in a sea of habitat altered or degraded by human activity. An earlier policy—that protected areas should be set aside to remain unchanged forever—was based on the concept that ecosystems are balanced, self-regulating units. However, disturbance is common in all ecosystems, and the nonequilibrium model applies to nature reserves as well as to the larger landscapes around them. Management policies that ignore disturbances or attempt to prevent them have generally failed. For instance, setting aside an area of a fire-dependent community, such as a portion of a tallgrass prairie, chaparral, or dry pine forest, with the intention of saving it is unrealistic if periodic burning is excluded. Without the dominant disturbance, the fire-adapted species are usually outcompeted and biodiversity is reduced.

				An important conservation question is whether to create numerous small reserves or fewer large reserves. Small, unconnected reserves may slow the spread of disease between populations. One argument for large reserves is that large, far-ranging animals with low-density populations, such as the grizzly bear, require extensive habitats. Large reserves also have proportionately smaller perimeters than small reserves and are therefore less affected by edges.

				As conservation biologists have learned more about the requirements for achieving minimum viable populations for endangered species, they have realized that most national parks and other reserves are far too small. The area needed for the long-term survival of the Yellowstone grizzly bear population, for instance, is more than ten times the combined area of Yellowstone and Grand Teton National Parks. Areas of private and public land surrounding reserves will likely have to contribute to biodiversity conservation.

			

		

		
			
				How do we protect endangered species?

			

		

		
			
				 

				Endangered species - a species of animal or plant that is seriously at risk of extinction.
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				Key terms
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				Research time

			

		

		
			
				Find other examples of the endangered species in Kazakhstan.

			

		

		
			
				Nature Reserves
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				Several nations have adopted a zoned reserve approach to landscape management. A zoned reserve is an extensive region that includes areas relatively undisturbed by humans surrounded by areas that have been changed by human activity and are used for economic gain. The key challenge of the zoned reserve approach is to develop a social and economic climate in the surrounding lands that is compatible with the long-term viability of the protected core. These surrounding areas continue to support human activities, but regulations prevent the types of extensive alterations likely to harm the protected area. As a result, the surrounding habitats serve as buffer zones against further intrusion into the undisturbed area.

				The small Central American nation of Costa Rica has become a world leader in establishing zoned reserves. An agreement initiated in 1987 reduced Costa Rica’s international debt in return for land preservation there. The country is now divided into 11 Conservation Areas, which include national parks and other protected areas, both on land and in the ocean (Figure 56.21). Costa Rica is making progress toward managing its zoned reserves, and the buffer zones provide a steady, lasting supply of forest products, water, and hydroelectric power while also supporting sustainable agriculture and tourism, both of which employ local people.

				 Costa Rica relies on its zoned reserve system to maintain at least 80% of its native species, but the system is not without problems. A 2003 analysis of land cover change between 1960 and 1997 showed negligible deforestation within Costa Rica’s national parks and a gain in forest cover in the 1-km buffer around the parks. However, significant losses in forest cover were discovered in the 10-km buffer zones around all national parks, threatening to turn the parks into isolated habitat islands.
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				DescriptionThe IUCN Red List of Threatened Species, founded in 1964, has evolved to become the world's most comprehensive inventory of the global conservation status of biological species. It uses a set of criteria to evaluate the extinction risk of thousands of species and subspecies.

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			
				Literacy
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				1. Why is it important to protect different species from extinction?

				2. How do governments protect endangered species?

				3. Are zoos good or bad? Explain your answer.

			

		

		
			
				Zoned Reserves
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				Earth’s terrestrial and marine biodiversity hot spots.
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				Activity

			

		

		
			
				Discuss and write examples of endangered species protection in Kazakhstan. What does Kazakhstan Government and society do to save endangered species? How can each of you help to protect the endangered species?
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				conservation - қорғау / сохранение;

				disturbance - бұзылыс / нарушение;

				endangered - қаупі төнген / находящихся под угрозой исчезновения;

				exclude - шығару / исключать;

				extensive - экстенсивті / экстенсивный.
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					Terminology
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				- explore the state of the ecosystem of your region using statistical methods of analysis
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				Random sampling
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				11.5

			

		

		
			
				To find out which species are present in an ecosystem, and the size of the population of each of them, the ideal method would be to find, identify and count every single organism that lives there. We can sometimes do this if the area is very small or the species are very large. But it is only rarely possible. Instead, we take samples from the area we are interested in, and use these to make an estimate of the total numbers in the area.

				Sampling can be random or systematic. If an area looks reasonably uniform, or if there is no clear pattern to the way species are distributed, then it is best to use random sampling.

			

		

		
			
				A quadrat is a square frame that marks off an area of ground, or water, where you can identify the different species present and/or take a measurement of their abundance. You need to decide on a suitable size for the quadrat and how many samples you will take. Samples must be taken randomly to avoid any bias.

				For example, you might choose to take all of your samples from the place with fewest species simply because it is the easiest to do. This would not be representative of the whole area you are surveying. The usual way to ensure that a sample is random is to mark out an area with measuring tapes and use a random number generator, such as an app on a mobile phone. The random numbers give you the coordinates of the sampling points in relation to the two tapes you have used to mark out the area.

				You can use your results in two different ways: to calculate species frequency and species density. Species frequency is a measure of the chance of a particular species being found within any one quadrat. You simply record whether the species was present in each quadrat that you analyse. For example, if you placed your quadrat 50 times, and found daisy plants in 22 of your samples, then the species frequency for daisies is:

					22/50*100=44%

				Species density is a measure of how many individuals there are per unit area – for example, per square metre. The number of individuals that you have counted is divided by the total area of all your quadrats. It is not always possible to count individual plants and animals because of the way that they grow. For example, many animals and plants grow over surfaces forming a covering and it is almost impossible to count individuals.

				How do you decide how many grass plants there are in a quadrat that you have placed on a lawn? In this case, you can estimate the percentage cover of the species within your quadrat. To help with this, you can use a 

			

		

		
			
				How do you analyze the organisms in an ecosystem?

			

		

		
			
				 

				Random sampling - a procedure for sampling from a population in which the selection of a sample unit is based on chance and every element of the population has a known, non-zero probability of being selected.

			

		

		
			[image: ]
		

		
			
				Key terms

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				Research time

			

		

		
			
				Do the labwork in the city park. Choose any plant or insect and calculate its species frequency and species density

			

		

		
			
				Random Sampling
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					Facts
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				When you have collected information about the

				abundance of the species in the area you are studying, you

				can use your results to calculate a value for the species

				diversity in that area. We can do this using Simpson’s

				Index of Diversity

			

		

		
			
				100 cm × 100 cm quadrat with wires running across it at 10 cm intervals in each direction, dividing the quadrat into 100 smaller squares. You then decide approximately what percentage of the area inside the quadrat is occupied by each species. These percentages may not add up to 100%.

				For example, there might be bare ground in the quadrat, so the numbers will come to less than 100%. Or there may be plants overlying one another, in which case the numbers may add up to more than 100%. An alternative to estimating percentage cover of each species is to use an abundance scale, such as the Braun–Blanquet scale for number and plant cover
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					Labwork
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				Pre-lab questions:

				1. What is the importance of random sampling?

				2. How to to calculate species frequency and species density?

				Materials: pen, paper, tape.

				Safety precautions : 

				1. When outside be careful and do not go away. 

				Procedures : 

				1. Go to the school yard and pick the most abundant grass or flower.

				2. Place the tape on the ground in an area of 1 m2 making 10 quadrats. 

				3. Count the number of the plant you have chosen in each quadrant.

				4. Write the results in the table below.

				5. Calculate the species frequency and species density of the plant.

				Results:

				
					Quadrat

				

				
					1

				

				
					2

				

				
					3

				

				
					4

				

				
					5

				

				
					6

				

				
					7

				

				
					8

				

				
					9

				

				
					10

				

				
					Number

				

				
					Species frequency

				

				
					Species density

				

				Post-lab questions:

				1. How about is the plant you have chosen in the school yard?

				2. Suggest when it might be more appropriate to use species frequency rather than species density to record the abundance of a species.?

				3. Why do you need to know the species abundance in an ecosystem?

			

		

		
			
				
					Description

				

				
					Value

				

				
					Very few plants, cover is less than %1

				

				
					+

				

				
					Many plants, but cover is %5–1

				

				
					1

				

				
					Very many plants or cover is %25–6

				

				
					2

				

				
					Any number of plants; cover is %50–26

				

				
					3

				

				
					Any number of plants; cover is %75–51

				

				
					4

				

				
					Cover is greater than %75

				

				
					5
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				estimate - бағалау / оценка;

				random sampling - кездейсоқ таңдау / случайная выборка;

				survey - зерттеу / исследование

				quadrat - сектор;

				uniform - біркелкі / единообразный;
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				Study of the state of the ecosystem of your region using statistical methods of analysis
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				Test questions with one right answer

				1. Which of the following illustrates the correct ordering of trophic levels?

				A. decomposers-carnivores-autotrophs-herbivores

				B. herbivores-autotrophs-carnivores-decomposers

				C. autotrophs-herbivores-carnivores-decomposers

				D. carnivores-producers-omnivores

				2. Which of the following is NOT part of overall biodiversity?

				A. species diversity

				B. genetic diversity

				C. individual diversity

				D. ecosystem diversity

				3. For homozygous dominante, expected genotype frequencies are

				A. q2

				B. p2

				C. pq

				D. 2pq

				4. An endangered species is one that is

				A. already extinct

				B. already dangerous

				C. in danger of extinction

				D. safe

				Test questions with several (max 3) right answers

				1. Which of the following are ecological pyramids?

				A. numbers

				B. biomass

				C. consumers

				D. fluctuation

				E. energy

				F. community

				G. biosphere

				2. Which of the following are affected by biodiversity?

				A. time

				B. ecosystem

				C. weather

				D. environment

				E. Earth form

				F. climate

				G. energy 

				3. Hardy–Weinberg prinsiples do not apply when there is:

				A. large population

				B. more than 2 alleles

				C. significant selective pressure against one of the genotypes

				D. random mating

				E. non-random mating

				F. high frequency of recessive allele

				G. migration

				Matching questions

				1. A population of sheep is in Hardy-Weinberg equilibrium. The allele for white wool (W) has an allele frequency of 0.19, and the allele for black wool (w) has an allele frequency of 0.81. Find the frequency of homozygous dominant, heterozygous and homozygous recessive offspring in this population.

				 1) homozygous dominant

				 2) heterozygous 

				 3) homozygous recessive

				A. 0.19

				B. 0.81

				C. 0.0361

				D. 0.6561

				E. 0.1539

				F. 0.3078

				2. Match the following with a compatible organism.

				 1) decomposer

				 2) producer

				 3) primary consumer

				A. grass

				B. grasshopper

				C. mouse

				D. snake

				E. eagle

				F. mushroom
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				- predict consequences of possible global warming
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				Global warming

			

		

		
			
				You will
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				Earth’s average surface air temperature has increased by about 0.8 °C since 1900. Years between 1983 and 2012 were probably the warmest 30-year period in more than 800 years. The evidences of that are gradually warming atmosphere and ocean surfaces, decreasing of snow and ice cover in the Northern Hemisphere, shrinking of the Greenland ice sheet, and rising sea level. These measurements are made with a variety of monitoring systems to proof us that Earth’s climate is warming. Table kerek

				Sea-level rise has been driven by many factors such as expansion of water volume as the ocean warms, melting of mountain glaciers in most regions of the world, and losses from the Greenland and Antarctic ice sheets. It has been estimated that sea level rises 3.2 mm per year. The overall observed rise since 1901 is about 20 cm. All of these result from a warming climate.

			

		

		
			
				Greenhouse effect is direct cause of global warming and CO2 is one of the main greenhouse gases which play important role in Earth’s energy balance. Direct measurements of CO2 in the atmosphere and in air trapped in ice show that atmospheric CO2 increased by about 40% from 1800 to 2012.

				Natural causes of CO2 increase include variations in the Sun’s output and in Earth’s orbit around the Sun, volcanic eruptions, and internal fluctuations in the climate system. Researchers have made calculations about what would have happened to global temperatures if only natural factors were influencing the climate system. The forecast was astonishing - little warming, or even a slight cooling, over the 20th century. Only when human influences are taken into account the results are unpleasant. Increase of CO2 affects following events:

				- Surface warming

				- Temperature change

				- Increase in ocean heat content

				- Increase in atmospheric moisture

				- Sea level rise

				- Melting of ice and glacier

				The ocean moderates climate change. It is a huge heat reservoir. A warmer atmosphere generally contains more water vapor thus causing more warming. Higher temperatures in the polar regions melt sea ice and reduce seasonal snow cover, exposing a darker ocean and land surface that can absorb more heat, causing further warming.

			

		

		
			
				How do your daily activities affect the rate of global warming?

			

		

		
			
				 

				Greenhouse effect - the trapping of the sun’s warmth in a planet’s lower atmosphere

				Greenhouse gases -a gas that contributes to the greenhouse effect by absorbing infrared radiation

				Emission - discharge of greenhouse gases, such as carbon dioxide, methane, nitrous oxide and various halogenated hydrocarbons, into the atmosphere	

			

		

		
			[image: ]
		

		
			
				Key terms
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				Causes of global warming
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					Facts
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				In 1910 Glacier National Park in USA was home to an estimated 150 glaciers. Nowadays only 26 left and and still shrinking.
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					Satellite sea level observation and global land-ocean temperature index

				

			

		

		
			
				Sea Height Variation (mm)

			

		

		
			
				Temperature Anomaly (C)
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				TIME
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				The earth has been changing for many years until now and it is still changing because of modern lifestyle of human. Global warming over the past 50 years cannot be explained by natural causes and instead requires a significant role for the influence of human activities.

				Human activities have added greenhouse gases to the atmosphere. The atmospheric concentrations of carbon dioxide, methane, and nitrous oxide have increased significantly since the Industrial Revolution began. But still CO2 remains as the single largest contributor to global warming.

				Industrial production requires fossil fuels for power machines. Many industrial and agricultural processes emit pollutants that produce aerosols (small droplets or particles suspended in the atmosphere. Most aerosols cool Earth by reflecting sunlight back to space. Some aerosols also affect the formation of clouds, which can have a warming or cooling effect depending on their type and location. Besides industrial, transportation such as cars is also releasing carbon dioxide.

				Deforestation is a most common issue. Deforestation is a human influence because human have been cutting down trees to produce papers, wood, build houses and more. If we continue deforestation, carbon dioxide will concentrate in the atmosphere, because trees can absorb carbon dioxide from atmosphere.

			

		

		
			
				All major climate changes, including natural ones, are disruptive. Past climate changes led to extinction of many species, population migrations, and pronounced changes in the land surface and ocean circulation. The speed of the current climate change is faster than ever.

				Even the consequences of warming in lower atmosphere are catastrophic. It causes certain severe weather events like storms, heavy rainfall, snowfall, heatwave. 

			

		

		
			
				The biggest contribution in solving this problem will be finding alternative source of energy. We can reduce using fossil fuel, gasoline, electricity and our activities that cause global warming. We can turn off electricity if it is unused. It can prevent emission of thousands of carbon dioxide. Another way to reduce global warming is recycling. Recycling can reduce garbage by reusing plastic bags, bottles, papers or glass.

				Concentrations of gases in the atmosphere have increased and are still increasing rapidly. Climate change is occurring due to emissions of greenhouse gases caused by human activities. Further climate change is inevitable; if emissions of greenhouse gases continue uncontrolled, future changes will substantially exceed those that have occurred so far.

				If emissions continue in this rate, without either technological or regulatory abatement, then warming of 2.6 to 4.8 °C in addition to that which has already occurred would be expected by the end of the 21st century.

			

		

		
			
				Influence of human activities

			

		

		
			
				Consequences of global warming

			

		

		
			
				Solution
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				Research time
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					Facts
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				The sea around the Solomon Islands is rising three times faster than the average for the rest of the world, due to global warming and regional changes. Five islands have already disappeared beneath the South Pacific Ocean.

			

		

		
			
				Research about climate change computer modeling. Using this information try to model consequences of possible global warming.

			

		

		
			[image: ]
		

		
			
				[image: ]
			

			
				
					Terminology

				

			

			
				
					[image: ]
				

				
					[image: ]
				

			

		

		
			[image: ]
		

		
			
				abatement - төмендеу / снижение

				deforestation - орман шабу / вырубка леса

				disruptive - қиратушы / разрушительный 

				emission - таралу / распространение

				emit - шығару / испускать

				fluctuation - теңселу / колебание

				inevitable - даусыз / неизбежный
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				Computer modeling of global warming
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				- study and propose possible solutions to environmental problems in Kazakhstan
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				Environmental problems in Kazakhstan

			

		

		
			
				You will
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				12.2

			

		

		
			
				Nowadays Kazakhstan become one the most developed countries in Central Asia. Number and rate of materials going through export is increasing each year. Our country is among the leaders who export oil, gas, ferrous and non-ferrous metallurgy. But all this achievements are got with a huge damage to country itself.

				Industrial pollution is one of the leading environmental problems in Kazakhstan’s manufacturing cities, where aging factories pump huge quantities of unfiltered pollutants into the air and water. There is air pollution from iron and steel factories and industries that use low-grade coal. Zinc and lead smelters and uranium processing factories have polluted cities in eastern Kazakhstan. In some big cities and industrial centers concentrations of some toxic substances, such as heavy metal dust, sulfur dioxide, carbon oxide, and some others, exceed maximum permissible concentrations greater by more than tens of time.

				Scientists measure the air pollution using PM standard. It stands for “particulate matter,” a complex mixture of extremely small particles and liquid droplets. Particle pollution is made up of a number of components, including acids (such as nitrates and sulfates), organic chemicals, metals, and soil or dust particles. PM exposure can lead to a variety of health effects. For example, asthma bronchitis respiratory infections. Standards for particulate matter from the World Health Organization is 10 µg/m. Here’s given PM-levels of some cities.

			

		

		
			
				Why Lake Chagan in East Kazakhstan didn’t show up in any map in the world until 1965?

			

		

		
			
				 

				Particulate matter - complex mixture of extremely small particles and liquid droplets
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				Key terms
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					Facts
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				Aral Sea had lost 60 percent of its volume since 1960.
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				Light blue color refers to 1960 year, dark blue refers to these days. 
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					City

				

				
					PM-level

				

				
					Almaty

				

				
					56.9

				

				
					Astana

				

				
					52.9

				

				
					Atyrau

				

				
					64.9

				

				
					Pavlodar

				

				
					28.4

				

				
					Semey

				

				
					30.5

				

				
					Shymkent

				

				
					40.7

				

				
					Taraz

				

				
					26.7

				

				
					Temirtau

				

				
					43.5

				

				
					Ust-Kamenogorsk

				

				
					32.2

				

				
					Zhezkazgan

				

				
					51.8

				

			

		

		
			
				Oil pumped from oil derricks contains high levels of hydrogen sulfide. There are many pools of oil scum on the steppe. In 1985 some of these pools caught on fire and burned for a year, producing bright shards of crystallized sand and oily plumes that drifted to the north. The disaster killed more than a million birds.

				Most of Kazakhstan’s water reservoirs have been polluted by industrial and agricultural waste. Balkhash has been polluted by copper smelters. Researchers made prediction that western part of Balkhash can dry out completely while its eastern part can turn into salty land.

			

		

		
			
				Colored oil spills in the 

				Caspian Sea
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					Gas flare
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				Aral Sea and Caspian Sea

			

		

		
			
				The gravest environmental threat to Kazakhstan comes from radiation, especially in the Semipalatinsk region. The first Soviet nuclear weapons test took place at Semipalatinsk on August 29 1949. In total, 456 nuclear tests, including 340 underground and 116 atmospheric tests were conducted at the Test Site. Semipalatinsk is contaminated with high levels of cesium and strontium. It has been estimated that 19 million acres of land in Kazakhstan has been rendered unusable by tests. An estimated 230 million tons of radioactive waste is buried in Kazakhstan. Of these 179 million tons is highly radioactive. Most of it was created during the production of uranium for nuclear weapons, atomic experiments and fuel for nuclear power plants.

			

		

		
			
				Our country is capable to solve some of these problems, but most of them requires cooperation of bordering countries. 

				Nowadays engineers has developed many types of gas waste filtering systems. These systems are able to significantly decrease emission of bad gases into air. But still mining factories, oil and gas producing companies do not use any of these systems.

				As Caspian Sea is under control of five countries, ecological problems related with sea can be solved by cooperative work of these countries. The same situation with Aral Sea. Rivers flowing into Aral Sea are shared between Kazakhstan, Uzbekistan and Turkmenistan. These countries benefit from Syr Darya and Amu Darya. These two rivers are main source of fresh water and water for growing cotton. 

				Today Kazakhstan participates in many regional and international organizations involved in environmental issues. Although environmental problems of Kazakhstan have been accumulating for decades and it will take even more time to rehabilitate.
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				Lake Chagan, that is only 100 km away from Semipalatinsk, is a lake created by the Chagan nuclear test fired on January 15, 1965. Local people call it “Atomic Lake”. It was first nuclear explosion conducted for peaceful and industrial purposes in Sovet Union.
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				contaminated - ластанған / загрязненный

				ferrous metallurgy - қара металлургия / черная металлургия

				irrigation - суландыру / орошение

				oil derricks - мұнай мұнарасы / нефтяные вышки

				oil scum - мұнай көбігі / нефтяная пена 

				permissible - ұйғарынды / допустимый

				poaching - браконьерлік / браконьерство

				smelter - мыс қорыту зауыты / медеплавильный завод

				sturgeon - бекіре / осетр
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				Lake Chagan (near the red dot) 
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				Nuclear Testing 

			

		

		
			
				Solution

			

		

		
			
				
					Consequence of Aral sea disaster
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					Mushroom cloud formed after nuclear explosion

				

			

		

		
			
				The most visible damage has been to the Aral Sea. The sea began to shrink rapidly when irrigation increased sharply and when inflows of Syr Darya and Amu Darya were eliminated. About 35 to 40 percent of the water that drains into Syrdarya in Kazakhstan is contaminated with industrial and communal waste. Pathogens of dysentery, enteric fever, paratyphoid, hepatitis, and other hazardous substances have been found in water samples. 

				By 1993 the Aral Sea had lost 60 percent of its volume and broke into three unconnected segments. Distance between the shoreline and Aralsk port reached more than 60km. Until the early 1990s, western Kazakhstan was an important fishing area, but sharply increased salinization has made the Aral Sea sterile. Fishing output dropped from 105,300 tons in 1960 to 89,600 tons in 1989. 

				In the Caspian Sea, stocks of sturgeon and other fish have been depleted sharply by pollution, poaching, and overfishing. Kazakhstan has developed some sturgeon farms to replace the wild stock. In 2003 the total catch was 23,100 tons.
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				Test questions with one right answer

				1. What is the rate of sea level rise?

				A. 1.2 cm/year

				B. 0.9 cm/year

				C. 3.2 mm/year

				D. 0.5 mm/year

				2. Which of the greenhouse gases contributes global warming the most?

				A. Carbon dioxide

				B. Nitrogen oxide

				C. Oxygen

				D. Methane

				3. Which of the followings are not consequences of Aral Sea disaster

				A. Irrigation

				B. High level of salinization

				C. Decreasing of fishing

				D. Increase of respiratory diseases 

				4. Which of the following environmental problems has the least effect on human health?

				A. Nuclear test

				B. Aral Sea disaster

				C. Oil and gas production

				D. Deforestation

				Test questions with several (max 3) right answers

				1. Which of the followings are the evidences of global warming?

				A. Warming atmosphere

				B. Deforestation

				C. Earthquakes

				D. Melting glaciers

				E. Volcanic eruptions

				F. Industrial Revolution

				G. Sea level rise

				2. Which of the following are the consequences of global warming?

				A. Extinction of species

				B. Storms and heavy rainfalls

				C.Emission of CO2 into atmosphere

				D. Deforestation

				E. Shrinking of Aral Sea

				F. Combustion of fossil fuels

				G. Emission of methane and nitrogen oxide

				3. Which of the followings environmental problems is not related to Kazakhstan?

				 A. Aral Sea disaster

				B. Air pollution

				C. Deforestation 

				D. Radiation

				E. Flood

				F. Poaching and overfishing

				G. Destruction of parks and reservations

				Matching questions

				1. Match the events with consequences

				 1) Deforestation 

				 2) Emission of nitrogen oxide 

				 3) Ozone layer destruction 

				A. Melting of glaciers

				B. Flood 

				C. Exposure to UV 

				D. Rainfalls

				E. Extinction of species

				F. Earthquakes

				G. Acid rain 

				 

				2. Match the events with consequences 

				 1) Industrial revolution 

				 2) Eliminating inflows of Amu Darya and Syr Darya 

				 3) Nuclear tests 

				A. Air pollution 

				B. Overfishing

				C. Contaminating Aral Sea 

				D. Shrinkage of Aral Sea

				E. Increase of diseases rate

				F. Abnormal weather

				G. Acid rain
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				A

				Absorption - uptake of substances by a tissue.

				Acidification - the buildup of hydrogen cations, also called protons, reducing the pH;

				Action potential - short-term change of charge across cell membrane, in the result of moving of ions out and into of the cell; 

				Active center - the region of an enzyme where substrate molecules bind and undergo a chemical reaction.

				Active transport - transport of large molecules with energy loss.

				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

				Alginate - a salt of alginic acid;

				Allele - versions of gene for one trait.

				Allosteric regulation (allosteric control) - the regulation of an enzyme by binding an effector molecule at a site other than the active site of the enzyme.

				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 - the process of breakdown organic molecules without oxygen.

				Antibody - a protein produced in response to a specific antigen by plasma cells;

				Anticodon - a sequence of three nucleotides forming a unit of genetic code in a transport RNA molecule, corresponding to a complementary codon in messenger RNA.

				Antigen - any substance (such as a molecule or cell) foreign to the body that evokes an immune response;

				Antigen binding site - a region on an antibody that binds to antigens.

				Antigenicity - the capability to initiate an immune response. 

				Antimicrobial resistance - the ability of a microorganism to stop an antimicrobial effect; 

				Apoplast - a space lying outside the plasma membrane consisting of intercellular spaces along with cell wall. It is a non-living part of the plant.

				Aromatic rings - are hydrocarbons that contain benzene;

				Aseptic technique - using practices and procedures to prevent contamination from pathogens.

				Auxin - plant hormone that regulates growth and other processes of plants.

				B

				B cells - a kind of lymphocyte that provide humoral immunity

				Biodiversity - the variety of plant and animal life in the world or in a particular habitat, a high level of which is usually considered to be important and desirable;

				Biofertilizer - a fertilizer which contains living microorganisms which help plant growth,

				Bioinformatics - is the collection, processing, and analysis of biological information and data using computer software.

				Bioleaching - the extraction of metals from their ores by microbes;

				Biolistics - is a method by which vector DNA containing transgene is coated on gold or tungsten particles and transferred by bombardment into host cell;

				Bioreactor - a device in which biological active substances are produced by iving organisms;

				Biotechnology -  using of biological processes or organisms to produce different products.

				Bulk transport - movement of macromolecules through the cell membrane 

				C

				Calorie - Measure of energy, usually contained in food

				Cancer - Disease where cells grow in an uncontrolled way

				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 
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				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.

				Carotenoid - a light-absorbing yellow, orange or red pigments;

				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 cycle - a life of a cell from one cell division to the next one;

				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 - the semipermeable membrane surrounding the cytoplasm of a cell.

				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 smallest unit of life;

				Cellular respiration - the process of breakdown organic molecules producing energy.

				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 β-lactam antibiotics originally derived from the fungus Acremonium, which was previously known as “Cephalosporium”;

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

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

				Chemotrophs - organisms that obtain energy by the oxidation the inorganic substances.

				Chlorinated hydrocarbons - are very potent nerve toxins to insects, and their initial use led to significant improvements in insect control;

				Chlorophyll - a light-absorbing green pigment;

				Chloroplast - a plastid in green plant cells in 

				which photosynthesis takes place;

				Cholinergic synapses - synapses that use the acetylcholine as a neurotransmitter.

				Chromatin - a fluid inside a nucleus, consisting of DNA, proteins and other molecules.

				Chymosin - is an enzyme produced by stomach of some animals, and converts caseinogen into insoluble casein protein;

				Cloning genes - process of isolation of needed fragment of DNA and making many copies of the fragment in vitro;

				Codon - a sequence of three nucleotides which together form a unit of genetic code in an RNA molecule.

				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

				Covalent Bond - A type of chemical bond where electrons are shared between the atoms

				Cristae - folds of inner membrane of mitochondria:

				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.

				Cytoplasm - the material or protoplasm within a living cell, excluding the nucleus.

				D 

				Decomposer - A type of living thing that survives by consuming dead organic matter

				Dedifferentiation - reprogramming of differentiated cells into undifferentiated cells;

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

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

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

				DNA cloning - the production of multiple copies of a specific DNA segment;

				DNA replication - process by which DNA makes a 
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				copy of itself when cell divides.

				DNA - double-stranded nucleic acid that contains the genetic information;

				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.

				E 

				Ecological pyramid - a graphical representation of the relationship between different organisms in an ecosystem.

				Ecosystem - a biological community of interacting organisms and their physical environment.

				Egg cell - the mature non-motile female sex cell.

				Electrocytes - a modified muscle or nerve cell that generates electricity.

				Electromagnetic radiation - is the flow of energy through free space or through a material medium in the form of the electric and magnetic fields.

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

				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

				Emission - discharge of greenhouse gases, such as carbon dioxide, methane, nitrous oxide and various halogenated hydrocarbons, into the atmosphere

				Endangered species -a species of animal or plant that is seriously at risk of extinction.

				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.

				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

				Enzyme - a protein molecule which accelerates chemical reactions in the cell;

				Enzyme activator - molecule that binds to an enzyme and increases its activity;

				Enzyme inhibitor - molecule that binds to an enzyme and decreases its activity.

				Epidermis - outermost layer of the skin

				Epigenome - consists of a record of the chemical changes to the DNA and histone proteins of an organism; these changes can be passed down to 

				an organism's offspring via transgenerational epigenetic inheritance.

				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.

				Exoskeleton - external skeleton that supports and protects an animal’s body.

				Explant - a piece of plant parts or tissues that are aseptically cut and used to initiate a culture in a nutrient medium;

				Exponential growth - development at an increasingly rapid rate in proportion to the growing total number or size.

				Eyepiece graticule - special lens with measuring scale

				F 

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

				Feedback inhibition - a cellular control mechanism in which an enzyme activity is inhibited by the end product.

				Fertilization - the fusion of a sperm and egg cell, which usually takes place in the fallopian tube.

				Fetus - the unborn embryo  from its eighth week of development till  its birth.

				Forensics - science that use of scientific knowledge or methods in solving crimes

				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 expression - is a process by which information stored in a gene is converted into functional product - protein or RNA;

				Gene therapy - is a method of delivery of normal functioning gene into the cell to replace defective gene ;

				Gene - a segment of DNA which codes a particular protein.

				Genetic code - the set of rules used by living cells to translate information encoded within genetic material (DNA or mRNA sequences) into proteins.

				Genetic drift - is the change in the frequency of 
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				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;

				Genome - the complete set of genes or genetic material present in a cell or organism;

				Germ - A small organism that causes disease

				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.

				Golgi apparatus - Organelle that packages proteins and fats so that they can leave the cell

				Gonads - an organ that produces gametes.

				Gram stain technique(test) - the staining method used to separate and classify bacterial species into two large groups (gram-positive and gram-negative).

				Gram-negative bacteria - bacteria that give a negative ( pink or red color) result in the Gram stain test.

				Gram-positive bacteria - bacteria that give a positive (dark violet or purple color) result in the Gram stain test.

				Greenhouse effect - the trapping of the sun’s warmth in a planet’s lower atmosphere

				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 - medium containing various compounds of complex or simple composition, which are used for the reproduction of microorganisms in the laboratory or industrial scales

				Growth substances - plant hormones or phytohormones.

				Growth - The increase of size of an individual; can also be the presence of something

				H 

				Hardy–Weinberg principle - a principle stating that the genetic variation in a population will remain constant from one generation to the next in the absence of disturbing factors.

				Heliophilous plant - plants which adapted to life in open, well-lit areas;

				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

				Homeostasis - is self-regulation, a keeping of a constant internal environment, a basic property of all self-organizing system.

				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.

				I 

				ICSI - Intracytoplasmic sperm injection

				Identical twins - twins that are produced from a single zygote.

				Immobilized enzyme - an enzyme attached to an inert, insoluble material;

				Implantation - the process by which a fertilized egg attaches to the lining of the uterus.

				In vitro - “in glass”

				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.
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				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.

				Inoculation - the act of introducing microorganisms into a culture medium;

				Intercourse - physical sexual contact between individuals.

				Interferon - is a group of signaling proteins made and released by host cells in response to the presence of several pathogens, such as viruses, bacteria;

				Internal environment - the internal environment of an organism refers to all

				Interphase - a part of a cell cycle, when cell is not dividing.

				Intracellular signal transduction - the chains of molecules that relay signals inside a cell.

				J 

				Joint - the area where two bones are attached for the purpose of permitting body parts to move.

				K

				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 

				Lactase - an enzyme which catalyses the hydrolysis of lactose to glucose and galactose;

				Lactose intolerance - the inability to digest lactose, a component of milk and some other dairy products.

				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

				Ligand, or signal - a molecule that conveys information from one cell to another.

				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

				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.

				M 

				Magnification - is the number of times greater that an image is than the actual object

				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 potential difference between the interior of a cell and the interstitial fluid beyond the membrane

				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;

				Microclonal propagation - propagation of plants by a variety of tissue and cell culture methods;

				Micrograph - a photograph of an image under the microscope.

				Microinjection - the DNA is injected directly into the nucleus of the cell being transformed;

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

				Mitosis - a type of cell division;

				Monoclonal antibody - an antibody produced by a single clone of cells or cell line and consisting of identical antibody molecules.

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

				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;
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				mV - millivolt, 1/1,000 of a volt, a measure of electrical potential

				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;

				Nucleic acid probe - is a complementary strand to the target DNA or RNA sequence;

				Nucleic acid - In the nucleus of a cell, there are two major types of nucleic acids - DNA and RNA

				Nucleotide - monomer of DNA that consists of sugar, phosphate group, and nitrogenous base.

				Nucleus - organelle found in eukaryotic cell containing most of genetic material

				Nutrient - Any molecule that is needed for an organism to survive

				O 

				Object micrometre - a tool used for the precise measurement of very small objects

				Observation - Noticing or paying attention

				Oogenesis - the production or development of an egg cell.

				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;

				Osmosis - spontaneous net movement of solvent molecules through a selectively permeable membrane into a region of higher solute concentration

				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
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				P 

				Pacinian corpuscles - one type of mechanoreceptor cell which are sensitive to vibration and pressure.

				Partial pressure - a measuring of oxygen concentration;

				Particulate matter - complex mixture of extremely small particles and liquid droplets

				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

				Phloem sap - aqueous solution rich for sugars

				Phosphate bonds - high energy containing bonds.

				Phosphorylation - attachment of phosphoryl group protein pump

				Photon - a particle representing a quantum of light or other electromagnetic radiation.

				Photorespiration - process which occurs in the light and consumes O2 while producing CO2.

				Photosynthesis - process by which plant convert energy from sunlight into chemical energy. 

				Photosystem - a biochemical mechanism in plants which involve different chlorophyll protein complexes and absorbs light energy for photosynthesis. 

				Phycobilins - pigments of red algae and cyanobacteria.

				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.

				Plasmid DNA - is a small DNA molecule within 

				a cell that is physically separated from a chromosomal DNA; 

				Plasmolysis - contraction of the protoplast of a plant cell as a result of loss of water from the cell.

				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.

				Potassium-sodium pump - protein pump involved in active transport of potassium and sodium

				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

				Proliferation - is a process by which cells are increased in number;

				Propagules - a reproductive particle released by an organism that may germinate into another.

				Protist - Kingdom of life made up of single-celled eukaryotes

				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

				Reading frame - a way of dividing the sequence of nucleotides in a nucleic acid (DNA or RNA) molecule into a set of consecutive, non-overlapping triplets.

				Receptor - a molecule that binds a signal molecule and controls a cell response.

				Recipient cells - are the cells which receive foreign DNA in a structure of plasmid;
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				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

				Regenerative medicine - is modern branch of medicine, which can help in rehabilitation of impaired organs and whole organism by stimulating inner regenerative processes

				Regulation system - involve negative feedback as it minimizes the difference between the actual value of the factor and the ideal value or set point. The factor never stays exactly constant but fluctuates a little above and a little below the set point.

				Regulatory site - part of an enzyme, to which the product of the enzyme-substrate interaction binds and down-regulates the active site of the enzyme by altering the conformation so as to prevent further binding to the substrate.

				Replication - is a process of DNA copying.

				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

				Resolution - is the ability to distinguish between two objects very close together; the higher the resolution of an image, the greater the detail that can be seen

				Resource - A supply of something that can be used when needed

				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 splicing - a modification of the pre-mRNA transcript in which introns are removed and exons are joined prior to translation. 

				RNA - single-stranded nucleic acid that function in protein synthesis.

				RuBisCO - an enzyme that catalyzes the addition of CO₂ to the ribulose bisphosphate in the first stage of the Calvin cycle.

				RuBP - ribulose bisphosphate is the main acceptor of CO₂ in the reaction of carbon dioxide fixation.

				S 

				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

				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.

				Shade-tolerant plant - plants which grow mainly in shady habitats.
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				Sieve-tube elements - specialized cells in plants that serves as pipelines for translocation

				Sigmoid curve - a mathematical function having a characteristic “S”-shaped curve.

				Signal transduction - is the process by which a chemical or physical signal is transmitted through a cell as a series of molecular events.

				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 - the mature motile male sex cell.

				Spermatogenesis - the production or development of mature sperm cells.

				Spinal cord - cord of nerve tissue located within the vertebral column.

				Spindle fibers - microtubules, which play important role in mitosis;

				Spontaneous mutation - a mutation that arises naturally and not as a result of exposure to mutagens.

				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.

				Sticky ends - short lengths of unpaired bases;

				Stimulus - Anything that affects an organism

				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

				Stroma - a colorless dense fluid located within chloroplast.

				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 - a molecule acted upon by an enzyme;

				Surface area - the amount of surface or the outer surface that the cells or organisms have.

				Surrogate mother - a woman who becomes pregnant usually by artificial insemination or surgical implantation of a fertilized egg;

				Symplast - inner side of the plasma membrane in which water and low-molecular-weight solutes can freely diffuse.

				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.

				The central dogma - describes the basic framework for how genetic information flows from a DNA sequence to a protein production inside cells;

				Thermoregulation - the control of body temperature.

				Tissue - Group of cells that perform a similar function

				Tonoplast - the membrane that is surrounds plant vacuole.
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				Totipotency - is cell’s potential to differentiate into other cells types.

				Toxin - a poisonous substance and especially one that is produced by a living thing

				Trait - characteristic of an organism.

				Transcription - the process of transcribing or making a copy of genetic information stored in a DNA strand into a complementary strand of RNA;

				Transcription unit - the sequence of nucleotides in DNA that codes for a single RNA molecule, along with the sequences necessary for its transcription; normally contains a promoter, an RNA-coding sequence, and a terminator;

				Transduction - conversion of a stimulus from one form to another.

				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.

				Translation - a step in protein biosynthesis wherein the genetic code carried by mRNA is decoded to produce the specific sequence of amino acids in a polypeptide chain.

				Translocation - movement of sugars from sites of production to sites of usage 

				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.

				Trophic level - a trophic level is the group of organisms within an ecosystem which occupy the same level in a food chain;

				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;

				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

				Unethical - not morally approvable; morally bad; not ethical.

				Unicellular - Made up of one cell

				Urea - a substance found in urine and also made from ammonia,

				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 - liquid waste excreted by the kidneys, in humans being a yellowish, slightly acid

				V 

				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.

				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 - is a DNA molecule used as a vehicle to artificially carry foreign genetic material into another cell.

				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.

				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.

				X

				χ2 test - a statistical method assessing the goodness of fit between a set of observed values and those expected theoretically.

				W 

				Water potential - ability of water molecules to move freely in solution.

				Wax - an oily organic compound insoluble in water but soluble in organic solvents; essential structural component of living cells (along with proteins and carbohydrates).

				Z 

				Zygote - fertilized egg cell which is formed from the union of female egg cell with a male sperm cell.
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