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Description


17



Cell Differentiation and Gene Expression investigation and modeling



• 1–2 class sessions



ACTIVITY OVERVIEW



Teaching Summary



Students investigate gene expression as it relates to cell differentiation in four human cell types. They consider how various physiological events affect gene expression in each of the four cell types.



Getting Started • Elicit students’ ideas about the genetic makeup of different cells in a multicellular organism. Doing the Activity



Key Content



• Students investigate gene expression.



1. The expression of specific genes regulates cell differen tiation and cell functions.



Follow-up



2. Somatic cells in an individual organism have the same genome, but selectively express the genes for production of characteristic proteins.



• 



3. The proteins a cell produces determine that cell’s phenotype.



Background Information



Key Process Skills 1. Students conduct investigations. 2. Students develop conclusions based on evidence.



Materials and Advance Preparation For the teacher transparency of Student Sheet 2.3, “Genetics Case Study Comparison” For each group of four students set of 14 Cellular Event Cards For each pair of students 3 colored pencils (blue, brown, and orange) For each student model of human chromosome 2 model of human chromosome 11 4 silver binder clips 7 red paper clips 7 green paper clips Student Sheet 17.1, “Chromosome Map” Student Sheet 2.3, “Genetics Case Study Summary,” from Activity 2 3 sticky notes
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• The class discusses gene expression and gene regulation. (LITERACY)



Students read a case study about terminator



genes.



Gene Expression Gene expression is the process in which the information stored in DNA is used to produce a functional gene product. Gene products are either proteins or noncoding RNAs, such as tRNA and rRNA, which play essential roles in protein syn thesis, but do not code for proteins. Gene expression is regu lated throughout the lifespan of an individual cell to control the cell’s functions, such as its metabolic activity. Gene expression plays a critical role in the morphological changes that take place in a developing embryo and fetus and in the differentiation of stem cells to form specialized cells. The expression of protein-coding genes is regulated at a number of steps, including 1) transcription of DNA to form RNA, 2) processing of the RNA product, 3) translation mRNA to produce protein, and 4) post-translational modifi cation of the protein product. This activity introduces stu dents to controls that interact directly with DNA to regulate the transcription of genes into mRNA by RNA polymerase, the enzyme that links ribonucleotides together to form RNA. Transcription is regulated by changes in the DNA and associ ated histone proteins that affect the condensation of the DNA and by proteins called transcription factors. These transcription factors serve as activators or repressors of tran scription. Activators increase the binding of RNA poly merase to the promoter of a gene, thus increasing the rate of transcription. Repressors bind at or near the promoter and interfere with the activity of RNA polymerase.



cell differentiation and gene expression  •  Activity 17



In prokaryotes, usually clusters of genes are under the con trol of one promoter that is adjacent to the gene sequences. The promoter is a stretch of DNA where RNA polymerase first binds before the initiation of transcription. These clus ters of genes adjacent to a single promoter are called operons. The best-known example of this is the lactose operon of E.coli, made up of three genes involved in lactose metabolism. The operon includes the promoter, the three protein-coding genes, and a regulatory sequence called an operator. This arrangement allows the three genes to be turned on or turned off at the same time.



In eukaryotes, the regulation of gene expression is more complex. Genes are generally regulated individually rather than in operons. Each gene has its own promoter and several regulatory sequences called enhancers, some of which may be distant from the gene and its promoter. Multiple activa tors, co-activators, and repressors might be involved in the regulation of a eukaryotic gene by affecting the condensation of the DNA, by interacting with the promoter, or by inter acting with regulatory sequences. This complex regulation allows the rate of transcription to be modulated as needed.
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science and global issues/biology  • Genetics



Getting Started 1 Discuss the variety of human cells and the role of proteins in cel lular functions. Ask the class to sug gest several types of cells that can be found in a human. Record students’ responses on the board or chart paper. If students studied the Science and Global Issues “Cell Biology: World Health” unit, they should be able to name at least the following: red and white blood cells, skin cells, nerve cells, muscle cells, and liver cells. Next, ask the class to list simi larities between these cells. They should be able to name a variety of organelles contained in each, as well as the nucleus and genetic material. Emphasize that every somatic cell in a human contains the same chromo somes with the same set of genes, but the phenotype—expression of the genes—differs from one type of cell to another.
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Cell Differentiation and Gene Expression



I



cells, the nucleus contains a full set of 23 pairs of chromosomes, which carry 20,000–25,000 genes. These genes are identical from cell to cell. In Activity 16, “Protein Synthesis: Transcription and Translation,” you learned that genes are transcribed to produce RNA, and that this RNA is in turn translated to produce proteins. If all cells in the same organism have the same genes, why don’t they all make the same proteins? N M O ST H U M A N



Some proteins are made by almost every cell because they are needed for basic cell functions. Other proteins are made by only one type of cell or small groups of cells. Only white blood cells, for example, make antibodies, the proteins that help the body fight infections. Each of the more than 220 kinds of specialized cells in the human body makes a characteristic group of proteins.



Remind students that in the “Cell Biology” unit they explored the functions of proteins as the “doers” in the cell. Point out that even though every cell contains the same genome, each cell only needs to 376 make those proteins it requires for doing its job in the body. For example, only certain cells in the mouth make salivary enzymes, and no other cell in the body needs to make those. Explain that in this activity, students will investigate how the types and amounts of proteins produced by a cell are regulated.
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Although the two human cells shown have the same genes in their nuclei, they are specialized to make different proteins. The skeletal muscle cells, top, are specialized for voluntary muscle movement, while the thyroid cell, left, makes large amounts of thyroid hormone.



cell differentiation and gene expression  •  Activity 17



Doing the Activity CELL DIFFERENTIATION AND GENE EXPRESSION • ACTIVITY 17



2 The karyotype image in the Stu dent Book shows the 23 pairs of chromosomes in a human cell. In this activity, students will only work with one chromosome from pair 2 and one chromosome from pair 11, which are sufficient for showing the principles of gene regulation.



In each cell, only some of the genes are active, or expressed. The activity of genes in a cell is called gene expression. In this activity, you will explore how some genes are turned on and off by molecules called transcription factors. These molecules control the transcription of DNA into RNA.



Challenge � How does the same set of genes direct the activities of 220 human cell types?



MATERIALS: FOR EACH GROUP



FOR EACH STUDENT



model of human chromosome 2



set of 14 Cellular Event Cards



model of human chromosome 11



FOR EACH PAIR OR STUDENTS



3 colored pencils (blue, brown, and orange)



4



silver binder clips p



7 red p paper p clips p 7 ggreen paper p p clips p Student Sheet 17.1, “Chromosome Chromosome Map” Student Sheet 2.3, “Genetics Genetics Case Study Comparison,” from Activity 2 3 stickyy notes



Procedure Part A: Gene Expression in Differentiated Cells 1. You will look at a small number of genes on two human chromosomes: chromosome 2 and chromosome 11. Identify these chromosomes in the diagram below.



2



Human male karyotype
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science and global issues/biology  • Genetics



3 The genes listed in Tables 1 and 2 are based on actual genes found on human chromosome 2 and chromo some 11. For this activity they have been given generic names that relate to familiar functions. Make sure that the class understands that each gene shown in tables 1 and 2 represents a segment of DNA on chromosome 2 and chromosome 11, respectively.



SCIENCE & GLOBAL ISSUES/BIOLOGY • GENETICS
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2. You will investigate the expression of only 11 of the approximately 25,000 human genes. Review the proteins these 11 genes produce and their functions in the two tables below. Selected Genes on Human Chromosome 2 PROTEIN PRODUCED BY THE GENE



FUNCTION



Actin, smooth muscle type



Most cells produce actin for cell movement and cell division, but muscle cells produce large amounts of speciﬁc types of actin for muscle contraction.



AGA enzyme



Breaks down fats and some toxic substances



Cellular respiration enzyme



Catalyzes reactions for aerobic respiration in the mitochondria



Lactase enzyme



Required for digestion of lactose, the sugar in milk



Protein synthesis initiator



Controls the beginning of protein synthesis



PROTEIN PRODUCED BY THE GENE



FUNCTION



Ribosome protein S7 Needed by ribosomes, which are essential for 4 Remind students that they inves protein synthesis tigated the differentiation of spe Selected Genes on Human Chromosome 11 cialized cells from stem cells in the Cell growth controller Prevents cells from dividing unless more cells are “Cell Biology” unit. As a zygote needed, helps prevent certain cancers matures, differentiation factors DNA repair Repairs damage to DNA and helps to prevent certain types of cancer signal cell lines to differentiate into Fat and protein breakdown enzyme Catalyzes one step in the breakdown of proteins and fats in the diet so they can be used for energy endoderm, mesoderm, and ecto Hemoglobin B Carries oxygen to the cells throughout the body Insulin A hormone that regulates the metabolism of sugars derm, and eventually into the 220 and fats human cell types. Introduce or review the functions of the four 3. Each member of your group will look at gene activity in one of four kinds of 4 specialized cells shown below. With your group, decide what kind of cell each cells students investigate in this of you will investigate. activity. Beta cells in the pancreas Cell Type produce the protein hormone Beta cell in the pancreas insulin, which regulates cellular Red blood cell Intestinal lining cell uptake and metabolism of sugars Smooth muscle cell in the digestive system and fats. Red blood cells produce hemoglobin, a transport protein that carries oxygen to every other cell in the body. Intestinal lining cells produce enzymes that con 378 tribute to specific steps of digestion. And finally, smooth muscle cells in the digestive system contract or relax in waves that move food through the digestive tract.
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cell differentiation and gene expression  •  Activity 17



5 Assist students as they interpret the information in the table, “Genes Expressed in Four Types of Human Cells.” Help them to understand that a minus sign indicates that the gene is inactive in that particular cell type, and, therefore, never pro duces a protein product. A plus sign indicates that the gene is expressed and the cell produces its protein, at least some of the time. As they will learn in Part B, the levels of gene expression and protein production can fluctuate, depending on physi ological events. 6 Student Sheet 17.1, “Chromo some Map” is shown at the end of this activity. Have students compare their results. They should notice that: 1. There is a group of genes that is active in every cell. Stress that these carry out functions that all cells must perform at least some of the time. 2. There is a group of specialized genes (the ones that code for actin, hemoglobin, insulin, and lactase), which are only active in one of the four specific cell types.
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4. Read the table below. It shows which of the 11 genes on chromosomes 2 and 11 are expressed in your cell.



Genes Expressed in Four Types of Human Cells PROTEIN PRODUCED BY THE GENE



BETA CELL IN PANCREAS



DEVELOPING RED BLOOD CELL



INTESTINAL LINING CELL



SMOOTH MUSCLE CELL IN THE DIGESTIVE SYSTEM



Actin, smooth muscle type



�



�



�



�



AGA enzyme



�



�



�



�



Cell growth controller



�



�



�



�



Cellular respiration enzyme



�



�



�



�



DNA repair protein



�



�



�



�



Fat and protein breakdown enzyme



�



�



�



�



Hemoglobin B



�



�



�



�



Insulin



�



–



–



–



Lactase



�



�



�



�



Protein synthesis initiator



�



�



�



�



Ribosome protein S7



�



�



�



�



Key: � � active gene, � � repressed gene
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5. Based on the information in the table above: a. On Student Sheet 17.1, “Chromosome Map,” find the chromosomes for your cell. Draw a single, dark brown line in the position of each gene that is not expressed in your cell type. These genes are still present, but they are never expressed in your cell, and are permanently turned off, or repressed. Your teacher will help you with the first example. b. On Student Sheet 17.1, “Chromosome Map,” draw a single, dark blue line in the position of any gene that is expressed only in your cell type. This is one of a number of genes that produce specialized proteins that help your cell perform its role in the human body. c. On Student Sheet 17.1, “Chromosome Map,” draw a single, dark orange line in the position of any gene that is expressed in all four cell types. This is a gene that produces proteins that nearly all cells need if they are to function. d. Compare the chromosomes for your cell on Student Sheet 17.1, “Chromosome Map,” with the others in your group. Copy the diagrams from their cells onto Student Sheet 17.1 to have a full set of diagrams.
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3. One of the proteins (the one for AGA enzyme) is not produced by any of their cells. This enzyme helps destroy toxic substances and is found only in the liver.
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science and global issues/biology  • Genetics



7 Demonstrate how to place the paper clips over the genes as shown in the image on the next page. Note that since each student is modeling gene expression in one of four types of human cells (as determined in Part A), each student will model a different pattern of gene expression, based on the directions given on each Cellular Event card. Make sure students understand that silver binder clips represent longterm repressors and have been placed on genes that have been per manently shut off. The paper clips represent activators (green) and repressors (red) that act on a rela tively shorter-term basis. Students should record the events that affect gene expression on their chromo some and the result as shown in the sample student tables for gene expression on the next page. 8 Allot time for students to work through the entire deck of cards. If time is limited, SEPUP recommends that students select and work through at least 10 of the 14 cards.



SCIENCE & GLOBAL ISSUES/BIOLOGY • GENETICS



6. Obtain a model of chromosomes 2 and 11. Place a silver binder clip over each gene that is permanently repressed in your cell type. This silver binder clip represents a specific transcription factor, a molecule that controls the transcription of DNA into RNA. This particular repressor permanently turns off genes that your cell does not need.



Part B: Differentiated Cells at Work 7. Prepare a table like the one below, in your science notebook.



Gene Expression Cellular event



8. Shuffle the deck of Cellular Event Cards, and place it in the middle of your table. Put your models of chromosome 2 and chromosome 11 nearby. 9. Select one member of your group to start. That person will draw a card from the top of the deck and read it to the group.
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10. Based on the information on the card, each member of the group determines which genes in their cells are activated to make proteins at this time, and which genes in their cells are repressed at this time. Follow directions on the card to place transcription factors that determine whether the genes are expressed, or temporarily repressed. These transcription factors include both activators (green paper clips) and repressors (red paper clips) that bind to portions of the DNA that regulate the gene. Place the paper clips on the appropriate gene on your model chromosomes. Key: Transcription activator � green paper clip Transcription repressor � red paper clip 11. For your cell, record the event, the affected gene, and the result in the table in your science notebook.
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12. The next person, clockwise, in your group selects the next card from the top of the deck. Repeat Steps 10–11.
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Affected gene and result



cell differentiation and gene expression  •  Activity 17
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Sample Student Response: Cellular Events Affecting All Cell Types Cellular event



Affected gene and result



Cell needs energy (Card 1)



Cell respiration gene is activated to start cellular respiration.



Cells have enough ribosomes for now (Card 2)



A repressor is attached to the ribosomal protein to decrease production of the ribosome protein.



A full meal of protein and fat (Card 3)



An activator is added to the gene for fat and protein breakdown enzymes.



Proteins are needed (Card 6)



The protein synthesis initiator gene is expressed.



Meal high in carbohydrates, low in protein and fat (Card 13)



Activator is removed from the fat and protein breakdown enzyme gene.



Sample Student Response: Cellular Events Specific to the Pancreatic Beta Cell Cellular event



Affected gene and result



Beta cell released its insulin and now needs more (Card 7)



The insulin gene is activated to make more insulin.



The beta cell has enough insulin (Card 8)



The insulin gene is repressed.



Sample Student Response: Cellular Events Specific to the Intestinal Lining Cell Cellular event



Affected gene and result



Milk is present in the small intestines (Card 4)



The lactase gene is expressed to increase production of lactase enzyme.



There is no milk in the small intestines (Card 5)



The lactase gene is repressed to decrease production of the lactase enzyme.



No more intestinal cells are needed (Card 10)



The cell cycle control gene is a  ctivated, and prevents the cell from dividing.
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