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Using Gene Chips to Study the Genetics of Lung Cancer
A DNA Macroarray Lab

Teacher Instructions

OBJECTIVES:

The purpose of this laboratory activity is to teach the following:

1. Gene chips (DNA microarrays) are a powerful new technology that scientists use to measure the activity (transcription) of thousands of genes at one time.


2. Microarrays highlight important connections between genetics, cell biology, genes, DNA, chromosomes, gene expression, transcription, cancer biology, proteins, technology, and bioethics.


3. Genes are “differentially regulated”:  All cells in an organism contain the same genes*, but different genes are expressed (transcribed) in different tissues under different conditions.  This is what gives different tissues their different phenotypes (appearances and functions).  
*Note that gametes contain half of the genes and enucleated cells (such as mature red blood cells) do not contain genes.  This differential regulation can be measured using gene chips.


4. Even genes that are not highly expressed (transcribed) may play an important role in the cell.  The LACK of expression of a gene may also play an important role in the cell.  


INTEGRATION OF DNA MICROARRAYS INTO THE HIGH SCHOOL CURRICULUM

Gene chip activities can be easily integrated into secondary school biology units on genetics, cell biology, DNA, or biotechnology.  Since gene chips touch upon a variety of concepts (including transcription, differences in gene expression, genetics, cell biology, biotechnology, DNA hybridization, new technologies, cancer biology, bioethics), a gene chip unit can provide a framework to help students understand the connections between these concepts.  As described in this laboratory, a complete gene chip unit can be carried out in 2 short class periods.  See “Integrating Gene Chips Into the High School Classroom” for specific information.

STANDARDS ALIGNMENT

The concept of gene chips and their use integrates many different areas of science typically covered in the high school curriculum, including genetics / heredity, cell biology, DNA / biotechnology, technology and society, mathematics, and computer science.  In addition to content knowledge, the science skills addressed in the activities include applying scientific knowledge, analyzing and interpreting data to solve problems, working together in a group with a common goal, and communication skills.  Additional extension activities could include ethical debates of the use of gene chip data.  These concepts are the framework of most state science content standards and can be aligned to the 1996 National Science Education Standards (NSES) for Science Content developed by the National Research Council.  The gene chip activities align to the following NSES Science Content Standards: Science as Inquiry (A), Life Sciences (C), Science and Technology (E), Science in Personal and Social Perspectives (F), and History and Nature of Science (G).  

MICROARRAY BACKGROUND INFORMATION

See “Integrating Gene Chips Into the High School Classroom” for additional supplemental information.

Introduction to the Student Simulation Scenario:

In this laboratory, the students will recreate steps that scientists use when they carry out a microarray experiment.  Like many student laboratories, this is a simulation.  In the simulation, we will use different chemicals than one would use in an actual microarray experiment.  We suggest that the teacher use the following boldface terminology throughout the simulation: 


· DNA gene sequences = pH indicators in different concentrations in agarose


· Labeled cDNAs from lung cancer and normal lung cells mixed together (also called “cDNA hybridization solution”) = 0.1 N NaOH

The six genes that you will study using a macroarray:
GENE 1:  C4BPA – Complement component 4 binding protein alpha
GENE 2:  ODC1 – Ornithine decarboxylase 1
GENE 3:  FGG – Fibrinogen, gamma polypeptide
GENE 4:  HBG1 – Hemoglobin, gamma A 
GENE 5:  SIAT9 – Sialytransferase 9

GENE 6:  CYP24 (also called CYP24A1) – Cytochrome P450, family 24, subfamily A,

     polypeptide 1

Teacher NOTES:  Expected Experimental Results: 

1 = deep red (gene induced in experimental condition)  

2 = purple (mixed red and blue; gene equally transcribed in both conditions) 

3 = blue (gene repressed in experimental condition)

4 = blank (gene not transcribed under either condition)

5 = light red (gene slightly induced in experimental condition)

6 = light blue (gene slightly repressed in experimental condition)

SUPPLIES NEEDED:

· Student Handout

· Phenolphthalein pH indicator

· Thymolphthalein pH indicator

· 0.1 M NaOH (must prepare fresh)

· 2% agarose 

· Hot water bath for melting agarose

· glass slides (1 per group)

· 
micropipettes or droppers to spot “gene sequences” on slide

· droppers OR finger bowls / Petri dishes for “cDNA hybridization” 

· goggles and gloves

· Camera for taking photos to document data

· Colored pencils/markers for recording results

OR:

Purchased Kit Contents (Genisphere - http://www.genisphere.com):

· 10 glass slides that can be washed and reused (be sure they’re dry before reusing)

· 6 dropper bottles numbered 1 – 6 that represent the genes to be spotted (contain agarose with different concentrations of pH indicators)
· “cDNA hybridization solution” (base) in dropper bottle
DIRECTIONS:

Teacher Preparation Prior to the Lab

1. If preparing your own reagents (not using a purchased kit), make or purchase stock solutions of:

a. Phenolphthalein pH Indicator: Dissolve 0.05 g in 50 ml ethanol, then add 50 ml H2O*

b. Thymolphthalein pH Indicator: Dissolve 0.04 g in 50 ml ethanol, then add 50 ml H2O*

c. 1/5 diluted phenolphthalein in H2O*

d. 1/5 diluted thymolphthalein in H2O*
*Wrap foil around the pH indicators to prevent inactivation by light.  

e. 2% agarose in water

2. Prepare fresh 0.1 N NaOH or other base with pH >10.


3. To create different colors of macroarray spots, mix the stock solutions in the ratios listed below.  You can prepare these solutions in 2 ml microfuge tubes.  Each group needs 20-30 microliters of solution from each tube.


Key to Tubes 1 – 6:

1 = deep red (gene induced in experimental condition)  

1:1  Phenolphthalein : 2% Agarose


2 = purple (mixed red and blue; gene equally transcribed in both conditions) 

1:1:2  Phenolphthalein : Thymolphthalein : 2% Agarose


3 = blue (gene repressed in experimental condition)

1:1  Thymolphthalein : 2% Agarose

4 = blank (gene not transcribed under either condition)

1:1   Water : 2% Agarose


5 = light red (gene slightly induced in experimental condition)

*use 5 X diluted pH indicator
1:1   1/5 dilution Phenolphthalein : 2% Agarose


6 = light blue (gene slightly repressed in experimental condition)

*use 5X diluted pH indicator
1:1   1/5 dilution Thymolphthalein : 2% Agarose

Teacher Preparation On the Day of the Lab
Before the lab, completely melt the contents of tubes 1 – 6.  You can do this by submerging the tubes or dropper bottles in gently boiling water for several minutes, mixing carefully and venting the caps to prevent the tube from exploding.  Use a floating device that will keep the tubes upright.  Maintain the tubes at 60-65°C to keep melted.  Do this before students arrive – it may take 30 minutes or more to melt the agarose.  After venting, keep caps on tight to prevent evaporation. 
STUDENT Directions (with Teacher NOTES):


PRELAB REVIEW QUESTIONS:
What are the major steps used to conduct a microarray experiment?  (List these in order)

1. Prepare (“print”) DNA gene sequences onto a slide.  (This is a time-consuming step that first requires the identification of thousands of gene sequences.  These microarray slides are usually purchased from a company or university biotechnology center that produces large quantities.)

2. Isolate mRNA from normal and “experimental” cells (in this case, normal and cancer cells).

3. Prepare labeled cDNA from each of these mRNA samples.

4. Hybridize (bind) labeled cDNAs to the gene sequences printed on the slide.  Complementary sequences will bind to each other (G with C / A with T).

5. Visualize the results by viewing the different colors on the microarray.  

6. Analyze the results and carry out further studies of the genes that are expressed or repressed under the experimental conditions.

      NOTE that order may vary and still be correct!

In this lab, we will study gene expression (transcription) in lung cancer cells compared with normal lung cells.  The cDNA from lung cancer cells will be labeled red and the cDNA from normal cells will be labeled blue.  (We are using unusual colors for our microarrays.  What three colors are seen in most microarrays used in scientific research?)  


Red, Green, and Yellow


For each of the situations below, describe what color you expect the gene spot to be on a microarray:


	GENE DESCRIPTION
	COLOR OF SPOT

	a gene was expressed (transcribed) more in lung cancer cells than in normal lung cells

a gene was transcribed the same in both cells

a gene wasn't transcribed at all in either cell

a gene was expressed (transcribed) more in normal lung cells than in lung cancer cells


	Red

Yellow (Purple in our lab)

Black (Colorless in our lab)

Green (Blue in our lab)


Supplies (per group):

· 1 glass microarray slide

· permanent marking pen

· goggles and gloves

· micropipette and tips (or Pasteur pipette)

· cDNA hybridization solution and dropper OR 
hybridization chamber (finger bowl)

Shared supplies: 


· 6 bottles or tubes containing solutions of Genes 1 – 6 (KEEP WARM in waterbath)
· solution containing mixed, labeled cDNA from normal lung cells and lung cancer cells   

STEP 1:  Prepare your gene chip slide.


First, you will prepare (“print”) your DNA microarray by spotting each of the six different gene sequences onto a glass slide.  Scientists do this on regular glass slides that contain thousands of microscopic spots, using technology that resembles ink jet printing.  Your spots will be much larger than a regular gene chip, and you will be able to view them without specialized equipment. 


1. Do not touch the surface of your slide (handle only on the edges).  Using a permanent marking pen, label the background next to the 6 spots furthest from the label end with numbers 1 – 6.   Also, write your Group Number on the label end of the slide.  This step might have already been done for you.


2. Bring your labeled slide to the waterbath area.  


Kit Directions:  Remove a dropper bottle containing a specific gene sequence from the waterbath and thoroughly dry it using a paper towel.  Carefully spot the gene solutions into each of the labeled areas of your slide.  Be sure to place the correct DNA sequence in the correct spot.  Once the spots are hardened and dry, your gene chip has been successfully “printed” with the 6 genes! 

OR 

Alternative Directions: Set your micropipette at 20-30 microliters (µl).  Bring your slide and micropipette to the waterbath area.  Measure 20-30 µl of gene solution from each of the numbered tubes and place onto each marked spot on your slide.  Use a different tip for each spot!  (If micropipettes are not available, you can use Pasteur pipettes or plastic pipettes.)


Teacher NOTES:  

· If you use a regular slide (not a special masked slide), you can prevent drops from spreading by drawing circles with a permanent marker / wax pen or by cutting holes out of an address label with a hole punch.  Students should prepare 6 spots and label them 1 – 6.

· Take care not get water from the waterbath onto the slides.  Thoroughly dry the bottles or tubes when removing them from the waterbath.

· If the dropper in the kit gets clogged, tap it on a paper towel until the clog is removed from the tip – or poke with a pin to break the agarose plug.

· Small drops that fill the circles on specialized slides but do not overflow is the goal.  If the drops build up to a dome, that is fine but not necessary.  
· Tell the students these spots are the DNA sequences for 6 different genes.  In doing this, they have performed the major steps of printing their own DNA macroarray.  
· The agarose will harden in less than one minute and is ready to use as soon as all the drops harden. 
STEP 2:  Hybridize the gene sequences on your printed microarray with labeled cDNAs from normal lung tissue and lung cancer tissue.

Before you came to class, mRNA was isolated from normal lung cells and its cDNA was labeled with a blue dye.   mRNA from lung cancer cells was isolated and its cDNA was labeled with a red dye.  You will not be able to see these dyes until you visualize your results at the end of the experiment because they are very diffuse.  

You have been given a container (to be shared between groups) or dish containing a solution of labeled cDNAs from lung cancer cells and normal cells mixed together.  When added to the printed microarray slide, the labeled cDNAs in the solution will base pair with the complementary DNA for each gene spotted onto the macroarray.  This is the principle behind real DNA microarrays. 


1. Kit Directions:  Place your slide on a Petri dish or weigh boat.  Carefully drop1-2 drops of “cDNA Hybridization Solution” from the dropper bottle onto each spot.  DO NOT allow the dropper bottle to touch the DNA spots!

OR


Alternative Directions:  Place your slide on a Petri dish or weigh boat.  Using a Pasteur pipette, carefully drop 1-2 drops of “cDNA Hybridization Solution” onto each gene spot.  DO NOT allow the pipette to touch the spots.  Alternatively, you can submerge your printed microarray into labeled cDNA solution in a petri dish.  Be sure to wear gloves to protect your hands.  Do not shake the slide in the solution. 

Teacher NOTES:  

· Remember that the “cDNA hybridization solution” (labeled cDNAs) is actually NaOH.  

· Be sure the tip of the bottle does not touch each spot!

· Students MUST wear gloves when handling NaOH – especially if submerging the slides in a dish of NaOH.

· The Petri dish or weigh boat prevents students from touching the slide while dropping NaOH onto the spots.  

STEP 3:  Visualize your labeled microarray results.

1. Place your slide (in the Petri dish or weigh boat) on a white background.  In a few minutes you should see some color appear.  Some of the spots may take longer for the color to develop.  Look carefully to detect faint colors.


Teacher NOTES:  

· The light blue and light red spots may be very faint, but lightly colored when compared to the colorless spot.  This may take several minutes to develop (up to 5-10 minutes).
· In a real microarray, the colors must be viewed by using a fluorescent scanner to measure the intensity of each spot.  In our simulation, the we pH indicators are converted from clear to blue or red by the high pH of the NaOH.
· The microarray colors in this simulation are red, blue, and purple (to varying degrees).  Actual microarrays are red, green, and yellow due to the colors of the fluorescent dyes used.
· The agarose spots will slide off the glass if shaken or submerged too long.  We recommend getting a photo ASAP.


2. Record your results by writing a description of the color of each spot or drawing the results below.  Your teacher may also take a photo of your slide (be sure your group number or name is on the slide).

Teacher NOTES:  See Expected Experimental Results on Page 5



CLEAN UP AND SAFETY:

· Students must wear goggles (and possibly gloves).  

· The cDNA hybridization solution is caustic.  Wear gloves.  If you feel an itching sensation, wash your hands in plenty of running water.  Be sure to wash your hands after lab.

· Use a paper towel to wipe off the six spots on your slide.  Rinse your slide in water and dry it using a paper towel.

· Leave all group supplies for the next group to use.

MSDS INFORMATION:

The dyes are toxic if swallowed, but basically pretty harmless. (See sections 10 and 11 of MSDS)

http://avogadro.chem.iastate.edu/MSDS/phenolphthalein.htm
http://avogadro.chem.iastate.edu/MSDS/thymolphthalein-0.05pct.htm
EXTENSIONS OF THE MICROARRAY UNIT:

Learn more about medical applications of microarrays in diagnosis of the leukemias AML & ALL.  Activity in DNA Chips: A Genetics Lab in the Palm of Your Hand (in Modern Biology for High School Classrooms - Snapshots Magazine):  http://science.education.nih.gov/newsnapshots/TOC_Chips/toc_chips.html

Debate the ethical issues of DNA microarray use for medical and genetic testing.  Affymetrix has supported the development of several activities that can be accessed at: http://www.affymetrix.com/corporate/outreach/educator.affx

To learn more about the genes that you studied in this activity, you can search for your gene name in the NCBI database.   To view the gene location on the chromosomes, select “Map Viewer” in the information section for the gene of interest (this might bring home the concept of gene expression and genetics).

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene

Analyze the gene expression profiles for the 6 genes used in the lung cancer activity by using the Stanford Microarray Database: http://genome-www5.stanford.edu/MicroArray/SMD/  OR by looking at the gene sequences in the database: http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene

The gene chip study of these genes is described in the following paper:  

Garber, M. E., Troyanskaya, O. G., Schluens, K., Petersen, S., Thaesler, Z., Pacyna-Gengelbach, M., van de Rijn, M., Rosen, G. D., Perou, C. M., Whyte, R. I., Altman, R. B., Brown, P. O., Botstein, D., and Petersen, I. (2002) Diversity of gene expression in adenocarcinoma of the lung. Proc. Natl. Acad. Sci. 99(2): 1098.  (Web supplement available at: http://genome-www.stanford.edu/lung_cancer/adeno/)

Analyze your results:


Which gene(s) were expressed (transcribed) in the lung cancer cells?  How do you know?

Any spots that ARE red or purple.  In this lab, these are: 


Gene 1 -  C4BPA  (deep red – gene highly expressed in lung cancer cells, but not expressed in 
normal lung cells)

Gene 2 -  ODC1  (purple – gene expressed both in lung cancer cells AND in normal lung cells)

Gene 5 -  SIAT9  (light red – gene slightly expressed in lung cancer cells, but not expressed in 
normal lung cells)

Which gene(s) were not expressed in the lung cancer cells?  How do you know?

Any spots that are NOT red or purple.  In this lab, these are: 


Gene 3 -  FGG  (deep blue – gene highly expressed in normal lung cells, but not expressed in 
lung cancer cells)

Gene 4 -  HBG1  (colorless – gene NOT expressed in either lung cancer cells or normal lung cells)

Gene 6 -  CYP24  (light blue – gene slightly expressed in normal cells, but not expressed in 
lung cancer cells)

Were there any genes not expressed in either cell type?  Explain what kind of gene this could be.

YES - Gene 4 -  HBG1  (colorless – gene NOT expressed in either lung cancer cells or normal 
lung cells)

This represents a gene that is not expressed in lung tissue, but is expressed in other tissues.  For instance, Hemoglobin (HBG1) would be expressed in bone marrow tissue.  Also, the insulin gene would be expressed in pancreas tissue, but not lung tissue.  

Were there any genes expressed in both cell types?  Explain what kind of gene this could be.

YES - Gene 2 -  ODC1  (purple – gene expressed both in lung cancer cells AND in normal lung cells)

This may represent a “housekeeping gene” also called a constitutively expressed gene, which is necessary for basic cellular functioning and it is thus expressed in both types of cells.  For instance, all cells require functioning mitochondria for the production of energy.  A mitochondrial gene would be considered a “housekeeping gene”.

Which genes may play a role in causing cancer in lung cells?  Explain why you chose these genes and not other genes.

NOTE:  This is difficult for students to understand, and requires facilitation of discussion by the teacher.

Any spots that are expressed differently in normal vs. lung cancer cells.  THIS INCLUDES GENES EXPRESSED ONLY IN NORMAL CELLS AND NOT IN LUNG CANCER CELLS, which may play an important role in preventing cancer from developing (such as P53).  It also includes genes that are expressed at low levels, since some gene products (proteins) are only needed in very small quantities to produce a large effect. 

The only genes to be discounted would be the purple one (Gene 2) and clear one (Gene 4)

From our results, genes that may play a role in cancer are: 


Gene 1 -  C4BPA  (deep red – gene highly expressed in lung cancer cells, but not expressed in 
normal lung cells)

Gene 3 -  FGG  (deep blue – gene highly expressed in normal lung cells, but not expressed in 
lung cancer cells)

Gene 5 -  SIAT9  (light red – gene slightly expressed in lung cancer cells, but not expressed in 
normal lung cells)

Gene 6 -  CYP24  (light blue – gene slightly expressed in normal cells, but not expressed in 
lung cancer cells)

Describe another microarray experiment that you would like to carry out.  Be sure to include how you will set up your experiment, what cells you will use, etc.

Open-ended question – make sure student includes an adequate control tissue.  This could include another cancer study or a study of plants (as in the soybean example worksheet).

Using Gene Chips to Study the Genetics of Lung Cancer
 A DNA Macroarray Lab


Student Instructions

OBJECTIVES:

The purpose for this laboratory activity is to teach the following:

1. Gene Chips (DNA microarrays) are a powerful new technology that scientists use to measure the activity (transcription) of thousands of genes at one time.


2. Microarrays highlight important connections between genetics, cell biology, genes, DNA, chromosomes, gene expression, transcription, cancer biology, proteins, technology, and bioethics.


3. Genes are “differentially regulated”:  All cells in an organism contain the same genes*, but different genes are expressed (transcribed) in different tissues under different conditions.  This is what gives different tissues their different phenotypes (appearances and functions).  
*Note that gametes contain half of the genes and enucleated cells (such as mature red blood cells) do not contain genes.  This differential regulation can be measured using gene chips.


4. Even genes that are not highly expressed (transcribed) may play an important role in the cell.  The LACK of expression of a gene may also play an important role in the cell.  


BACKGROUND INFORMATION:

Dr. Malcolm Campbell's yeast microarray animation:

http://www.bio.davidson.edu/courses/genomics/chip/chip.html

Realistic DNA Chip Animation: http://gslc.genetics.utah.edu/units/biotech/microarray/

“Gene Expression” = Transcription into RNA and Translation into Protein
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Gene Expression and Cancer:

A single microarray can contain more than 30,000 spots of DNA that represent each different gene in an organism.  In these laboratory activities, you will use a DNA microarray (“gene chip”) to study the expression of six different genes in normal lung cells and lung cancer cells.  These results will show what genes have been transcribed (expressed) to produce more messenger RNA in lung cancer cells vs. normal lung cells and what genes have been repressed (not transcribed) from producing mRNA in the lung cancer cells.  

Scientists have found that some genes are repressed (not transcribed as much) in cancer cells as in normal cells.  These repressed genes may play an important role in allowing the cancer cells to spread and grow.  Other genes are transcribed more in cancer cells than normal cells.  These genes may also play an important role in making the cells cancerous.  There are also many genes that are expressed the same in cancer cells AND normal cells.  These genes probably do not play a significant role in causing cells to become cancerous.  Lastly, there are also some genes that may not be expressed at all in normal or cancerous lung cells (can you think of any examples of these?).

PRELAB REVIEW QUESTIONS:

What are the major steps used to conduct a microarray experiment?  (List these in order)

In this lab, we will study gene expression (transcription) in lung cancer cells compared with normal lung cells.  The cDNA from lung cancer cells will be labeled red and the cDNA from normal cells will be labeled blue.  (We are using unusual colors for our microarrays.  What three colors are seen in most microarrays used in scientific research?)  


For each of the situations below, describe what color you expect the gene spot to be on a microarray:


	GENE DESCRIPTION
	COLOR OF SPOT

	a gene was expressed (transcribed) more in lung cancer cells than in normal lung cells

a gene was transcribed the same in both cells

a gene wasn't transcribed at all in either cell

a gene was expressed (transcribed) more in normal lung cells than in lung cancer cells


	


The six genes that you will be studying on your gene chip are:

GENE 1:  C4BPA – Complement component 4 binding protein alpha
GENE 2:  ODC1 – Ornithine decarboxylase 1
GENE 3:  FGG – Fibrinogen, gamma polypeptide
GENE 4:  HBG1 – Hemoglobin, gamma A 
GENE 5:  SIAT9 – Sialytransferase 9

GENE 6:  CYP24 (also called CYP24A1) – Cytochrome P450, family 24, subfamily A,

     polypeptide 1

GENE CHIP LABORATORY Directions:


Supplies (per group):

· 1 glass microarray slide

· permanent marking pen

· goggles and gloves

· micropipette and tips (or Pasteur pipette)

· cDNA hybridization solution and dropper OR 
hybridization chamber (finger bowl)

Shared supplies: 


· 6 bottles or tubes containing solutions of Genes 1 – 6 (KEEP WARM in waterbath)
· solution containing mixed, labeled cDNA from normal lung cells and lung cancer cells

STEP 1:  Prepare your gene chip slide.
First, you will prepare (“print”) your DNA microarray by spotting each of the six different gene sequences onto a glass slide.  Scientists do this on regular glass slides that contain thousands of microscopic spots, using technology that resembles ink jet printing.  Your spots will be much larger than a regular gene chip, and you will be able to view them without specialized equipment. 


1. Do not touch the surface of your slide (handle only on the edges).  Using a permanent marking pen, label the background next to the 6 spots furthest from the label end with numbers 1 – 6.   Also, write your Group Number on the label end of the slide.  This step might have already been done for you.


2. Bring your labeled slide to the waterbath area.  


Kit Directions:  Remove a dropper bottle containing a specific gene sequence from the waterbath and thoroughly dry it using a paper towel.  Carefully spot the gene solutions into each of the labeled areas of your slide.  Be sure to place the correct DNA sequence in the correct spot.  Once the spots are hardened and dry, your gene chip has been successfully “printed” with the 6 genes! 

OR 

Alternative Directions: Set your micropipette at 20-30 microliters (µl).  Bring your slide and micropipette to the waterbath area.  Measure 20-30 µl of gene solution from each of the numbered tubes and place onto each marked spot on your slide.  Use a different tip for each spot!  (If micropipettes are not available, you can use Pasteur pipettes or plastic pipettes.)
STEP 2:  Hybridize the gene sequences on your printed microarray with labeled cDNAs from normal lung tissue and lung cancer tissue.

Before you came to class, mRNA was isolated from normal lung cells and its cDNA was labeled with a blue dye.   mRNA from lung cancer cells was isolated and its cDNA was labeled with a red dye.  You will not be able to see these dyes until you visualize your results at the end of the experiment because they are very diffuse.  

You have been given a container (to be shared between groups) or dish containing a solution of labeled cDNAs from lung cancer cells and normal cells mixed together.  When added to the printed microarray slide, the labeled cDNAs in the solution will base pair with the complementary DNA for each gene spotted onto the macroarray.  This is the principle behind real DNA microarrays. 


1. Kit Directions:  Place your slide on a Petri dish or weigh boat.  Carefully drop1-2 drops of “cDNA Hybridization Solution” from the dropper bottle onto each spot.  DO NOT allow the dropper bottle to touch the DNA spots!

OR


Alternative Directions:  Place your slide on a Petri dish or weigh boat.  Using a Pasteur pipette, carefully drop 1-2 drops of “cDNA Hybridization Solution” onto each gene spot.  DO NOT allow the pipette to touch the spots.  Alternatively, you can submerge your printed microarray into labeled cDNA solution in a petri dish.  Be sure to wear gloves to protect your hands.  Do not shake the slide in the solution. 

STEP 3:  Visualize your labeled microarray results.

1. Place your slide (in the Petri dish or weigh boat) on a white background.  In a few minutes you should see some color appear.  Some of the spots may take longer for the color to develop.  Look carefully to detect faint colors.

2. Record your results by writing a description of the color of each spot or drawing the results below.  Your teacher may also take a photo of your slide (be sure your group number or name is on the slide).





CLEAN UP AND SAFETY:

· Students must wear goggles and gloves. 
 

· The cDNA hybridization solution is caustic.  Wear gloves.  If you feel an itching sensation, wash your hands in plenty of running water.  Be sure to wash your hands after lab.


· Use a paper towel to wipe off the six spots on your slide.  Rinse your slide in water and dry it using a paper towel.


· Leave all group supplies for the next group to use.

LEARN MORE!

To learn more about the genes that you studied in this activity, you can search for your gene name in the NCBI database.   To view the gene location on the chromosomes, select “Map Viewer” in the information section for the gene of interest (this might bring home the concept of gene expression and genetics).

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene

You may also view research on these genes at:   

http://genome-www.stanford.edu/cgi-bin/lung_cancer/adeno/gx?n=gxfig
The gene chip study of these genes is described in the following paper:  

Garber, M. E., Troyanskaya, O. G., Schluens, K., Petersen, S., Thaesler, Z., Pacyna-Gengelbach, M., van de Rijn, M., Rosen, G. D., Perou, C. M., Whyte, R. I., Altman, R. B., Brown, P. O., Botstein, D., and Petersen, I. (2002) Diversity of gene expression in adenocarcinoma of the lung. Proc. Natl. Acad. Sci. 99(2): 1098.  (Web supplement available at: http://genome-www.stanford.edu/lung_cancer/adeno/)

Analyze your results:


Which gene(s) were expressed (transcribed) in the lung cancer cells?  How do you know?

Which gene(s) were not expressed in the lung cancer cells?  How do you know?

Were there any genes not expressed in either cell type?  Explain what kind of gene this could be.

Were there any genes expressed in both cell types?  Explain what kind of gene this could be.

Which genes may play a role in causing cancer in lung cells?  Explain why you chose these genes and not other genes.

On the back of this sheet, describe another gene chip experiment that you would like to carry out.  Be sure to include how you will set up your experiment, what cells you will use, etc.
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