 Microarrays (Malaria Example)

(Adapted from the EMBL curriculum on malaria and materials from Seattle BioMed’s BioQuest program.  

Overview:   
The purpose of this activity is to give your students an interesting way to confirm their knowledge of the central dogma of life, though microarrays.  Launched in the 1980s this technology gave scientists a vivid snapshot of the instantaneous goings inside cells. In your classroom, your students will get a tangible application of an often unapproachable and confusing topic-how the information contained in genes

transforms into the proteins of life (through transcription and translation). 


[image: image1]
This curriculum draws upon the specific application of microarray technology in malaria research. Malaria is one of the most serious epidemics in the world today, second only to AIDS.  400 million people are infected every year and several million of them die. Many countries are affected, and a traveler runs a risk of catching the disease even in a brief visit to one of them. Through climate change and other factors, even more of the world may soon be affected.  Traditional ways of fighting malaria are losing their effectiveness, putting enormous pressure on researchers and doctors to find new solutions. The fact that most cases occur in Africa are making scientists, politicians, and companies in rich and poor countries work together in ways to solve a problem that is truly an international crisis.  Malaria research is an excellent example of what is happening in modern biology and raises very important social themes. 

 
The Plasmodium parasite and Anopheles mosquito genome sequences are complete.  Using 

microarrays of the thousands of genes from these organisms, researchers have a new tool to investigate the critical genes (and proteins), on their way to 1) understanding the biology of the organisms; 2) determine the genes that make up critical proteins and antigens from these organisms; and, 3) investigate at a genetic level the impact of new anti-malarial drugs. This kit will let you explore mock mosquito microarrays, exploring gene expression in 20 genes in 6 different mosquitoes.  



Each chip contains a negative control, Gene T – meaning gene expression and therefore the 

color of the spot, does not change from chip to chip, although each mosquito had a different set of experiences (this is your controlled variable).  Inclusion of this negative control allows us to perform chip-to-chip comparisons between 6 experimental conditions.  These experimental conditions (e.g., injury or infection) represent your Independent Variables.  In this lab students look that impact of the experimental conditions on the gene expression of 20 genes (as inferred from the color spots – the color spots and therefore gene expression are your Dependent Variables), as compared to the gene expression in a control mosquito. 

ADVANCED PREP:  PRINT STUDENT PAGES; PRINT AND CUT OUT CARDS (LAST PAGE)

Day 1: Preparation   
 Assign homework, using the ideal resources to pre-acquaint students with the devastating impact of malaria as well as the high-tech world of microarrays (the reading assignment in the student packet & the websites below).  They need not do all of this, just choose the media that works best in your environment. 

Parasite Animations

http://www.wellcome.ac.uk/Education-resources/Teaching-and-education/Animations/Protozoans/index.htm
Malaria Research websites: 

http://www.sbri.org/diseases/malaria.asp 

http://www.who.int/topics/malaria/en/ 


 (Two have audio so headphones would be advisable.)

http://www.pubinfo.vcu.edu/secretsofthesequence/showdetail.asp?id=19 

http://www.seattlebioquest.org/tutorials/movies/malaria.swf
http://www.sumanasinc.com/webcontent/animations/content/dnachips.html
 **Also look at the actual slide (chip) if available.

Day 2:  DNA Chip Exercise 
At this point your students will have watched video clips and/or done background reading that will prepare them for this activity.   

• Divide the students into groups of 6 (or 12 if you have them work in pairs)   

• Each group receives a set of the six “DNA” color chip cards 

• Each student will work off the student packet 

The six cards represent six DNA chips that have been derived from six differently handled specimens (see Table 1). Each card has twenty spots. The first spot [image: image6.png]Translation
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in the top row represents the same gene on all six cards – call it Gene A. The same is true for all twenty genes – A, B, C, D… all the way through T.  The genes are ordered from left to

right, reading down the card. 

 
(Both the red and green spots on each chip relates to a unique mosquito genetic element , and the color conveys what exactly the mosquito cells are up to, with respect to transcriptional activity. All of the spots and their colors model the activity of each genetic element during a certain experimental condition (see Table 1) as compared to the activity of that same genetic element under control conditions.  In this experiment a green spot means that a gene is much more active in the infected mosquito than it normally is in the control.  A red spot means that a gene is much less active than it normally is in the control group. Keep in mind that switching off a key gene can be just as important in the process of a disease as switching one on.)


[image: image2]
Analyzing the Chips: 
1. Each student team will analyze the gene expression of 20 different genes on a “DNA  chip” card, by interpreting the color of each spot and recording their results in Table 3.  At the end of the lesson, have students combine them into a master chart, so that the entire class eventually receives the data for all 20 genes under all 6 conditions (e.g., in all 6 mosquitoes). 


Each chip experiment is composed of transcription activity from a control mosquito cell and a particular experimental mosquito cell. For example, Card #1 shows the activity of a cell of a female mosquito that has been infected by the malaria parasite, against the background activity of the control cell. The green spots indicate genes which are much more actively transcribed in the infected mosquito. A bright red spot means that the gene is pretty active in a normal mosquito, but when the mosquito sucks up malaria during a blood meal, this gene shuts down. 

 PROCEDURE FOR STUDENTS
1.  Work together to analyze your 6 microarray cards/DNA chips.  Use the hints in Table 2 to guide you
     through your RELATIVE scoring process. 

2. Record your color interpretations/scores in Table 3.  Transfer your team’s scores to the master sheet,[image: image7.png]Table 1: Card keys (mosquito conditions)
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 so
    that the entire class eventually receives the data for all the genes under all 6 conditions (e.g., in all 6

    mosquitoes). 


[image: image3]
3. Scoring the “tweener” colors… Scoring spots by eye and by hand yields subjective results.  To make
scoring a little less subjective, several should students work on the same chip.  By the end of the class period, all of the chips should have been interpreted (resulting in 6 x 20 data points), and Table 3 should be completed.    

 TABLE 3:  MICROARRAY SCORING-CLASS RESULTS


[image: image4]
*UsingTable 3 to answer the following questions students likely get these answers:

1.  Analyze the data by comparing the gene expression levels of all 20 genes. Describe any observable 
     patterns. DIVERSE ANSWERS – MOST LIKELY TO MENTION THE NEGATIVE CONTROLS

2.  What is the negative control in this experiment (hint: which gene showed the least activity in all    
     conditions)?  T
3.  Why did we include Card #6, and therefore a “second healthy female mosquito”, in this
     exercise? CARD 6 AND THE CONTROL CONDITION DESCRIBE THE ACTIVITY OF THE SAME ORGANISM – A HEALTHY FEMALE MOSQUITO. HAVING BOTH PROVIDES SCIENTISTS FOR INTERPRETATION OF INDIVIDUAL-TO-INDIVIDUAL VARIABILITY DATA. 

4.  What spot color corresponded to a gene that was highly expressed under the experimental conditions?  Green +4
5.  Did your group find any genes that were highly expressed ONLY in the malaria-infected female
     mosquito? Which one (s)? B,C, O, P, Q 
6.  What spot color corresponded to a gene that was deactivated or less active in the experimental condition

     as compared to the control condition? Red -4
6.  Did your group find any genes that were deactivated in the malaria-infected female mosquito? Which
     one(s)? M, N, S
8.  Are there any genes that appear to be deactivated in ALL types of infections (parasite, fungus or bacteria)? S
9.  Are there any genes that appear to be highly expressed  in ALL types of infections?  H, I, J, K, N
10.  Are there genes that are highly expressed in males as compared to females? D, E, J
11.  How might scientists use this information?  SCIENTISTS USE MICROARRAYS FOR MANY THINGS-ESPECIALLY AS A SCREENING TOOL! STUDENTS WILL MOST LIKELY SAY THAT MICROARRAYS ARE USED TO IDENTIFY GENES THAT APPEAR TO HAVE  A SIGNIFICANT ROLE IN DISEASES. BUT WE ALSO USE MICROARRAYS TO SCREEN EFFECTS OF NEW DRUGS AND VACCINES? NOT ALL ARRAYS BIND MESSENGER RNA – THEY CAN BIND ANY 
    SMALL MOLECULE! 
Closure: 
 
This data suggests that mosquito genes B,C, O, P, Q  are relatively active in a malaria infection – as compared to other infections and injuries.  Several mosquito immune genes (e.g., SPRN6, TEP1 and CTL4) have been found to respond (transcriptionally) to parasite infection1.  Have your students find out more about these genes and why the mosquito might want more of the proteins they encode. 

Useful Websites & References: 
Curriculum: 
http://www.embl-heidelberg.de 
http://www.abc.net.au/rn/science/ss/features/suitcase/png/default.htm 
Anopheles gambiae Genome Articles: 
http://www.sciencemag.org/cgi/content/full/298/5591/129 
http://www.genoscope.cns.fr/externe/English/Projets/Projet_AK/organisme_AK.html 
Climate Change: 
http://www.cdc.gov/ncidod/eid/vol6no1/reiter.htm 
http://www.metoffice.gov.uk/research/hadleycentre/pubs/brochures/ 
Disease Detectives 
http://www.cdc.gov/excite/disease_detectives/index.htm 
http://www.turnerlearning.com/tbs/plague/ 
http://sciencebulletins.amnh.org/biobulletin/biobulletin/story990.html 
Extra Malaria Content Questions: 
1. How many cases of malaria are reported each year? 

2. How many deaths are there from malaria each year? 

3. What type of organism causes the disease? 

4. How many cells make up this creature? 

5. How does the disease get into humans? 

6. What part of the body does it infect first? 

7. How many species of mosquitoes are there in the world today? 

8. Where do most mosquitoes lay their eggs? 

9. How many eggs do they lay at a time? 

10. How long does it take for the eggs to hatch? 

11. What are the stages of the mosquito lifecycle? 

12. How long does a mosquito typically live? 

13. What do mosquitoes eat? 

14. What are the differences between male and female mosquitoes’ eating habits? 

15. How many days after eating infected blood can a mosquito pass along parasites to another animal? 

16. What are the most popular methods of controlling mosquitoes? 

17. What’s the name of the parasite that causes malaria? 

18. How many species of this organism are known? 

19. How many of these species usually cause malaria in humans? 

20. What are the stages of the organism’s lifecycle? 

21. Which of these stages happen in the mosquito? 

22. Which happen in humans? 

23. Where does the parasite divide in humans? 

24. Give the name of a genetic disease that helps protect some people from malaria. 

25. Which of these historical figures probably died of malaria? 

26. Did malaria come to America from Europe, or vice versa? 

27. What’s the name of the medicine that has been used for a long time in the treatment of human malaria? 

28. Where does this substance come from? (animal, plant, mineral...?) 

29. What part of the plant is used? – roots, bark...? 

30. What is the native habitat of this plant? 

Answers: 
1. According to the World Health Organization: 400 million clinical cases annually; over 40% of the world’s population is at risk. 
2. At least 1.09 million annually, mostly children. 
3. An organism called Plasmodium (not bacteria, viruses, etc.) 
4. One. 
5. Usually through a mosquito bite. 
6. The liver. 
7. Probably between 2,500 and 3,000. 
8. In still or slow-moving water. 
9. Between 100 and 300. 
10. Between 1-5 days, depending on temperature. 
11. Egg – larva – pupa – adult 
12. Blood or nectar from plants 
13. About 20 days. 
14. Females eat blood – they need the enriched supply of proteins found in blood when it comes time to lay eggs. 
15. Usually at least 15-16 days; different depending on the species and the temperature. 
16. Pesticides and interfering with their breeding grounds. 
17. Plasmodium 
18. About 170. 
19. Four. 
20. The list includes Merozoite, Schizont, Gametocyte, Zygote, Ookinete, Sporozoite 
21. Gametocyte, Zygote, Ookinete, Sprozoite 
22. Merozoite, Schizont, Gametocyte 
23. In liver cells and red blood cells 
24. Sickle-cell anemia; also problems of the pineal gland that disrupt melatonin/circadian rhythms. 
25. Alexander the Great. 
26. Almost certainly from Europe to America. 
27. Quinine 
28. A tree called cinchona. 
29. The bark. 
30. South America 
CARDS ON THE NEXT PAGE.  
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[image: image8.png]Table 2: Scoring the color spots and how it relates to gene expression.
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