
 Microarrays (Malaria Example)

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

Overview:   


Malaria is one of the most serious epidemics in the world today and has plagued mankind for all of recorded history.  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 new ways to solve a problem that is truly an international crisis.  

*Please take a look at these.

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/ 


Malaria research is an excellent example of what is happening in modern biology and raises very important social themes. The Plasmodium 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 simulated mosquito microarrays, exploring gene expression in 20 genes from 

6 different mosquitoes.  

Reading - What is a DNA Chip?   


Up on EMBL’s third floor, in the middle of a lab full of chemicals and robots and colorful lasers, 

Dr. Christian Schwager is unpacking a box of glass slides. You can find such slides anywhere in 

the lab, next to any microscope. But these bits of glass are about to be used for something 

special: they are about to be turned into space probes. 

 
Well, not really. Yes, they will be probes, but they aren’t going into outer space – they’re going 

to be used to ask a completely new type of question about human cells. The answers that they bring back may tell us something completely new about a disease, or the difference between the liver and the brain, or how a cell decides whether to be part of your thumb or your ring finger.  How can a glass slide accomplish something that wasn’t even thinkable five or six years ago? Christian walks over to a robot in the middle of the lab; it looks like a combination between a museum case and a sewing machine. Wilhelm Ansorge, who heads the research group, started saving up to get this machine the minute he heard about it. Now it’s here, and people are standing in line to use it.  Christian and his colleagues are going to use the robot to stamp thousands of chemical spots onto the slide, which will then be called a DNA chip. For now, the conversation is focused upon gene expression in human cells, but all of the possibilities noted below are used also in malaria research.   

 
Each of the spots will contain a different sample of human DNA, a different gene. If you worked 

hard enough, he says, you could put 50,000 spots on a single slide – more than enough to represent each gene in a human cell. You’d have a collection of the whole human genome on a single chip. 

 
It sounds impressive – like trying to stack a thousand milk cartons on top of each other – but why would you want to do it? Because of the way a DNA molecule behaves, you can turn it into a probe to find out what a cell is doing with its genes. Each cell of your body has a complete collection of your genes – just how many that is, nobody is sure yet, but there are ~25,000 in humans. You inherited them from your parents in a completely original recipe (unless you have an identical twin or a clone somewhere). Each cell uses only a part of its genes to build proteins – molecules that do the heavy work in the cell – the construction jobs, the scaffold-building, the mass transport, the garbage collection. Proteins move things around, they cut up things, they create shapes and structures. A brain cell and a skin cell look so different because they’re 

producing different proteins. Two neighboring neurons produce about the same set, and two skin cells make use of their own set. But if something happens – if the brain cell needs to learn something, or the skin gets sunburned – a program gets activated to switch off some genes and switch on some others.  If you knew which ones were switching on and off, you’d know an awful lot, Christian says. If you think of genes as rows upon rows of light switches, like the tiny pixels that light up on your computer screen, you can imagine how many different pictures and messages can be created by lighting up new pixels and darkening others. Fifty thousand genes give each cell magnificent creative possibilities. 

 
The pattern might spell out “CANCER,” for example. To find a way to make those cells behave properly again, you’d really like to understand the genetic commands in the defective computer program that leads to cancer – hidden somewhere in hundreds or thousands or millions of lines of genetic instructions. 
Then you’d like to fix the bug with a patch: a drug.  The only problem is that until very recently, there was no way to unravel more than single lines of the programs. Researchers worked for years and years on a select few favorite genes, and eventually they might find that one of them was switched on in a skin cell, and that it started to behave in a bizarre way after a sunburn. But they knew that most things going on in the cell were very complex.  You’d have to be very, very lucky to be able to point to a single cause for a single effect; it wouldn’t be enough to fix a single line of the program.  Usually many things would be happening at once.  
However, there was no technology you could use to watch a lot of genes at one time. In the first place, to watch a gene’s activity you’d have to already know it existed. It was sort of like only being allowed to turn over the piece of a puzzle and look at the side with the picture on it once you’d already fitted the piece into the right place. That problem has been partially solved through genome projects. The main goal of the human 

genome project has been to give us the entire recipe book for human genes. Once we have that, we can stamp them all onto a chip, and use them as a global gene surveying device. It can be put to all sorts of uses asking questions about what makes a cell change its genetic programs, and how many instructions get changed by something like the arrival of a virus.   

*Please take a look at these. (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.


One way that cells respond to infections, changes of temperature and other stimuli is by switching on new genes and switching off old ones.  When a gene is switched on, that segment of DNA is used to make a molecule called messenger RNA (mRNA). The originating strand of DNA (gene) and the resulting mRNA are complementary – their nucleotides fit together, the way the teeth of a key fit the tumblers in a lock.  Gene probes on a DNA chip are a little like thousands of molecular locks.  Researchers use special techniques to pull mRNAs out of cells, like releasing all the keys. They’re washed past the probes on a DNA chip and are turned loose to find the proper lock. If a key fits, it latches on; if not, it floats on past. 

 
There’s another step: the researcher has to be sent a message when a key successfully finds its lock. So in the process of pulling the mRNA out of cells, scientists stain it with fluorescent dyes. Later, when a key and lock come together, the dye remains on the chip and sends a signal. If there is no fitting key for a probe – if the gene is switched off, not producing any mRNA – the probe remains black. 

CHRISTIAN:  “Each chip represents two experiments: a control cell (say, a cell from a generic 

mosquito) and the one you’re really interested in, like mosquito cells infected with malaria. 

When a researcher pulls mRNAs out of the control cell, he stains it with red dye. The exciting 

one is stained green.  Healthy and infected cells use different sets of genes. So in the 

experiment, some probes will be switched on by mostly green keys, and others by 

predominantly red ones. There will be some that don’t get switched on in either type of cell, so 

there will be no keys, and the spot will remain black.” 

REPORTER: “Won’t some spots have keys of each color hanging from them?”  

CHRISTIAN:  “Yes,” If there are a lot more green mRNAs around, the spot will be fairly green. If 

there are more red mRNAs, it will be red.” 

REPORTER:  “What if there’s an even number of both?”   

CHRISTIAN:   “Then it will be yellow.”   

REPORTER:  “Yellow?” 

CHRISTIAN:   “Didn’t you know that green and red make yellow (laughs)?” 

REPORTER:   “So what’s the difference between a malaria-infected cell and a control cell?” 

CHRISTIAN:  “Watch the spots and analyze them. Try to figure out the patterns.  Suppose that 

you compared cells from mosquitoes that don’t carry malaria with cells that do. Maybe you could 
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CARD # | MOSQUITO CONDITION (where the cell came from)
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Female mosquito infected by a bacteria
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ind genes in the immune ones which make Plasmodium parasite poisons...Then you could 

make some drugs. Maybe you’ll find a bit of bark from a South American tree, or the foot of a 

frog, or something else that will act like the poison? Or that will switch on a gene that makes a 

new poison? Or maybe you can switch off a gene, which will stop the parasite from getting what 

it needs to move into the liver, or attack a red blood cell?” 

REPORTER:  “So all I have to do is find a few key green and red spots?”   

CHRISTIAN:   “Well, nothing is every quite that simple. Maybe the mosquito needs its green 

genes to do something besides poison malaria parasites.  Maybe the green genes signal the 

immune system kicking into gear, doing its best, but just not quite making it. So you’ll have to 

look at a lot of different types of cells, and filter out the red herrings.” 

REPORTER:  “How do you do that?”  

CHRISTIAN:    “I have made you an exercise (smiles) - A very simple microarray experiment 

with six types of cells. The DNA chips we will look at contain only twenty genes. We will hunt for 

red, green, yellow and black spots.” 

REPORTER:  “Twenty genes.  Sounds easy”. 

CHRISTIAN:   “Here it is (smiles again), see you next week”. 

DNA Chip Exercise 


You will be working with a set of DNA color chip cards.  The six cards represent six DNA chips that have been used in six different experiments (see Table 1).  

Each card has twenty spots. The first spot 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, as depicted here (to the right). 


The red and the green spots on each chip relates to a unique mosquito genetic element.  The color conveys what exactly the mosquito cells are up to with respect to how much the animal is making the protein encoded by that gene – through the process of transcription. All of the spots and their colors suggest 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.  


[image: image1]

Remember that 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
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, so
    that the entire class eventually receives the data for all the genes under all 6 conditions (e.g., in all 6

    mosquitoes). 


[image: image2]
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: image3]
*Use Table 3 to answer the following questions: 

1.  Analyze the data by comparing the gene expression levels of all 20 genes. Describe any observable 
     patterns. 

2.  What is the negative control in this experiment (hint: which gene showed the least activity in all    
     conditions)?  

3.  Why did we include Card #6, and therefore a “second healthy female mosquito”, in this
     exercise?

4.  What spot color corresponded to a gene that was highly expressed under the experimental conditions?  
5.  Did your group find any genes that were highly expressed ONLY in the malaria-infected female
     mosquito? Which one (s)? 

6.  What spot color corresponded to a gene that was deactivated or less active in the experimental condition
     as compared to the control condition?

7.  Did your group find any genes that were deactivated in the malaria-infected female mosquito? Which
     one(s)?

8.  Are there any genes that appear to be deactivated in ALL types of infections (parasite, fungus or bacteria)
9.  Are there any genes that appear to be highly expressed  in ALL types of infections?
10.  Are there genes that are highly expressed in males as compared to females?
11.  How might scientists use this information?  
A  B   C   D 
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[image: image5.png]Table 2: Scoring the color spots and how it relates to gene expression.

[Color of Spot Score to Record What's Going on with that Gene?

[The gene is equally active in both the experimental
lPure Yellow 0 Imosquito and the control mosauito. There is no net

difference in gene expression in the two conditions.
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