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Environmental Science:


Evolved Immunity

URL:  

http://mathbench.umd.edu/modules/env-science_acquired-immunity/page01.htm
Note: All printer-friendly versions of the modules use an amazing new interactive technique called “cover up the answers”.  You know what to do…
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The Case of the Undying Hoppers 

In her tiny garden, Mary planted 3 tomato plants, 5 carrots and one big sprawling zucchini vine. Early in the summer everything seemed to be going well, but in mid-summer the zucchini hoppers invaded. These bugs like to hide under leaves, hopping out only to eat zucchini or scare small children. And they breed like crazy, a new generation every month. Soon Mary won’t even have enough zucchini to supply her 20 closest friends. Something has to be done….
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Mary's friendly local pesticide supplier recommended a new, highly toxic pesticide called hopper-be-gone. This pesticide is applied as a misting spray and kills almost all of the hoppers it lands on -- unless they happen to be hiding under leaves, or they happen to have a natural immunity. The salesman assures her that very few hoppers have natural immunity, not more than 20% in any case, so she should definitely be able to get rid of most of them.

Being rather contrary, Mary is not immediately convinced. She decides to see what will happen if she just lets her garden grow, without any pesticides: 

	The online version of this module contains an interactive applet which simulates the growth of normal and immune bugs. To find this applet go to: http://mathbench.umd.edu/modules/env-science_acquired-immunity/page01.htm
	[image: image1.png]= el g
Bugs in the garden, — immunebugs

The growing seasonis 200 days. Lets
sce what happens with nochermicals.
ustcick St and s back to wateh.

popuition hogpers

iy







How did Mary's garden fare this time? The average result is about 90 hoppers, with between 15% and 25% being immune to hopper-be-gone -- about the same percentage of immune hoppers as at the beginning of the growing season. (If you got something radically different, you might want to try again -- the applet runs a little different every time).

Shocked and appalled at the carnage, Mary decides to give the pesticide a try. You can reload the applet below to experiment with timing the sprays. Can you get rid of all of the hoppers?

	The online version of this module contains an interactive applet which depict how acquired immunity evolves. To find this applet go to: http://mathbench.umd.edu/modules/env-science_acquired-immunity/page01.htm
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 Take a look at the two results above. What's the general trend?

Hoppers evolve resistance

Here’s a quick recap of the summer:

In the beginning of the summer there were a lot of hoppers and only 5% of them were immune to hopper-be-gone. After the first spray, there were very few hoppers. However, the hoppers recovered and you sprayed again. This time fewer were killed. Rinse and repeat once. By the end of the summer there were a lot of hoppers, and most of them were immune to hopper-be-gone.

What’s going on here? At the beginning of the summer, hopper-be-gone worked, and by the end of the summer it didn’t. The friendly neighborhood pesticide salesman insists that hopper-be-gone hasn’t changed. The zucchini environment hasn’t changed. It must be that the hoppers themselves changed.

Another word for changed is … evolved. The zucchini hoppers have evolved to be resistant to the pesticide.
Evolution follows directly, inevitably, from certain characteristics of the situation. We’ll talk about why this happened in the next few screens. I want to emphasize from the start that although zucchini hoppers and hopper-be-gone are make-believe, the process that we are talking about IS NOT made up. Scientists can observe and measure evolution in a wide variety of pest species, although it may take a few years rather than a few months. 

So, what are the key conditions that allowed evolution to take place here? In fact there are 3:
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 On the next pages, we'll go through them one by one...

Variability

Let’s start with variability. Remember that we had a few bugs that were resistant and many that were not:

	The online version of this module contains an interactive applet which demonstrates variabliity. To find this applet go to: http://mathbench.umd.edu/modules/env-science_acquired-immunity/page03.htm
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That variability gave evolution something to work with. In fact, variability is sometimes called the "raw material" of evolution. If there was no variability, then the only bugs that survived would be those that hid under leaves. So we could kill off most of the bugs, then wait until the ones that had been hiding came out, and get them too. After 3 applications, most of the bugs would be dead.

Of course, a very few hoppers might survive by hiding repeatedly under leaves. How is this different from evolution? Well, just because a hopper happened to be under a leaf when you came along with your spray bottle doesn’t make it a survival strategy. It just got lucky. Furthermore, that luckiness is not something it can pass on to its offspring in any way. That would be like saying that because my parents won the lotto jackpot, I should go into a gambling career. Luck doesn’t get passed down in genes or anywhere else. Which brings us to the second tenet of natural selection: heritability.

Inheritance

What good is money if you can’t pass it down to your kids, right? (Especially those hard-working ones studying biology in college…) It’s the same with survival strategies – you gotta be able to pass them down to your kids, or your kids will get wiped out. Zucchini hoppers, like most organisms alive on earth, are not actually very attentive parents. They don’t teach their kids or raise them or even come to visit. Once laid, the eggs are on their own. So, the primary way that survival strategies get passed between parents and offspring is through genetic material – DNA. If a parent has a gene that helps it survive, that gene can get passed down to its offspring, making them more likely to survive as well.

	The online version of this module contains an interactive applet which demonstrates heritability. To find this applet go to: http://mathbench.umd.edu/modules/env-science_acquired-immunity/page04.htm
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So in our garden-world, immune hoppers beget (mostly) immune children. Every time an immune hopper survives, it fills the world with more immune hopper babies. 

But if kids can’t inherit the characteristics that help their parents survive, then no evolution can take place. And in fact there are plenty of characteristics that help organisms survive, but don't get passed on to their kids. I call this the Schwarzenegger effect: no matter how much body-building Arnold Schwarzenegger does, his big muscles will not get passed on to his kids, so he is not contributing to the evolution of the human species. Sorry, Arnold.

Selection pressure

Finally, we get to selection pressure. Selection pressure simply means there is pressure for one variant of a species to survive better than the rest, because one is better adapted than the rest.

	The online version of this module contains an interactive applet which demonstrates selection pressure. To find this applet go to: http://mathbench.umd.edu/modules/env-science_acquired-immunity/page01.htm
	[image: image8.png]s
ffectson immune vz normal bugs.
Spray son

EEEEEE






Selection pressure is probably the easiest of the 3 tenets to understand, because it’s what we naturally think of when we think of evolution. Another name for it is “survival of the fittest”. Giraffes with long necks are more fit because they can reach higher branches. T. rexes with stronger jaws are more fit because they are more likely to win a bait-the-triceratops contest. Apes that display more intelligence are likely to be more fit, and thus reproduce more, than their less-intelligent brethren.

Likewise, resistant zucchini-hoppers survive the spraying regime much better than non-resistant zucchini hoppers. So, most of the hoppers that get to reproduce are immune. That means that over time the proportion of immune hoppers increases.

Quick review

People naturally think of selection pressure and evolution as meaning the same thing. Its important to remember, however, that selection pressure is only the FINAL PART of a 3-part process: without variability and inheritance, selection pressure wouldn’t make any difference.

So here are the 3 pre-requisites of evolution again:
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 Make sure you can list and define all three pre-reqs.

So, how do these pre-reqs apply to organisms that aren't bugs? Like, maybe, humans? Let's pose another evolutionary question: could humans evolve blue hair? Essentially, do humans have the pre-requisites? Because if they do, evolution will follow naturally. 

Let's assume that blue hair will help humans survive ... maybe Earth has been taken over by aliens who like blue hair, or maybe blue hair is so trendy that people with blond hair can't get a date. In any case, we'll assume that blue hair has real advantages. So what do you think?

	Variability?
	Heritability?
	Selection Pressure?
	Conclusion: will blue hair evolve???

	YES

It's true that there are people now that dye their hair blue, so I guess you could say that there is variability.That's right, there are no humans that we know of that have naturally blue hair.
	YES

Sorry, the only way that humans can get blue hair is by dyeing it. It's like the Schwarzenegger effect -- not something you can pass on to your children.That's right, the only way that humans can get blue hair is by dyeing it. It's like the Schwarzenegger effect -- not something you can pass on to your children.
	YES

That's right, we started out by assuming that there's a good reason that people with blue hair would survive or reproduce better.Sorry, we started out by assuming that there's a good reason that people with blue hair would survive or reproduce better.
	YES

Sorry, that's wrong, blue hair cannot evolve because at least one of the prerequisites is missing.Sorry, that's wrong, blue hair cannot evolve because at least one of the prerequisites is missing.
That's right, blue hair cannot evolve because at least one of the prerequisites is missing.

	NO

It's true that there are people now that dye their hair blue, so I guess you could say that there is variability.

That's right, there are no humans that we know of that have naturally blue hair.
	NO

Sorry, the only way that humans can get blue hair is by dyeing it. It's like the Schwarzenegger effect -- not something you can pass on to your children.

That's right, the only way that humans can get blue hair is by dyeing it. It's like the Schwarzenegger effect -- not something you can pass on to your children.
	NO

That's right, we started out by assuming that there's a good reason that people with blue hair would survive or reproduce better.

Sorry, we started out by assuming that there's a good reason that people with blue hair would survive or reproduce better.


	NO

Sorry, that's wrong, blue hair cannot evolve because at least one of the prerequisites is missing.

That's right, blue hair cannot evolve because at least one of the prerequisites is missing.




 Usually when we say "variability", we mean "genetic variability" -- that is, some members of the species have a gene that gives them a particular trait. And (as you can verify above) even if there is non-genetic variability, it doesn't help from an evolutionary point of view, because it doesn't get inherited.

Evolution and immunity

The screens above contained a made-up example of evolution. The point is to show you that evolution is an inevitable process that will happen anytime members of a species differ, and they can pass their differences on to their offspring, and the differences allow some to survive better than others. 

Evolution in 3 generations would be very fast, but there are many examples of evolution that take only a few years or decades. For example:

· HIV, the virus that causes AIDS, evolved from a similar primate virus less than 100 years ago.

· Other "new" diseases include West Nile, SARS, and Swine Flu.

· Penicillin was first invented in the 1940's. Initially, resistant forms of common bacteria were unknown, but within 10 years they were common in hospitals.

· Numerous other antibiotic drugs have been produced since penicillin, and in 2008, we began to see bacteria (MRSA) that are resistant to most or all known antibiotics.

Neverthesless most evolution takes a much longer time (millions of years), for example:

· Evolution of color vision

· Changes in sizes of body parts, such as giraffes' necks or elephants' trunks

What’s interesting is that all my examples of fast evolution involve the immune system – basically, the part of your physiology that keeps you (or a zucchini hopper, or a bacteria) from getting sick.

So new diseases happen all the time, but our immune systems can evolve to deal with them. Likewise, we humans create new pesticides all the time, but the pests have immune systems that evolve to block pesticides. And we create new antibiotics, which bacteria can evolve to block.

Immunity in prokaryotes and eukaryotes

How does all this work? The answer is a little different, depending on whether you’re talking about prokaryotes (bacteria) or eukaryotes (everybody else). 

Prokaryotes:

Recall that prokaryotes don’t have a nucleus in their cells, which means their genetic material is just floating around. In addition, they have plasmids – small rings of genetic material separate from the longer chromosomes. In fact these plasmids are largely made up of resistance genes. Any given bacterial cell may have 10 or 20 resistance genes in a plasmid. Let’s say a cell encounters an antibiotic like penicillin: if the cell has the appropriate resistance gene, it survives – if not, it dies. But bacterial cells are a dime a million – and each of those million have a different set of resistance genes. With so many cells around, at least a few are bound to have just the right gene. Those few survive and reproduce like crazy. Moreover, bacteria can do something that we eukaryotes can’t – they can exchange genetic material, specifically plasmids, just by touching each other. The plasmid is small enough to pass right through the cell membrane. So the cells with the right resistance gene quickly pass it to other cells as well, even cells of different species, and resistance evolves even faster.

Eukaryotes:

Eukaryotes are a lot more careful with their genetic material. They keep DNA locked up in a nucleus, and they don’t allow little bits of it to float around as plasmids. This control allows eukaryotes to achieve more complexity, but it also presents a problem for responding to rapid changes in diseases. 

So, eukaryotes do something a little different. They fight off diseases with antibodies -- molecules that can “recognize” the shape of the disease cell. Antibodies are a bit like enzymes, in that they are complex 3-D molecules. However, enzymes are made by a single gene (1 gene = 1 enzyme = 1 job), while antibodies are cobbled together by several fragments of genes. Human cells contain less than a hundred of these gene fragments, but by combining them in different ways, they can create millions of different antibodies. These different antibodies get stuck on the tips of the “hypervariable” regions of the Y-shaped antibodies. In addition, the gene fragments themselves undergo “hypermutation” – very high levels of mutation, so that even more new antibodies are created.

The take-home message here is that both prokaryotes and eukaryotes have ways to radically increase the variability contained in their immune systems. Remember that variability is the “raw material” of evolution. The existing high levels of variability in immune function allow species to get off to a quick start in evolving resistance to a variety of diseases, pesticides, and antibiotics.

